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Fusion neutronics benchmark experimental data have been continued at the
Fusion Neutronics Source (FNS) facility in JAERI. This report compiles unpublished
results of the in-situ measurement experiments conducted by the end of 1996.
Experimental data of neutron spectra in entire energy range, dosimetry reaction rates,
gamma-ray spectrum and gamma-ray heating rates are acquired for five materials of
beryllium, vanadium, iron, copper and tungsten. These experimental data along with
data previously reported are effective for validating cross section data stored in evaluated

nuclear data files such as JENDL.
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1. Introduction

Since the first operation of the Fusion Neutronics Source (FNS) facility Din 1981,
a number of fusion neutronics benchmark experiments for various materials have been
conducted by using D-T neutrons at FNS. These experimental data have contributed to
improvement and validation of evaluated nuclear data files, such as the Japanese
Evaluated Nuclear Data Library ? (JENDL) and the Fusion Evaluated Nuclear Data
Library ® (FENDL), which are used for nuclear designs of fusion reactors and many
other applications.

The benchmark experiments at FNS are classified into two categories: (1) the
Time-Of-Flight (TOF) neutron spectrum measurement and (2) the in-situ neutron and
gamma-ray measurement; the latter is so-called the clean benchmark experiment.
Experimental data obtained by the end of 1992 have been already summarized in several
JAERI reports*®. Since then, experimental efforts have still been continued mainly in
the clean benchmark experiment for fusion relevant important materials including V
and W. Also, there have been development of new measurement techniques.

There are several distinctive features in the comprehensive clean benchmark
experiment;

(i) whole energy neutron spectrum with a combination of three techniques, i.e., an
NE213 spectrometer, proton recoil gas proportional counters and the slowing
down time method for the energy regions of MeV, keV and eV, respectively,

(ii) many dosimetry reaction rates by the foil activation method to provide spectrum
indices,

(iii) secondary gamma-ray spectrum and heating rate,

(iv) secondary gamma-ray data associated with both the threshold and the (n)y)
reactions,

(v) thick experimental assemblies suitable to investigate transport effects for deeply
penetrated 14-MeV neutrons as well as multiply scattered low energy neutrons,
and

(vi) negligibly small background neutrons from outside of the assembly because the
experimental assemblies function as a shield materials against the background
neutrons by themselves.

Table 1 summarizes materials and measured quantities in the clean benchmark
experiments by the end of 1996. This report compiles numerical experimental data and
figures for beryllium, vanadium, iron, copper and tungsten, which have not been reported

so far. Experimental data contained in this report are indicated by black circles in
Table 1.
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2. Clean Benchmark Experiment
2.1 Experimental Configuration

The experimental configuration was basically the same as the previous one 4,
Table 2.1.1 summarizes dimensions of the experimental assemblies. The experimental
assemblies of beryllium, copper and tungsten were made by stacking bricks of (50.7 ~
50.8 mm)® with thin aluminum support frames in quasi-cylindrical shapes. Figure 2.1.1
shows an example view of the copper assembly. The vanadium assembly was a cube of
(254 mm)®. Four side surfaces and a rear surface of the vanadium assembly was covered
with a graphite reflector of 51 mm in thickness, as shown in Fig. 2.1.2, to reduce leakage
neutrons from the rather small assembly and incoming background neutrons from the
outside. The iron assembly had a real cylindrical shape as shown in Fig. 2.1.3. Several
experimental channels for insertion of detectors were set on the lateral surface of the
assembly, and detectors were placed on the central axis of the assembly. The experimental
assemblies were apart from the experimental room walls and floor at least 4 m, and the
diameters and thicknesses of the assemblies were large. Hence, contribution of the
background neutrons and gamma-rays coming from the room walls and floor on the
measured quantities was negligibly small.

The experimental assembly was located in front of the neutron source at a distance
of 200 mm from the target. The tritium target of ~ 3.7 x 10! Bq was bombarded by a
deuteron beam of 350 keV energy to produce D-T neutrons. A number of source D-T
neutrons produced during a measurement was determined by the associated alpha-particle
detector ¥ with accuracy of 2~3 %. For on-line measurements such as spectrum
measurements, a counter was inserted into one of the experimental channels and a
measurement was performed during neutron generation. The similar measurement was
repeated changing the detector position one by one. For off-line measurements such as
irradiation of dosimetry foils and TLD, samples were located in the plural detector
channels at the same time, and irradiated simultaneously for necessary period of time (5
minutes ~ 10 hours).
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2.2 Source Condition

The D-T neutron source can be roughly described as an isotropic point 14-MeV
neutron source. The source neutron spectrum and intensity, however, depend slightly
on the emission angle with respect to the deuteron beam direction. The angle-dependent
source characteristics were investigated experimentally and theoretically in detail, and
a source subroutine of the Monte Carlo transport calculation code MCNP-4 '® has been
established to simulate the source condition precisely. 'V Although use of the source
subroutine is recommended to give the best results, the source spectrum of neutrons
emitted toward the O degree direction can be used as the incident neutron spectrum on
the whole front surface of the assembly. It has revealed that there is no serious degradation
in the calculated results. The source neutron spectrum toward the 0 degree is shown in
Fig. 2.2.1, and input cards of MCNP for description of the source spectrum are shown in
Fig. 2.2.2. The sil and sp1l cards indicate upper neutron energies of the energy bins in
MeV and probabilities in the bins, respectively. The dir and vec parameters with the
sb2 card are used for variance reduction with the source biassing method. The weight
of a source neutron specified by the wgt parameter, 1.1261, is larger than 1.0 because
generated D-T neutrons are emitted to the forward direction more than the backward
direction with respect to the deuteron beam direction.

The tritium target region is also a source of gamma-rays, namely, target gamma-
rays, by interaction of the source neutrons with structural materials of the target.
Consideration of the target gamma-rays, however, is not needed in calculations of gamma-
ray heating rates because contribution of the target gamma-ray to the measured heating
rates has been already subtracted in the experimental data. On the other hand, the
target gamma-ray contribution is involved in the measured gamma-ray spectra. The
contribution at the detector positions deep inside the experimental assemblies is negligible,
at most a few percentage, because the experimental assembly largely attenuate the
target gamma-rays. Accordingly, it is not necessary to consider the target gamma-rays
in transport calculations for the clean benchmark experiments.
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2.3 Measurement Techniques
2.3.1 Neutron Spectrum in MeV Energy Region by NE213

NE213 Spectrometer

A 14 mm-diameter spherical NE213 liquid organic scintillator 12 is used as the
fast neutron spectrometer. An NE213 liquid of 1.38 x 10° mm? is contained in a spherical
cell of Pyrex glass of 1 mm in thickness. A sectional view of the detector is shown in Fig.
2.3.1. The scintillator is mounted on a photomultiplier tube (Hamamatsu Photonics,
R647-02) with a quartz light guide of 11 mm diameter and 5 mm length. One side of the
light glass is shaped in sphere so as to fit the light guide to the surface of the glass cell.
The glass cell and the light guide are coated with the NE560 reflector paint made of
MgO.

Measurement

Measurements were carried out by inserting the detector into the experimental
channel hole of 22 mm ¢. Figure 2.3.2 shows the electronic circuit used for the
measurements. Output signals from the anode were terminated by a 100 kQ register at
the input of the pre-amplifier. The output signals from the pre-amplifier were then fed
to a delay-line amplifier. For the neutron-gamma-separation, the rise time discrimination
techniques was used. The rise time and pulse height data were taken in a two-dimensional
array. Typical measuring time for each experimental run was 2000 sec. The neutron
intensity was adjusted so that counting rates do not exceed 2000 cps.

Data Processing

The two dimensional data were separated into neutron and gamma-ray events,
and a pulse height spectrum due to only neutrons was obtained. The pulse height
spectrum was then unfolded to obtain neutron energy spectrum by the FORIST code 19

using the neutron response matrix previously determined. '*

The response matrix is
calculated by a Monte Carlo method, while the responses in specially important energy
regions, i.e., 13.6 to 14.8 MeV, are directly measured and replaced with the calculated
response. The FORIST code provides the appropriate energy resolution function by
internal iteration. The resolution function, defined as the window function W(E) in the
code, is given together with the unfolded results for each run. The spectrum observed,

®@,,.(E), is expressed as follows:

= (E-E)’
)] E=I—— - — @ _(FE)dE , 2-1
obs( ) 0 mo_( E) exp[ 20_2(E) true( ) ( )
where @, (E) is the true neutron spectrum without any deformation, and
W(E)-E
o(E)= ——L— | 2-2
(E) 235.5 2-2)
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The obtained spectrum at the front surface of the experimental assembly has an oscillatory
structure caused by the unfolding procedure due to mismatching between the real detector
response function and the used one. At the position, since the 14-MeV peak flux is
usually by more than two orders of magnitude larger than the flux around 5-10 MeV
region, the flux error in the 5-10 MeV region is by two orders of magnitude more
sensitive to the error of the peak flux through the response function. In the deep
position, some small and broad oscillation below 8 MeV is sometimes seen. This is
partly due to the incompleteness of neutron and gamma-ray separation. A fraction of
gamma-rays increase with the depth and then some of y-ray contribution are counted as
the neutron events.

Error Assessment

The accuracy of the neutron response in the neutron energy range of 13.6 to 14.8
MeV is about 2 % which was experimentally confirmed. However, the calculated light
output response corresponding to the proton energy below ~ 2 MeV gives a relatively
poor representation. Hence, the errors increase in the lower energy range by accumulation
of errors in the higher energy range, especially for the case where 14 MeV neutrons are
dominant. Table 2.3.1 summarizes the systematic errors which are estimated from the
unfolded results for measurement of mono-energetic neutrons of 14.8 MeV. The error in
the range below the peak energy is generated by the mismatch of the response for 14.8
MeV neutrons. The fraction in the table denotes the ratio of the error in the interested
energy range due to the response error to that of the peak flux around 14 MeV. Here
the energy dependent error is represented as:

D
Error(%) for ®( E,) = ( fraction) x —=2=x 100. (2-3)
o(E,)
If the peak flux around 14 MeV is, for example, ten times larger than the flux below 10
MeV, the proton spectra in the range of 6 to 10 MeV might be distorted by -10 to -20 % ,
at maximum.

The energy calibration error also affects the unfolded results. The effects of
variation in the energy axis are about 3 % above 10 MeV and less than 2 % for 1 to 10
MeV range, respectively. Lastly, there is the common error of 2 % for the neutron
source intensity. The overall error range was 4 % for the flux above 10 MeV and 10 - 20
% below 10 MeV depending on the spectrum shape.
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2.3.2 Neutron Spectrum in keV Energy Region by Proton Recoil Gas Proportional Counters

Proton Recoil Gas Proportional Counters
A small counter head, a new data acquisition technique and the related electronics
for proton-recoil gas proportional counter (PRC) were developed '* 16) by E. F. Bennett at

Argonne National Laboratory to measure the neutron spectrum inside the experimental
assembly in the frame of the JAERI/USDOE collaboration program on fusion blanket
neutronics. Experimental details for the iron assembly is described in the reference m,

The counter has a cylindrical shape as shown in Fig. 2.3.3. It is made of type 304
stainless steel of 0.41 mm in thickness. The outer diameter of the counter is 19 mm to
attain better spatial resolution with respect the depth in the experimental assembly
while the effective length of the counter is 127 mm. The thickness of the anode wire is
20 um. Field tubes are also added to define the active counter volume. The counter is
inserted into an experimental hole of 21 mm in diameter with its pre-amplifier.

There are two types of counter to measure neutron spectrum in a wide energy
range. Both counters are identical in their dimensions, but different gases are filled in.
Hydrogen gas at 0.5677 MPa (5.789 kgflcm®) with 1 percent of CH, is filled in one
counter for low-energy neutrons from 3 keV to 150 keV while 50-50 mixture of hydrogen
and argon gases with 1.8 percent of nitrogen at 0.6102 MPa (6.222 kgf/cm?) are filled in
another counter for high-energy neutrons from 150 keV to 1 MeV. Argon atoms reduce
ranges of recoiled proton since they have large stopping power. Energy scale is calibrated
by using the peak at 27 keV corresponding to the resonance valley of iron cross section
and the thermal peak at 626 keV of the *N(n,p)'*C reaction.

