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It is under consideration in the ITER/EDA that water will be flowed through
stainless steel in the shielding blanket and vacuum vessel as coclant. A bulk
shielding experiment on a large SS316/water assembly was performed by using the
FNS D-T neutron source in Japan Atomic Energy Research Institute as the "9l
ITER/EDA task{T-16). The objectives of this experiment are to obtain
experimental data for the shielding performance of SS316/water shield, to verify
the shielding design system of ITER and to deduce the shielding design margin
finally. The experimental system, measuring procedures and the measured data
zre described in this report and the analysis of the experiment is given
separately in the Volume II. The test region of the experimental assembly is a
layered structure of S$S316 and water(volume ratio is U:1), which had a
cylindrical shape of 1200 mm in diameter and 1372 mm in thickness. This test
region was set at 300 mm from the D-T neutron source which was surrounded by a
source reflector made of 200 mm-thick S$S316. The data for i) neutron spectra in

energy regions of MeV, keV and eV, ii) neutron activation reaction rates, iii)

This report was submitted to the Joint Central Team (JCT) of ITER.
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fissicn rates, iv) gamma-ray spectra and v) gamma-ray heating rates were
measured from the front surface to the depth of 914 mm in the test region. The
experimental data which included few room-returned background were cbtained even
at the depth of G1L mm by adding water tanks or polyethylene blecks of about
160 mm in thickness around the rear part of the test region. The effect of water
in SS316 on the shieldihg performance was examined from the comparison with the
measured data of the previous SS316 bulk shielding experiments. It was found
that $8316/water shield has shielding performance better by about 2 orders of
magnitude than pure S8316 for neutrons less than 1 MeV and gamma-rays at the
depth of 9ilmm.

Keyword: SS316/Water, Benchmark Experiment, Bulk Shielding, D-T Neutron,
ITER/EDA, Source Reflector, Neutron Spectrum,
Neutron Activaticn Reaction Rate, Fission Rate, Gamma-ray Spectrum,

Gamma-ray Heating Rate
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1. Introduction

The major requirement for the shield of International Thermonuclear Experimental
Reactor (ITER) is to reduce nuclear heating in super conducting magnet (SCM), displacement
damage of copper stabilizer in SCM, fast neutron flux (= 0.1 MeV) to Nb,Sn super conductor,
dose to electrical insulator, helium production in type 316 stainless steel (SS316) at
shield/blanket region, and so on to less than the design limits". Since the results of shielding
design calculations include various uncertainties due to nuclear data, calculation codes,
modeling, etc., they should be compared with the design limits by considering valid design
margins. Larger design margins make the shielding design safer, but there is little Space for
thicker shield particularly in the inboard region. The construction cost for ITER will increase,
even if there is no space limit. The objectives of fusion reactor shielding experiments are to
obtain the appropriate experimental data related to the critical quantities such as helium
production in the shield of [TER and to validate the calculation codes and nuclear data which
will be used in the shielding design of ITER. The design margins as precise as possible wiil
be deduced through various experimental analyses finally.

According to the recent design of ITER*, two blanket options are proposed. One is
a shielding/blanket reference design without tritium breeding, where a structural material is
$$316 and a coolant is water. The other is a breeding blanket with an advanced blanket
concept, where the blanket canisters are made of vanadium alloy (V5CrSTi) and natural
liquid lithium is used as both coolant and tritium breeder. The shielding/blanket reference
design will be probably adopted in the first phase (Basic Performance Phase) of ITER, while
the advanced blanket concept will be used in the second phase (Extended Performance
Phase) of ITER in order to supply a major part of the tritium required for ITER operation.
The vacuum vessel of ITER has a double wall structure, the material candidates of which are
Inconel 625 or $S316. The inside of its double walls will be filled with stainless steel balls
for neutron shield and cooling water will be flowed through space among the stainless steel
balls. As a result, the configuration of stainless steel and water is one of the most promising
candidates used in the blanket and vacuum vessel of ITER. Therefore experimental data
related to shielding performance of SS316/water configuration for D-T neutrons is urgently
required for the shielding design of ITER.

A series of fusion reactor shielding experiments using the intense D-T neutron source
'FNS (Fusion Neutronics Source)” in Japan Atomic Energy Research Institute is in progress
under ITER/EDA (Engineering Design Activities) R&D program. Bulk shielding
experiments®” on $S316 have been already performed in order to investigate the bulk shiclding
performance of $$316 for D-T neutrons. As the second shielding experiment, a buik shielding
experiment on $S8316/water was performed under the '94 ITER/EDA R&D task (T-16 :
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"Preparation of neutronic experiments and measuring technique”). The experimentai assembly
was designed based on the pre-analysis® and consisted of the test region and the source
reflector. The test region had a cylindrical shape of 1200 mm in diameter and 1219 mm in
thickness, which has a layered structure of S§316 and water. It is noticeable that not a water
simulating material but water is used. Measurements were carried out from the front surface
of the test region up to the depth of 914 mm, which was comparable to the thickness of the
inboard shield/blanket and vacuum vessel on the midplane of ITER.

As described in the first paragraph, the critical quantities in the shield design of ITER
are nuclear heating in SCM, displacement damage of copper stabilizer in SCM, fast neutron
flux (= 0.1 MeV) to Nb,Sn super conductor, dose to electrical insulator, helium production
from SS316 in shield/blanket, and so on. The main source of nuclear heating in SCM is
gamma-rays produced by (n,y} reactions with low energy neutrons. Neutrons in MeV region
contribute to the most parts of displacement damage of copper stabilizer in SCM, fast neutron
flux (= 0.1 MeV) to Nb,Sn super conductor and helium preduction in SS316 at shield/blanket.
Dose rate in the electrical insulator is formed by both gamma-rays produced by {n,y) reactions
with low energy neutrons and neutrons above 1| MeV. Since neutron and gamma-tay fluxes
over the whole energy are required in order to estimate the critical quantities, neutron and
gamma-ray energy spectra were measured over the almost whole energy in this experiment.
Neutron activation reaction rates and fission rates, which have sensitivity for neutrons of
various energies, were also measured as the complemental data of the neutron spectrum.
Moreover, the measurement of gamma-ray heating rate was carried out since gamma-ray
heating rate has direct relation to nuclear heating in SCM.

This report focuses on the experimental procedures and the measured data of the bulk
shielding experiment on $S316/water. The experimental arrangement is given in Chapter 2.
Chapter 3 describes the measuring procedures and measured data. The experimental
arrangement and measuring procedures are described briefly since they are similar to the
previous ones”. The comparison between the previous $8316 and current SS316/water
experiments is performed in Chapter 4 to examine the effect on the shielding performance of
water in SS316. The detailed analyses of the experiments are given in the report of Volume

.
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2. Experimental Arrangement
2.1 Neutron Source

The experiments were performed in the first target room of the Fusion Neutronics
Source (FNS) facility” in Japan Atomic Energy Research Institute. The water cooled tritium-
titaniumm target (about 3.7 x 10" Bq) on copper backing was 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 as
shown in Fig. 2.1.1. A deuteron ion beam accelerated by 350 keV was bombarded to the
tritiumn target to generate D-T neutrons. The maximum beam current was 2 mA, where the
neutron yield was about 3 x 10" n/sec. Short- and long-pulsed deuteron beams of about 1 us
and about 1 ms widths were also produced for neutron spectrum measurement in energy
range of eV and the gamma-ray spectrum measurement, respectively. The total number of
neutrons produced by D-T reaction was absolutely determined within 2 % by using the
associated alpha-particle counting technique'®. It was estimated™'* to be smaller by about 3
% than that of neutrons emitted from the target, which also included neutrons generated by
(n.2n) Teactions in the materials of the target assembly. A long counter and a **Th fission
counter were placed at the basement and under the beam drift tube, respectively, as the
secondary neutron monitors. The neutron source spectrum emitted from the target is described
in Ref. 11. Tt is notable that all the measured data in this report are normalized to one

neutron produced by D-T reaction at the target, not one neutron emitted from the target.

2.2 Experimental Assembly

The experimental assembly was designed based on the pre-analysis” and consisted of
the test region and source reflector as shown in Fig. 2.2.1. It was similar to the assembly #2
of the previous bulk shielding experiments on SS316”. The test region had a cylindrical
shape of 1200 mm in diameter and 1372 mm in thickness, which was assembled by sandwiching
several SS316 disks and water tank disks of 1200 mm in diameter. The thickness of the
§S316 disk was 50.8 or 101.6 mm. The water tank disk was 50.8 mm in thickness and was
made of 12 mm thick $8316. The space of 26.8 mm in thickness of the water tank was filled
with demineralized pure water. The total volume ratio of water to SS316 was adjusted to be
| : 4 in the region of 940 mm in thickness of the test region, which is proposed in the recent
design®™ of ITER. The local volume ratio of water to SS316 decreased with the depth,
which simulates the 1TER shielding design. All the $§316 disks and water tanks were
supported on the frame structure by two brims. Some disks of SS316 also had an experimental

hole of 50 mm 6 or 36 mm ¢ X 727 mm from the circumference to the center of the disk. The
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structures of the $S316 disk with an experimental hole and water tank disk are shown in Fig.
2.2.2. Figure 2.2.3 is a photograph of the water tank disk, the appearance of which is very
similar to the SS316 disk. The test region was located at 300 mm from the D-T neutron
source as shown in Fig. 2.2.1. A source reflector of 200 mm thick S8316 was added to the
test region in order to adjust neutron energy spectrum incident to the test region to that of a
fusion reactor. This experimental assembly is formed to easily model in two-dimensional
transport codes such as DOT 3.5', which are often used in the shielding design of ITER.
The tritium target assembly was inserted into the cavity of the source reflector through a hole
of 80 mm x 160 mm. The atomic number densities in the test region and source reflector are
listed in Table 2.2.1. The experimental holes were located in the SS316 region of the depths
of 127, 229, 330, 457, 610, 762 and 914 mm from the front surface of the test region as
shown in Fig. 2.2.1. Detectors were inserted to the experimental holes using SS316 detector
adapters. Figure 2.2.4 shows the photograph of detector adapters for neutron activation foils
and thermoluminescence dosimeters. On the front surface of the test region, detectors were
inserted through a hole of 22.5 mm X 22.5 mm made in the side wall of the source reflector.
Experimental holes were filled with S8316 rods when the holes were not used.  This
experimental assembly was mounted on a supporting frame on two movable decks as shown
in Fig. 2.2.5. One deck was 3440 mm X 1500 mm for the test region, the other was 3440 mm

X 850 mm for the source reflector.

2.3 Additional Shield

Although the measurements were performed using this assembly at first, it was found
from the comparison between the measurement and calculation that measured neutron data
below 1 MeV and gamma-tay data in the test region deeper than 700 mm were affected by
room-returned neutrons. As 1s described in Chapter 4, SS316/water combination has shielding
performance for neutrons below 1 MeV better by 2 orders of magnitude than S5316 at the
depth of 914 mm. Therefore it was considered that the foreground data of the current
experiment became much smaller and that the influence of room returned background became
relatively larger as a resuit.

The pre-analysis® was performed to determine an additional shield which reduced
room-returned neutrons as much as possible. According to the pre-analysis, it is necessary to
cover the test region with 150 mm thick polyethylene as shown in Fig. 2.2.6. Due to space
restriction between the experimental assembly and supporting frame, potyethylene blocks or
water tanks were added in complicated shape as shown in Fig. 2.2.7. Figure 228 is a
photograph of the experimental assembly with additional shield, supporting frame and movable

deck. The water tanks were made of 3 or 5 mm thick type 304 stainless steel and filled with



JAERI—Research 95—017

water. The effective thickness of water in the water tanks or the polyethylene blocks was
about 150 mm. The thickness of the test region was shortened to 1219 mm in order to add a
160 mum thick water tank disk in the back of the test region. As examined in Appendix 1, this
additional shield decreased the contribution of room-returned neutrons to less than 10 % of
the foreground data even in the depth of 914 mm. The result in Appendix 2 suggests that the
additional shield affects measured data for neutron and gamma-ray by only a few % along
the central axis from the front surface of the test region to the depth of 914 mm. Therefore,
only the data of the depths of 762 and 914 mm were measured again using the experimental
assembly with the additional shield. On the other hand, the data measured using the exper'uhental
assembly without the additional shield were adopted for the region shallower than 700 mm.
It is not necessary to consider the additional shield in the analysis of this experiment. It
should be noted that the measured data related neutrons below 1 MeV and gamma-rays might

include background less than 10 % at the depth of 914 mm.
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3. Measurements and Results

Since the measuring procedures were almost the same as those applied to the previous

$S316 experiments” and were described in detail in Ref. 7, they are given brietly here.
3.1 Neutron Spectrum
3.1.1 Neutron Spectrum in Energy Region of MeV

Neutron spectra above 2 MeV were measured by a 14 mm-diameter spherical NE213
liquid scintillator'?. The measurements were carried out at the front surface of the SS316/water
test region and at the depths of 127, 229, 330, 457, 610, 762 and 914 mm from the S8316/water
test region front surface. 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. Events of neutron were discriminated from those of gamma-rays by using
the difference of rise time. A gain-stabilizer was applied for a stable measurement. The
schematic diagram for the electronic circuit is shown in Fig. 3.1.1.1. Selected recoil proton
spectrum was unfolded to neutron spectrum by the FORIST code'” using the neutron response
matrix previously determined.” The overall error was estimated to be + 4 % for the neutron
flux in the energy range above 10 MeV.

The measured neutron spectra are shown in Figs. 3.1.1.2 - 3.1.1.9, together with these
measureéd by the proton recoil gas proportional counter and the slowing down time method
which are to be described in Secs. 3.1.2 and 3.1.3. Table 3.1.1.1 summarizes the numerical
data of the measured spectra with window functions which represent the energy resolution
provided by the FORIST code. Since the measured neutron fluxes around 5 - 10 MeV tend to
be deduced to be smaller in the case that 14 MeV neutrons are dominant as described in Ref.
7. the measured neutron flux from 5 to 10 MeV on the front surface might be estimated to be
smaller. Strange oscillations appear below 10 MeV at the positions deeper than 457 mm.
This is probably due to the incompleteness of neutron and gamma-ray discrimination. The
errors in Table 3.1.1.1 do not include these effects. It is notable that the neutron spectra

below 10 MeV on the front surface and at the positions deeper than 457 mm should be

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

Neutron spectra in the energy range from a few keV to 1 MeV were measured by two
types of small proton recoil gas proportional counters ' (PRC), which were filled with
hydrogen gas at 0.496 MPa (5.06 kgf/cm?) with 1 percent methane and 50-50 mixture of
hydrogen and argon gases at 0.610 MPa (6.22 kgf/cm?), respectively. The both counter
heads of PRC had a cylindrical shape, the outer diameter and effective length of which were
19 mm and 127 mm, respectively. These counters with the pre-amplifier were inserted into a
hole of 21 mm X 21 mm one by one.

A continuous mode data acquisition téchnique”) ,where supplied high voltage was
constantly varied with a ramp shape during acquisition, was adopted to reduce time of
measuremnent and data process. The block diagram of the data acquisition system is shown in
Fig. 3.1.2.1. Output signals of the pre-amplifier were fed in parallel to an integrating
amplifier (Y-amplifier) and a differentiating amplifier (X-amplifier). Since output of Y-
amplifier was proportional to input pulse height and that of X-amplifier was proportional to
the input pulse height and the reciprocal of the rise time of input pulse, the information of the
rise time of the output of the pre-amplifier was obtained from the ratio of the outputs of X-
and Y-amplifier. Supplied high voltage was monitored by a dividing resistance, which
scaled down high voltage by about 1/500. The outputs of Y-, X-amplifier and the dividing
resistor were digitized by one analog-to-digital converter using & multiplexer and logical
circuits. The relative energy (in log-scale) of recoil proton was calculated on-line from the
output of Y-amplifier and gas multiplication data which were reduced from the high voltage
data. The X/Y ratio and the energy (in log-scale) were stored to a two-dimensional array (32
channels X 512 channels) during the measurement. In off-line data processing, neutron
spectra were derived by differentiating the recoil proton energy spectra which were selected
by using the rise time information.

The measurement was performed on the front surface of the 8S316/water test region
and at the depths of 127, 229, 330, 457, 610, 762 and 914 mm from the front surface of the
SS316/water test region. The measured neutron spectra are shown in Figs. 3.1.1.2-3.1.19
together with those measured by the NE213 detector (see Sec. 3.1.1) and the slowing down
time method to be described in Sec 3.1.3. The numerical data of the measured spectra are

given in Table 3.1.2.1. The total experimental error for neutrons above 50 keV was estimated

to be about 15 %.
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3.1.3 Neutron Spectrum in Energy Region of ¢V

Slowing Down Time Method
The siowing down time method '* **” was applied to measure neutron spectra in the

energy region of eV, In principle the measuring method was the same as that adopted in the

previous experiment.” Situations of the present measurement were, however, much different
from the previous one in terms of the energy resolution.
Energy resolution of neutron spectrum measured with the slowing down time method

is roughly calculated as the following formula.
FWHM(%) = 235.5N/% . A Mass number (3.1.3.1)

In the case of the previous experiment for the SS316 assemblies, the energy resolution is
about 51 % since the mass number of SS316 is large (about 36). The energy resolution of the
present measurement is expected to be much worse due to hydrogen atoms in the water
Jayers (its mass number is one). Figure 3.1.3.1 shows the energy resolution of the spectra
estimated with a Monte Carlo transport calculation with MCNP*Y. 1t is seen from the figure
that the energy resolution is about 200 % in FWHM at the detector positions except 914 mm
and much worse than the previous one of 50 - 60 %. Since the 914 mm position is far from
the water layers, the resolution is better than that at the other detector positions. Due to the
worse energy resolution, as to be described later, a difficulty appeared in the energy calibration,

and larger uncertainty accompanied with the correction factors was included mn the measured

spectra.