Electronics and Measurement

A new data acquisition technique ' was developed to reduce overall time for
measurement and data process. In the conventional technique, several runs changing
high voltages many times are needed to obtain a spectrum, while in the new technique,
data are taken by a single measurement run using high voltage sweep in a ramp shape.

The block diagram of the data acquisition system is shown in Fig. 2.3.4. A
specially designed small preamplifier of 20 mm x 20 mm x 200 mm, which could be
inserted in the experimental assembly, was attached to the counter head. Time-dependent
saw-tooth shape voltage was generated by an analog function generator. The voltage
was supplied to a programmable high-voltage DC/DC converter, and then, output high
voltage, which changed slowly with a period of 165 seconds in the saw-tooth shape, was
supplied to the counter. The high voltage ranged from 3000 to 4200 V and from 2400 to
3000 V for hydrogen and hydrogen/argon counters, respectively. The generated high
voltage was monitored using a dividing resistance, which scaled down the high voltage
by ~ 1/500. Test pulses of which rise time was larger than that of pulses caused by
ionizing events were fed to the preamplifier.

One of the counters was inserted in the experimental assembly or attached on
the front surface of the assembly. Measurement was performed with generating D-T
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neutrons at the target. Measurement with the other counter was also performed.

Two analog pulse amplifiers were used for pulse shape discrimination against
gamma ray events. One was an simple integration amplifier (Y-amplifier) to produced
output signals proportional to input pulse heights, i. e., recoiled proton energies. The
other amplifier (X-amplifier) had a much shorter shaping time constant compared with
the Y-amplifier. The output signal was proportional to the pulse height of input signal
as well as the reciprocal of rise time of the input signal. The output signals of X-amplifier,
Y-amplifier and the dividing resistor were digitized into 4096 channels by an analog-digital
converter using a multiplexer and logical circuits. The digitized data are taken to a
personal computer through an interface board of LSI 8255A. The data acquisition
program calculated 1) ratios of pulse heights for the X-amplifier to those of the Y-amplifier,
which was proportional to the reciprocal of the rise times, 2) gas multiplication factors
corresponding to the applied high voltage and 3) the recoiled proton energies in logarithmic
scale by using the output signals from the Y-amplifier and the gas multiplication factors,
event by event. The ratios of X/Y and the recoiled proton energies were stored in a two
dimensional array (32 channels x 512 channels).

Data Processing

In the off-line data processing, recoil proton events and test pulse events were
separated by using the rise time information for each recoiled proton energy. The test
pulse events were used to estimate dead time loss and to normalize recoil proton events.
Neutron spectra @(E) was derived using the following equation,

E
O(E) = I_ _E_dXE) (2-4)
N-S-o(E) o(E) dE
where N: hydrogen atom number,
S: source neutron strength,

o(E): n-p scattering cross-section, and
D(E): recoil proton spectrum.

Error Assessment

Possible error sources of this technique are gas pressure (hydrogen atom number),
n-p scattering cross section, fitting error for differentiation of recoil proton spectrum due
to count statistics and calibration of recoil proton energy. The fitting error is the
largest, ~ 3-10 % above 10 keV, while the other errors are expected to be less than 1%.
Neutron spectra below 10 keV tend to become smaller due to the uncertainty of the
W-value, which is the average energy loss per ion pair. The error due to W-value is not
included in the experimental errors.
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2.3.3 Neutron Spectrum in eV Energy Region by the Slowing Down Time Method

Measurement

Neutron spectra in the energy region below 10 keV were measured by the Slowing
Down Time (SDT) method **? in the beryllium, vanadium, iron and copper assemblies.
The technique utilizes characteristics of neutron slowing down in a medium incorporating
with a pulsed neutron source. A measurement for the tungsten assembly was also
attempted, but it was not in successful due to practically too small number of neutrons
in the energy region of interest.

A BF, gas proportional counter of 14 mm in outer diameter and 99 mm in
effective length containing 96 % boron-10 enriched BF, gas of 71.5 kPa was used for
neutron detection. The effective number of boron-10 atoms in the counter was determined
as 2.18 x 10?° with accuracy of 3 % by utilizing a standard thermal neutron field. The
counter was inserted into one of the experimental holes of the experimental assembly.

Pulsed neutrons, typically 1 us in pulse width and 200 ps in pulse interval, were
injected into the experimental assembly. The pulse interval of 200 us was determined in
the manner that all neutrons disappear in the experimental assembly in the time range.
A block diagram of the electronic circuit employed is shown in Fig. 2.3.5. Timing signals
of the BF, counter prepared by a constant fraction timing circuit triggered to start the
time-to-pulse-height convertor (TPHC). Timing signals from a master pulse generator
were delayed for about 160 ps, and fed into TPHC as stop signals. Electronic noise
signals and gamma-ray events were rejected by pulse height discrimination. Time-spectra
of the °B(n, ) reaction rate was recorded by a multi-channel analyzer. Typical counting
time and total number of generated neutrons were 20 - 60 minutes and 0.1-1 x 10'2
neutrons, respectively.

To calibrate the energy scale of the measured time-spectra, the resonance filter
method and the capture-gamma method were adopted with various resonance filters
such as Mn (1.1 mm thickness), Co (0.2 mm), Cu (2 mm), In (0.1 mm), W (0.2 mm) and
Au (0.04 mm). The energies of the resonance peaks were in a range from 1.46 eV of In
to 579 eV of Cu. In the resonance filter method, the BF, counter was covered with one of
the filters, and time-spectra of the '°B(n,o) reaction rate were measured in just the same
way as without the filters. For the capture-gamma method, an argon gas proportional
counter was used. Time-spectra of detected gamma-ray events were measured with and
without the resonance filters.

Rejection of Thermal Neutron Events in the Beryllium Experiment 19)

Since the neutron capture cross section of beryllium was extremely small, there
were a great number of thermal neutrons in the assembly. Most of detection events by
the BF, counter, more than 99 %, were caused by the thermal neutrons. Hence counting
rates for object neutrons between 0.3 eV and 10 keV had to be suppressed in a very low
level to keep total counting rates constant. In addition, it took a long time to decay out
thermal neutron fluxes in the assembly, the neutron pulse interval of 15 ms was required
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to confirm disappearance of thermal neutrons from the assembly. Measurement with
the long pulse interval was inefficient due to very low counting rate, which must be
much less than neutron pulse generation rate for the electronic circuit employed in the
measurement. In this case, the counting rate had to be less than 10 cps.

To reduce the thermal neutron detection, the BF, counter was covered with a
cadmium sleeve of 1 mm in thickness. The thermal neutron detection was almost
completely eliminated by the Cd sleeve, and time-spectra could be measured with the
pulse intervals of 200 us. Accordingly, neutron spectra between 1 eV and 10 keV were
obtained with the necessary correction of neutron absorption by the cadmium sleeve.

Data Processing

The used filter materials have prominent resonance peaks in their neutron cross
sections. When two time-spectra, with and without a resonance filter, were compared, a
small dip and peak were observed in the time-spectrum with the resonance filter for the
resonance filter method and the capture-gamma method, respectively. Since the dip and
peak were produced by the prominent resonance peak of the filter materials, the time
difference between the neutron generation and the dip and peak just corresponded to
the neutron slowing down time from the source energy to the resonance peak energy.
By adopting this principle,neutron slowing down times could be determined experimentally
for all the time-spectra with the filters.

The energy calibration curve, E(1), was calculated from time-dependent neutron
energy spectra, ¢(¢,E), given by transport calculations. The E(2) is given as,

j &(1E) E-dE

J‘ O(t,E)-dE
The measured slowing down times did not always agree with the calculated curve. To
attain good agreement between both, the time origin of the calculation was adjusted.
Figure 2.3.6 shows examples of the calibration curves for the beryllium and copper
assemblies.

E(t)=

(2-5)

The time-scale of the measured time-spectrum of the '°B(n,0) reaction rate was
converted into an energy-scale by using the adjusted calibration curve to obtain an
energy-spectrum of the reaction, C(E). Finally, neutron energy-spectra ¢(E) were
derived in the energy range between 0.3 eV and 10 keV by taking account of the cross
section of °B(n, o) reaction o(E), the number of effective '°B atoms in the counter N, the
number of neutrons generated during the measurement Y,, a self-shielding correction
factor of the counter f (E) and a correction factor for the effective '°B cross section
weighted by broadened neutron spectrum at a moment centered at E f (E) . The ¢(E)
18 given as,

C(E)

E)= .
HE) O(E)-N-Y,- f(E) f,(E)

(2-6)
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Experimental Uncertainty

Experimental uncertainties associated with the measured spectra are summarized
in Table 2.3.2. The overall experimental uncertainties are dominated mostly by the
uncertainties of the energy calibration curves. The lowest and highest energies calibrated
are 1.4 eV and 579 eV. In the energy ranges outside the calibration energies, roughly
below 1 eV and above 1 keV, the adjusted calibration curves are used. Especially in the
higher energy region above 1keV where the slowing down time is short, larger uncertainties
in the calibration curves are involved due to, in particular, the extrapolation process.
Thus the experimental uncertainties for the energy region between 1 and 10 keV are
larger than those below 1 keV, as indicated in Table 2.3.2. In the energy range below 1
keV, experimental uncertainties are around 10 %.

Energy Resolution and Correction Factor

The energy resolution and the correction factor are estimated by time-dependent
Monte Carlo transport calculations by the manner explained elsewhere ¥ Table 2.3.2
also summarizes typical energy resolution.

The best energy resolution of about 50~60 % for vanadium, iron and copper, and
that of 130 % for beryllium are consistent with the theoretically expected values 18 The
energy resolution for vanadium, iron and copper in energy regions where large resonance
peaks exist on their cross section, roughly above 300 eV, is worse than the theoretical
resolution. Energy resolution of a measured neutron spectrum at energy E comes from
a divergence of neutron energy at a moment when mean neutron energy is E. If a
resonance peak exists near the mean neutron energy E, it increases the divergence of
neutron energy, and also, energy resolution of the measured neutron spectrum near the
peak.

The correction factor for the effective °B(n,o)’Li cross section f5(E), appeared in
Eq. (2-6), is defined as a ratio of the cross section at a discrete energy E to the cross
section averaged with a neutron spectrum at the moment when a mean neutron energy
is E. Hence, better energy resolution gives a smaller correction factor. For vanadium,
iron and copper, the correction factors for the energy range below 1 keV are less than 3
%, and they increase up to 20 % with increase of energy. For these three materials and
beryllium, the correction factors were not so large as at most 20 %.
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2.3.4 Foil Activation Method

Dosimetry Reactions

The reaction rates were measured by the foil activation technique. To give
spectral indices for wide energy range, plural reactions with different threshold energies
were applied. Also some (n,y) reactions were added in the reaction rate measurement.
In Table 2.3.3, reactions used are listed with their effective threshold energies. Four
dosimetry reactions, i.e., the *’Al(n,0)**Na, *Nb(n,2n)*"Nb, YIn(n,n)"*®In and
97Au(n,y)'®Au reactions, were commonly used for all the experiments because of
facilitating the comparative study of neutronics products on different material
configurations. Cross sections of the dosimetry reactions taken from JENDL Dosimetry
File?V are shown in Figs. 2.3.7 and 2.3.8.

Activation Foils and Irradiation

Typical sample size was 10 mm in diameter and 1 mm in thickness for activation
foils except indium and gold. Indium foils had a dimension of 10 x 10 x 1 mm®. In order
to minimize the self-shielding effect for the *’Au(n,y)'*®Au reaction, gold foils with a size
of 10 x 10 x 0.001 mm® were adopted. The other ordinary threshold foils were set in the
experimental drawer channels for the axial distribution measurement.

The foils were irradiated for 4 ~ 10 hours with D-T neutrons and total neutron
yields at the target required were 2 to 5 x 10'® n. Neutron yield was monitored by the
associated o-particle counting method. The irradiation history was recorded by using
the multi-channel scaling (MCS) for the decay correction during irradiation.