Measurement
A BF3 gas proportional counter, 14 mm in diameter, 99 mm in effective length and

0.39 MPa (900 mmHg) in pressure, was inserted in one of the detector holes of the assembly.
Pulsed D-T neutrons were injected into the experimental assembly and time-dependent "B(n,a)
reaction rates were measured by the counter at the seven positions from 127 mm to 914 mm
in depth. The repetition rate and the peak current of the deuteron pulses were 500 ps and 1
mA, respectively. The pulse widths were 1.0 us for the 127, 229, 330, 457 and 610 mm
positions and 1.7 us for the 762 and 914 mm positions. Electronic circuit used in the
measurement is shown in Fig. 3.1.3.2. Because of insufficient number of reaction events

counted at the 914 mm position, the spectrum could not be obtained.

Energy Calibration
The resonance filter technique was applied for the energy calibration as similar to the
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previous experiment ” for the SS316 assemblies. The resonance filters used are listed in
Table 3.1.3.1. Dips of the time spectrum of reaction rates measured with the resonance
filters were apparently observed in the previous experiment. The dips, however, could not be
clearly observed in the present experiment in spite of use of the thicker resonance filters.
The reason was that the energy resolution of the spectrum in the present experiment was
much worse than that in the previous one and the dips were spread into broader time ranges.
Thus the energy calibration could be performed only with the gold filter, resonance energy of
which was 4.9 eV. The experimentally obtained slowing down time for the gold filter is
presented in Tabie 3.1.3.2 with estimated values by the MCNP calculation. The slowing
down time could not be experimentally determined at the 762 mm and 914 mm positions
because of lack of enough event counts. There are several groups of the slowing down time
depending on the distances from the measurement position to the nearest water layer; 8.3 Us
at the 127, 229 and 330 mm, 12.5 us at the 457 and 610 mm and 14.8 us at the 762 mm
position according to the calculation. At the first three positions where the slowing down
time was about 8.3 s, since discrepancies between the calculated and the measured slowing
down timé are around 5 %, the error of 5 % was taken for these positions as a calibration
error at 4.9 eV. Because the discrepancies are 6 and 10 % at the next two positions where the
slowing down time is about 12.5 us, and no experimental value is given for the 762 mm
position, calibration errors of 10 % at 4.9 eV were assumed for the 457, 610 and 762 mm

positions.

Data Processing
Procedures of the data processing are similar to those of the previous measurement

except a procedure for thermal fluxes. The treatment for thermal flux is mentioned in the
later section. The calibration curves were calculated by MCNP and were adjusted to reproduce

the measured slowing time. The calibration curves, that is, relations between neutron mean

energy E and slowing down time t, were used to convert the measured time-dependent
reaction rates, C(t), into energy-dependent reaction rates, C(E). Neutron energy spectra

o(E) were derived by the formula, given by,

G(E) = —= C(E_) = (3.1.3.2)
o{E) N-Yn-f(E} [ (E)
where,
O(E): Energy spectrum [n/ MeV / Source Neutron],
C(E): Counts / MeV,
G(E): Cross section of the 1OB(n,cx) reaction taken from JENDL-3.1,
N: Number of effective B-10 atoms in the BF3 counter.,
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Yn: Neutron yield,
Ll E): Self-shielding correction factor of the counter,
0 E): Correction factor for the effective "*B(n, o) reaction cross section.

The uncertainties in the calibration curves used for the conversion are 5 or 10 % at 4.9 eV
depending on the measurement positions. These uncertainties have a relation with magnitude
of the measured spectra, and they are considered in the error estimation. Since the energy
calibration can not be performed in an energy range higher than 4.9 eV, larger errors are
assigned to the higher energy part of the measured spectra.

Magnitudes of the correction factor for the effective B(n,cr) reaction cross section,
f;,(f), depend on the energy resolution of the spectra. The factors range approximately
between 1.3 and 1.5 for an energy range of 0.3 eV and 300 eV. The self-shielding correction

for the counter is not so large since the minimum value of the factors, £, (E), is 0.932 for

thermal neutrons.

Estimation of Thermal Neutron Flux
Since neutrons can not slow down below thermal energy and then the mean energy of

neutrons does not have the one to one correspondence to the slowing down time for the
thermal energy, the slowing down time method can not be directly applied to measure
neutron spectra in the thermal energy region. The '"B(n,ot) reaction events observed after the
time when mean neutron energy decreased to the upper limit of thermal energy, about 0.4 eV,
are considered as ones caused by thermal neutrons. Hence neutron spectra in thermal energy
region, typically having the Maxwell's distribation, can not be measured but total fluxes in

the thermal energy, ¢,,, can be deduced by the formula, given as,

C
Oy = yrlt (3.1.3.3)
OF, N-Yn- [
where,
C: Counts after mean neutron energy reached to 0.322 eV,
o . Effective cross section of the “B(n, o) reaction below 0.322 eV,
N: Number of effective B-10 atoms in the BF3 counter,

Yn: Neutron yield,

jgf Self-shielding correction factor of the counter at the thermal energy.
In the present measurement, the upper energy of thermal energy region is determined to
0.322 eV, which is the upper energy limit of the 125 energy group structure used in the
analyses'" of the previous bulk shielding experiments. Slowing down time corresponding to
the mean neutron energy of 0.322 eV is derived according to the MCNP calculation; 29.3 Us

for the 127, 229 and 330 mm positions, 47 us for the 457 and 610 mm positions and 52 s
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for the 762 mm positions.

Since the measurement positions are not inside the water layers but in the SS316
layers, energy distribution of the thermal fluxes at the measurement positions is much harder
than the Maxwell's distribution at the room temperature. Hence the “°B(n,cr) reaction cross
section at the thermal energy, 3837 b, is not valid to estimate the fluxes, and we introduced
an effective cross section. The effective cross sections, o ,,, are deduced from the MCNP
calculation. They are approximately 2400 b and 2200 b for the 127, 229 and 330 mm
positions and the 457, 610 and 762 mm positions, respectively.

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

resolution. Since it is impossible to determine experimentally the inherent resolutions, they

are calculated with the MCNP code as previously shown in Fig. 3.1.3.1.

The time resolution in the measurement is another cause to broaden the energy resolution
in addition to the inherent resolution. There are three main components in the time resolution;
(1) fluctuation of timing signal from the BF3 counter; 0.13 ps, (i) neutron pulse width; 1.0 us
or 1.7 us, and (iii) time width per channel of the multichannel analyzer; 0.476 us. The time
resolutions are converted to energy resolutions by multiplying d E/dt which was derivative of
neutron mean energy E by time t.

Overall energy resolution is given as the sum of all the energy resolution. The energy
resolution due to the time resolution is negligibly small comparing with the inherent energy
resolution in the present experiment. The estimated overall energy resolutions are given in
Table 3.1.3.3.

Error Estimation -

Errors of the measured spectra are estimated as follows.

1. Statistical error of counts >2%

2. Neutron yield 2%

3. Number of effective '°B atoms 3%

4, Self shielding correction factor negligible
5. Correction factor for neutron energy broadening 3~ 35 %
6. Error coming from energy calibration >35 %

The overall errors are 6 - 15 %, 14 - 36 % and 38 - 60 % for energy ranges of 1 - 10 eV, 10 -
100 eV and 100 - 300 eV, respectively. The ecrors for the thermal fluxes are about 1l %.
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Results

The measured neutron spectra are presented in Table 3.1.3.3 and Figs. 3.1.1.2 -
3.1.1.9 with those measured by the NE213 and the PRC described in Secs. 3.1.1 and 3.1.2.
The spectra are given in the unit of [n / lethargy / source neutron]. The lethargy width of the
spectra except the thermal fluxes are 0.5756 as there are four measurement points in each
decade. The energy range for the thermal fluxes is assumed to be as from 1.001 x 107 eV to
0.322 eV, thus, its lethargy width is 10.38. This lethargy width is necessary when one

calculates total thermal fluxes.
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3.2 Neutron Spectrum Index
3.2.1 Neutron Activation Reaction Rate

The reactions of YAl(n,c)**Na, S(n,p)”P, ®Nb(n,2n)”"Nb, '“In(n,n)"""In and
97 Au(nv)!* Au reactions were selected as neutron activation dosimeters. Reaction rates for
these reactions except the *S(n,p)*’P reaction were measured by counting y-rays with Ge
detectors. Reaction rate for the *S(n,p)**P reaction was measured by counting B-rays with a
Cherenkov radiation detector. Table 3.2.1.1 shows the data associated with the dosimetry
reactions measured here. Figures 3.2.1.1 and 3.2.1.2 show cross sections of the dosimetry

22y

reactions, which are taken from JENDL Dosimetry File™.

Measurement of Reaction Rates for v-Activation

Neutron irradiation was performed twice. At the first time, natural metal foils of
aluminum, niobium, indium and gold were placed on the front surface of the S§316/water
test region and at the depths of 127, 229, 330 and 457 mm from the front surface of the
SS316/water test region. The additional shield was not attached to the test region. The
irradiation time was 9 hours and 19 minutes, and the total neutron yield was 6.07 x 10", At
the second irradiation, the additional shield was added to the test region in order to measure
reaction rates at the deeper positions of 610, 762 and 914 mm. The natural metal foils of
fairly large size were irradiated for 10 hours with D-T neutrons and total neutron yield at the
target was 8.71 x 10”. The size of foils is given in Table 3.2.1.2. The neutron yield
fluctuation was monitored every 10 seconds by using the multi-channel scaling (MCS) for

the decay correction during irradiation.
After irradiation and appropriate cooling, y-rays emitted from foils were measured

with four germanium detectors. Reaction rate was derived from the yray counts with
necessary corrections. The decay data for the half-life and y-ray branching ratio were taken
from Ref. 23). The efficiency of Ge detectors for small foils was calibrated by a set of
standard gamma-ray sources. The efficiency calibration of Ge detectors for large foils were
performed as following. One large foil sandwiched by two small foils of the same metal of
10 mm ¢ x I mm (10 mm x 10 mm x 1 mm for In) was irradiated separately by D-T neutron.
The reaction-rates of the small foils were determined absolutely by using the calibrated Ge
detector. Gamma-rays from the large foil were measured by the same Ge detector and
geometry that were adopted for large foils irradiated inside the SS3 [6/water assembly. The
efficiency of the Ge detector for the large foil was determined based on the fact that the
reaction rate of the large foil is equal to the average of the two reaction rates of the small

foils. The effect of self-shielding of the gamma-ray in the large foil and the influence of the
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size of the large foil were corrected automatically in this method. The data up to the depth of
914 mm were obtained. The overall error for the most measured reaction rates ranged from 3
to 6 %. The measured activation reaction rates are shown in Fig. 3.2.1.3 with the reaction
rate of *S(n,p)”’P reaction described in next sub-section and the fission rates described in
Sec. 3.2.2. Table 3.2.1.3 summarizes the numerical data of the measured activation reaction

rates.

Measurement of Reaction Rates for B-Activation

The samples were prepared by wrapping powder of dimethyl sulfone, CH,SO,CH,,
99.9% purity, in the polyethylene packages made of 0.05 mm-thick film, Characteristics of
the powder are given in Table 3.2.1.4. The quantity of the powder ranged from 0.3 to 30
grams depending on the position in the assembly. The dimensions of the samples and their
position are given in Table 3.2.1.5. Special care was paid to the phosphorus content in the
powder because two different reactions S(n,p)”P and *P(n,)”P produce the same nuclide

PP of interest. In order to estimate activities from P impurities, the measurement of *P

activity for samples with and without Cd cover was made and no difference between the two
samples was observed. Thus it was concluded that there was no interference due to phosphorus
contamination.

The samples were placed at several positions in the test region along the central axis
of the assembly with the additional shield and irradiated for ten hours. The total D-T neutron
yield at the target was 6.1 X 10", The irradiation history was recorded by using MCS for the
decay correction during the trradiation.

After the irradiation, the *P activity was measured by using a Cherenkov radiation
detector. The detector utilizes the principle of direct Cherenkov radiation counting of energetic
B-rays in an aqueous medium. Cherenkov radiation is produced as a bluish light when
B-particles of energy greater than 260 keV travel through a medium such as water. The
maximal energy in the f-ray spectra of P is 1.71 MeV. As no scintillator is required and
chemical quenching is absent, sample preparation is extremely simple and the technique 18
ideal for the assay of *°P in aqueous solution. Since Cherenkov radiation is formed by only a
small proportion of the total energy losses, a liquid scintillation counting system { Oken LSC
- 7100 ) capable for detecting very weak light pulses was used for this measurement.

In order to prepare the irradiated samplé for counting, only one step dissolution
procedure in an appropriate liquid medium is required. As the liquid medium, water was
used because of the properties of low cost. non-volatility, non-toxicity and non-flammability.
in order to eliminate the effect of the absorption of phosphorus - 32 onto vial walls, the 60 g
of inactive NH_PH,O, carrier was dissolved in the 15 ml of water before the dissolution of

the sample. Aqueous solutions were assayed in 20 mi semitransparent teflon vials, which
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were found to yield a higher counting efficiency than low background glass vials, presumably
owing to diffusion of the directional Cherenkov emissions. For a few irradiated samples, the
decays of activities were measured for seven half-lives and no other impurity activity than *P
was observed.

Counting efficiency was obtained by adding 1 ml of standard solution of P (2700
decay per minute, dpm) to a vial containing the solution of interest. Variations of solution
volume gave an insignificant effect on counting efficiency in the range from 12 to 17 ml

Efficiency ( € ) was calculated by the following equation:

(N, - N,) x 100

e(%)=
number of phosphorus-32 decays per minute of the standard solution { dpm )

where, N, - number of counts per minute after addition of the standard solution,

N, - number of counts per minute before addition of the standard solution.

The counting efficiency for *P-decays was found to be 52.2 %. Although this is lower than
the efficiency of liquid scintillation counting, the minimum detectable level of P activity is
much lower because the Cherenkov background activity is lower and the volume of the
aqueous sample for counting is much larger.

The experimental errors in the **S(n,p)**P reaction rate determination are summarized
in Table 3.2.1.6. The overall error for the data at all the positions except one at the deepest
one were less than 6%. The measured reaction rates are presented in Fig. 3.2.1.3 with
reaction rates of other reactions of the v-activation and fission rates described in Sec 3.2.2.

The numerical data are given in Table 3.2.1.7.
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3.2.2 Fission Rate

The neutron sensitivities of fission reactions of U-235 and U-238 are shown in Fig.
3.2.2.1. Fission rates of U-235 and U-238 were measured at the same time by two micro
fission chambers of **U and *®U tied. The chambers were 6.25 mm in outer diameter and
25.4 mm in active length. The effective numbers of the atoms were experimentally determined
with accuracy of 2.8 %", Amplified signals were discriminated from gamma-ray and noise
signals. Signals for fission events were counted by scalers. 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.
The correction for these impurity uranium atoms was performed.

The obtained fission rates were presented in Fig. 3.2.1.3 with reaction rates described
in Sec. 3.2.1. The numerical data were given in Table 3.2.2.1. The measured fission rate of
U-238 at the depth of 914 mm should be considered to be tentative data, since the count of
the U-238 chamber was only 11 and might include background counts due to gamma-rays.

3.2.3 “B{(n,0) Reaction Rate

The °B(n,cr) reaction has high sensitivity to low energy neutrons as shown in Fig.
3.2.3.1. The reaction rate of ""B(n,0o) reaction is useful as an index for low energy neutrons.
Since many detector signals due to neutrons of energy higher than | MeV were accumulated
in only a few channels tn the time dependent '“B(n,o) reaction rates described in Sec. 3.1.3,
pile-up of the detector signals might occur for neutrons of energy higher than 1 MeV, which
was out of energy range of interest in the spectrum measurement. Therefore the B(n,o)
reaction rates were measured independently of the spectrum measurement in order to avoid
the count loss due to pile-up.

The reaction events were detected by the BF3 counter utilizing the continuous operation
of the D-T neutron source. A part of the electronic circuit in Fig. 3.1.3.2 was used for the
measurement. The deuteron beam current was adjusted between 0.5 pA and 1 mA depending
on the measurement position to keep counting rates less than 400 cps. The reaction rates
were derived from the measured counts taking account of the neutron yield, the number of
effective '°B atoms in the BF3 counter and self-shielding correction factors. The overall
self-shielding correction factors were estimated by considering the energy-dependent self-
shielding correction factors and the calculated neutron spectra with MCNP. The maximum
correction factor was 6 % in the case of the front surface of the experimental assembly. The
overall errors, about 4 %, were dominated by the error of 3 %, associated with the number of
effective '°B atoms in the BF3 counter. The measured reaction rate is presented in Table

3.2.3.1 and Fig. 3.2.1.3 with reaction rates of other reactions.
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3.3 Gamma-Ray Spectrum

The BC537 (BICRON, USA) spectrometer™’, which consisted of a deuterated benzene
base scintillator and a quartz glass container, was used to measure gamma-ray spectra. Quter
dimensions of the counter were 48 mm in diameter and 262 mm in length. The scintillator
was a sphere of 40 mm in diameter. The electronic circuit used in the measurement is shown
in Fig. 3.3.1. The gain stabilizer was adopted. Two Delay Line Amplifters (DLA), the gains
of which were different by a factor of about 10, were used to obtain energy spectra of wider
dynamic range. Neutron and gamma-ray signals were separated by Rise-Time-to-Pulse-
Height-Convertors.

Prompt gamma-ray spectra were measured at four positions of 457, 610, 762 and 914
mm from the front surface of the test region. The accelerator was operated in the arc-pulse
mode with the pulse width of 0.75 ms and repetition interval of 2.0 ms, in order to reject
decay gamma-rays.” Contributions of decay gamma-rays can be regarded as constant during
the short period of 2 ms because of the half-lives are usually longer than one second. Energy
scale of measured pulse height spectra was calibrated with the Compton edge of 1.275 MeV
gamma-rays from Na-22.

The measured pulse height spectra of gamma-ray events were unfolded by using the
FORIST code' and the calculated response matrix with the MARTHA code™ to derive
energy spectra higher than about 0.25 MeV. The obtained gamma-ray spectra at four positions
are shown in Fig. 3.3.2 and Table 3.3.1. Only statistical errors are included in the figure and
table. The FORIST code also provides a window function W(E), which corresponds to the
energy resolution of the unfolded spectrum in full width at half maximum in percentage. The
overall errors are roughly about 10 %.

The contribution of target gamma-rays generated by neutron interactions with the
structural materials of the target were negligibly small since the measurement were performed

at the positions deeper than 400 mm.
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3.4 Gamma-Ray Heating Rate

Gamma-ray heating rates, t.e., absorbed doses of gamma-rays in a medium,
monotonously increase as a function of effective atomic numbers of the thermoluminescence
dosimeters (TLD). The gamma-heating rates of SS316 (effective atomic number [Zeff} is
26.4) were measured by interpolating absorbed doses measured by two kinds of TLDs;
Mg2Si04, (Zeff=11.1) and Sr28104 (Zeff=32.5). These TLDs were sealed in glass capsules
of 2 mm in diameter and 12 mm in length and were calibrated by a cobalt-60 standard
gamma-ray field. TLDs were annealed for 30 minutes at SO0 °C before uradiation. Four
samples of each TLD were packed in a thin aluminum foil and were installed in the SS316
test region. Neutron irradiations were performed three times. The irradiation data are
summarized in Table 3.4.1. One week later after trradiation, thermoluminescence (TL) was
read out by a TLD reader (KYOKKO 2500).

Average values and standard deviations of measured TL were calculated for each
group of four TLDs and were converted to the unit of exposure dose of ®Co equivalence.
Neutron contribution on the TL was estimated by energy-integration of the products of the
neutron response function and the neutron flux calculated by MCNP*". The neutron
contributions were subtracted from the total TL response to derive pure gamma-ray reSponses.
The gamma-ray heating rate due to gamma-rays emitted from the tritium target assembly was
calculated by MCNP and was also subtracted from the total gamma-ray heating rate. Proportions
of the target gamma-ray were 9.3 and 1.8 % at -1 and 127 mm, respectively. At the
measuring positions deeper than 200 mm, contributions of target gamma-rays were less than
| %.

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

Fig. 3.4.1. The overall errors range between 7 - 23 %.

- 18-
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4. Comparison with the Results of SS316 Experiment

The effects of water in SS316 on the shielding performance were demonstrated by
comparing the present data with those of the assembly #2 in the previous bulk shielding
experiments on SS316”, Figure 4.1 shows the ratios of the measured integrated neutron
fluxes above 10 MeV and from 10 keV to 1 MeV, reaction rates of “'Al(n,0)**Na,
“Nb(n,2n)”"Nb, ' In(n,n'}'"*"In and ’Au(n,y)'*Au, fission rate of **U and **U, and gamma-
ray heating rate in the present experiment to those in the assembly #2 of the SS316 experiments
along the center line of the test region. The integrated neutron fluxes above 10 MeV and
from 10 keV to 1000 keV were obtained from the measured neutron spectra.

Since water does not attenuate 14 MeV neutrons so much as SS316, the ratios of the
neutron flux above 10 MeV and the reaction rates of the high threshold reactions increase
atong the depth. As for the reaction rate of ’Au(n,y)**Au and fission-rate of **U, the ratios
at the front surface of the test region are about three since water increases low energy neutron
flux. The ratios, however, decrease rapidly up to 0.01 at the depth of 914 mm. The ratio of
the neutron flux from 10 keV to | MeV also decreases along the depth. It is concluded that
the shielding performance of SS316/water is extremely high for neutrons lower than 1 MeV.
The reaction-rate of “In(n,n")'"""In, the threshold energy of which is 335 keV, almost dose
not vary due to the balance of the increased higher energy neutrons and decreased lower
energy neutrons. The ratio of the gamma-ray heating rate increases at the front region since
gamma-rays produced via threshold reactions such as (n,2n) and (n,n') mainly with 14 MeV
neutrons are dominant. On the other hand, it decreases eminently at the deeper positions than
300 mm since the main source of the gamma-heating is gamma-rays produced by (n,y)
reactions with low energy neutrons,

Figure 4.2 shows the measured neutron spectra at the depth of 914 mm of the present
SS316/water assembly and the assembly #2 of the previous SS316 experiments. All the
neutron fluxes above 10 MeV in the SS316/water are about three times as large as those in
the $8316. This is consistent to the result in Fig. 4.1. On the other hand, the difference
between the SS316/water and SS316 assemblies increases with decrease of ncutron energy
from 10 keV to | MeV. It is notable that the shielding performance of S8316/water becomes
better with decrease of neutron energy for neutrons below 1 MeV than that of SS316.
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5. Concluding Remarks

The bulk shielding experiment on SS316/water was performed by using the large
$8316/water (volume ratio is 4 : 1) layered assemubly of 1200 mm in diameter and 1372 mm
in thickness as the second shielding experiment for ITER at FNS. The various expernimental
data for neutron and gamma-ray were obtained with the experimental errors of 5 - 25 % at
the positions of 0 to 914 mm in depth, which is comparable to the thickness of the inboard
shield/blanket and vacuum vessel on the midplane of ITER. By adding the extra shield, the
fraction of background was reduced to less than 10 % even at the depth of 914 mm. |

In-system neutron spectra in MeV region and reaction rates of threshold reactions
such as Nb(n,20)*"Nb, ' "In(n,n")'"*"In were measured up to the depth of 914 mm. Neutron
spectra in keV and eV regions and reaction rates of non threshold reactions such as
7 Au(ny)'** Au, *"U(n,fission) were also measured. [t is noticeable that the measurement of
gamma-ray spectra and gamma-ray heating rates was performed.

It is found from the comparison of the measured data with those in the previous
SS316 experiments that SS316/water has shielding performance for quantities related to
neutrons less than | MeV, better by 2 orders of magnitude than $S316 . The result demonstrated
experimentally that water is essential not only for coolant but also for shielding material.

These experimental data will be used as benchmark data for validation of the nuclear
data and calculation codes used in nuclear design of fusion devices. The analysis of this
experiment by JAERI is described in detail in the Volume I1”. The analysis using Fusion
Evaluated Nuclear Data Library, FENDL-1*", will be carried out by the U. S. and other
parties in the frame of ITER/EDA.

Acknowledgment

The authors gratefully acknowledge Drs. S. Matsuda and H. Takatsu, Department of
ITER Project in JAERI/Naka, for their supports to this work. They also thank Messrs. C.
Kutsukake, S. Tanaka, Y. Abe, M. Seki and J. kusano for their good operation of FNS

accelerator.



JAERI—Research 85-—017

5. Concluding Remarks

The bulk shielding experiment on SS316/water was performed by using the large
SS316/water (volume ratio is 4 : 1) layered assembly of 1200 mm in diameter and 1372 mm
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Table 2.2.1 Atomic number densities of $S316 in the test region and source reflector.

Material Test Region Source Reflector
C 7.1697X107" 1.9879X10"*
Si | 9.8440X10™ 8.1608X10*
P 4.3162X107 4.8895X107
S 1.8780X10° 4.4677X10°
Cr 1.5476X10° 1.5025X10~
Mn 9.7963X10™ 1.3561X10°
Fe 5.7589X10" 5.8332X107
Ni 9.7128X10° 9.1456X107
Mo 1.0503X10" 1.0254X10°

* Unit is in [X 10°* atoms/cm’]
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Table 3.1.1.1 Neutron spectra at -10, 127, 228, 330, 457, 610, 762 and 914 mm from the
front surface of the test region measured by the NE213 spectrometer.

-1 mm 127 mm 229 mm 330 mm
Neutron Flux Error Window  Flux Error Window  Flux Error Wimdow Flux Error Window
Energy [n/leth/ [%] {nfleth/ [%] (/leth/ [9] [nfleth/ [%]
[eV] source] source] source] source]

2.69E+6  Z.88E-3 5350E-6 31.2 1.12E-5 1.92E-6 312 321E-6 543E-7 312  836E-7 136E-7 31.2
2.83E+6  2.89E-5 L31E-6 30.5 1.OSE-5 3.92E-7 30.5 30lE-6 103E-7 30.5 7.80E-7 2.33E-8 305
298E+6  2.78E-5 143E-6 297  9.87E-6 390E-7 297 2.73E-6 9.89E-8 267 7.08E-7 2.44E-8 297
3.13E+6  2.58E-5 1.66E-6 29.0 8.96E-6 404E-7 29.0 248E-6 1.01E-7 2.0 643E-7 247E-8 290
329E+6  2.32E-3 1.7IZE-6 283 8.19E-6 4.03E-7 283 229E-6 1.0O0E-7 283  3593E-7 2.43E-8 283
346E+6  2.0lE-5 1.57E-6 27.6 7.63E-6 3.90E-7 27.6 2.17E-6 9.79E-8 27.6 S5.60E-7 237E-8 27.6
3.63E+6  1.71E-5 134E-6 2638 7.30E-6 3.64E-7 268 209E-6 G21E-§ 268 540E-7 2.26E-8 26.8
382E+6  1.44E-5 1.20E-6 26.1 7.13E-6 3.51E-7 26.1 203E-6 8.89E-§ 26.1  5.26E-7 2.20E-§ 26.1
4.02E+6  122E-5 1.24E-6 233 7.00E-6 3.53E-7 233 1.98E-6 B.93E-§ 253 S5.08E-7 2.20E-8 253
4.22E+6  LOSE-5 1.35E-6 24.5 6.77E-6 3.68E-7 24.3 1 88E-6 S.11E-8 245 4B84E-7 2.23E-§ 245
4.44E+6  9.07E-6 147E-6 239 6.37E-6 3.76E-7 23.9 1.77E-6 9.21E-8 239 457E-7 224E-8 239

4.67E+6  7.58E-6 1.48E-6 233 5.84E-6 3.82E-7 233 |.65E-6 9.34E-8 233 427E-7 2.26E-8 233
491E+6  3.78E-6 L.57E-6 22.7 529E-6 3.93E-7 227 1.53E-6 9.61E-8 227 3.89E-7 2.33E-8 227
5.16E+6  3.74E-6 L.G3E-6 22.2 4.73E-6 4.07E-7 222 1.37B-6 9.85E-8 222  3.37E-7 2.37E-8 222
5.42E+6  1.§IE-6 L.79E-6 217 4. 16E-6 4.26E-7 Z1.7 LI9E-6 [.02E-7 21.7 2.83E-7 2435E-8 2.7
370E+6  3.72E-7 1.94E-6 Z11 3.60E-6 4.49E-7 211 1.03E-6 1.07E-7 211 2.50E-7 2.36E-8§ 21.1
S.99E+6  -6.66E-§ 2.04E-6 20.6 3.35E-6 4.62E-7 206 9.16E-7 1.09E-7 20.6  2.34E-7 2.61E-8 20.6
6.30E+6  4.76E-7 2.34E-6 20.0 3.29E-6 4.99E-7 20.0 873E-7 1.17E-7 200 27%E-7 278E-8 204
6.62E+6  1.03E-6 2.68E-6 195 3.47E-6 5.53E-7 193 9.19E-7 [.28E-7 185  293E-7 3.03E-8 195

6.96E+6  1.10E-0 2.78E-6 19.0 3.82E-6 3.68E-7 19.0 L.O4E-6 [.32E-7 190 289E-7 3.12E-8 190
7.32E+6  1.81E-6 3.23E-6 18.5 4.23E-6 6.38E-7 1835 1.I7E-6 1.48E-7 1835 290E-7 3.43E-8 133
7.69E+6  3.87E-6 3.83E-6 18.0  439E-6 7.32E-7 18.0 1.24E-6 1.67E-7 180 3.05E-7 3.88E-8 180
8.09E+6  3.21E-6 4.17E-6 17.6 4.07E-6 7.78E-7 17.6 1.24E-6 1.77E-7 17.6  3.08E-7 4.1I1E-3 17.6
8.50E+6  3.86E-6 4.82E-6 17.2 3.67E-6 8.74E-7 172 1.18E-6 1.96E-7 17.2  3.15E-7 448E-8 17.2
8.94E+6  2.02E-6 6.14E-6 16.3 3.90E-6 1.08E-6 16.8 I.11E-6 2.41E-7 168 34lE-7 546E-8 163
9.40E+6  2.66E-6 6.82E-6 164  474E-6 LIBE-6 164 .13E-6 2.61E-7 164 340E-7 S94E-§5 164

9.88E+6  4.65E-6 7.06E-6 159 5.26E-6 1.22E-6 159 1.28E-6 2.68E-7 155 3.27E-7 6.04E-8 159
1.04E+7  7.00E-6 B.0lE-6 155 487E-6 1.36E-6 155 1.52E-6 3.00E-7 155 3.64E-7 673E-8 1535
1.09E+7  9.63E-6 B.08E-6 15.1 4.08E-6 1.33E-6 15.1 145E-6 2.91E-7 51 3.92E-7 &51E-8 15.1
1.13E+7  1.LIE-5 8.20E-6 14.8 4.53E-6 1.32E-6 14.8 l.LI7E-6 2.86E-7 148 371E-7 6.35E-8 4.8

L21E+7  LL72E-5 991E-6 143 7.23E-6 L.39E-6 143 |47E-6 3.38E-7 145  450E-7 T43E-8 143
1.27E+7  4.86E-5 1.08E-5 144 1.21E-5 1.8iE-6 144 267E-6 3.89E-7 144  7.80E-7 B8.67E-§ 144
1.33E+7  |.80E-4 1.38E-3 144 2.86E-5 2.17E-6 144 6.33E-6 4.66E-7 144  L64E-6 LGIE-7 144
1.40E+7  4.40E-4 1.66E-3 [4.1 6.62E-5 281E-6 144 1.48E-5 6.03E-7 144  3.13E-6 1.34E7 144
1.47E+7  5.67E-4 2.28E-5 141 8.77E-5 4.34E-6 144 1.96E-5 9.56E-7 144  375E-6 2.22E-7 144
1.53E+7  3.53E-4 9.73E-6 4.1 5.535E-5 1.79E-6 144 1.16E-3 3.84E-7 144 231E-6 8.72E-§ 144
1.63E+7  1.24E-4 L.I7E-5 128 1.81E-5 2.[1E-6 144 2.89E-6 4.66E-7 144  TRIE7T LOSE-7 144
I.71E+7  8.54E-3 7.54E-6 11.6 1.08E-3 1.38E-6 144 1.67E-6 3.48E-7 144  4.70E-7 B8.24E-3 144
1.80E+7  35.67E-3 L.32E-6 10.5 0.17E-6 4.15E-7 144 1.80E-6 9.27E-8 144  4.00E-7 230E-8 144
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Table 3.1.1.1 {(Continued)

457 mm 610 mm 762 mm 914 mm

Neutron Flux Error Window  Flux Error -Window  Flux Error Wimdow  Flux Error Window
Energy [n/leth/ [%] [n/leth/ [%] [n/leth/ [%] [nAeth/ [%]
[eV] source] source] source] source]