Reaction Rate Determination

After the irradiation, gamma-rays were measured with high-pure Ge detectors.
The detector efficiencies were calibrated by using the standard calibration gamma-ray
sources.

Reaction rate, RR, were derived from the corresponding gamma-ray peak counts
with necessary corrections. The RR is given ig, C. A

RR=

eW-N,-ab Y-Sa-,u-(]—exp(-/l-ti))'exp(—)»-tc)~(1—exp(—ﬂw tm)) ’

(2-7)

where,

decay constant (/sec),

gamma-ray peak counts,

atomic mass,

detector efficiency,

sample weight,
: Avogadro's number,

natural abundance of the target element,

FTRZIN RO

gamma-ray branching ratio,
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neutron source strength (/sec)

correction factor for the decay during irradiation,
gamma-ray self absorption correction factor,
irradiation time,

cooling time, and

ETF"""'HSNCD%

collection time.
The neutron yield fluctuation monitored with the MCS was used for the correction
of S,. Counting loss due to coincidental sum-peak in the cascade gamma-rays was

corrected.

Experimental Error and Uncertainty

Major sources of the error for the reaction rate were the gamma-ray counting
statistics (0.1 ~ several %) and the detector efficiency (2 ~ 3 %). The error for sum-peak
correction was estimated less than 2 % depending on the decay mode and fraction of
multiple gamma-ray cascade. The error for the decay correction was reflected from the
error of half-life of the activity. If the half-life was accurate, the error for the saturation
factor should be less than 1 % even for the short half-life activities.

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

Tritium production rates for lithium-6 and -7 in the beryllium assembly were
measured with lithium-containing pellets. The tritium production cross sections taken
from the JENDL Dosimetry File are shown in Figs. 2.3.9 and 2.3.10. The conventional
experimental technique was adopted for the preparation of the Li-containing pellets and
the irradiations while a newly developed technique was employed for the preparation of
samples for liquid scintillation counting. The new technique is described in detail in
Refs. 22) and 23).

Preparation of Li-Containing Pellet and Irradiation

Detector pellets of 12.8 mm in diameter and 2 mm in thickness were produced by
cold-pressing lithium carbonate (Li,CO,) powder at ~ 6 ton/cm® for 10 seconds. Weight
of the pellets was ~ 0.45 g. Two types of lithium carbonate powder, lithium-6 enriched
at 95.616 + 0.005 atom % and lithium-7 enriched at 99.934 + 0.005 atom %, were used to
measure the °Li(n,0)T and "Li(n,n’a)T reaction rates, respectively. The pellets were
embeded in the beryllium experimental assembly, and irradiated by D-T neutrons for ~
10 hours. Total nomber of neutrons generated during the irradiation was 1.00 x 10'.

Chemical Processing and Measurement

An irradiated pellet was put into a Teflon vial of 20 ml. A binary-acid solvent
which contained 0.81 ml of HNO, (61%) and 0.17 ml of CH;COOH (100 %) was poured
into the vial to solve the pellet. At the beginning of the solution for 5 minutes, the vial
was cooled in cold water to remove heat of disolution. After 12 hours, 17 ml of liquid
scintillation cocktail (Clear-Sol) was added in the vial, and the vial was shaked to obtain
a complete mixture. Tritium activity in the sample was measured by a low background
liquid scintillation counting system (OKEN LSC-7100). The external standard ratio
method was adopted for determination of counting efficiency for each sample. The
typical counting efficiencies were ~ 22 %. The tritium activity was normalized by the
standard tritium water provided by National Institute of Standard and Technology of
U.S. Tritium production rates for the Li(n,0)T and "Li(n,n’o)T reactions were deduced
by considering the isotopic enrichments of lithium-6 and -7. The typical experimental
error was 4.5 %.
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2.3.6 Cherencov Radiation Counting Method for **P Activities

Outline of the Cherenkov Radiation Counting Method

Since a large number of radioactive nuclides exhibit B-ray emission above 263
keV, the threshold energy for the excitation of Cherenkov radiation in water, Cherenkov
response can be used for measurements of B-activity. There are remarkable advantages
of this technique in terms of extreme simplicity of sample preparation and the ability to

count in aqueous systems without use of organic fluors. The main disadvantage is low
detection efficiency compared with liquid scintillation counting. All the decay events
cannot be detected because there is a finite number of B-rays that fall below the Cherenkov
threshold. The theoretical efficiency is ~ 86% when all the B-rays above the Cherenkov
threshold are detected, however, the experimental detection efficiency is about two
times less than the theoretical result when the ordinary liquid scintillation counting
equipment is used.

Reaction rates of the 31P(n,y)SZP, 28(n,p)**P and BCl(n,a)*P reactions were
measured by the Cherenkov radiation counting method. As all of the reactions produce
the ®P activity which emits high energy (maximum energy = 1.711 MeV) B-rays, they
are suitable for the method. Cross section of the reactions are shown in Figs. 2.3.9 and
2.3.10. The cross section for the %2S(n,p)**P reaction is taken from the JENDL Dosimetry
File while the other two cross sections are taken from FENDI/A-2.0%*. Especially, cross
section of the *2S(n,p)**P and *Cl(n,o)**P reactions are investigated in detail elsewhere®®.

Pellet Preparation

The selected compounds for the pellets are listed in Table 2.3.4. Natural phosphor-,
sulfur- and chlorine-containing compounds in powder form were chosen because of the
availability of these compounds in high purity (analytical grade), the ease of forming the
powder into pellets and their good water solubility. It was investigated that impurities

which may present in the powder have low activation cross sections. Special care was
paid to the phosphorus content in the sulfur- and chlorine-containing powder because
the ¥P(n,y)*P reactions produce the same nuclide of interest, mainly with low-energy
neutrons. In order to estimate activities from 'P impurities, measurements of 32p
activity in pellets with and without Cd covers was made. No difference between the two
pellets was observed. Thus it was concluded that there was no interference due to
phosphorus contamination in the 328(n,p)*2P and **Cl(n,0)*’P reaction rate measurements.

The powder was pressed into pellets of known and reproducible area with a
diameter of 12 mm and 1 mm thickness under a pressure of about 7 ton/cm?® Although
pellets were pressed without extraneous binding agent, they did not powder or crack
under normal handling and irradiation conditions. The pellets were contained in thin
aluminum foil to protect them from contamination during irradiations.
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Experimental Assembly and Irradiation

Beryllium blocks of typical 50.8 x 50.8 x 101.6 mm?® were stacked to make the
assembly in the form of quasi-cylindrical slab of 630 mm in equivalent diameter and 456
mm in thickness. The central part of this assembly with dimensions of 50.8 x 50.8 mm?
served as an experimental channel. During the construction of the assembly, irradiation

pellet packets were sandwiched between two beryllium blocks in the experimental channel.
Gap widths for the pellets between two adjacent beryllium blocks were about 3 mm. A
pellet packet was also attached on the front surface of the experimental assembly. The
sample positions were -1, 52, 157, 261 and 366 mm, measured from the front surface of
the assembly. After construction, the slab assembly was positioned at 200 mm distance
from the 14-MeV neutron source.

The pellets were irradiated for ten hours with D-T neutrons. Total neutron yield
was 1.01 X 10" n. The irradiation history was recorded by using multi-channel scaling
(MCS) to allow for the decay correction during irradiation.

Measurement of Induced B-activity

After neutron irradiation the **P activity produced in the pellets was measured
with the Cherenkov radiation counting method. As no scintillator is required and
chemical quenching is absent, sample preparation is extremely simple and the technique
is ideal for the assay of ®P in an aqueous solution. Also this technique allows for a
reduction of experimental error because self-absorption and self-scattering corrections
are not necessary for determination of absolute B-activity. Since Cherenkov radiation
formed only small proportion of the total energy losses, a liquid scintillation counting
system (Oken LSC-7100) capable of detecting very weak light pulses was used for this
measurement.

In order to eliminate the effect of absorption of phosphorous-32 onto vial walls,
60 pg of inactive NH,PH,0, carrier was dissolved in 15 ml of water before dissolution of
the pellet. Aqueous solutions were assayed in 20 ml opaque teflon vials which were
found to yield a higher counting efficiency than low background glass vials presumably
owing to diffusion of the directional Cherenkov emissions.

Impurities in the irradiated pellets were analyzed by their radioactive decays.
Counting immediately after the irradiation showed existance of some short-lived radio-
active nuclides in the pellets. The most important radio-nuclei was the *'Si (T, = 2.62
hours) formed by the **S(n,0)'Si reaction. After one day cooling, these activities eliminated.
It was considered that the %8 (T, = 87 days) and 3p (T,, = 25.3 days) radionuclides
which could be formed in the pellet gave no counts because their $-energies were below
the Cherenkov threshold in water. With these precautions, the measured B-activity was
found to decay with the exact half-life of **P. For a few selected irradiated pellets, the
decay was followed for seven half-lives and no impurity activity was observed.

Although the 3*S(n,np)**P reaction contributed to the production of 3P activities,
it was not considered in this measurement. The omission was justified because of
considerably low isotopic abundance of S and relatively low cross section of the
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335 (n,np)3?P reaction around 14 MeV.

The counting efficiency was determined by adding 1 ml of a certified solution of
3P activity (2.5% accuracy), obtained from Commissariat a 'Energie Atomique / France,
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,

Number of 32 P decays per minute

(%)= x 100 (2-8)
where, N, - number of counts per minute after adding of standard solution, and
N, - number of counts per minute before adding of standard solution.

As a result, the counting efficiency of **P was found to be 52.2 %. Although this is lower
than the efficiency of liquid scintillation counting, the minimum detectable level of 2p
activity was much lower than the liquid scintillation counting methd because the
Cherenkov background activity was lower and the volume of the aqueous sample for
counting was much lager.

The reaction rate, RR, was then derived from the B-ray counts following application
of the necessary corrections. The RR is given as,

RR = A-C-A
eW-N,-a-b-YS, -(1— exp(—A- ti))- exp(=A-1.)- (1— exp(—A- tm)) ’
(2-9)
where,
A : decay constant (1/sec),
C : Cherenkov counts,
A : atomic mass,
€ : counting efficiency,
N, : Avogadro's number,
a : natural abundance of the target nuclei,
b : branching ratio,
Y : neutron source strength (n/sec),
S, : correction factor for the decay during irradiation, and
t... :irradiation, cooling, and collection times, respectivily.

The neutron yield fluctuation monitored with MCS was used for determining the correction
factor S,.

Experimental Error

Major sources of the error in the reaction rate were the counting efficiency of
Cherenkov radiation (3.1 %), the neutron yield (2 %) and the counting statistics (1 %).
The errors associated with weight, irradiation time, cooling time and counting time were
estimated to be less than 0.2 %. A typical experimental error for the reaction rate was
3.8 %.
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2.3.7 Gamma-Ray Spectrum by BC537

Gamma-Ray Spectrometer

Prompt gamma-ray spectra in the assembly were measured by an in-situ gamma-
ray spectrometer. Because hydrogen and boron nuclei have large cross section for low
energy neutrons and emit unnecessary gamma-rays following the "Hn,y*H and
1B (n, )’ Li* reactions, the spectrometer is specially designed. Hydrogen-1 nuclei contained
in usual organic scintillator and boron-10 nuclei in boric-silicic glass container are
eliminated by using the deuterated liquid organic scintillator, BC537 (BICRON, USA),
with a quartz glass container. Figur 2.3.11 illustrates the spectrometer. The scintillator
is in spherical shape of 40 mm in diameter. Outer dimensions of the detector are 48 mm
in diameter and 262 mm in length including a photomultiplier assembly.