I 10E+6 1.22E-07 S.90E-09 35.1 197E-08 7.24E-10 350 3.22E-09 L.O8E-10 332 4.51E-10 139E-11 322
I 20E+6 1.41E-07 5.35E-09 34.3 1.97E-08 6.07E-10 34.1 3.43E-09 9.95E-11 31.0 449E-10 1.24E-11 30.4
2 32E+6 L|.57TE-07 5.33E-09 33.5 L.97E-08 5.83E-10 334  3.55E-09 9.62E-11 28.1 4.32E-10 L.16E-11 28.3
244E+6 L.67E-07 5.38E-09 32.8 1.92E-08 5.81E-10 32.6 3.49E-09 9.28E-11 278 4.05E-10 1.05E-11 28.5
2.56E+6 1.68E-07 5.50E-09 32.0 1.79E-08 5.76E-10 31.9  3.21E-09 9.01E-11 27.8 3.66E-10 1.00E-11 29.0
2 69F+6 1.62E-07 5.46E-09 31.2 1.39E-08 3.62E-10 312 2.76E-09 8.47E-11 28.2 3.16E-10 9.77E-12 29.2
2 83E+6 1.S4E-07 5.26E-09 30.5 1.39E-0% 5.46E-10 30.5 2.26E-08 7.83E-11 287 2.69E-10 8.77E-12 29.4
208E+6 1.51E-07 5.07E-09 297 1.28E-08 5.46E-10 297  1.83E-09 7.56E-11 29.1 2.42E-10 8.07E-12 293
3.13B46 1.S5E-07 S.09E-09 29.0 132E-08 S.60E-10 290  1.52E-09 6.93E-11 29.0 2.38E-10 7.94E-12 29.0
3.29E+6 1.60E-07 5.24E-09 28.3 1.51E-08 5.70E-10 27.9  L37E-09 647E-11 283 2.37E-10 7.95E-12 283
3 46E+6 1.5TE-07 5.27E-09 276 1.77E-08 5.61E-10 269 1.36E-09 6.37E-1L 276 2.22E-10 7.65E-12 27.6
3.63E+6 1.43E-07 5.06E-09 268 1.95E-08 S.61E-10 262  L.41E-09 633E-15 26.8 1.93E-10 7.27E-12 26.8
3.89E46 1.24E-007 4.81E-09 26.1 1.93E-08 5.67E-10 254  148E-09 6.29E-11 261 1.69E-10 7.09E-12 26.1
4.02E+6 1.10E-07 4.72E-09 25.3 1.60E-08 5.43E-10 246 1.36E-09 6.29E-11 253 1.57E-10 7.27E-12 25.3
4.276+6 LOZE-D7 4.77E-09 245 1.378-08 4.97E-10 243  1.65E-09 6.30E-11 24.5 134E-10 7.60E-12 24.5
4.44E+6 1.DIE-G7 487E-09 23.9 [1.16E-08 4.71E-10 239 1.76E-09 6.34E-11 239 1.54E-10 795E-12 239
4.67E+6 [.05E-07 4.80E-09 233 1.08E-08 4.65E-10 23.3  1.86E-09 6.29E-11 23.3 157E-i0 8.23E-12 233
4.91F26 1.11E-07 5.00E-09 22.7 1.D4E-08 4.68E-i0 22.7 1.89E-09 6.22E-11 22.7 1.58E-i0 8.54E-12 227
5 16E+6 1.15E-07 S.00E-09 22.2 9.77E-09 4.65E-10 22.2  1.77E-09 6.08E-1l 22.2 1.50E-10 8.82E-12 22.2
5.476+6 i.12E-07 4.99E-09 21.7 8.85E-09 4.63E-10 21.7 1.55E-09 5.84E-11 21.7 1.28E-i0 9.21E-12 2L.7
5.70E+6 L.02E-07 5.05E-09 21.1 7.93E-09 4.71E-10 21.1  L32E-09 5.65E-11 21.1 1.0IE-10 947E-12 2I.1
5.O9E+6 8.78E-08 4.99E-09 20.6 7.15E-09 4.76E-10 20.6  1.17E-09 5.50E-11 206 831E-11 9.58E-12 20.6
6.30E+6 7.59E-08 4.96E-09 20.0 669E-09 483E-10 200 1.07E-09 5.60E-11 20.0 8.04E-11 LO2E-11 20.0
6.62E+6 7.15B-08 5.23E-09 19.5 6.69E-09 S.09E-10 19.5 9.67E-10 5.88E-11 19.5 8.I7E-11 L.11E-11 19.5
6.96E+6 7.08E-08 5.35E-09 19.0 6.61E-09 5.25E-10 19.0 8.38E-10 597E-11 19.0 7.34E-11 1.14E-11 19.0
732E+6 6.79E-08 5.76E-09 18.5 5.79E-09 5.72E-10 185 6.76E-10 6.62E-11 18.5 5.36E-11 1.28E-11 18.5
7 6OE+6 6.44E-08 6.32E-09 18.0 4.81E-09 6.41E-10 180 35.82E-10 747E-11 18.0 3.93E-1f 144E-11 180
8.09E+6 6.38E-08 6.57E-09 17.6 4.56E-09 6.82E-10 17.6 597E-10 7.95E-11 17.6 4.62E-11 1.54E-11 17.6
8.50E+6 6.36E-08 7.19E-09 17.2 5.10E-09 7.41E-10 172  549E-10 848E-11 172 6.35E-11 1.59E-11 17.2
8.94E+6 5.04E-08 8.68E-09 16.8 5.93E-09 9.03E-10 16.8 445E-10 LOIE-10 16.8 6.98E-11 1.83E-1l 16.8
QA0E+6 S.45E-08 9.29E-09 16.4 635E-09 9.94E-10 164 S546E-10 1.1iE-10 164 6.05E-1l 2.08E-11 16.4
9.88E+6 5.66E-08% 0.48E-09 159 6.69E.09 L.02E-09 159 791E-10 1.I4E-10 159 35.35E-1l 2.10E-11 15.9
L.O4E+7 6.63E-08 1L.O6E-08 155 7.69E-09 1.12E-09 155 8.72E-10 1.25E-10 155 6.49E-11 2.26E-11 13.5
LO9E+7 7T.44E-0% LO2E-08 15.1 8&.83E-09 L.12E-09 15.1 9.04E-10 1.28E-10 151 9.03E-11 240E-11 15.1
L15E+7 8.64E-08 9.53E-09 14.8 Y9.95E-09 1.14E-09 148 [ I5E-09 1.35E-10 148 1.24E-10 2.56E-11 14.8
1.21E+7- LI8E-07 L.13E-08 14.5 136E-08 1.37E-09 145 [.70E-09 1.58E-10 14.5 1.97E-10 2.80E-1l 14.3
127E+7 1.99E-07 133E-08% 144 251E-08 L.39E-09 144 297E-09 L.74E-10 144 3.22E-10 2.87E-11 14.4
1.33E+7 3.75E-07 L.50E-08 14.4 4.37E-08 1.82E-09 144 4.74E-09 1.99E-10 144 4.35E-10 3.30E-11 14.4
| J0E+7 S5.29E-07 2.10E-08 144 48$E-08 2.57E-09 144 497E-09 2.66E-10 144 4.01E-10 3.92E-11 144
L47E+7 4.56E-07 3.57E-08 144 3.19E-08 4.07E-09 144  3.03E-09 3.94E-10 144 222E-10 4.14E-11 144
.55E+7 2.08E-07 L.34E-08 144 [.4YE-08 1.51E-09 144 1.11E-09 L.53E-10 144 7.08E-11 2.03E-11 144
1L63E+7 4.52E-08 1.80E-08 144 723E-09 2.11E-09 144  358E-10 [.92E-10 14.4 "4.32E-12 1.99E-11 144
1.71E+7 2.36E-08 1.34E-08 144 4.265-09 1.53E-09 144 2.09E-10 [43E-10 14.4

I.8UE+7 2.54E-08 3.67E-09 144 245E-09 4.17E-10 144  9.79E-11 405E-11 144
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Table 3.1.2.1 Neutron spectra at -10, 127, 229, 330,457, 610, 762 and 914 mm from the

front surface of the test region measured by

the proton-recoil gas proportional

counters.
-10 mm 127 mm 229 mm 330 mm
Neutron Flux Absolute Neutron Flux  Absolute Neutron  Flux Absolute Neuwon Flux  Absolute
Energy [n/leth/ Error Energy [w/leth/ Error Energy [n/leth/ Emor Energy [w/leth/ Error
[eV] source] [eV] source] [eV] source] [eV] source]

3.13E+3 9.87E-6 3.23E6 3.04E+3 3.03E-6 [ 92E-6 3.04E+3 2.52E-6 7.12E-7 3.13E+3 6.73E-7 2.08E-7
327E+3 6.84E-6 3.10E-6 3.18E+3 6.99E-6 [.82E-6 3.18E+3 {.BOE-6 6.71E-7 3.27E+3 5.72E-7 1.99E-7
3.41F+3 5.68E-6 296E-6 3.3lE+3 4.13E-6 1.72E-6 331E+3 [.88E-6 6.27E-7 3.41E+3 6.50E-7 [.89E-7
3.56E+3 7.43E-6 2.86E-6 3.46E+3 4.82FE-6 1.64E-6 346E+3 2.38E-6 6.03E-7 3.56E+3 4.95E-7 1.83E-7
3.72E+3 1.05E-5 2.72E-6 3.61E+3 545E-6 1.57E-6 3.61E+3 |.27E-6 5.80E-7 3.72E+3 8.22E-7 1.74E-7
3.886+3 9.41E-6 2.65E-6 3.77E+3 3.76E-6 149E-6 3.77E+3 |.64E-6 5.57TE-7  3.88E+3 5.B6E-7 1.68E-7
4.05B+3 5.77E-6 2.53E-6 3.94E+3 499E-6 |45E-6 3.94E+3 2.43E-6 5.39E-7  4.05E+3 5.04E-7 L.6|E-7
423E+3 8.23BE-6¢ 2.49E-6 4.11E+3 3.73E-6 1.39E-6 4.1(E+3 |.10E-6 520E-7 4.23E+3 6.06E-7 1.57E-7
4.42E+3 2.05E-6 2.42E-6 4.29E+3 2.12E-6 1.36E-6 429E+3 [.I0E-6 5.05E-7 4.42E+3 5.77E-7 1.52E-7
4.62E+3 5.22B-6 2.39E-6 4.4YE+3 347E-6 133E-6 449E+3 [.31E-6 5.0lE-7  4.62E+3 5.05E-7 1.49E-7
4.83E+3 7.83E-6 2.36E-6 4.69E+3 6.34E-6 1.29E-6  4.69E+3 1.29E-6 4.86E-7  4.83E+3 5.34E-7 1.44E-7
5.04E+3 6.08BE-6 231E-6 4.90E+3 4.40E-6 1.24E-¢ 490E+3 1.65E-6 4.78E-7  5.04E+3 4.49E-7 1.42E-7
5.27E+3 5.36E-6 2.25E-6 5.12E+3 2.86E-6 [.22E-6 5.[2E+3 2.I8E-6 4.63E-7 5.27E+3 5.23E-7 1.39E-7
551E+3 7.76B-6 2.24E-6 5.35E+3 2.54E-6 [.19E-6¢ 535E+3 2.30E-6 4.50E-7 5.51E+3 6.55E-7 1.36E-7
5.76E+3 8.63E-6 2.19E-6 5.59E+3 3.88E-6 [.17E-6 559E+3 B8.17E-7 442E-7 5.76E+3 5.08E-7 1.35E-7
6.02E+3 |.[9E-5 2.[4E-6 5.85E+3 3.76E-6 |.[6E-6 3585E+3 1.73E-6 4.33E-7 6.02E+3 5.31E-7 1.3[E-7
6.29E+3 4.095E-6 2.12E-6 6.11E+3 3.74E-6 1.12E-6 6.11E+3 1.64E-6 4.3{E-7 6.29E+3 6.97E-7 1.29E-7
6.58E+3 4.16E-6 2.08E-6 6.39E+3 4.23E-6 I.1!E6 6.39E+3 1.86E-6 4.17E-7  6.58E+3 5.95E-7 [.27E-7
6.88E+3 9.30E-6 2.07E-6 6.68E+3 3.06E-6 1.(9E-6 G6.68E+3 2.24E-6 4.15E-7 6.88E+3 5.78E-7 [.24E-7
720E+3 R.12B-6 204E-6 6.99E+3 5.18E-6 LO7E-6 6.99E+3 8.65E-7 4.06E-7  7.20E+3 4.60E-7 [.23E-7
7.53E+3 6.38E-6 240E-6  7.31E+3 2.33E-6 L06E-6 7.31E+3 L.10E-6 4.02E-7  7.53E+3 3.36E-7 |.22E-7
7R8E+3 6.07E-6 2.00B-6 7.65B+3 2.50E-6 |.04E-6 7.65E+3 [.60E-6 3.97E-7  7.88E+3 4.08E-7 L.20E-7
R24E+3 4.97E-6 1.99E-6 RB.0O0E+3 3.09E-6 1.05E-6 B.O0E+3 7.83E-7 3.95E-7 B.24E+3 4.67E-7 L.20E-7
%.62E+3 V. 12E-6 2.00E-6 - 8.37E+3 |97E-6 [.04E-6 B.37E+3 1.88E-6 3.93E-7 B8.62E+3 4.43E-7 L.20E-7
ON2E+3 1.0E-5 2.01E-6 &.75E+3 S5.07E-6 |.0SE-6 R.75E+3 |.B8E-6 3.94E-7 9.02E+3 7.37E-7 1.21E-7
9.44E+3 8.65E-6 2.02E-6 Y.16E+3 3.80E-6 L.0O5SE-6 9.16E+3 [.94E-6 3.96E-7 9.44E+3 8.17E-7 L.2IE-7
08RE+3 [.1IE-5 2.02BE-6 9.59E+3 3.80E-6 1.04E-6 9.59E+3 L90E-6 3.94E-7 9.88E+3 7.32E-7 1.20E-7
1.03E+4 1.19E-5 2.02E-6 LOOE+4 G9DE-6 104E-6  LOUE+4 1 9IE-6 396E-7 1.03E+4 7.84E-7 1.20E-7
1LOSE+4 1.08E-5 2.02E-6 L.0O5E+4 6.41E-6 L{3E-6 [.O3E+4 2.17E-G 3.96E-7 1.0RE+4 7.78E-7 1.19E-7
1. 13E+4 107E-5 2.02E-6 [.I0E+4 4.44E-6 1.03E-6 L.10E+d4 2.35E-6 3.95E-7 1. 13E+4 741E-7 |.|9E-7
[.19E+4 993E-6 2.03E-6 |.l15E+4 4.62E-6 1.02E-6  L15E+4 2.29E-6 3.93E-7 {.|9E+4 9.06E-7 1.18E-7
[.24E+3 L.I3E-3 2.03E-6 1.20E+4 5.5tE-6 [.O2E-6 1.20E+4 2.07E-6 3.94E-7 1. 24E+4 7.39E-7 1. 19E-7
1.30E+4 |1.30E-5 2.04E-6 1,26E+4 4.86E-6 |.02E-6 1.26E+4 2.41E-6 391E-7 1.30E+4 6.86E-7 1.18E-7
1.36E+4 B.6YE-6 2.04E-6 1.32E+4 4.19E-6 |.02E-6 1.32E+4 2.42E-6 3.94E-7 1.36E+4 8.06E-7 [.18E-7
1.42E+4 7.33E-6 2.05E-6 |.38E+4 3.37E-6 1.03E-6 |.38E+4 1.79E-6 3.91E-7 142E+4 4.[0E-7 1.19E-7
[.49E+4 §.72E-6 2.08E-6 |.45E+4 3.73BE-6 1.03E-6 [.45E+4 [.98E-6 3.94E-7 L.49E+4 5.26E-7 1. 19E-7
1.56E+4 8.34E-6 2.09E-6 |.51E+4 4.95E-6 1.04E-6 1.51E+4 1.32E-6 3.96E-7 [.56E+4 6.74E-7 1.19E-7
1.63E+4 9.75E-6 2,I1E-6 1.58E+4 3.63E-6 L.(4E-6 1.538E+4 L.15E-6 4.01E-7 [.63E+4 5.10E-7 1.21E-7
1.71E+4 1.[l1E-5 2.13E-6 1.66B+4 3.37E-6 L.05E-6 1.66E+4 1.35E-6 4.05E-7 1.7lE+4 4.30E-7 L.21E-7
1.79E+4 7.42E-6 2.14E-6 [.74E+4 3.13E-6 1.06E-6 1. 74E+4 2.29E-6 4.08E-7 1.79E+4 6.42E-7 1.22E-7
1.88E+4 8.14E-6 2.16E-6 1.82E+4 3.70E-6 1.06E-6 1.82E+4 1.71E-6 4.10E-7 1.88E+4 6.75E-7 1.23E-7
1.97E+4 1.14E-5 2.18E-6 1.91E+4 5.03E-6 1.08E-6 |9IE+4 [.84E-6 4.12E-7 L.9TE+4 7.18E-7 1.23E-7
2.06E+4 [.21E-5 2.20E-6 2.00E+4 4.23E-6 LUSE-6 Z2.U0E+4 2.44E-6 4.16E-7 2.06E+4 7.43E-7 L.24E-7
2. 16E+4 [.42B-5 2.20E-6 2.09E+4 4.70E-6 [.0YE-6 2.09E+4 2.09E-6 4.15E-7 2.16E+4 8.67E-7 [.25E-7
226E+4 1.64E-5 2.20E-6 2.19E+4 5.86E-6 LOYE-6 2.19E+4 2.24E-6 4.19E-7 2.20E+4 [.06E-6 |.23E-7
2.36E+4 1.98E-5 2.20E-6 2.29E+4 6.85E-6 [.WE-§ 229E+4 295E-6§ 4.16E-7 236E+4 1.26E-6 |1.23E-7
248E+4 1.92E-5 2.19E-6 2.40E+4 7.85E-6 1.U8E-6 2.40E+4 3.98E-6 4.15E-7 2.48E+4 1.14E-6 L.2IE-7
2.59E+4 1.59E-5 2.19E-6¢ 2.51E+4 748E-6 |.0BE-6 25(E+4 4.10E-6 4.1iE-7 2.59E+4 1.09E-6 1.20E-7
2.72E+4 1.42E-5 2.19E-6 2.63E+4 6.62E-6 |.07E-6 2.63E+4 2.32E-6 4.10E-7 2.72E+4 7.47E-7 L20E-7
2.85E+4 7.36E-6 2.22E-¢ 2.76E+4 3.68E-6 1.0BE-6 2.76E+4 1.97E-6 4.09E-7  2.85E+4 5.87E-7 1.21E-7
298E+4 5.52E-6 2.25E-6 2.89E+4 3.45E-6 1.WE-6 2.89E+4 [.52E-6 4.16E-7  2.98E+4 2.59E-7 1.23E-7
3.12E+4 6.91E-6 2.30BE-6 3.03E+4 2.92E-6 1.10E-6 3.03E+4 [.25E-6 4.20E-7 3.12E+4 2.89E-7 1.25E-7
3127E+4 R.32E-6 2.33E-6 3.17E+4 [.52B-6 1.12E-6 3.17E+4 [.45E-6 4.26E-7 3.27E+4 4.95E-7 |.27E-7
3.43E+4 |.22E-5 238E-6 3.32BE+4 4.75B-6 [.13E-6 3.32E+4 [Y4E-6 432E-7 343E+4 6.62E-7 [.29E-7
31.50E+4 9.25E-6 2.40E-6 3.48E+4 4.40E-6 1.15E-6 3.48E+4 [.6lE-6 4.38E-7 3.59E+4 5.98E-7 L.31E.7
3.76E+4 |.28E-5 2.44E-6 3.65E+4 2.95E-6 [.16E-6 3.65E+4 |.52E-6 4.42E-7 3.76E+4 7.09E-7 1.32E-7
3.04E+4 |(2E-5 2.47E-6 3.82E+4 6.95E-6 1.18E-6 3.82E+4 |.89E-6 4.54E.7 3.94E+4 7.27E-7 1.33E-7
4.13E+4 [.31E-5 2.50E-6 4.00BE+4 497E-6 [.I9E-6 4.00E+4 2.60E-6 4.54E-7  4.13E+4 B.35E-7 1.34E-7
432E+4 |.BIE-5 253E-6 4.19E+4 3.80E-6 121E-6 4,1VE+4 261E-6 4.63E-7  4.32E+4 8.02E-7 |.36E-7
3.53E+4 [.WIE-5 2.54E-6 4.39E+4 496E-6 1.22E-6  4.3YE+4 2.77E-6 4.62E-7 4.53E+4 9.4YE-7 |.37E-7
4775E+4 |78E-5 2.56E-6 4.60E+4 6.74E-6 124E-6 4.60E+4 2.57E-6 4.72E-7  4.75E+4 |.12E-6 1.38E-7
497E+4 1.36B-5 2.60E-6  4.82E+4 7O0E-6 1.23E-6 482E+4 2.63E-6 4.71E-7 4 97E+4 7.68E-7 1.39E-7
521E+4 1.44E-5 2.63E-6 5.05E+4 0.42E-6 123E-6 5.05E+4 3.29E-6 4.78E-7  5.21E+4 83[E-7 1.40E-7
5.46E+4 1.78E-5 2.68E-6 520E+4 4.72E-6 1.26E-6  529E+4 2.22E-6 4.81E-7 5.46E+4 B.86E-7 1.41E-7
5.72E+4 1.G63E-5 2.70E-6  5.54E+4 5.26E-6 128E-¢  554FE+4 2.58E-6 4.87E-7  5.72E+4 BRI!E-7 | 44E-7
S599E+4 [ Y7E-5 2.73E-6 5.81E+4 7.12E-6 !.30E-G 58i2+4 3.206E-6 49(1E-7 5.90E+4 [.{4E-6 | 44E-7
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Table 3.1.2.1 (Continued-1)