Measurement

The spectrometer was inserted into the experimental channel of 50 mm in diameter
or 51 mm x 51 mm square, and void space around cables connected to the spectrometer
was filled with the same material as the assembly. Pulse height spectra from the
spectrometer were measured during D-T neutron irradiation. The electronic circuit
employed for the measurement is shown in Fig. 2.3.12. The pulse shape discrimination
technique was adopted to reject neutron events from gamma-ray events. Two different
gains were simultaneously adopted to obtain gamma-ray spectra in a wide energy range.
Energy scales of the measured pulse-height spectra were calibrated with 1.275 MeV
gamma-rays from a sodium-22 source. In a measurement of prompt gamma-rays, it is
important to explicitly reject decay gamma-rays emitted by disintegrations of radioactive
nuclei produced by activation reactions. To measure pulse height spectra due to decay
gamma-rays accurately, the pulsed neutron method %) was adopted. Figure 2.3.13
illustrates the pulsed neutron method.

Data Processing

The measured pulse-height spectra after subtraction of decay gamma-ray spectra
were unfolded with the FORIST code ¥ to obtain the energy spectra. The response
matrix used in the unfolding procedure was calculated with the MARTHA code *”. As
the original MARTHA code was for Nal(Tl) scintillators, the cross section data in the
code was replaced for the BC537 scintillator.

It was confirmed that a number of gamma-rays from several calibrated sources
can be estimated with an accuracy of 3% by the same procedure. In general, however,
the measured spectrum fluxes in these assemblies were observed larger than those with
an ideal infinitesimal detector, because attenuation of gamma-ray fluxes in the detector
was smaller than that in the materials of the assemblies. To correct the overestimation,
the measured spectra were normalized to the measured gamma-ray heating rates by
TLD because the detector size effect of the TLD measurement was negligibly small. The
normalization factor, F, was determined by the following formula;
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HTD ¢ (E)- f(E)- dE

F=—— 4 S (2-10)

67(E) S(E)-dE [ 67(E)- £(E)-dE
where
H;"D : measured gamma-ray heating rate with TLD,
¢;’p(E): measured gamma-ray spectrum,
7f"'(E): calculated gamma-ray spectrum, and
f(E): gamma-ray KERMA factors.

In Eq. (2-10), the lack of the experimental spectrum below the lowest energy E, is
supplemented by considering the shape of a calculated gamma-ray spectrum, i.e., ratios
of gamma-ray heating rates above E, to total gamma-ray heating rates were multiplyed
as shown in Eq. (2-10). The factors are calculated for all the detector positions, and
found to be nearly constant around 0.68. Hence the factor of 0.68 is commonly adopted
to all the measured spectra.

Experimental Uncertainty

As to be explained in the next section, typical experimental uncertainties of the
gamma-ray heating rate measured by TLDs range between 7 ~ 15 %. The gamma-ray
spectra are normalized to the gamma-ray heating rates. About 10 % of uncertainties are
introduced by the normalization procedure. All of the rest of experimental uncertainties,
such as statistical errors, uncertainties of the response functions, determination of source
D-T neutrons and subtraction of decay gamma-rays, are less than 5 %. Therefore, total
experimental uncertainties are approximately 15 ~ 20 %. Note that only the statistical
erorrs are indicated to the experimental data shown in the chapter 3.

2.3.8 Gamma-Ray Heating Rate by TLD

Experimental Method

Gamma-ray heating rate increases monotonously as a function of atomic numbers
of probe materials. Basing on this principle, gamma-ray heating rates of materials can
be deduced by interpolating the gamma-ray heating rates measured by several types of
thermoluminescence dosimeters (TLDs) having different atomic numbers.?® Gamma-ray
heating rates in vanadium, iron and tungsten assembies were measured with applying
the interpolation method. Three types of TLDs, Mg,Si0, (MSO, effective atomic number
Z. = 11.1), Sr,Si0, (SSO, Z = 32.5) and Ba,SiO, (BSO, Z,; = 49.9), were selected for
the measurements. The atomic numbers of vanadium and iron, 23 and 26, respectively,
were positioned between the effective atomic numbers of MSO and SSO. Although the
BSO, whihc has fairly large atomic number of nearly 50, was used, the atomic number of
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tungsten, 74, was still higher than that of BSO. Hnece, gamma-ray heating rates of
tungsten were derived by extrapolations.

Irradiation

Four or six samples of each type of TLD were packed in an aluminum foil. The
sample packets were inserted in the experimental channels and also put on the front
surfaces of the assemblies. Irradiations were performed twice for short and long times
to provide the optimum absorbed dose to the TLDs depending on the location. The short
irradiation with source neutron yields of 0.5 ~ 1 x 10" were for TLDs located near the
D-T neutron source, while the long irradiation with source neutron yields of 1 ~ 2 x 10
were for deeper positions far from the D-T neutron source.

Data Reduction

One week after the irradiation, thermoluminescence (TL) was measured by a
TLD reader (Kasei Optonix, KYOKKO 2500). The measured TLs of four or six samples
of each type of TLD are averaged. Neutron contributions to the response of TLDs were
calculated by using neutron response functions and neutron energy spectra at each

position, and were subtracted from the total responses. The neutron response functions
1.2

were given by Yamaguchi et a Fractions of the neutron response to the total
response were 20 ~ 50% at the front surface of the assemblies, and decrease to less than
5% at the deeper locations. The obtained TL was converted to gamma-ray heating rates
of each type of TLD by correcting the differences of mass energy absorption coefficients
of air and the TLD materials. Gamma-ray heating rates of vanadium and iron were
derived by interpolations of the measured gamma-ray heating rates of MSO and SSO in
terms of their effective atomic numbers. Uncertainties due to the interpolation procedure
were considered to be small because the heating rates of MSO and SSO were nearly the
same within ~ 10%. As for tungsten, gamma-ray heating rates measured by BSO were
extrapolated with the help of calculated gamma-ray heating rates for BSO (Z,=49.9)
and tungsten (Z=74). Finally, contributions of target gamma-rays which were emitted
from the target by interactions of source D-T neutrons with the structural materials
were calculated and subtracted from the measured gamma-ray heating rates. The
fractions of target gamma-rays to the total gamma-ray heating rates were ~ 20 % at the
front surface of the assemblies, and smaller than 3% at the positions deeper than 100
mm.

Experimental Error

Error sources of the measured gamma-ray heating rates are as follows.

Statistical deviation of four TLDs 5-15 %
Number of neutrons generated 2-3 %
Calibration of the TLD reader 5 %



JAERI-Data/Code 98-021

In the subtraction of target gamma-rays and neutron response, the following uncertainties
are added to the above errors according to the quadratic propagation of error.

Response functions for neutrons 30 %
Neutron energy spectra 10%
Target gamma-ray 20 %

Overall errors for the obtained gamma-ray heating rates of vanadium and iron are ~
10% except the positions at the front surface of the assemblies where errors are 20 ~ 25
%. For tungsten, the overall experimental errors are rather large about 20 % even in
the experimental assembly due to the extrapolation.
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3. Experimental Data
3.1 Beryllium

The first benchmark experiment on beryllium had been already conducted in
1988. The experimental data have been already reported in Ref. 6), and results of the
experimental analysis have been discussed in Ref. 30). After that, a neutron spectrum
between 1eV and 10keV, and dosimetry reaction rates of°Li(n,0)*T, "Li(n,na)’T, *' P(n,)**P,
325 (n,p)**P and C1(n,0)**P reactions were measured. Table 3.1.1 summarizes the atomic
densities of the beryllium assembly.

The measured neutron spectrum between 1 eV and 10 keV is shown in Fig. 3.1.1
with previously obtained neutron spectra above 3 keV, and Table 3.1.2 summarizes the
numerical data. Although experimental errors of the newly measured spectrum above 1
keV are rather large, the presently measured spectrum is combined smoothly with the
previously measured data by PRC.

The measured dosimetry reaction rates are listed in Table 3.1.3. The tritium
production rates by the °Li(n,0)*T and "Li(n,na)’T reactions have been also measured in
the previous experiment. Although the detector positions are different from the present
and the previous experiment, both data are consistent each other. When the two non-
threshold reaction rates, i.e., °Li(n,0)°T and 'P(n,y)*P reactions, are compared with
transport calculations with considering the impurities shown in Table 3.1.2, the
experimental data are always smaller than the calculated results. This reason could be
explained by possible unknown impurities introduced in the beryllium assembly. Most
of the non-threshold reactions in the beryllium assembly are caused by thermal neutrons
because the radiative neutron capture cross section of beryllium is extremely small and
a great number of neutrons are accumulated in the thermal energy region. If impurities
exist in the beryllium assembly, the thermal neutron flux is largely reduced by neutron
capture reactions by the impurities. This impurity effect results in smaller experimental
reaction rates for the non-threshold reactions.

The measured three threshold reactions, i.e., the "Li(n,na)’T, 32S(n,p)**P and
3BC1(n,0)*?P reactions, are almost in proportion with each other. The measured non-
threshold reactions, i.e., *Li(n,0)>T and 31p(n,y)*P reactions, are also in proportion with
each other. The proportional characteristic indicates that the 32G(n,p)*2P and *Cl(n,0)*’P
reactions and the 3'P(n,y)*P reaction can be used as reaction indeces for tritium production
reactions, the "Li(n,no))*T and °Li(n,0)*T reactions, respectively, required for fusion blanket
benchmark experiments. The advantages of the indeces are (1) the simplicity for
preparation of samples for the Cherenkov radiation counting compared with the samples
for the tritium counting with a liquid scintillation counting system, and (ii) high counting
rates of the 3P measurement with the Cherenkov radiation counting method compared
to the tritium measurement with the liquid scintillation counting method. In fact, the
32D activity can be measured at all the detector positions owing to the high counting rate
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while the tritium measurement of the "Li(n,no)®T reaction is limited only up to the 52
mm depth in the beryllium assembly.

3.2 Vanadium

The leakage neutron spectrum measurement from spherical vanadium shells of
35 and 105 mm in thickness in the energy range above 0.07 MeV done by Méllendorff et

al. was the unique existing benchmark experiment. 3h

For validation of low energy
neutron cross sections and secondary gamma-ray data for vanadium, there had been no
benchmark experimental data. The experiment was performed under the IEA collaboration
on the sub-task “Fusion Neutronics” for the Work Item #1 “Integral Experiment for
advanced structural and breeder materials”. Our benchmark experiment provides
comprehensive experimental data, i.e., neutron energy spectra in the entire energy
region, various dosimetry reaction rates, gamma-ray spectra and gamma-ray heating
rates, needed for validation of nuclear data files. The experimental data related to low
energy neutrons below 70 keV and secondary gamma-ray data are the first benchmark
experimental data on vanadium. Results of experimental analysis are briefly reported
in Ref. 32).

Table 3.2.1 summarises the atomic densities of the vanadium assembly and the
surrounding graphite reflector. The measured neutron spectra by the three methods at
the positions of 76 mm and 178 mm in depth are shown in Figs. 3.2.1 and 3.2.2. The
numerical data of the spectra measured by the NE213, PRC and the SDT method are
shown in Tables 3.2.2 ~ 3.2.4, respectively. Table 3.2.5 summarises integral neutron
fluxes derived from the measured neutron spetra. The meausred dosimetry reaction
rates are shown in Table 3.2.6. The measured gamma-ray spectra at the positions of 76
mm and 178 mm in depth are shown in Figs. 3.2.3 and 3.2.4. The numerical data of the
spectra are shown in Table 3.2.7. Table 3.2.8 summarises the measured gamma-ray
heating rates of vanadium.

3.3 Iron

The first benchmark experiment on iron was conducted in 1986, and neutron
spectra > 2 MeV and dosimetry reaction rates in an iron assembly of 1000 mm in
diameter and 950 m in thickness were measured. The results were reported in Ref. 33).
Neutron spectra of 3 keV - 1 MeV in the same iron assembly were measured in 1990,
and the results were published in Ref. 34). Then, the experiment was extended for
lower energy neutrons and secondary gamma-rays. Neutron spectra below 10 keV were
measured in 1993, and results of the experimental analysis were published in Ref. 20).
Gamma-ray spectra and gamma-ray heating rates were measured in 1994, and results
of the experimental analysis were published in Ref. 26). This report summarizes these



JAERI-Data/Code 98-021

experimental data.

Table 3.3.1 summarizes the atomic densities of the iron assembly. The measured
neutron spectra by the three methods at various positions are shown in Fig. 3.3.1. The
numerical data of the spectra measured by the NE213, PRC and the SDT method are
shown in Tables 3.3.2 ~ 3.8.4, respectively. Table 3.3.5 summarizes integral neutron
fluxes derived from the measured neutron spectra. The measured neutron spectra in
the energy range of 2 ~ 10 MeV by NE213 seems to be distorted by the unfolding
process. Comparisons of the measured neutron spectra with calculations in the energy
range are sometimes not meaningful. The integral fluxes are useful for numerical
comparison of the measured and calculated neutron spectra. The measured dosimetry
reaction rates are shown in Table 3.3.6.

The measured gamma-ray spectra at the positions of 100, 300, 500 and 700 mm
in depth are shown in Figs. 3.3.2 ~ 3.3.5. The numerical data of the spectra are shown
in Table 3.3.7. Table 3.3.8 summarizes the measured gamma-ray heating rates of iron.
These experimental gamma-ray data on iron are useful for validating gamma-ray
production cross section in evaluated nuclear data files at various incident neutron
energy. According to the detailed experimental analysis, more than 90 % of observed
gamma-rays at the 100 mm position are produced by neutrons of > 1 MeV mainly
inducing the threshold reactions. At the 500 and 700 mm positions, contributions of
neutrons of > 1 MeV on gamma-ray production are less than 10 % while most of gamma-rays
are produced by low energy neutrons of 1 eV ~ 1 MeV mainly with the (n,y) reactions.

3.4 Copper

A benchmark experiment on copper was performed in 1991. The experimental
data have been summarized in Ref. 7), and also published with analytical results in
Refs. 35) and 36). After that, low energy neutron spectra below 10 keV were measured.
The experimental data of the low energy neutron spectra are included in this report.

Table 3.4.1summarizes the material specifications of the copper assembly. Neutron
spectra at four positions in the copper assembly measured by the SDT method are
shown in Figs. 3.4.1 ~ 3.4.4 together with the previously obtained neutron spectra by
NE213 and PRC. The neutron spectra measured by the three methods connect smoothly
at the joint energy at ~ 5 keV and 1 MeV. Numerical data of the neutron spectra by the
SDT method are shown in Table 3.4.2.

3.5 Tungsten
A benchmark experiment on tungsten was conducted in 1993. Experimental

data for neutron spectra from 14 MeV to 3 keV, dosimetry reaction rates, gamma-ray
spectra and gamma-ray heating rates were obtained. The results were reported briefly
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in Ref. 37). All the experimental data are included in this report.

Table 3.5.1 summarizes the material specifications of the tungsten assembly.
The tungsten is not pure, but an alloy with a small amount of nickel and copper. The
measured neutron spectra by NE213 and PRC at three positions of 76, 228 and 380 mm
in the tungsten assembly are shown in Figs. 3.5.1 ~ 3.5.3. The numerical data of the
spectra measured by the NE213 and PRC are given in Tables 3.5.2 and 3.5.3, respectively.
A measurement of neutron spectra below 10 keV by the SDT method was attempted.
However, it could not be made because of too low neutron flux in the energy range. The
measured dosimetry reaction rates are shown in Table 3.5.4.

The measured gamma-ray spectra at the three positions in the tungsten assembly
are shown in Figs. 8.5.4 ~ 3.5.6. The numerical data of the spectra are given in Table
3.5.5. Table 3.5.6 summarizes the measured gamma-ray heating rates of tungsten.
Most of the observed gamma-rays at the front surface of the assembly, 0 mm, are
produced by high energy neutrons of > 1 MeV. At 76 mm, both halves of observed
gamma-rays are produced by neutrons of > 1 MeV and 0.01 ~ 1 MeV. At 228 and 380
mm, low energy neutrons of 1 keV ~ 1 MeV contribute predominantly to produce secondary
gamma-rays.
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4, Summary

Efforts to acquire fusion neutronics experimental data have been continued on
the clean benchmark experiment at FNS/JAERI. Experimental data for new materials,
i.e., vanadium and tungsten, were obtained. Several experiments which had been
performed previously were extended to complete more comprehensive experimental data
set with introducing new experimental techniques. Especially, experimental data related
to low energy neutrons and secondary gamma-rays were supplemented.

These experimental data have been contributed to benchmark test of recent
evaluated nuclear data files, such as JENDL-3.2, JENDL Fusion File and FENDI/E-2.0.
These data are expected to serve for further benchmark test of forthcoming evaluated
nuclear data files, and then, for more accurate nuclear designs of fusion reactors.
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Table 2.1.1  Dimensions of the experimental assemblies.

Material Dimension [mm]
Beryllium 629 ¢ x 456t quasi-cylinder
Vanadium 254 x 254 x 254 cube
with a graphite reflector of 51 mm in thickness
Iron 1000 ¢ x 950t cilinder
Copper 629¢ x 608 t quasi-cylinder
Tungsten 629 ¢ x 507 t quasi-cylinder

Table 2.3.1 Systematic errors in various energy range involved in the neutron spectra measured

by the NE213 spectrometer. Errors expected in the range below 10 MeV originate

from the response error of 14.8 MeV neutrons.

Energy range  Efficiency Energy Neutron Response Shape Total
[MeV] Calibration Source [fraction”" ]

>10 +2% +3% £2% 1 +4%
8.3-10.1 2 2 2 ~-0.02 -20%°
5.8-8.3 2 2 2 ~-0.01 -11%°
41-58 2 2 2 ~-0.001 - 3.4%"*
2.0-4.1 2 2 2 ~+0.01 +3.5%°
1.1-2.0 2 2 2 ~+0.01 +3.5%"

*] Ratio of the error due to the response to the peak flux around 14 MeV.

*2 Example in the case of @,

#B(E) ~ 10.

eak
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Table 2.3.2  Typical qualities of the measured neutron spectra by the SDT method in the four
experimental assemblies.
Energy resolution| Correction factors | Overall experimental uncertainty
Medium below 1 keVin | for effective cross
FWHM [%] sections [%] < 1keV [%] 1-10 keV [%]
Be 130 12 7~12 12 ~ 26
\' 50 ~ 100 2~10 11 ~ 40 -
Fe, Cu 50 ~ 200 1~20 6~18 20~63
Table 2.3.3 Dosimetry Reactions used in the foil activation method.
Reaction Half-Life = Abundance y-ray y-ray Threshold
Energy Branching Energy
(%) (keV) (%) MeV)
FAl(n,0)**Na 15.02 h 100.0 1368.6 100.0 5
%Fe(n,p)**Mn 2.579 h 91.72 846.8 98.9 5
%7r(n,2n)*Zr 3.268 d 51.45 909.2 99.01 12
%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
BOW (n,y)"* "W 23.85h 28.4 479.5 23.4
¥ Au(n,y)'** Au 2.694 d 100.0 411.8 95.5
Table 2.3.4  Characteristics of the compounds used in the *’P measurement.
Reaction Threshold Compound Purity Isotopic Content
Energy (MeV) (%) (%)
S'P(n,y)*P NH,PH,0, 99.9 *'P - 100.0
S (n,p)*P 2.3 CHSSO,CH,  99.9 3 . 95.02
%3. 0.75
¥S. 422
®S. 0.02
¥Cl(n, )P 3.7 NH,CI 99.6 %Cl-75.47
7C1 - 24.23
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Table 3.1.1  Material specification for the beryllium assembly.

Atomic Density [x10%*atoms/cm’]
Be 1.2152 x 107
C 7.7109 x 107°
0 4.9713 x 1074
Al 2.9013 x 107°
Fe 2.4678 x 107°

Table 3.1.2  Neutron spectrum in the beryllium assembly measured by the SDT method in the
unit of [n / cm®/ lethargy / source].

Neutron Energy [MeV] Flux at z=127mm Absolute Error
1.26e-06 2.35e-05 1.63e-06
2.00e-06 2.31e-05 1.60e-06
3.16e-06 2.2%e-05 1.60e-06
5.01le-06 2.32e-05 1.62e-06
7.94e-06 2.31e-05 1.62e-06
1.26e-05 2.39e-05 1.69e-06
2.00e-05 2.37e-05 1.70e-06
3.16e-05 2.38e-05 1.73e-06
5.01le-05 2.42e-05 1.79e-06
7.94e-05 2.43e-05 1.85e-06
1.26e-04 2.51e-05 2.28e-06
2.00e-04 2.52e-05 2.38e-06
3.16e-04 2.59e-05 2.58e-06
5.0le-04 2.61e-05 2.81le-06
7.94e-04 2.71le-05 3.22e-06
1.26e-03 2.68e-05 3.57e-06
2.00e-03 2.83e-05 4.36e-06
3.16e-03 2.94e-05 5.29e-06
5.01e-03 3.16e-05 6.77e-06
7.94e-03 3.16e-05 8.15e-06

Table 3.1.3  Measured dosimetry reaction rates in the beryllium assembly in the unit of [reactions
/ atom / source]. Numbers in the parenthesis are percentage errors.

Position] Reaction

(o] SLi(n, )T Li(n,n'0Q)T p(n,y) %P 2g3(n,p)*?P  *°Cl(n,a)’’P
-1 6.93e-29 (4.5) 5.53e-29 (3.8) 2.79e-29 (3.8)
52 | 2.00e-25 (4.5) 5.06e-29 (10.0) 4.82e-29 (3.8) 4.00e-29 (3.8) 2.00e-29 (3.8)
157 | 3.49e-25 (4.5) 8.27e-29 (3.8) 1.36e-29 (3.8) 6.73e-29 (3.8)
261 | 2.74e-25 (4.5) 6.34e-29 (3.8) 4.16e-30 (3.8) 2.07e-30 (3.8)
366 | 1.31e-25 (4.5) 3.03e-29 (3.8) 1.20e-30 (3.8) 6.00e-31 (3.8)
470 | 9.47e-27 (4.5) 2.36e-30 (3.8) 2.96e-31 (3.8) 1.52e-31 (3.8)
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Table 3.2.1  Material specification for the vanadium assembly.

Vanadium Graphite
Chemical Composition \% 99.777 wt% C 100 wt%
Al 0.073 wt%
Si 0.108 wt$%
Fe 0.042 wt%
Weight Density 6.033 [g/cm’] 1.625 [g/cm’]

Table 3.2.2  Neutron spectra in the vanadium assembly measured by the NE213 spectrometer
in the unit of [n / cm?/ lethargy / source].