-10 mm 127 mm 229 mm 330 mm
Neutron Flux Absolute Neutron Flux Absolutz  Neutron  Flux  Absolute Neutron Flux Absolute
Energy [nflett/ Error Energy [nfleth/ Error Energy f{n/leth/ Error Energy [n/leth/ Error
[eV] source] [eV]  source] [eV] source) [e¥V] source]
6.28F+4 1.76E-5 2.77E-6 6.08E+4 5.89E-6 1.31E-6 6.08E+4 2.99E-6 497E-7 628E+4 1.03E-6 146E-7
6.58E+4 1.99E-5 2.79E-6 6.38E+4 5.97E-6 L1.33E-6 6.38E+4 297E-6 5.0lE-7  6.58E+4 9.03E-7 l47E-7
6.89E+4 2.31E-5 2.87E-6 6.68E+4 7.35E-6 1.35E-6 6.68E+4 3.17E-6 5.06E-7  6.89E+4 1.19E-6 L.48E-7
729E+4 2.16E-5 2.86E-6 7.00E+4 6.96E-6 1.37E-6 7.00E+4 3.51E-6 5.12E-7  7.22E+4 LI1TE-6 1.49E-7
757E+4 2.25E-5 2.88E-6 7.33E+4 7.35E-6 1.38E-6 7.33E+4 354E-6 5.16E-7  7.57G+4 L21E-6 L51E-7
793E+4 3.03E-5 2.91E-6 7.68E+4 [.08E-5 140E-6 7.68E+4 3.80E-6 5.23E-7 7.93E+4 L.33E-6 L32E-7
8 3IE+d 2.38E-5 2.04E-6 8.05E+4 1.18E-3 1.39E-6 8.05E+4 3.96E-6 525E-7 8.31E+4 LI2E-6 1.53E-7
8.70E+4 1.96E-5 2.97E-6 8.44E+4 534E-6 14lE-6 8.44E+4 4.42E-6 529E-7 8.70E+4 L1.34E-6 L.55E-7
9.17E+4 2.35E-5 3.01E-6 884E+4 496E-6 142E-6 B8.84E+4 3.17E-6 5.33E-7  9.12E+4 1.03E-6 [.56E-7
9.56E+4 1.6lE-5 3.06E-6 9.26E+4 6.39E-6 146E-6 9.26E+4 2.86E-6 543E-7 9.36E+4 933E-7 L.39E-7
1.00E+5 2.35E-5 3.10E-6 9.71E+4 5.89E-6 149E-6 9.71E+4 3.07E-6 35.49E-7 1.00E+3 1.25E-6 [.60E-7
1.05E+5 2.67E-5 3.16E-6 L1.02E+5 9.00E-6 151E-6 1.02E+5 3.29E-6 5.60E-7 1.OSE+5 7.94E-7 1.63E-7
1.10E+5 3.05E-5 3.19E-6 1.07E+5 9.01E-6 1.54E-6 107E+3 3.07E-6 5.69E-7 L.10E+5 1.17E-6 L.66E-7
1.15E+5 2.99E-5 3.22B-6 L.12E+5 9.80E-6 [.55E-6 1.12E+5 3.97E-6 3.79E-7 1.15E+3 1.43E-6 1.68E-7
1.21E+5 3.33E-5 3.23E-6 1.17E+5 L.02E-5 [58E-6 1.17E+5 4.52E-6 5.88E-7 1.21E+5 1.63E-6 L.70E-7
1.26E+5 3.93E-5 331E-6 1.23E+5 9.54E-6 1.60E-6 123E+5 495E-6 596E-7 |.26E+5 L.66E-6 L.73E-7
1.33E+3 3.61E-5 3.39E-6 1.28E+5 1.31E-5 1.64E-6 1.28E+5 5.89E-6 6.08E-7 1.33E+3 191E-6 LL77E-7
L.39E+5 2.84E-5 3.49E-6 1.35E+5 1.30E-5 L.68E-6 |35E+3 4.92E-6 6.23E-7 1.39E+> 1.50E-6 [.B2E-7
L46E+5 1.95E-5 3.61E-6 141E+5 1.0SE-3 [.74E-6 [41E+5 4.47E-6 6.43E-7 |.46E+3 1.37E-6 [.B7E-7
1.53E+5 3.15E-5 3.73E-6 1.48E+S 7.06E-6 1.79E-6 [ 48E+5 4.79E-6 6.60E-7  1.53E+5 L.41E-6 1.94E-7
1.60E+5 3.62E-5 3.85E-6 1.55E+5 1.11E-5 [.85E-6 1.53E+5 4.98E-6 6.84E-7  L.6DE+5 1.68E-6 1.99E-7
1.67E+5 3.66E-5 3.98E-6 1.62E+5 1.26E-5 [.92E-6 [62E+5 5.02E-6 6.99E-7  1.67E+5 L.67E-6 2.06E-7
176E+5 3.42E-5 4.01E-6 L.70E+5 137E-5 [98E-6 L170E+5 5.75E-6 7.21E-7 1.76E+3 1.63E-6 2.11E-7
L.B4E+5 3.00E-5 4.26E-6 1. 78E+S 1.01E-5 206E-6 [.78E+3 3.61E-6 7.48E-7 1.84E+5 1.47E-6 2.19E-7
1.93E+5 3.32E-5 4.£41E-6 1.87E+5 9.95E-6 2.13E-6 (.87E+5 3.76E-6 7.76E-7 1.91E+3 1.27E-6 1.B7E-7
2 02E+5 3.43E-5 4.67E-6 1.96E+5 1.03E-5 223E-6 L[.96E+5 5.20E-6 8.07E-7 2.00E+5 1.33E-6 {.87E-7
7 06E+5 3.38E-5 3.61E-6 2.05E+5 8.87E-6 234E-6 2.00E+5 35.29E-6 563E-7 2.10E+5 1.3lE-6 |.87E-7
3 16E+5 2.66E-5 3.58E-6 2.13E+3 9.94E-6 148E-6 2.10E+5 4.68E-6 5.38E-7 2.20E+3 L.82E-6 1.B6E-7
2 27E+5 3.50E-5 3.60E-6 2.23E+5 1.28E-5 146E-6 2.20E+5 4.37E-6 5.38E-7  2.30E+3 1.93E-6 L.83E-7
2 37E+5 4.62E-5 3.57E-6 2.34E+5 1.33E-5 146E-6 2.30E+5 6.02E-6 5.52E-7 2.4lE+5 1.70E-6 1.83E-7
2 49E+5 4.04E-5 3.54E-6 2.45E+S 1.27E-5 146E-6 24lE+5 6.06E-6 5.51E-7 253E+3 1.72E-6 l.81E-7
2 61E+5 3.93E-5 3.52E-6 2.57E+5 L.44E-5 1.46E-6 2.53E+5 35.74E-6 547E-7 2.65E+3 2.03E-6 1.80E-7
2.73E+5 4.83E-5 351E-6  2.69E+5 L4lE-5 l46E-6 2.65E+5 6.97E-6 547E-7  2.77E+5 2.28E-6 1.79E-7
2 86E+5 ‘5.27E-5 3.47E-6  2.82E+5 1.73E-5 146E-6& 277E+5 7.35E-6 340E-7 2.91E+5 2.06E-6 1.77E-7
3.00E+5 5.14E-5 3.45E-6 2.95E+5 1.78E-5 144E-6 2.91E+3 6.55E-6 5.35E-7 3.05E+5 2.06E-§ 1.76E-7
3.14E+5 4.49E-5 341E-6 3.10E+5 1.79E-5 1.44E-6 3.05E+5 7.17E-6 5.33E-7 3.19E+5 2.43E-6 1.76E-7
390E+5 5.06E-5 3.44E-6 3.24E+5 1.91E-5 1.44E-6 3.19E+5 7.45E-6 3.32E-7 3.35E+5 2.64E-6 1.75E-7
3.45E+5 5.73E-5 345E-6 3.40E+5 1.94E-5 145E-6 3.33E+5 7.56E-6 5.34E-7 3.51E+5 2.33E-6 1.75E-7
3.62E+5 4.67E-5 3.46E-6 3.56E+5 2.01E-5 1.45E-6 3.51E+5 B.40E-6 3.35E-7 3.67E+5 1.87E-6 1.76E-7
3.79E+5 4.44E-5 3.48E-6 3.73E+5 1.62E-5 1.46E-6 3.67E+5 7.54E-6 3.37E-7  3.85E+3 1.84E-6 1.77E-7
3.97E+5 4.58E-5 3.53E-6 3.91E+5 L45E-5 148E-6 3.85E+5 6.29E-6 5.38E-7 4.04E+3 2.06E-6 1.79E-7
4 16E+5 4.20E-5 3.55BE-6 4.10E+5 1.56E.5 1.51E-6 4.04E+5 6.79E-6 5.46E-7 4.23E+5 1.93E-6 1.80E-7
A36E+5 3.49E-5 3.61E-6 4.30E+5 1.53E-5 [.53E-6 4.23E+5 6.02E-6 5.48E-7 443E+3 1.91E-8 1.82E-7
4.57E+5 4.17E-5 3.70E-6 4.50E+5 1.61E-5 1.56E-6 4.43E+5 5.72E-6 3.59E-7 4.6dE+5S 2.24E-6 1.86E-7
479E+5 4.79E-5 3.81E-6 4.72E+5 1.77E-5 |.61E-6 4.64E+5 7.20E-6 3.71E-7 4.87E+5 2.38E-6 1.90E-7
502E+5 5.69E-5 391E-6 d4.94E+5 2.25E-5 1.65E-6 487E+5 B.36E-6 587E-7  5.10E+5 2.73E-6 1.95E-7
596E+5 5.57E-5 4.03E-6 5.18E+5 2.22E-5 1.69E-6 5.10E+3 8.78E-6 5.99E-7  5.33E+5 2.47E-6 1.98E-7
5.52E+5 6.24E-5 4.09E-6 5.43E+5 2.17E-3 1.73E-6 535E+5 9.40E-6 6.I0E-7  35.60E+5 2.79E-6 2.02E-7
5.78E+5 7.52E-5 4.17E-6 5.69E+5 2.61E-5 1.78E-6 5.60E+3 1.00E-5 6.24E-7  5.87E+3 3.54E-6 2.02E-7
6.06E+5 7.33E-5 423E-6 5.96E+5 2.95E-5 1.80E-6 587E+5 1.11E-3 6.24E-7  6.15E+5 3.33E-6 2.04E-7
6.35E+5 6.84E-5 4727E-6 6.25E+5 2.86E-5 1.84E-6 6.15E+5 l.[4E-5 6.34E-7  6.45E+3 2.90E-6 2.03E-7
6.65E+5 5.70E-5 4.36E-6 6.55E+5 2.61E-5 |.85E-6 6.45E+5 L.O6E-3 6.37E-7  6.76E+3 2.81E-6 2.06E-7
6.97E+5 6.10E-5 446E-6 6.3GE+35 2.54E-5 190E-6 6.76E+5 9.17E-6 6.42E-7 7.0BE+3 2.40E 6 2.07E-7
731E+5 5.52E-5 4.56E-6 7.19E+3 2.55E-5 (92E-6 7.08E+5 B.37E-6 6.54E-7  7.42E+5 2.18E-6 2.10E-7
7.66E+5 5.18E-5 4.67E-6 7.54E+5 2.53E-5 1.96E-6 7.42E+5 B.85E-6 6.60E.7 7.78E+3 2.60E-6 2.12E-7
SO2E+5 6.42E-5 4.80E-6 7.90BE+5 2.42E-5 200E-6 7.78E+5 9.18E-6 6.73E-7  B.13E+3 2.13E-6 2.16E-7
S41FE+5 5.88E-5 4.86E-6 8.28F+5 2.19E-5 2.06E-6 8.15E+5 7.63E-6 681E-7 B8.54E+3 2.30E-6 2.18E-7
S 81E+5 6.08E-5 4Y9E-6 S.68E+5 2.56E-5 2.08E-6  B8.34E+5 8.50E-6 6.98E-7 8.95E+5 2.24E-6 2.23E-7
0723E+5 6.02E-5 5.07E-6 9.09E+5 2.57E-3 2.12E-6  8.95E+5 8.42E-6 7.ME-7  U.38E+5 2.19E-6 2.24E-7
0.68E+5 6.70E-5 35.17E-6  9.53E+5 2.85E-5 2.13E-6 9.38E+5 8.89E-6 7.13E-7  9.83E+5 2.51E-6 2.26E-7
| OIE+6 6.72E-5 S26E-6 U98E+3 2.73E-5 2.17E-6 9.83E+3 8.03E-6 7.15E-7 1L03E+6 2.49E-6 2 28E-7
{.O5E+6 2.81E-5 2.16E-6 1.U3E+6 9.535E-6 7.20E-7
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Table 3.1.2.1 (Continued-2)

457 mm 610 mm 762 mm 914 mm
Neurron Flux  Absolute  Neutron Flux  Absolute  Neutron.  Flux  Absoluie  Newtron  Flux Absolute
Energy [nfleth/ Error Enerzy [nfleth/ Ervor Energy [n/leth/ Emor Energy [w/leth/ Eror
[eV] source] [eV] source] [eV] source] {e¥] source]