Neutron Energy Flux at Absolute Window Flux at Absolute Window
[MeV] z= 76 mm Error [%] z= 178 mm Error [%]
1.553e+00 5.17e-05 2.44e-06 32.5 1.65e-05 8.26e-07 31.2
1.633e+00 5.05e-05 2.47e-06 31.9 1.71e-05 8.00e-07 29.4
1.717e+00 4.72e-05 2.17e-06 32.3 1.72e-05 7.44e-07 28.5
1.805e+00 4.36e-05 1.95e-06 33.0 1.68e-05 8.14e-07 27.9
1.897e+00 4.10e-05 2.11e-06 32.8 1.62e-05 8.52e-07 27.3
1.995e+00 4.03e-05 2.19%9e-06 31.8 1.57e-05 7.88e-07 26.9
2.097e+00 4.12e-05 2.10e-06 30.4 1.54e-05 7.60e-07 26.1
2.204e+00 4.30e-05 2.05e-06 28.4 1.54e-05 7.67e-07 25.0
2.317e+00 4.41e-05 1.98e-06 26.6 1.53e-05 7.53e-07 24.2
2.436e+00 4.33e-05 1.94e-06 25.5 1.47e-05 6.82e-07 23.9
2.561e+00 4.05e-05 2.01le-06 25.4 1.36e-05 6.75e-07 24.1
2.692e+00 3.69e-05 1.86e-06 26.4 1.23e-05 6.25e-07 24.8
2.830e+00 3.38e-05 1.73e-06 27.4 1.11e-05 5.65e-07 25.8
2.975e+00 3.13e-05 1.81le-06 28.1 1.01e-05 5.54e-07 26.7
3.128e+00 2.91e-05 1.76e-06 28.5 9.34e-06 4.88e-07 27.1
3.288e+00 2.69e-05 1.69e-06 28.3 8.74e-06 4.60e-07 26.7
3.457e+00 2.50e-05 1.54e-06 27.6 8.42e-06 4.26e-07 25.6
3.634e+00 2.39e-05 1.31e-06 26.8 8.36e-06 3.87e-07 24.5
3.820e+00 2.32e-05 1.18e-06 26.1 8.31e-06 3.68e-07 23.5
4.016e+00 2.23e-05 1.26e-06 25.3 7.97e-06 3.71le-07 23.0
4.222e+00 2.05e-05 1.36e-06 24.6 7.22e-06 3.69e-07 22.8
4.439e+00 1.83e-05 1.34e-06 23.9 6.28e-06 3.55e-07 23.0
4.666e+00 1.63e-05 1.28e-06 23.3 5.37e-06 3.37e-07 23.0
4.906e+00 1.45e-05 1.31e-06 22.7 4.63e-06 3.34e-07 22.7
5.157e+00 1.26e-05 1.36e-06 22.2 4.08e-06 3.34e-07 22.2
5.422e+00 1.04e-05 1.43e-06 21.7 3.70e-06 3.41e-07 21.7
5.700e+00 8.41e-06 1.51e-06 21.1 3.45e-06 3.55e-07 21.1
5.992e+00 7.36e-06 1.55e-06 20.6 3.33e-06 3.63e-07 20.6
6.299e+00 7.93e-06 1.69e-06 20.0 3.31e-06 3.86e-07 20.0
6.622e+00 9.75e-06 1.88e-06 19.5 3.31e-06 4.22e-07 19.5
6.961e+00 1.11e-05 1.94e-06 19.0 3.16e-06 4.38e-07 19.0
7.318e+00 1.06e-05 2.20e-06 18.5 2.86e-06 4.87e-07 18.5
7.694e+00 7.84e-06 2.57e-06 18.0 2.63e-06 5.63e-07 18.0
8.088e+00 3.26e-06 2.80e-06 17.6 2.61le-06 6.05e-07 17.6
8.503e+00 9.21e-08 3.22e-06 17.2 2.91e-06 6.77e-07 17.2
8.939e+00 1.96e-06 4.10e-06 16.8 3.19%e-06 8.57e-07 16.8
9.397e+00 7.46e-06 4.53e-06 16.4 2.88e-06 9.29%e-07 16.4
9.879e+00 1.16e-05 4.62e-06 15.9 2.86e-06 9.41e-07 15.9
1.039e+01 1.13e-05 5.22e-06 15.5 3.55e-06 1.08e-06 15.5
1.092e+01 8.56e-06 5.20e-06 15.1 3.94e-06 1.05e-06 15.1
1.148e+01 8.78e-06 5.17e-06 14.8 4.17e-06 1.04e-06 14.8
1.207e+01 1.05e-05 6.38e-06 14.5 4.51e-06 1.24e-06 14.5
1.268e+01 8.31e-06 8.42e-06 14.4 4.56e-06 1.58e-06 14.4
1.334e+01 5.04e-05 1.17e-05 14.4 1.06e-05 2.20e-06 14.4
1.402e+01 2.29%e-04 1.35e-05 13.2 3.96e-05 2.48e-06 13.2
1.474e+01 4.02e-04 3.09e-05 13.2 7.01e-05 5.64e-06 13.2
1.549e+01 2.97e-04 9.26e-06 13.2 5.68e-05 1.73e-06 13.2
1.629%e+01 1.32e-04 1.57e-05 13.2 3.06e-05 2.90e-06 12.6
1.712e+01 7.31e-05 8.94e-06 13.8 1.74e-05 1.60e-06 12.6
1.800e+01 3.29%e-05 2.0%e-06 14.4 7.06e-06 3.42e-07 12.5
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Table 3.2.3  Neutron spectra in the vanadium assembly measured by the PRC in the unit of [n
/ cm® / lethargy / source]. (1/2)

Neutron Energy Flux at Absolute Neutron Ennergy Flux at Absolute
[MeV) z="76mm Error [MeV] z=178mm Error
2.003e-02 6.61le-06 2.5le-06 2.003e-02 1.497e-06 8.430e-07
2.098e-02 6.92e-06 2.48e-06 2.098e-02 3.892e-06 8.480e-07
2.197e-02 4.70e-06 2.53e-06 2.197e-02 4.711e-06 8.550e-07
2.301e-02 6.85e-06 2.55e-06 2.301e-02 3.667e-06 8.600e-07
2.410e-02 4.95e-06 2.61le-06 2.410e-02 3.585e-06 8.720e-07
2.524e-02 -1.75e-06 2.65e-06 2.524e-02 3.736e-06 8.800e-07
2.644e-02 1.04e-06 2.72e-06 2.644e-02 3.554e-06 8.960e-07
2.769e-02 5.83e-06 2.78e-06 2.769e-02 2.688e-06 9.040e-07
2.901e-02 7.04e-06 2.85e-06 2.901e-02 2.753e-06 9.230e-07
3.03%9e-02 7.18e-06 2.90e-06 3.039%e-02 1.909e-06 9.360e-07
3.183e-02 5.64e-06 2.94e-06 3.183e-02 2.355e-06 9.590e-07
3.334e-02 1.06e-05 2.98e-06 3.334e-02 3.990e-06 9.750e-07
3.493e-02 9.82e-06 3.03e-06 3.493e-02 7.04%e-06 9.900e-07
3.65%9e-02 8.39e-06 3.06e-06 3.65%e-02 5.657e-06 1.000e-06
3.833e-02 8.85e-06 3.15e-06 3.833e-02 4.031e-06 1.020e-06
4.016e-02 8.99%e-06 3.19e-06 4.016e-02 6.655e-06 1.030e-06
4.207e-02 9.57e-06 3.26e-06 4.207e-02 6.454e-06 1.050e-06
4.408e-02 1.07e-05 3.32e-06 4.408e-02 6.237e-06 1.070e-06
4.618e-02 1.24e-05 3.41e-06 4.618e-02 6.023e-06 1.100e-06
4.838e-02 1.30e-05 3.51le-06 4.838e-02 6.249e-06 1.130e-06
5.068e-02 1.71e-05 3.63e-06 5.068e-02 1.015e-05 1.170e-06
5.310e-02 2.90e-05 3.72e-06 5.310e-02 1.447e-05 1.210e-06
5.564e-02 2.73e-05 3.83e-06 5.564e-02 1.658e-05 1.240e-06
5.829e-02 1.80e-05 3.91e-06 5.829e-02 9.478e-06 1.270e-06
6.108e-02 1.15e-05 4.06e-06 6.108e-02 5.430e-06 1.320e-06
6.399e-02 6.14e-06 4.26e-06 6.399%e-02 4.972e-06 1.380e-06
6.705e-02 1.55e-05 4.45e-06 6.705e-02 5.249e-06 1.440e-06
7.025e-02 3.03e-05 4.62e-06 7.025e-02 8.137e-06 1.510e-06
7.361e-02 1.47e-05 4.8le-06 7.361e-02 1.079e-05 1.570e-06
7.713e-02 1.25e-05 4.98e-06 7.713e-02 7.240e-06 1.650e-06
8.082e-02 2.32e-05 5.27e-06 8.082e-02 6.350e-06 1.730e-06
8.468e-02 2.74e-05 5.49e-06 8.468e-02 1.618e-05 1.810e-06
8.873e-02 4.30e-05 5.69%e-06 8.873e-02 2.226e-05 1.890e-06
9.297e-02 5.09e-05 5.88e-06 9.297e-02 2.289e-05 1.960e-06
9.742e-02 3.53e-05 6.13e-06 9.742e-02 2.064e-05 2.040e-06
1.017e-01 6.06e-05 5.56e-06 1.033e-01 3.386e-05 2.490e-06
1.066e-01 5.15e-05 5.34e-06 1.082e-01 3.513e-05 2.370e-06
1.117e-01 3.31e-05 5.10e-06 1.134e-01 4.063e-05 2.260e-06
1.170e-01 3.69e-05 4.95e-06 1.189e-01 2.928e-05 2.160e-06
1.226e-01 3.20e-05 4,83e-06 1.245e-01 2.447e-05 2.080e-06
1.285e-01 4.50e-05 4.72e-06 1.305e-01 2.292e-05 2.020e-06
1.346e-01 4.99e-05 4.64e-06 1.367e-01 2.371e-05 1.970e-06
1.411e-01 4.95e-05 4.51e-06 1.433e-01 2.505e-05 1.930e-06
1.478e-01 5.70e-05 4.42e-06 1.502e-01 2.690e-05 1.890e-06
1.549e-01 5.17e-05 4.34e-06 1.574e-01 2.889e-05 1.860e-06
1.623e-01 5.20e-05 4.25e-06 1.649e-01 2.678e-05 1.810e-06
1.701le-01 5.51e-05 4.20e-06 1.728e-01 2.403e-05 1.790e-06
1.783e-01 4.13e-05 4.10e-06 1.811e-01 2.064e-05 1.760e-06
1.868e-01 3.64e-05 4.10e-06 1.897e-01 1.869e-05 1.750e-06
1.958e-01 3.96e-05 4.07e-06 1.988e-01 1.831e-05 1.750e-06
2.051e-01 4.33e-05 4.07e-06 2.084e-01 2.191e-05 1.740e-06
2.150e-01 4.40e-05 4.04e-06 2.183e-01 2.509e-05 1.730e-06
2.253e-01 5.84e-05 4.02e-06 2.288e-01 2.807e-05 1.720e-06
2.36le-01 4.91e-05 4.00e-06 2.398e-01 2.569e-05 1.700e-06
2.474e-01 4.73e-05 3.99e-06 2.513e-01 2.546e-05 1.700e-06
2.592e-01 5.49e-05 3.97e-06 2.633e-01 3.076e-05 1.680e-06
2.717e-01 6.58e-05 3.95e-06 2.75%e-01 3.153e-05 1.670e-06
2.847e-01 5.77e-05 3.93e-06 2.892e-01 2.654e-05 1.660e-06
2.983e-01 5.37e-05 3.93e-06 3.030e-01 2.487e-05 1.660e-06
3.126e-01 4.89e-05 3.98e-06 3.176e-01 2.118e-05 1.690e-06
3.276e-01 5.21e-05 4.04e-06 3.328e-01 2.565e-05 1.730e-06
3.433e-01 5.72e-05 4.16e-06 3.487e-01 2.936e-05 1.770e-06
3.598e-01 5.81le-05 4.31e-06 3.655e-01 3.110e-05 1.820e-06
3.771le-01 6.38e-05 4.41e-06 3.830e-01 3.010e-05 1.870e-06
3.951e-01 6.33e-05 4.56e-06 4.013e-01 3.025e-05 1.920e-06
4.141e-01 6.68e-05 4.67e-06 4.206e-01 3.280e-05 1.980e-06
4.339e-01 7.36e-05 4.83e-06 4.408e-01 3.124e-05 2.040e-06
4.547e-01 7.43e-05 4.95e-06 4.619%e-01 3.343e-05 2.090e-06
4.766e-01 6.76e-05 5.12e-06 4.841e-01 3.565e-05 2.150e-06
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Table 3.2.3  Continued. (2/2)

Neutron Energy Flux at Absolute Neutron Ennergy Flux at Absolute
[MeV] z=T76rm Error [MeV] 2z=178mm Error
4.994e-01 7.10e-05 5.27e-06 5.073e-01 3.160e-05 2.210e~06
5.234e-01 7.85e-05 5.43e-06 5.316e-01 3.213e-05 2.270e-06
5.485e-01 7.96e-05 5.61le-06 5.571e-01 3.614e-05 2.340e-06
5.748e-01 9.10e-05 5.73e-06 5.838e-01 3.440e-05 2.410e-06
6.023e-01 8.17e-05 5.91e-06 6.118e-01 3.832e-05 2.470e-06
6.312e-01 7.45e-05 6.06e-06 6.412e-01 4.095e-05 2.540e-06
6.615e-01 8.1l4e-05 6.29%e-06 6.719e-01 3.712e-05 2.610e-06
6.933e-01 7.53e-05 6.49%e-06 7.042e-01 3.791e-05 2.680e-06
7.265e-01 7.33e-05 6.74e-06 7.379%e-01 3.579%e-05 2.760e-06
7.614e-01 7.33e-05 7.02e-06 7.733e-01 3.844e-05 2.840e-06
7.979e-01 8.72e-05 7.29e-06 8.104e-01 4.210e-05 2.910e-06
8.362e-01 8.38e-05 7.55e-06 8.493e-01 3.608e-05 3.010e-06
8.763e-01 9.08e-05 7.86e-06 8.901le-01 3.222e-05 3.100e-06
9.183e-01 7.83e-05 8.21e-06 9.328e-01 3.541e-05 3.250e-06
9.624e-01 8.77e-05 8.59%e-06 9.775e-01 3.159e-05 3.380e-06
1.009e+00 1.07e-04 9.02e-06 1.024e+00 4.053e-05 3.560e-06

Table 3.2.4 Neutron spectra in the vanadium assembly measured by the SDT method in the
unit of [n / cm®/ lethargy / source).