3.04E+3 |.53E-7 4.79E-8  3.09E+3 2.91E-8 9.42E-0  LOLE+4-3.20E-09 2.05E-09  9.83E+3 2.99E-09 1.30E-0Y
3.18E+3 1.78E-7 4.50E-8  3.22E+3 1.59E-8 9.07E-9  1.06E+4-4.60E-09 1.99E-09  1.03E+4 4.35E-09 1.25E-09
3.31E+3 [.71E-7 4.30E-8 3 36E+3 3.62E-8 8.58E-9  [.1lE+4-1.07E-09 2.03E-09  1.0SE+4 2.19E-09 [.22E-09
346643 1.36E-7 4.08E-8  3.51E+3 3.92E-8 §.20E-9  |.16E+4-1.58E-10 2.00E-09 1.i3E+4 2, 18E-06 1.17E-09
3.61FE+3 1.18E-7 3.90E-§ 3.66E+3 ! .44E-8 7.83E-9  122E+4-7.27E-09 2.02E-09 L. 18E++ 1.5[E-09 1.13E-09
3.77E+3 1.78E-7 3.74E-8  3.82E+3 2.62E-8 7.55E-9  [.27E+4 2.36E-09 [.9RE-0v  1.24E+4 4.75E-0Y [.13E-09
394E+3 1.55E-7 3.63E-8  3.99E+3 2.64E-§ 7.37E-9  [.33E+4 7.45E-09 2.04E-09  1.29E+d 3.48E-09 [.09E-09
4. 11E+3 LOOE-7 3.49E-8  4.17E+3 1.72E-8 7.13E-% [ 40E+4-2.65E-09 L.98E-0%  1.35E+4 3.00E-09 LO7E-09
429E+3 6.55E-8 3.44E-8  4.36E+3 2.43E-8 6.97E-9  [.46E+4 {33E-09 {.98E-09  1.42E+4 3.42E-09 {.06E-00
4. 49E+3 R.72E-8 3.35E-8  4.55E+3 2.84E-§ 6.80E-0  |.33E+4-4.78E-09 1.98E-09  1.48E+4-1.LOE-09 LOSE-0Y
4.69E+3 LO3E-7 3.30E-8  4.75E+3 2.96E-8 6.53E-9  L[.60E+4 2.77E-09 i.90E-09  [.55E+d L.88E-10 L.04E-09
400E+3 125E-7 3.21E-8  4.97E+3 1.42E-8 6.30E-9  L.63E+4 3.19E-09 2.02E-(19 [ .63E+4 4.07E-U9 |.O4E-0%
5.12E+3 L|.58E-7 3.15E-8  %.19E+3 1.54E-8 6.33E-9  1.76E+4-5.15E-09 [.94E-0% 1. 70E+4 4.10E-09 1.02E-09
535643 7.34E-8 3.09E-8  5.43E+3 2.40E-8 6.29E-0  1.84E+d 8.79E-09 1 99E-09  L.78E+43.28E-09 LO2E-0Y
5.39E+3 1.21E-7 3.02E-8 5 67E+3 2.21E-8 6.15E-9  1.93E+4 1.03E-08 1.95E-(%  1.87E+44.71E-09 992E-10
5.85E+3 1.25E-7 3.00E-8  S5.93E+3 2.30E-8 6.02E-9  2.02E+4 3.45E-09 1.94E-09  |.96E+4 5.48E-09 9.83E-10
6.11E+3 6.85E-8 295E-8  6.20E+3 1.76E-8 6.00E-9 2.1[E+4 $.86E-09 1.85E-09 2.05E+4 5.71E-09 9.66E-10
639E~3 1.06E-7 2.97E-8  6.48E+3 2.37E-8 5.88E-9 221E+d4 1. 46E-08 L.§7E-09 2.15E+4 7.89E-09 941E-10
6.68F+3 1.18E-7 2.89E-8  6.78E+3 2.34E-8 5.8(E-9 232E+4 435E.09 .81E-09 2.23E+48.07E-09 9.21E-10
6.99E+3 [.06E-7 2.85E-8 7 09E+3 1.10E-8 5.81E-0 2.43E+4 9.10E-09 1.75E-09 2.35E+4 8.26E-09 9.03E-10
7.31E+2 [.18E-7 2.84E-§8  7.42E+3 }.82E-8 5.75E-9 2.54E+4 1.39E-08 1.75E-0Y  2.46E+4 9.76E-09 8.67E-10
7.65E+3 7.16E-8 2.81E-8§  7.76E+3 2.37E-8 53.72E-9  2.66E+d4 [.95E-09 1.70E-09  2.38E+47.19E-09 8.37E-10
S00E+3 623E-8 2.81E-8 R.12E+3 2.12E-8 5.65E-9  2.79E+4 $.22E-10 |L69FE-09  2.70E+4 4.14E-9 8.37E-10
$37E+3 L.30E-7 2.80E-8 8.40E+3 2.11E-8 5.69E-0  2.92E+4-1.33B-10 |.78E-09  2.83E+4 2.27E-09 8.41E-10
8 75E+3 L.GSE-7 2.80E-8  8.89E+3 3.01E-8 5.69E-0 3.06E+4 1.96E-09 LL79E-09 2.97E+4 1.24E-09 8.60E-10
9.16E+3 L.71E-7 2.81E-8  9.30E+3 3.36E-8 5.69E-9 3.21E+4-2.01E-09 L.8RE-0% 3.1 1E+4 §.91E-1{ 8.80E-10
0.595+3 [.78E-7 2.81E-8 9.73E+3 3.30E-8 3.71E-9  3.36E+4-1.57E-09 1.91E-09 3.26E+4 2.69E-09 §.99E-10
LOOE+4 | 74E-7 2.83E-8  LO2E+4 3.30E-8 5.74E-9  3.528+4 4.95E-09 1.98E-0v  3.41E+4 5.18E-09 9. 13E-10
1.05E+4 1.63E-7 2.82E-8  L.O7E+4 3.93E-8 5.73E-9  3.68E+4 3.30E-09 2.01E-)Y  3.57E+4 2.99E-09 9.{9E-10
1.I0E+4 170E-7 2.83E-8  1.12E+4 3.35E-8 5.75E-9  3.86E+4 4.94E-09 2.05E-09 3.74E+4 6.11E-09 9.34E- 10
1.I5E+4 204E-7 2.83E-8 1 \7E+4 3.17E-8 5.74E-9  4.04E+4 5.52E-09 2.09E-09  3.92E+4 5.49E-09 9.38E-10
{2NE+d 1.81E-7 2.83E-8  1.22E+4 3.97E-8 5.73E-9  4.24E+4 8.36E-09 2.10E-0%  4.11E+4 5.46E-09 9.48E-10
{ 26E+4 [.O4E-7 2.84E-§  L[.28E+d 2.51E-8 5.78E-9  4.d4E+4 [.28E-08 2.14E-09  4.30E+4 7.49E-09 9.54E-10
[.32E+4 L 40E-7 2.87E-8  [.34E+4 3.17E-8 5.80E-9  4.65E+4 6.17E-09 2.16E-09 4,51E+4 6.83E-09 9.60E-10
| 38E+4 1.82E-7 2.88E-8  [40E+4 3.50E-8 5.85E-9 4.87E~+d 7.34E-09 2.[8E-(9  4.72E+4 6.33E-09 9.68E-10
1.45E+4 1.51E-7 2.91E-8 |.47E+4 2.52E-§ 5.86E-9  5.10E+¢ 1.02E-08 2.22E-09  4.93E+4 5.99E-09 9.76E-10
1.51E+4 1.29E-7 2.9IE-8  |.54E+4 2.40E-8 5.93E.9  35.35E+4 9.46E-09 2.25E-09  5.18E+4 5.98E-09 9.79E-10
1.58E+4 1.40E-7 2.96E-8  1.61E+d4 2.40E-8 6.00E-9 5.60E+4 1.26E-08 2.28E-09  5.43E+4 7.80E-09 9.92E-10 -
1.66E+4 1.12E-7 2.98E-8  |.69E+4 2.85E-8 6.03E-% 5.87E+4 9.84E-09 2.31E-09  35.69E+4 7.55E-09 9.93E-10
1.7dE+4 1.82E-7 3.01E-§  L[.76E+4 3.13E-8 6.09E-9  6.15E+4 1.13E-08 2.33E-09  5.96E+4 7.15E-09 [.O0E-0%
1.82E+4 1.93E-7 3.0°E-8  |.85E+4 3.35E-§ 6.15E-9 6.44E+d4 1.45E-08 2.36E-09 6.25E+4 7.0LE-09 1.01E-0Q9
191E+4 L61E-7 3.03E-8  1.94E+4 4.19E-8 6.16E-9  6.75E+4 1.76E-08 2.35E-09  6.35E+4 8.534E-09 1.OIE-09
2 DUE+4 2.41E-7 3.06E-§8  2.03E+d4 4.39E-8 6.19E-9  7.07E+¢ [.56E-08 2.37E-09  6.86E+4 L.O3E-08 1.01E-09
2 E+4 2.35E-7 3.06E-8  2.12E+4 5.44E-8 6.17E-9  7.4!E+4 [ .89E-08 2.38E-00  7.19E+4 L.O2E-08 1.02E-09
3 [9E+d 3.00E-7 3.06E-8 2.32E+d4 5.93E-8 6.17E-9¢  7.77E+4 1.57E-08 2.39E-00  7.53E+d4 1.O4E-08 L.01E-09
229E+4 3.09E-7 3.04E-8  2.33E+4 5.86E-8 6.10E-9  8.14E+4 1 45E-08 2.40E-09 7.89E+4 9.43E-09 1.02E-09
2 40E+~d 3.65E-7 3.01E-8  2.44E+4 7.83E-8 6.04E-9  §.33E+4 [.38E-08 2.43E-0% 8.27E+4 6.01E-09 1.O2E-09
2.51E+4 3.52E-7 2.98E-8  2.55E+4 6.23E-§ 5.97E-9  8.94E+4 1.32E-08 2.44E-19  8.66E+} 7.84E-09 {.03E-09
2.63E+4 2.67E-7 2.95E-8 2.68E+d 5.04E-8 5.93E-9 9.36E+d4 L.0OGE-08 2.49E-09 9.08E+4 7.18E-09 [.04E-09
276E+4 [.88E-7 Z99E-8  2.80E+4 3.33E-8 5.96E-9 9.81E+4 1.51E-08 2.48E-09 9.51E+3 629E-09 | 03E-09
3 80E+4 937E-8 3.00E-§ 2.94E+d 1.35E-8 6.04E-9  1.03E+5 2.05E-08 2.51E-09 9.96E+4 8.83E-09 L.OGE-09
303E+d T44E-8 3.06E-8  3.07E+d4 1.28E-8 6.18E-9  L.OSE+5 1.39E-08 2.35E-09  L.04E+5 1.O2E-08 1.07E-09
3.17E+d 7.98E-8 3.13E-8  3.22E+d4 | 69E-8 6.29E-9  1.13E+5 L.83E-08 2.54E-09  1.09E+5 1.28E-08 1.O7E-09
3.37E+3 | 49E-7 3.17E-8  3.37E+4 2.48E-8 6.40E-9  1.18E+3 2.95E-08 2.53E-09  1.15E+3 1.34E-08 1.O6E-09
3 48E+4 1.71E-7 3.21E-8  3.33E+4 3.76E-8 6.49E-9  1.24E+5 2.79E-08 2.54E-09  1.20E+3 1 49E-08 1.05E-09
31.65E+4 |.84E-7 3.27E-8 3. 70E+4 3.52E-8 6.59E-9  1.30E+3 2.08E-08 2.52E-(%  1.26E+5 1.29E-08 1 04E-09
332E+4 1.97E-7 3.29E-8  3.88E+d4 4.26E-8 6.64E-9  1.36E+5 2.05E-08 2,53E-0¢  1.32E+5 1.O2E-D8 1.02E-09
A00E+d 2.27E-7 3.35E-8  4.06E+4 4.06E-8 6.71E-9  1.43E+5 L4SE-08 2.56E-0¢  L.38E+3 9.28E-09 1.03E-09
4. 19E4+4 234E-7 3.35E-8  4.26E+d 5.07E-8 6.786-9 1 d9E+5 L.S7E-08 2.57E-09  L43E+37.72E-09 1 3E-(9
4.39E+4 2.56E-7 3.40E-8  4.46E+d 5.55E-8 6.80E-9  1.37E+5 2.43E-08 2.39E-09  1.52E+59.55E-09 | D4E-09
160E+4 2.78E-7 3.43E-8  4.67E+d 5.68E-8 6.83E-9  1.64E+35 2.19E-08 2.60E-09  [.539E+3 9.98E-09 | O4E-09
1.82E+4 2.55E-7 3.435E-8§8  J190E+4 4.64E-8 G.YOE-9  1.7ZE+3 2 IGE-08 2.59E-09  1.67E+3 1.06E-08 [{4E-09
3.03E+4 2.75E.7 3.48E-§ 5.13E+4 4.25E-8 6.U3E-Y [.BUE+3 |.83E-08 2.63E-09 1.75E+3 LIRE-08 1.O4E-(9
3.29E+4 2.00E-7 3.533E-§ 5.37E+4 5.43E-8 7.04E-9 1.89E+5 1. 47E-08 2.66E-09 | 83E+5 7.32E-09 1.04E-09
3.34E+4 Z09E-7 3.38E-8 3.63E+4 4. \hE 5 7.08E-9 1.98E+3 2.12E-08 2.67E-(19 1.92E+3 8.50E-09 1.03E-09
3.81E+4 2.72E-7 3.62E-8 SO0E+4 5.10E-8 7.198-9  2.07E+5 2.26E-08 2.70E-09  2.01E+59.93E-09 | .OGE-09
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Table 3.1.2.1 (Continued-3)

457 mm 610 mm 762 mm 914 mm
Neutron Flux Absolute Neutron Fiux Absolute Newtron Flux Absolute  Neutren Flux  Absolute
Enerzy [n/leth/ Error Energy [n/leth/  Ewor Energy [n/let/  Error Energy [n/leth/ Error
[eV]  source] [eV]  source] [eV] source} [eV] source]

6.08E+4 3.27E-7 3.65E-8 6.18E+4 6.17E-8 7.22E-9  2.17E+5 2.24E-08 2.71E-09  2.11E+5 8.84E-09 1.06E-09
6.38E+4 3.25E-7 3.69E-8 6.48E+4 643E-8 7.31E-9 2.28E+5 2.11E-08 2.71E-09  2.21E+5 9.539E-09 1.O6E-09
6.68E+4 3.17E-7 3.72E-8  6.78E+4 6.06E-8 7.34E-9  2.39E+5 2.65E-08 2.71E-09 2.31E+5 1.13E-08 1.06E-09
700E+4 3.52E-7 3.76E-8 7.11E-+4 5.87E-8§ 7.43E-9 2.30E+5 2.41E-08 2.72E-09 2.42E+35 L.13E-08 1.05E-09
7.33E+4 3.48E-7 3.77E-8  7.45E+4 5.76E-8 7.50E-9  2.62E+5 2.37E-08 2.72E-09  2.54E+5 1.32E-08 1.05E-09
7.68E+4 4.00E-7 3.81E-8 7.80E+4 7.27E-§ 7.52E-9  2.75E+5 2.77E-08 2.72E-9  2.66E+5 L.24E-08 1.02E-09
8.05E+4 3.19E-7 3.83E-8  8.18E+4 8.45E-8 7.61E-9 2.88E+5 3.55E-08 2.73E-09 2.79E+5 [.38E-08 1.01E-09
8.44E+4 2.70E.7 3.91E-8  8.57E+4 6.67E-8 7.58E-9  3.02E+5 2.44E-08 2.74E-09 2.92E+5 1.31E-08 1.00E-09
S.84E+4 291E-7 3.94E-8  $.98E+4 5.43E-8 7.70E-9  3.16E+5 2.64E-08 2.77E-09  3.06E+5 1.12E-08 9.84E-10
9.26E+4 3.19E-7 4.00E-8  9.41E+4 5.39E-8 7.79E-9  3.31E+5 2.73E-08 2.78E-09  3.21E+3 1.04E-08 9.94E-10
0.7iE+4 2.83E-7 406E-8 9.86E+4 4.99E-§ 7.91E-9 3.47E+5 2.63E-08 2.81E-09 3.36E+3 1.01E-08 9.83E-10
1.02E+5 3.32E-7 4.11E-8  |.03E+5 6.46E-8 8.03E-9  3.64E+5 2.15E-08 2.86E-09  3.33E+39.03E-09 9.87E-10
1.O7E+5 3.68E-7 4.21E-8  L.ORE+5 6.65E-8 8.17E-9  3.8IE+5 [.87E-08 2.80E-09 3.69E+36.51E-0% 9.99E-10
1.12E+5 3.55E-7 4.22E-8 l 13E+5 6.47E-8 8.22E-9  3.99E+5 1.69E-08 3.01E-09 3.87E+3 7.34E-09 1.01E-09
1.I7E+5 4.67E-7 4.30E-8  L.19E+3 9.75E-8 8.34E-9  4.19E+5 2.18E-08 3.06E-09  4.06E+3 8.95E-09 [.00E-09
1.23E+5 5.44E-7 433E-8  1.25E+5 1.OSE-7 8.40E-9  4.39E+5 2.68E-08 3.08E-09 4.25E+5 6.78E-09 1.03E-09
1.28E+5 6.33E-7 4.39E-8  L.31E+5 1.08E-7 8.57E-9  4.60E+5 2.32E-08 3.16E-09 4.46E+3 7.00E-09 [.03E-09
1.35E+5 5.41E-7 4.49E-8 1.37E+5 9.27E-8 8.72E-9 4.82E+5 2.06E-08 3.14E-00 4.67E+57.19E-09 1.04E-00
1.41E+5 4.50E-7 4.60E-8  1.43E+5 7.91E-8 8.93E-9  5.05E+5 2.50E-08 3.22E-00  4.89E+5 8.00E-09 1.03E-09
1.48E+5 3.25E-7 4.74E-8  1.50E+5 9.14FE-8 9.16E-9  5.29E+5 2.10E-08 3.25E-00  5.13E+57.50E-09 1.04E-09
1.55E+5 4.55E-7 4.91E-8  1.57E+5 6.97E-8 9.44E-9  5.54E+5 1.77E-08 3.26E-09 5.37E+3 7.43E-09 1.03E-09
1.62E+5 5.04E-7 5.08E-8  1.65E+3 8.51E-8 9.73E-9  5.81E+5 2.48E-08 3.35E-09  35.63E+57.06E-09 1.03E-09
1.70E+S 5.54E-7 5.21E-8  1.73E+5 9.20E-8 1.01E-8  6.09E+5 3.34E-08 3.28E-09  5.90E+5 7.87E-09 9.89E-10
|.78E+5 4.98E-7 5.39E-8 1.BIE+5 8.56E-8 1.04E-8 6.38E+5 2.43E-08 3.17E-09  6.18E+5 8.41E-09 9.67E-10
|.87E+5 4.07E-7 5.54E-8  1.90E+5 8.22E-8 1.07E-§ 6.69E+5 1.69E-08 3.19E-09 6.48E+35 4.54E-09 9.[12E-10
1.94E+5 4.60E-7 4.14E-8  1.99E+5 7.72E-8 1.11E-8 7.01E+5 1.61E-08 3.14E-09 6.79E+5 5.00E-09 9.08E-10
2.03E+5 5.22E-7 4.12E-8  2.03E+5 7.68E-8 6.92E-9 7.34E+5 1.41E-08 3.21E-09 7.12E+53.70E-09 8.99E-10
2.13E+5 4.26E-7 4.10E-8  2.13E+5 7.76E-8 6.89E-9  7.70E+5 1.48E-08 3.25E-09 7.46E+5 2.80E-09 B.96E-10
223E+5 5.03E-7 4.06E-8  2.23E+S 8.81E-8 6.83E-9 8.07E+5 1.12E-08 3.25E-09  7.82E+3 2.85E-09 8.96E-10
234E+5 5.34E-7 4.05E-8  2.34E+5 9.78E-8 6.75E-9  8.45E+5 1.26E-08 3.37E-09 §.19E+53.02E-09 $.06E-10
2.45E+5 5.62E-7 3.99E-8 2.45E+5 9.64E-8 6.67E-9 8.86E+5 1.13E-08 3.38E-09 §.59E+3 3.26E-09 9.11E-10
2.57E+5 6.68E-7 3.97E-8  2.57E+5 L.10E-7 6.62E-9  9.28E+3 1.08E-08 3.74E-09 9.00E+5 [.12E-09 9.46E-10
2.69E+5 6.79E-7 3.90E-8 2.69E+5 [.26E-7 6.48E-%  9.73E+5 1.11E-08 3.33E-09 9.43E+5 1.99E-09 9.18E-10
2.82E+5 6.49E-7 3.87E-8  2.82E+5 1.25E-7 6.38E-9  1.02E+6 8.04E-09 4.18E-09  9.88E+5 2.81E-0% 9.76E-10
2.05E+5 6.72E-7 3.82E-8  2.95E+5 1.10E-7 6.23E-9 1.04E+6 1.10E-0% 9.92E-10
3.10E+5 6.57E-7 3.79E-8  3.10E+5 1.03E-7 6.20E-9

3.24E+5 B.19E-7 3.75E-8  3.24E+5 L.O6E-7 6.14E-9

3.40E+5 7.33E-7 3.73E-8  3.40E+5 1.20E-7 6.12E-9

3.56E+5 6.18E-7 3.72E-8  3.56E+5 9.99E-8 6.09E-9

3.73E+5 4.73E-7 3.75E-8  3.73E+5 9.00E-8 6.10E-9

391E+5 4.61E-7 3.78E-8  3.91E+5 9.15E-8 6.14E-9

4. 10E+5 6.13E-7 3.82E-8 4,10E+5 9.34E-8 6.13E-9

430E+5 647E-7 3.83E-8  4.30E+5 9.67E-8 6.17E-9

450E+3 7.24E-7 3.85E-8 4.30E+5 1.11E-7 6.18E-9

472E+5 7.13E-7 3.88E-8 4.72E+5 1.18E-7 6.26E-9

4.94E+5 6.92E-7 3.95E-8  4.94E+5 1.12E-7 6.32E-9

5.18E+5 7.64E-7 4.00E-8 5.18E+5 1.22E-7 6.33E-9

5.43E+5 8.00E-7 4.03E-8  5.43E+5 1.36E-7 6.37E-9

5.69E+5 9.00E-7 4.05E-8  5.69E+5 1.47E-7 6.30E-9

596E+5 925E-7 4.02E-8  5.96E+5 1.40E-7 6.25E-9

6.25E+5 8.30E-7 4.00E-8 6.25E+5 1.2[E-7 6.11E-9

6.55E+5 7.35E-7 3.97E-8  6.55E+5 1.04E-7 6.11E-9

6.86E+3 7.06E-7 3.99E-8  6.B6E+5 8.90E-8 6.02E-9

T7.[9E+5 5.40E-7 3.99E-8  7.19E+5 8.44E-8 6.09E-9

7.54E+5 3.33E-7 4.06E-8  7.34E+5 8.72E-§ 6.06E-9

TO0E+5 590E-7 4.08E-8  7.90E+5 7.12E-8 6.08E-9

8.28E+5 5.38E-7 4.13E-8  8.28E+5 7.95E-8 6.12E-9

8.68E+5 3.32E-7 4.12E-8  8.68E+3 8.05E-8 6.08E-9

9.09E+5 3Y8E-7 4.16E-8  S.09E+5 6.64E-8 6.09E-9

9.53E+5 4.86E-7 4.10E-8  9.533E+5 6.36E-8 6.02E-9

9O98E+5 3.053E-7 4.14E-8  9.98E+5 6.62E-8 6.07E-9

LOSE+6 3.39E-7 4.06E-§  1.03E+6 7.40E-8 5.92E-9




JAERI—Research 95017

Table 3.1.3.1 Properties of resonance filters used in the slowing down time method.

Material Resonance Energy [eV] Thickness [mm] Form
In 1.46 0.5 Foil
W 4.15 0.2 Foil
Au 4,906 0.2 Foil
Co 132. 0.4 Foil
Mn 336. 1.8, 60 % density Powder

Table 3.1.3.2 Comparison of measured and calculated slowing down time.

Position [mm]  Filter  Energy [eV] Expt. [us]  Calc. [us] C/E
127 Au 4.906 8.5 83 0.98
229 Au 4.906 8.4 8.3 0.99
330 Au 4.906 8.9 8.3 [.07
457 Au 4.906 11.4 12.5 1.10
610 Au 4.906 11.8 12.5 1.06
762 Au 4,906 - 14.8 -




Table 3.1.3.3 Neutron spectra at 127, 229, 330, 457, 610 and 762 mm from the front
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surface of the test region measured by the slowing down time method.

127 mm 229 mm 330 mm
Neutron Flux  Absolute FWHM Flux Absolute FWHM Flux Absolute FWHM
Energy [nfleth/  Ermor [%] [n/leth/ Error (%] [n/leth/  Error {%]
[eV] source] source | source]
thermal 2.69E-07 3.06E-08 — 1.31E-07 1.40E-08 -~ 541E-08 5.62E-09 ——
4.22E-01 1.OGE-06 6.72E-08 2946 5.90E-07 3.73E-08 2564 2.03E-07 1.30E-08 278.9
7.50E-01 1.80E-06 1.19E-07 27Z.1 742E-07 4.93E-08 241.2 2.59E-07 1.72E-08 233.4
1.33E+G0 1.82E-06 1.30E-07 320.6 9.04E-07 6.43E-08 2424 3.25E-07 2.31E-08 2373
2.37E+00 2.89E-06 227E-07 4254 1.36E-06 1.09E-07 2274 4,76E-07 3.85E-08 7230.4
4.22E+00 2.93E-06 2.70E-07 3534 1.30E-06 1.21E-07 237.7 4.61E-07 4.33E-08 241.0
“7.50E+00 3.10E-06 3.59E-07 236.0 1.44E-06 1.63E-07 2332 5.11E-07 5.85E-08 2308
1.33E+01 3.14E-06 4.46E-07 267.5 1.45E-06 2.07E-07 246.7 4,.88E-07 7.05E-08 243.0
2.37E+01 296E-06 5.43E-07 2554 1.42E-06 2.59E-07 241.2 4.49E-07 §.02E-08 246.6
4,22E+01 3.39E-06 7.89E-07 275.4 1.32E-06 3.52E-07 249.0 5.72E-07 1.32E-07 241.6
7.50E+01 2.89E-06 8.23E-07  354.1 1.64E-06 4.90E-07 261.7 5.19E-Q07 1.57E-07 264.7
1.33E+02 3.29E-06 1.24E-06 6259  1.48E-06 5.82E-07 2878 492E-07 195E-07 2883
2.37E+02 3.54E-06 1.6GOE-06 1126.1 1.02E-06 35.23E-07 3483 431E-G7 2.22E-07 3206
4537 mm 610 mm 762 mm
Neutron Flux  Absolute FWHM Flux Absclute FWHM Flux  Absolute FWHM
Energy [n/leth/  Error [%] {nfleth/ Error [%] fnfleth/  Error [%]
[eV] source] source] source |

thermal 2.83E-09 2.91E-10 v— 5.88E-10 6.06E-11 —— 8.20E-11 8.54E-12 —
4.22E-G1 2.56E-08 1.58E-09 200.4 4.83E-09 3.88E-10 2034 6.91E-10 7.35E-11 213.1
7.50E-01 4.51E-08 2.89E-09  183.1 790E-09 6.26E-10 184.8 1.40E-09 1.32E-10 197.7
1.33E+00 4.94E-08 3.55E-09 1728 1.21E-08 1.0IE-09 178.1 2.08E-09 1.98E-10 17338
2.37E+00 8.93E-08 737E-09 1712 1.54E-08 1.44E-09 1723 3.43E-09 3.40E-10 1748
4,22E+00 8.50E-08 B.63E-09 1803 1.81E-08 2.00E-09 177.6 3.02E-09 3.61E-10 187.5
7.50E+00 1.O5E-07 131E-08. 176.7 1.89E-08 2.63E-09 176.6 3.20E-09 4.63E-10 187.3
1.33E+01 1.05E-07 1.79E-08 186.1 2.11E-08 3.57E-09 1863 3.99E-09 6.79E-10 1923
2.37E+01 1.12E-07 2.32E-08  186.2 2.35E-08 5.02E-09 1899 4.57E-09 9.48E-10 198.3
4.22E+01 1.15E-07 3.05E-08  186.1 2.46E-08 6.77E-09 184.7 4.78E-09 1.24E-09 199.1
7.50E+01 1.25E-07 445E-08 1894 2.86E-08 1.00E-08 1857 5.85E-09 1.90E-09 200.4
1.33E+02 1.43E-07 6.64E-08 211.7 2.88E-08 1.32E-08 2079 4.86E-09 2.03E-09 2483
2.37E+02 1.44E-07 8.57E-08  220.1 2.98E-08 1.76E-08 2334 497E-09 2.61E-09 2624
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Table 3.2.1.1 Properties of dosimetry reactions,

(a) y-Activation

Reactions Half-Life Abundance  vy-ray Y-ray Threshold
[%0] Energy Branching Energy
[keV] {%] [MeV]
Al(n,0)*Na 1502 h 100.0 1368.6 100.0 5
*Nb(n,2n)"""Nb 10.15d 100.0 934.5 99.0 9
"In(n,n") " In 4.486 h 95.7 336.3 45.8 0.34
¥ Au(ny)'* Au 2.694 d 100.0 411.8 955

{(b) B-Activation

Reactions Half-Life Abundance Max. Energy  B-ray Threshold
(%] of B-ray Branching Energy
[keV] 1%] [MeV]

*S(n,p)*'P 1429d 95.00 1710 100.0 2

Table 3.2.1.2 Size of natural metal foils used in y-activation.

Position [mm)] Al Nb In Au

Front Surface [0dx1 10¢x1 10x10x1 10 x 10 x 0.001
127 10px1 106 x1 10x10x1 10 x 10 x 0.001
229 10¢px1 106 x1 [0x10x1 10 x 10 x 0.001
330 100x1 WWox1 10x10x1 10x 10 x 0.001
457 106x1 200 x1 15x15x1 10 x 10 x 0.001
610 45x45x3 45x45x2 45x45x 1.5 45x45x0.001
762 45X 45x9 45x45x6 45x45x3  45x45x0.001
914 45x45x9 45X 4538 45x45x4 45 x435x0.00]

( Unit : mm )
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Table 3.2.1.4 Some characteristics of dimethyl sulfone, CH,SO.CH,,

Purity Density ( g/cm’ ) Sulfur density Solubility

(%) theoretical ~ experiment* ( x10°" atoms/g ) (/100 mlH,0)
(apparent)

999 1.17 0.77 6.398 204

Sulfur isotopic content

S - 95.0%; *S - 0.76%; S - 4.22%

* The sample was made from powder without pressing.

Table 3.2.1.5 Characteristics of the sulfur samples and their position in the assembly.

Position Dimentions Weight

(mm ) (mm’) (g)
-0.5 _ 21 x21 x1 0.341
126 99 x34x1.5 : 3.60
208 99 x34x1.5 - 3.62
329 99 x34x1.5 3.61
457 99 x 49 x4 15.1
610 00 x 49 x4 15.0
762 09 x 49 x4 15.1
914 99 x 49 x8 30.2
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Table 3.2.1.6 Experimental errors for **S(n,p)*P reaction rate.

Source Systematic error ( % ) Random error ( % )
Neutron yield 2 0.1
Sample position negligible 0.5
| B-ray counting statistics - 0.1-6
| B- ray detector efficiency 2.5% negligible
| Half -life 0.14 -
Sample weight negligible 0.5
S atom number 2 -

* Accuracy of standard solution

Table 3.2.1.7 Measured *S(n,p)”P reaction rate.

Distance from Reaction Absolute
the front surface Rate Ermror
of the test region [1/source]

[mm]

-1 2.69E-29 1.02E-30
127 6.26E-30 2.38E-31
229 1.53E-30 5.81E-32
330 3.66E-31 1.39E-32
457 5.74E-32 2.18E-33
610 6.06E-33 2.55E-34
762 6.99E-34 4,12E-35
914 1.43E-34 5.46E-35
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Table 3.2.2.1 Measured fission rates.

Distance from *U(n,fission) ¥ U(n,fission)
the front surface Fission  Absolute Fission  Absolute
of the test region Rate Error Rate Error

[mm] [1/source] [1/sourcel

-4 4.77E-27 1.74E-28 1.38E-28 5.12E-30
127 2.40E-27 8.78E-29 2.92E-29 1.13E-30
229 9.92E-28 3.62E-29 6.97E-30 2.90E-31
330 3.63E-28 1.33E-29 1.67E-30 7.87E-32
457 4.39E-29 1.61E-30 2.84E-31 1.75E-32
610 R.84E-30 3.25E-31 3.32E-32 2.96E-33
762 1.55E-30 5.98E-32 3.86E-33 1.01E-33
914 321E-31 1.38E-32 1.38E-33 4.63E-34

Table 3.2.3.1 Measured '°B(n,o) reaction rate.

Distance from Reaction Absolute
the front surface Rate Error
of the test region [1/source]

[mm]

7 2.99E-26 1.30E-27
127 1.60E-26 6.86E-23
229 6.60E-27 2.69E-28
330 2.41E-27 9.60E-29
457 2.49E-28 9.58E-30
610 479E-29 1.80E-30
762 8.34E-30 3.08E-31
914 9 80E-31 3.80E-32
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Table 3.3.1 Gamma-ray spectra at 457, 610, 762 and 914 mm frorh the front surface of the
test region measured by the BC537 spectrometer.

457 mm 610 mm 762 mm 914 mm
Gamma-ray Flux AbsoluteWindow Flux  AbsoluteWindow Flux  AbsoluteWimdow Flux  AbsoluteWindow
Energy [nfleth/  Ervor [e] Infleth/  Error  [%] |nfleth/  Error %] Infleth/ Emor [%]
[MeV] source] source]| souice) source|
2.51E.1 3.88E-07 8.3(E-08 309 7.09E-08 1.32E-08 309  L.t2E-08 2.20E-09 309 1.39E-09 2.57E-10 30.9
2.63E-1 4.73E-07 6.91E-08 304 8.26E-08 L.LIE-08 304 1.33E-08 L83E-(¥ 303 [.62E-09 2.14E-10 30.4
2.75E-1  5.35BE-07 4.46E-08 29.8 8.8YE-08 7.17E-119 299 146E-08 1.18E-09 298 |.74E-09 1.39E-10 29.9
2.88E-1  S5.63E-()7 2.58E-08 29.5 8Y6E-UR 4.11E-09 206  [.50E-08 6.78E-10 29.5 1.74E-09 7.89E-11 29.6
3.02E-1 5.61E-0)7 2.63E-08 292 R.68E-08 4L1E-09 293  146E-08 6.86E-10 29.2 1.66E-(9 7.87E-11 29.3
3.16E-1 5.42E-07 2.82E-08 728.8 8.33E-08 443E-09 29.0 1.39E-08 7.34E-10 28.9 {.57E-09 8.46E-11 29.0
3.31E-1  5.19E-07 2.68E-08 28.7 S8.)7E-08 4.24E-09 289  1.33E-08 7.00E-10 28.9 [.51E-09 8.05E-11 29.0
3.47E-1  S5.0I1E-07 2.52E-08 28.7 7.89E-08 3.99E-(9 288  1.29E-U8 6.56E-100 28.8 [ 47E-09 7.57E-11 289
3.63E-1  4.90E-07 2.45E-08 284 778E-08 3.87E-0W 285 1.27E-08 6.37B-10 28.6 1453E-09 7.38E-11 28.6
3.80E-1  4.89E-07 2.52E-08 280 7.79E-08 4.00E-09 280 1.27E-08 6.63E-10) 28.1 144E-0Y 7.64E-11 28.2
398E-1  5.02E-07 2.63E-08 27.1 8.00E-08 4.21E-09 27.1  1.30E-U8 6.97E-10 27.3  |47E-08 799E-11 27.5
4.17E-1 5.3YE-07 2.75E-08 26.0 8.39E-08 441E-09 26.0  1.39E-08 7.33E-10 26.2 [.57E-09 8.24E-11 26.5
437E-1 6.06E-07 2.83E-08 24.8 9.71E-08 4.55E-9 247  1.59E-08 7.52E-10 24.8 |.76E-09 8.43E-11 252
4.57E-1 6.95E-07 3.02E-08 23.6 1.13E-07 487E-09 234  |.89E-08 8.23E-10 23.3 2.07E-09 9.53E-11 23.7
A479E-1  7.75E-07 3.51E-08 227 1.28E-07 5.74E-09 22.5  2.19E-08 9.54E-10 22.1 242E-09 L13E-10 22.4
5.01E-1 7.99E-07 3.56E-08% 22.7 1.32E-0)7 5.79E-09 22.5 2.33E-08 9.83E-10 21.9 2.66E-09 |.09E-10 22.0
5.25B-1 7.41E-07 3.11E-08 23.5 {.21E-07 5.03E-09 23.2  2.18E-08 8.79E-10 22.5 2.63E-(W 1.06E-10 22.2
5.49E-1  6.1RE-07 3.23E-08 244 [.O1E-07 5.28E-09 24.{ 1.79E-08 945E-10+ 23.5 2.29E-09 [.16E-10 23.1
5.75E-1 4.80E-07 2.85E-08 25.4 BR.06E-08 4.62E-09 252  [.32E-08 7.79E-100 247 1.78E-09 9.37E-11 243
6.03E-1  3.81E-07 2.41E-08 262 6.61E-08 3.93E-09 26,1  9.72E-09 657E-10 259 L.34E-09 83(E-[1 25.5
6.31E-1  3.43E-07 2.29E-08 26.5 5.86E-08 3.67E-09 26.5 8.26E-09 6.16E-10 264 [.11E-09 7.60E-11 26.0
6.61E-1  3.55E-07 2.03E-08 25.9 5.68E-08 3.14E-09 262  R.44E-09 5.8E-10 26.0 1.08E-09 6.l10E-11 25.8
6.928-1 39I1E-07 2.03E-08 25.1 S.88E-08 3.06E-(19 255 9.38E-09 495E-10 25.2 [.I6E-09 592E-11 24.9
7.24E-1 4.34E-07 2.[1E-08 240 6.29E-08 3.13E-09 24.6 - [.O5E-08 5.08E-10 24.2 1.28E-09 6.02E-11 23.8
7.59E-1 4.79E-07 2.22E-08 22.7 6.81E-08 3.27E-09 234  L16E-08 5.30E-10 23.1 [|.38E-(9 6.16E-11 22.8
7.94E-1 5.25E-07 2.40B-08 21.7 7.48E-08 3.44E-09 223 1.23E-(08 5.66E-10) 22.1 1.43E-09 6.44E-11 22.1
8.32E-1 5.59E-07 2.4|E-08 21.3 8.[4E-08 3.52E-09 21.7 1.27E-08 5.66E-10 21.8 [.42E-09 6.42E-11 22.2
8.71E-1 5.55E-07 2.50E-08 21.5 8.40E-08 3.80E-09 21.5 L[.23E-08 5.72E-10 22.1 1.34E-09 6.23E-11 22,6
9.12B-1 5.0LE-07 2.49E-08 22,4 7.84E-08 3.74E-09 22.1  1.13E-08 5.74E-10 22.9 [|.21E-09 6.25E-11 23.5
0.55E-1 4.15E-07 2.04E-08 23.5 6.64E-D08 3.19E-09 23.0 9.84E-09 492E-10 23.8 1.05E-09 5.39E-11 24.4
LOOEH) 3.41E-07 [.8YE-08 24.6 5.50E-08 2.97E-0% 24.1 8.45E.09 4.52E-10 24.7 .9.17E-10 4.86E-11 25.1
LOSE+) 3.03E-07 1.71E-08 25.1 4.89E-08 2.68E-0% 249  7.57E-09 4.18E-10) 253 -8.44E-10 4.61E-11 255
LLINE+) 2.99B-07 1.63E-08 25.1 4.75E-08 2.57E-(9 254  7.24E-9 3.99E-10 25.6 8.21E-10 441E-11 25.7
1ISE+) 3.I5E-07 1.6LE-08 24.4 4.79E-08 2.44E-(® 254  7.28E-09 3.85E-10 25.5 §.26E-10 430E-11 25.6
1.20E+0) 3.38E-07 1.64E-08 23.5 487E-08 2.39E-09 25.1  7.54E-09 3.80E-10 25.2 8§44E-10 4.26E-i1 25.5
1.26E+0 3.60E-U7 1.73E-08 22.5 4.96E-08 241E-09 247 7.92E-09 387E-10 248 B§.GBE-10 4.33E-11 253
L32E+D) 3.73E-07 LBOE-08 21.6  S5.06E-U8 2.45E-09 24.2 - B.28E-09 3.9BE-10 24.5 8.92E-10 442E-11 25.0
[.38E+0) 3.74E-07 | 84E-08 21.1 5.15E-08 2.49E-00 237  B45E-09 4.05E-10 24.2 9.1[E-10 4.48E-11 24.6
[45E+0 3.69E-07 [ 83E-08 20,9 523E-08 2.52E-09 23.1  837E-09 4.03E-10 24.0 9.27E-10 4.52E-11 24.2
[.51E+0 3.62E-07 1.80E-08 21.1 5.29E-08 2.54E-09 22.8 & 19E-09 3.96E-10 24.0 9.45E-10 4.55E-1F 23.9
I.39E+0 3.5[E-007 1.75E-08 21.5 5.31E-08 2.55E-09 22.6 8.07E-09 393E-10 24.1 9.63E-10 4.58E-1[ 23.6
1.66E~+} 3.35E-07 1.69E-U8 22.2 527E-08 2.57E-09 229  8.O6E-09 3.95E-10 24.2 9.76E-10 4.66E-11 23.5
[.74E+0  3.17E-07 [.65E-08 22.9  5.16E-08 2.56E-09 23.4  8.10E-09 4.00E-10 24.4 9.76E-10 4.73E-11 23.8
[.82E+0 3.05B-07 [.58E-08 23.5 4.97E-08 2.53E-09 240 8.12E-09 4.03E-10 24.6 9.55E-10) 475E-11 24.2
[.O1E+0 2.99E-07 1.55E-08 23.6 4.79E-08 2.49E-09 244  B.05E-09 4.04E-10 247 9.18E-10 4T0E-11 24.7
2O00E+0 2.99E-07 1.5(E-08 23.5 4.73E-08 2.44E-{9 244  T94E-09 4.01E-10 248 B8.8SE-10) 4.6(E-11 25.2
2.09E+0 3.06E-07 1.51E-08 23.3 4.84E-08 2.42E-(0 242  790E-09 3.99E-10 24,7 8.73E-10 4.53E-11 25.5
2. 19E+0 3.14E-07 1.53E-08 23.0 5.04E-08 2.47E-09 239  8.02E-09 4.04E-10 24,5 8.85E-10 457E-11 255
229E+0) 3. 16E-07 [.53E-08 23.2  5.15E-08 2.50E-0 238  B.24E-09 408E-10 24.5 9.10BE-10 4.63E-11 25.2
2 ADE+0 3A8E-07 L30E-08 23.7  5.07E-08 247E-(% 24,1  840E-09 409E-10 24.6 944E-10 4.68E-11 24.8
251EH) 293E-07 L 48E-08 243  4.83E-08 245E-09 24.5 8.36E-19 4. 14E-100 248 9.80E-100 478E-11 24.3
2.63E+) 2.82E-07 L476-08 250 4.62E-08 246E-09 25.1 8. 13EA9 4.17E-10 25.1  LOLE-09 491E-11 239
2.75E+) 2.77E-07 |.44E-U8 255 4.52E-08 2.44E-(® 255 7.85B-09 4.[5E-100 255 L0O3E-09 5.00E-11 23.8
18RE+H) 279E-07 LAIE-08 257 4.51E-08 241E-08 257  T7.68E-09 4 12E-10 25.7 LO3E-09 5.01E-(1 242
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Table 3.3.1 (Continued)