Neutron Energy Flux at Absolute Flux at Absolute
[MeV] z=T76mm Error z=178mm Error
1.179e-06 8.58e-10 1.14e-10 1.20e-09 1.72e-10
1.638e-06 1.80e-09 2.18e-10 3.40e-09 4.14e-10
2.276e-06 3.73e-09 4.27e-10 5.60e-09 6.5%e-10
3.162e-06 5.35e-09 6.10e-10 9.02e-09 1.04e-09
4.394e-06 9.48e-09 1.07e-09 1.53e-08 1.76e-09
6.105e-06 1.61e-08 1.84e-09 2.43e-08 2.82e-09
8.483e-06 2.41e-08 2.83e-09 3.91e-08 4.65e-09
1.179e-05 3.11e-08 3.88e-09 6.26e-08 7.89%9e-09
1.638e-05 6.55e-08 8.55e-09 8.91e-08 1.18e-08
2.276e~05 8.54e-08 1.19e-08 1.24e-07 1.76e-08
3.162e-05 1.24e-07 1.88e-08 1.90e-07 2.96e-08
4.394e~-05 1.85e-07 3.10e-08 2.75e-07 4.75e-08
6.105e-05 2.90e-07 5.39e-08 3.42e-07 6.67e-08
8.483e-05 3.93e-07 8.66e-08 5.80e-07 1.31e-07
1.179e-04 5.88e-07 1.49e-07 7.60e-07 1.98e-07
1.638e-04 9.97e-07 3.00e-07 1.22e-06 3.73e-07
2.276e-04 1.81le-06 6.47e-07 2.02e-06 7.52e-07
3.162e-04 3.11e-06 1.39e-06 3.47e-06 1.58e-06

Table 3.2.5  Integral neutron fluxes in the vanadium assembly derived from the measured
neutron spectra in the unit of [n / cm®/ source).

Energy Range z="76mm Error z=178mm Error
> 10 MeV 6.317e-05 7 % 1.265e-05 7%
2-10 MeV 3.223e-05 15 % 1.134e-05 10 %
0.1-1 Mev 1.415e-04 5% 6.954e-05 5 %
20-100 keVv 2.387e-05 7% 1.256e-05 7 %
10-100 ev 3.861le-07 20 % 5.473e-07 20 %
1-10 ev 2.202e-08 12 % 3.221e-08 12 %
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Table 3.2.6  Measured dosimetry reaction rates in the vanadium assembly in the unit of
[reactions / atom / source].

Reaction z=0rm Error z=76nm Error z=178mm Error

2771 (n, ) 2*Na 2.32e-29 7.73e-31 6.42e-30 2.17e-31 1.34e-30 4.37e-32
SNb(n,2n) **™Nb | 1.00e-28 3.51le-30 2.55e-29 8.42e-31 5.27e-30 1.86e-31
STh(n,n’ )™ In | 3.40e-29 1.11le-30 2.68e-29 8.9le-31 9.16e-30 3.13e-31
%720 (n, ) **f2u 1.62e-28 5.26e-30 1.56e-28 5.30e-30

Table 3.2.7 Gamma-ray spectra in the vanadium assembly measured by the BC-537
spectrometer in the unit of [photons/ cm?/ lethargy / source]. (1/2)

Photon Energy Flux at Absolute Window Flux at Absolute Window

[MeV] z="76nmm Error (%] z=178mm Error [%]
3.311e-01 5.505e-05 2.942e-06 26.5 2.177e-05 1.136e-06 25.7
3.467e-01 4.969e-05 2.194e-06 27.5 1.926e-05 8.398e-07 26.9
3.631e-01 4,568e-05 2.141e-06 27.6 1.697e-05 8.507e-07 27.4
3.802e-01 4.096e-05 2.071e-06 27.3 1.451e-05 7.745e-07 27.4
3.98le-01 3.589e-05 1.822e-06 27.1 1.244e-05 6.633e-07 27.4
4.169%9e-01 3.251e-05 1.667e-06 26.7 1.155e-05 6.091e-07 26.8
4.365e-01 3.187e-05 1.593e-06 26.1 1.178e-05 5.617e-07 26.0
4.571e-01 3.330e-05 1.620e-06 25.5 1.244e-05 5.66%e-07 25.3
4.786e-01 3.559e~-05 1.678e-06 24.9 1.302e-05 5.970e-07 24.6
5.012e-01 3.756e-05 1.692e-06 24.6 1.319e-05 5.955e-07 24.4
5.248e-01 3.795e-05 1.713e-06 24.6 1.275e-05 5.779e-07 24.5
5.495e-01 3.599e-05 1.755e-06 24.8 1.174e-05 5.923e-07 24.9
5.754e-01 3.235e-05 1.651le-06 25.2 1.055e-05. 5.586e-07 25.4
6.026e-01 2.898e-05 1.553e-06 25.5 9.588e-06 5.205e-07 25.9
6.310e-01 2.742e-05 1.477e-06 25.8 8.983e-06 4.942e-07 26.2
6.607e-01 2.734e-05 1.404e-06 26.0 8.656e-06 4.591e-07 26.3
6.918e-01 2.733e-05 1.377e-06 26.0 8.534e-06 4.445e-07 26.3
7.244e-01 2.669%e-05 1.348e-06 25.8 8.609e-06 4.412e-07 25.9
7.586e-01 2.602e-05 1.329e-06 25.4 8.908e-06 4.456e-07 25.4
7.943e-01 2.629%9e-05 1.326e-06 24.8 9.391e-06 4,527e-07 24.7
8.318e-01 2.791e-05 1.367e-06 24.1 9.948e-06 4.710e-07 24.0
8.710e-01 3.029e-05 1.445e-06 23.4 1.042e-05 4.946e-07 23.2
9.120e-01 3.210e-05 1.474e-06 23.0 1.067e-05 4.971e-07 22.8
9.550e-01 3.200e-05 1.457e-06 23.1 1.055e-05 4.899e-07 22.9
1.000e+00 2.966e-05 1.402e-06 23.6 9.996e~06 4.759%e-07 23.4
1.047e+00 2.628e-05 1.350e-06 24.3 9.112e-06 4.646e-07 24.0
1.097e+00 2.366e-05 1.321e-06 25.0 8.201le-06 4.525e-07 24.8
1.148e+00 2.268e-05 1.272e-06 25.3 7.555e-06 4.277e-07 25.4
1.202e+00 2.315e-05 1.287e-06 25.0 7.364e-06 4.237e-07 25.5
1.259e+00 2.472e-05 1.346e-06 24.0 7.684e-06 4.368e-07 24.8
1.318e+00 2.751e-05 1.500e-06 22.6 8.514e-06 4.750e-07 23.6
1.380e+00 3.169e-05 1.631e-06 20.8 9.880e-06 5.197e-07 21.9
1.445e+00 3.741e-05 1.848e-06 19.0 1.192e-05 6.042e-07 20.0
1.514e+00 4.425e-05 1.952e-06 17.5 1.463e-05 6.288e-07 18.0
1.585e+00 4.983e-05 2.116e-06 16.5 1.713e-05 7.208e-07 16.7
1.660e+00 5.036e-05 2.142e-06 16.1 1.782e-05 7.276e-07 16.1
1.738e+00 4.517e-05 2.002e-06 16.4 1.605e-05 6.909e-07 16.3
1.820e+00 3.754e-05 1.799e-06 17.2 1.299e-05 6.195e-07 17.1
1.906e+00 3.002e-05 1.572e-06 18.4 1.011e-05 5.453e-07 18.2
1.995e+00 2.364e-05 1.316e-06 19.8 8.126e-06 4.542e-07 19.4
2.089e+00 1.957e-05 1.093e-06 21.0 7.052e-06 3.884e-07 20.4
2.188e+00 1.799e-05 1.004e-06 21.9 6.603e-06 3.588e-07 21.0
2.291e+00 1.744e-05 9.540e-07 22.5 6.388e-06 3.397e-07 21.4
2.399e+00 1.694e-05 8.96%e-07 22.7 6.193e-06 3.194e-07 21.7
2.512e+00 1.667e-05 8.860e-07 22.5 6.033e-06 3.140e-07 21.7
2.630e+00 1.706e-05 9.058e-07 21.9 5.987e-06 3.177e-07 21.5
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Table 3.2.7 Continued. (2/2)

Photon Energy Flux at Absolute Window Flux at Absolute Window

[MeV] z=76mm Error (%] z=178mm Error [%]
2.754e+00 1.820e-05 9.391e-07 21.1 6.118e-06 3.243e-07 21.1
2.884e+00 1.990e-05 9.772e-07 20.3 6.442e-06 3.316e-07 20.4
3.020e+00 2.157e-05 1.012e-06 19.5 6.936e-06 3.415e~-07 19.6
3.162e+00 2.266e-05 1.040e-06 19.2 7.589%9e-06 3.560e-07 18.9
3.311e+00 2.303e-05 1.068e-06 19.1 8.282e-06 3.767e-07 18.6
3.467e+00 2.278e-05 1.112e-06 19.3 8.670e-06 3.986e-07 18.7
3.631e+00 2.220e-05 1.068e-06 20.3 8.425e-06 3.856e-07 20.2
3.802e+00 2.194e-05 9.309e-07 21.7 7.623e-06 3.284e-07 21.7
3.981e+00 2.224e-05 1.074e-06 22.7 6.621e-06 3.749e-07 23.2
4.169e+00 2.249e-05 1.269e-06 23.7 5.880e-06 4.493e~-07 24.6
4.365e+00 2.180e-05 1.114e-06 24.9 5.763e-06 3.983e-07 25.7
4.571e+00 1.992e-05 8.269e-07 25.3 6.212e-06 2.924e-07 25.7
4.786e+00 1.758e-05 7.806e-07 25.3 6.625e-06 2.674e-07 25.7
5.012e+00 1.591e-05 7.092e-07 25.5 6.371e-06 2.659e-07 25.7
5.248e+00 1.527e-05 7.194e-07 25.7 5.473e-06 2.909%e-07 25.7
5.495e+00 1.493e-05 7.752e-07 25.7 4.625e-06 3.064e-07 25.7
5.754e+00 1.394e-05 6.603e-07 25.7 4.415e-06 2.740e-07 25.7
6.026e+00 1.240e-05 6.963e-07 25.7 4.604e-06 2.896e-07 25.7
6.310e+00 1.127e-05 6.514e-07 25.7 4.450e-06 2.689%e-07 25.7
6.607e+00 1.091e-05 5.627e-07 25.7 3.682e-06 2.352e-07 25.7
6.918e+00 1.051e-05 6.078e-07 25.7 2.812e-06 2.425e-07 25.7
7.244e+00 9.275e-06 4.867e-07 25.7 2.373e-06 1.937e-07 25.7
7.586e+00 7.528e-06 4.079%e-07 25.7 2.260e-06 1.623e~-07 25.7
7.943e+00 6.079e-06 3.992e-07 25.7 2.077e-06 1.554e-07 25.7
8.318e+00 5.154e-06 3.731e-07 25.7 1.733e-06 1.363e-07 25.7
8.710e+00 4.412e-06 4.063e-07 25.7 1.392e-06 1.227e-07 25.7
9.120e+00 3.629%e-06 4.787e-07 25.7 1.134e-06 1.157e-07 25.7
9.550e+00 2.827e-06 5.159e-07 25.7 9.221e-07 1.129e-07 25.7
1.000e+01 2.054e-06 4.729%e-07 25.7 7.392e-07 1.074e-07 25.7
1.047e+01 1.372e-06 4.043e-07 25.7 6.034e-07 9.629e-08 25.7
1.097e+01 9.282e-07 4.439%e-07 25.7 5.103e-07 8.242e-08 25.7
1.148e+01 8.276e-07 4.787e-07 25.7 4.294e-07 7.031e-08 25.7
1.202e+01 9.513e-07 4.146e-07 25.7 3.365e-07 6.313e-08 25.7
1.259e+01 1.010e-06 3.413e-07 25.7 2.317e-07 5.620e-08 25.7
1.318e+01 8.262e-07 2.659e-07 25.7 1.337e-07 4.241e-08 25.7
1.380e+01 4.914e-07 1.648e-07 25.7 6.174e-08 2.444e-08 25.7
1.445e+01 2.062e-07 7.235e-08 25.7 2.175e-08 1.016e-08 25.7
1.514e+01 5.930e-08 2.156e-08 25.7 5.562e-09 2.925e-09 25.7