457 mm 610 mm 762 mm 914 mm

Gamma-ray Flux AbsolutleWindow Flux  AbsoluteWindow Flux  AbsoluteWimdow Flux  Absolute Window
Energy [nfleth/ Ervor [%] {n/leth/ Emror [%] [nflethY Error  [%] [nfleth/ Error [%]
[eVv] spurce] source] source] - source]

3.02E+0 2.86E-07 1.43E-08 25.7 4.54E-08 2.45E-08% 25.7 7.65E-09 4.19E-10 257 1.00E-Q9 S.O3E.11 24.6
3.16E+0 2.95E-07 1.52E-(08 25.7 4.60E-08 2.61E-09 257 7.69E-09 446E-10 257 9.71E-10 5.24E-11 25.1
3.31E+0 3.01E-07 1.66E-08 25.7 4.70E-08 2.85E-09 257 7.75E-09 4.88E-10 25.7 9.58E-10 5.61E-11 25.5
3.47E+0 3.04E-07 1.73E-08 25.7 4.81E-08 297E-09 25.7 7.86E-09 5.12E-10 257 O9.73E-10 5.82E-11 23.7
3.63E+0 3.03E-07 1.63E-08 257 4.98E-08 2.83E-09 257 R.07E-09 4.90E-10 25.7 1.01E-09 5.30E-11 25.7
3.80E+0 3.02E-07 1.67E-08 257 5.21E-08 291E-09 257 8.52E-09 5.01E-10 257 1.03E-09 5.52E-11 25.7
3.98E+0 3.04E-07 2.29E-08 25.7 5.44E-08 391E-09 25.7 9.20E-09 6.78E-10 257 1.03E-09 7.45E-11 25.7
4.17E+0 3.06E-07 2.86E-08 25.7 S5.52E-08 4.87E-09 257 9.78E-09 8.49E-10 257 1.02E-09 9.39E-11 25.7
4.36E+0 3.06E-07 2.66E-08 257 5.39E-08 4.60E-09 25.7 9.76E-09 8.02E-10 257 L.01E-09 8.95E-11 25.7
4.57E+0 3.02E-07 2.10E-08 257 5.18E-08 3.67E-09 257 9.07E-09 6.36E-10 25.7 1.05E-09 7.38E-11 25.7
4.79E+0 2.95E-07 2.04E-08 25.7 5.12E-08 3.67E-09 25.7 8.37E-09 6.34E-10 257 1.13E-09 7.533E-11 25.7
5.01E+0 2.90E-07 2.17E-08 257 5.32E-08 4.03E-09 257 8.55E-09 7.04E-10 257 1.17E-09 7.74E-11 25.7
5.25E+0 2.94E-07 2.57E-08 25.7 5.62E-08 4.43E-09 257 9.68E-09 7.9iE-10 257 1.13E-09 7.97E-1] 25.7
5.49E+0) 3.08E-07 2.81E-08 25.7 5.74E-08 4.70E-09 25.7 1.08E-08 8.46E-10 25.7 1.0SE-09 8.31E-11 25.7
5.75E+) 3.22E-07 2.52E-08 25.7 5.64E-08 4.39E-09 25.7 1.07E-08 7.86E-10 25.7 9.97E-10 7.17E-1i 257
6.03E+0 3.23E-07 2.61E-08 25.7 5.52E-08 4.18E-09 25.7 9.73E-09 7.60E-10 257 1.03E-09 5.69E-11 254
6.31E+0 3.13E-07 2.54E-08 257 5.56E-08 3.79E-09 255 8.8BE-09 7.06E-10 257 1.10E-09 5.04E-11 24.1
6.61E4+0 3.09E-07 2.10E-08 25.5 5.77E-08 3.25E-09 24.4 8.95E-09 5.98E-10 24.7 1.15E-09 5.46E-11 22.4
6.92E+0 3.29E-07 2.03E-08 24.0 6.30E-08 3.19E-09 22.5 1.01E-08 5.66E-10 227 124E-09 6.45E-11 20.6
724E+0 3.80E-07 2.07E-08 21.9 7.47E-08 3.61E-09 20.1 1.26E-08 6.28E-10 20.3 1.42E-09 7.93E-11 19.2
7.39E+) 4.50E-07 2.05E-08 19.7 9.06E-08 4.05E-09 17.6 1.58E-08 6.94E-10 17.9 1.59E-09 8.16E-11 19.2
794E+0 5.00E-07 2.06E-0% 17.5 9.93E-08 3.92E-09 157 1.73E-08 6.78E-10 159 1.60E-09 8.47E-11 20.4
8.32E+0 4.89E-07 2.13E-08 16.2 9.05E-08 3.82E-09 154 1.55E-0R 6.71E-10 158 141E-09 8.68E-11 22.1
8.71E+0 4.19E-G7 1.92E-08 17.1 6.92E-08 3.26E-09 17.3 1.20E-08 5.62E-10 17.7 1.13E-09 9.95E-11 23.9
9.12E+0 3.33E-07 1.62E-08 19.1 4.92E-08 2.60E-09 198 9.00E-09 4.61E-10 20.1 8.45E-10 1.21E-10 254
9.55E+0 2.52E-07 1.39E-08 21.4 3.52E-08 2.16E-09 223 6.80E-09 4.81E-10 22.5 399E-10 1.30E-10 25.7
1.00E+1 1.72E-07 1.19E-08 23.5 2.40E-08 1.71E-09 245 4.84E-09 4.93E-10 245 395E-10 1.20E-10 25.7
LOSE+1 1.QDE-07 9.74E-09 25.2 1.54E-08 1.29E-09 25.7 3.05E-09 4.25E-10 25.7 2.35E-10 7.38E-11 25.7
1.10E+] 5.19E-08 7.19E-09 25.7 9.34E-09 9.08E-10 25.7 1.66E-09 2.67E-10 25.7 127E-10 7.35E-11 23.7
1.15E+1 2.64E-08 4.69E-09 25.7 5.36E-09 6.05E-10 25.7 8.03E-10 1.18E-10 25.7 6.98E-11 1.16E-10 25.7
1.20E+] 1.48E-08 3.61E-09 257 2.88E-09 4.09E-10 25.7 3.6YE-1{) 2.38E-10 25.7 4.60E-11 1.34E-10 25.7
1.26E+1 B.77E-09 3.69E-09 257 1.47E-09 3.03E-10 257 1.66E-10 2.80E-10 257 3.4l1E-1! 1.18E-10 25.7
1.32E+1 4.67E-09 3.11B-09 257 7.06E-10 2.13E-10 257 6.95E-11 2.22E-10 257 2.25E-11 7.58E-11 25.7
1.38E+1 2.00E-09 1.89E-09 25.7 2.95E-10 1.20E-10 257 2.44E-11 1,24E-10 257 1.15E-11 3.62E-11 25.7
1.44E+] 6.46E-10 8.03E-10 25.7. 9.86E-11 492E-11 257 6.69E-12 4.87E-11 25.7 4.30E-12 1.26E-11 25.7
1.51E+] 1.51E-10 2.33E-10 25.7 2.44E-11 1.41E-11 257 1.35E-12 1.33E-11 257 1.13E-12 3.28E-i2 25.7
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Table 3.4.1 Neutron irradiation data for TLD.

Irradiation TLD Irradiation Neutron Additional
No Position Time Yield Shield
[mm)] [minutes] [n/sec]
#1 -1, 127,229, 330 10 1.56 x 10" without
#2 457. 610 285 4.89 x 107 without
#3 762,914 600 8.65x 10V with

Table 3.4.2 Measured gamma-ray heating rates of $8316 by the TLD.

Distance from

the front surface ~ Gamma-ray Heating Rate Absolute
of the test region [Gy/Source Neutron] Error
[mm]
-1 1.12E-15 2.60E-16
127 5.27E-16 4.15E-17
229 1.90E-16 2.78E-17
330 5.62E-17 6.63E-18
457 9.26E-18 8.24E-19
610 1.58E-18 1.09E-19
762 2.57E-19 2.58E-20
914 3.02E-20 6.35E-21
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Experimental
Hele

////%smsomm¢

(i) Front view

! 1

50.8 or 104.6 mm

(i) Side view

{a) SS316 disk with experimental hole

(i) Front view

{ii) Side view

(b) Water tank disk

SS316

Structure of $S$316 disk with an experimental hele and water tank disk.
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Fig. 2.2.3 Photograph of the water tank disk.

Fig.2.2.4 Photograph of the detector adapters for neutron activation foils and

thermoluminescence dosimeters.
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Experimental Test Region
Hele Water
Water Tank Polyethylene Source Reflector -

| {160mm

[

T Water Tank

s

Polysthylene

-1800 mm

—-— 3440 mm ] 850 mim— —1500 mm -

Movable Deck
(i) Front View (ii) Side View

(a) Overview of the experimental assembly
with the additional shield

Polyethyiene
Water Tank Disk
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¥
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(i) Front View (i) Side View
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Tt S A S
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(b) Additional shield

Fig. 2.2.7 Overview of the experimental assembly with additional shield.
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Photograph of the experimental assembly with additional shield, supporting

Fig. 2.2.8

frame and movable deck.
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Fig. 3.1.1.1
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Block diagram of electronic circuit for small sphere NE213 scintillation detector.
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Fig. 3.1.3.1  Expected energy resolution of neutron spectra calculated by MCNP.
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Fig. 3.1.3.2 Electronic circuit used in the slowing down time method.
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Fig. 3.2.1.3  Measured reaction rates and fission rates.
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Fig. 3.3.1 Electronic circuit used in the gamma-ray spectrum measurement.
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Fig. 3.4.1 Measured gamma-ray heating rates of SS316 by the TLD.
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Appendix 1 Estimation of Background Neutrons with Additional Shield

The fission rate of **U was adopted for the check of the room-returned background
neutrons since the most of room-returned background neutrons are expected to be less than 1
MeV and the response of *’U(n,fission) has large sensitivity to the low energy neutrons.
Tungsten blocks were attached on the surface of the test region to reduce the fast neutron flux
reaching to the regions of interest. Figure A.l.1 shows the experimental arrangement. The
ratio of the measured fission rate with the tungsten blocks to those without the tungsten
blocks were shown in Table A.1.1. The ratios in the region between 400 mm and 800 mm
are almost the same (the average is 0.266). If there are no background neutrons from outside,
the ratio at the depth of 914 mm was also expected to be 0.266. The ratio was, however,
0.321. This means that some contribution of the background neutrons exist at 914 mm. If
the fission rate by backgro'und neutrons is defined as x, the following equation should be
satisfied.

LOSOXI072 =X _ 5 CALD.

3214x 1077 —x
From this equation, the fission rate x by background neutrons is calculated to be 2.385 X
10, The fraction of the background is estimated to be 8 % at 914 mm. As for the position
of 756 mm, the effect of background neutrons is considered to be negligibly small. It was
concluded that the measured data at the depth of 914 mm, which are high sensitive to lower
energy neutrons, might include background by about 10 %, in spite. of the additional shield

Table A.1.1 Measured fission rates of 2*U with and without tungsten blocks.

Distance from 25U(n,fission)  **U(n,fission) Ratio of
the front surface  without tungsten  with tungsten ~ ~*U(n,fission)
of the test region [1/source] [1/source] with to without

[mm] : ' tungsten blocks
127 2.40E-27 1.64E-27 - 0.682
229 9.92E-28 3.85E-28 0.388
330 3.63E-28 1.09E-28 0.299
457 4 30E-29 1.20E-29 0.273
610 8.84E-30 2.25E-30 0.255
762 1.55E-30 4.19E-31 0.271

914 3.21E-31 1.03E-31 0.321
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Appendix 2 Influence of the Additional Shield on Neutron Flux

The additional shield of water tanks and polyethylene blocks is required in the
measurement at the depths of 762 and 914 mm in order to reduce room returned background
neutrons. The data from the test region surface to the depth of 610 mm have been already
measured without the additional shield. The analysis of the experiment has been also completed
for the assembly without the additional shield. If the additional shield dose not affect
neutrons along the central axis of the test region, the measured data up to 610 mm and the
results of the analysis without the additional shield are to be valid. In order to assure the
validity, the effects was examined by the following procedure.

Neutron fluxes 'along the central axis of the test region were calculated by two-
dimensional discrete ordinate code DOT3.5'® and nuclear data library FUSION-J3 (neutron
125 groups, gamma 40 groups; Maki et al. JAERI-M 91-72). The calculation conditions are
the same as those in the Volume II”. Figure A.2.1 shows the calculation models. The
additional shield was modeled by assuming that the layer of 150 mm in thickness was filled
with water. The ratios of the neutron fluxes with the additional shield to those without are
shown in Fig. A.2.2. The ratios deviate from unity by only a few % at maximum at the
depths shallower than 1000 mm. ‘This figure suggests that the additional shield does not
affect foreground neutrons along central axis of the test region up to the depth of 1000 mm..
Thus it is concluded that the data up to 610 mm are valid without consideration of the
additional shield. The additional shield and room wall are also not hecessary to consider in

the analysis.
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Fig. A.2.1 Calculation models with and without the additional shield.
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