Table 3.2.8  Measured gamma-ray heating rates of vanadium in the unit of [Gy / source neutron].

z=0mm Error z=76nm Error z=178nmm Error

Gamma_Heat 7.42E-16 1.51E-16 7.25E-16 6.75E-17 2.23E-16 2.14E-17

Table 3.3.1  Material specification for the iron assembly.

Atomic Density [x10** atoms/cm’]

Fe 0.083490 C 0.000727
Si 0.000249 Mn 0.000716
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Table 3.3.2  Neutron spectra in the iron assembly measured by the NE213 spectrometer in the
unit of [n/ cm®/ lethargy / source]. (1/3)

Neutron Flux at Abs, Window Flux at Abs. Window Flux at Abs. Window
Energy [MeV) z=16mm Error (%] z=41mm Error (%] z=66mm Error (%]
2.0 2.34e-5 2.26e-6 36.1 2.69e-5 1.70e-6 36.1 2.74e-5 1.32e-6 36.1
2.2 2.86e-5 2.28e-6 34.6 3.0le-5 1l.7le-6 34.6 2.85e-5 1.29e-6 34.6
2.4 3.33e-5 2.2le-6 33.2 3.41e-5 1.68e-6 33.2 3.08e-5 1.26e-6 33.2
2.6 3.43e-5 2.12e-6 31.8 3.54e-5 1.63e-6 31.8 3.13e-5 1.23e-6 31.8
2.8 3.22e-5 2.10e-6 30.7 3.38e-5 1.6le-6 30.7 2.95e-5 1.21le-6 30.7
3.0 2.90e-5 2.67e-6 29.7 3.08e-5 1.87e-6 29.7 2.70e-5 1.34e-6 29.7
3.2 2.68e-5 3.24e-6 28.7 2.82e-5 2.17e-6 28.7 2.5le-5 1.5le-6 28.7
3.4 2.54e-5 3.17e-6 27.8 2.63e-5 2.12e-6 27.8 2.38e-5 1.48e-6 27.8
3.6 2.34e-5 2.62e-6 27.0 2.47e-5 1.82e-6 27.0 2.25e-5 1.29e-6 27.0
3.8 2.04e-5 2.21le-6 26.2 2.31le-5 1.59%e-6 26.2 2.10e-5 1.16e-6 26.2
4.0 1.75e~5 2.33e-6 25.4 2.19e-5 1.64e-6 25.4 1.93e-5 1.1%e-6 25.4
4.2 1.58e-5 2.62e-6 24.7 2.10e-5 1.79%e-6 24.7 1.78e-5 1.27e-6 24.7
4.4 1.50e-5 2.74e-6 24.1 1.98e-5 1.84e-6 24.1 1.65e-5 1.28e-6 24.1
4.6 1.39e-5 2.72e-6 23.6 1.76e-5 1.84e-6 23.6 1.53e-5 1.27e-6 23.6
4.8 1.17e-5 2.80e-6 23.0 1.44e-5 1.87e-6 23.0 1.37e-5 1.29%9e-6 23.0
5.0 8.55e-6 2.94e-6 22.5 1.07e-5 1.94e-6 22.5 1.15e-5 1.34e-6 22.5
5.2 5.67e-6 3.05e-6 22.1 7.65e-6 2.00e-6 22.1 9.08e-6 1.38e-6 22.1
5.4 4.42e-6 3.23e-6 21.7 6.18e-6 2.l1lle-6 21.7 7.28e-6 1l.44e-6 21.7
5.6 5.55e-6 3.44e-6 21.3 6.77e-6 2.23e-6 21.3 6.78e-6 1.52e-6 21.3
5.8 8.78e-6 3.56e-6 21.0 9.06e-6 2.29e-6 21.0 7.66e-6 1.56e-6 21.0
6.0 1.29e-5 3.68e-6 20.6 1.19e-5 2.36e-6 20.6 9.42e~-6 1.60e-6 20.6
6.2 1.62e-5 3.96e-6 20.2 1.40e-5 2.53e-6 20.2 1.13e-5 1.70e-6 20.2
6.4 1.76e-5 4.36e-6 19.9 1.45e-5 2.78e-6 19.9 1.24e-5 1.85e-6 19.9
6.6 1.65e-5 4.66e-6 19.5 1.34e-5 2.95e-6 19.5 1.27e-5 1.96e-6 19.5
6.8 1.36e-5 4.74e-6 19.2 1.15e-5 3.0le-6 19.2 1.22e-5 2.00e-6 19.2
7.0 9.67e-6 4.85e-6 18.9 9.76e-6 3.05e-6 18.9 1.12e-5 2.03e-6 18.9
7.2 5.97e-6 5.22e-6 18.6 8.9le-6 3.26e-6 18.6 1.02e-5 2.17e-6 18.6
7.4 3.39e-6 5.82e-6 18.4 8.83e-6 3.62e-6 18.4 9.51e-6 2.38e-6 18.4
7.6 2.16e-6 6.39e-6 18.1 8.86e-6 3.97e-6 18.1 9.2le-6 2.5%9e-6 18.1
7.8 1.85e-6 6.82e-6 17.9 8.25e-6 4.25e-6 17.9 9.09e-6 2.74e-6 17.9
8.0 1.72e-6 7.13e-6 17.7 6.73e-6 4.43e-6 17.7 8.84e-6 2.84e-6 17.7
8.2 1.37e-6 7.46e-6 17.5 4.82e-6 4.60e-6 17.5 8.30e-6 2.95e-6 17.5
8.4 9.76e-7 8.02e-6 17.3 3.44e-6 4.90e-6 17.3 7.53e-6 3.15e-6 17.3
8.6 1.02e-6 8.94e-6 17.1 3.40e-6 5.43e-6 17.1 6.78e-6 3.49%e-6 17.1
8.8 1.78e-6 1.0le-5 16.9 4.84e-6 6.13e-6 16.9 6.26e-6 3.93e-6 16.9
9.0 3.03e-6 1.12e-5 16.7 7.25e-6 6.77e-6 16.7 6.03e-6 4.33e-6 16.7
9.2 4.12e-6 1.19e-5 16.6 9.75e-6 7.16e-6 16.6 5.99e-6 4.58e-6 16.6
9.4 4.43e-6 1.2le-5 16.4 1.14e-5 7.30e-6 16.4 6.00e-6 4.66e-6 16.4
9.6 3.62e-6 1.21le-5 16.2 1.16e-5 7.32e-6 16.2 6.03e-6 4.66e-6 16.2
9.8 1.77e-6 1.23e-5 16.0 9.97e-6 7.41e-6 16.0 6.07e-6 4.70e-6 16.0
10.0 -7.53e-7-7.53e-7 15.8 6.72e-6 7.71le-6 15.8 6.08e-6 4.90e-6 15.8
10.2 -3.53e-6-3.53e-6 15.7 2.35e-6 8.17e-6 15.7 5.87e-6 5.20e-6 15.7
10.4 -6.25e-6-6.25e-6 15.5 -2.39e-6 -2.39%e-6 15.5 5.16e-6 5.46e-6 15.5
10.6 -8.76e-6-8.76e-6 15.3 -6.76e-6 -6.76e-6 15.3 3.70e-6 5.56e-6 15.3
10.8 -1.11e-5-1.11le-5 15.1 -1.02e-5 -1.02e-5 15.1 1.45e-6 5.56e-6 15.1
11.0 -1.31le-5-1.31e-5 14.9 -1.23e-5 -1.23e-5 14.9 -1.38e-6 -1.38e-6 14.9
11.2 -1.44e-5-1.44e-5 14.8 -1.30e-5 -1.30e-5 14.8 -4.22e-6 -4.22e-6 14.8
11.4 -1.44e-5-1.44e-5 14.6 -1.22e-5 -1.22e-5 14.6 -6.34e-6 -6.34e-6 14.6
11.6 -1.23e-5-1.23e-5 14.5 -1.00e-5 -1.00e-5 14.5 -6.98e-6 -6.98e-6 14.5
11.8 -7.48e-6-7.48e-6 14.4 -6.86e-6 -6.86e-6 14.4 -5.63e-6 -5.63e-6 14.4
12.0 -4.12e-7-4.12e-7 14.4 -3.17e-6 -3.17e-6 14.4 -2.26e-6 -2.26e-6 14 .4
12.2 7.78e-6 2.0le-5 14.4 5.12e-7 1.21e-5 14.4 2.74e-6 7.61le-6 14.4
12.4 1.6le-5 2.15e-5 14.4 4.15e-6 1.31e-5 14.4 8.82e-6 8.23e-6 14.4
12.6 2.54e-5 2.20e-5 14.4 8.88e-6 1.34e-5 14.4 1.58e-5 8.50e-6 14.4
12.8 3.95e-5 2.18e-5 14.4 1.76e-5 1.32e-5 14.4 2.46e-5 8.50e-6 14.4
13.0 6.60e-5 2.25e-5 14.4 3.50e-5 1.36e-5 14.4 3.73e-5 8.73e-6 14.4
13.2 1.15e-4 2.5le-5 14.4 6.68e-5 1.5le-5 14.4 5.67e-5 9.5%e-6 14.4
13.4 1.95e-4 2.85e-5 14.4 1.18e-4 1.71le-5 14 .4 8.57e-5 1.07e-5 14.4
13.6 3.11le-4 3.12e-5 14.4 1.90e-4 1.88e-5 14.4 1.26e-4 1.17e-5 14.4
13.8 4.6le-4 3.32e-5 14.4 2.82e-4 2.02e-5 14.4 1.76e-4 1.25e-5 14.4
14.0 6.32e-4 3.63e-5 14.4 3.87e-4 2.22e-5 14.4 2.34e-4 1.40e-5 14.4
14,2 8.05e-4 4.l6e-5 14.4 4.92e-4 2.55e-5 14.4 2.92e-4 1.65e-5 14.4
14 .4 9.58e-4 4.77e-5 14.4 5.85e-4 2.95e-5 14.4 3.43e-4 1.94e-5 14.4
14.6 1.07e-3 5.2le-5 14 .4 6.53e-4 3.20e-5 14.4 3.8le-4 2.14e-5 14.4
14.8 1.13e-3 5.18e-5 14.4 6.87e-4 3.18e-5 14.4 4.0le-4 2.13e-5 14 .4
15.0 1.13e-3 4.63e-5 14.0 6.85e-4 2.85e-5 14.1 4.02e-4 1.91e-5 14.3
15.2 1.07e-3 3.64e-5 13.0 6.47e-4 2.24e-5 13.1 3.83e-4 1.5le-5 13.4
15.4 9.66e-4 2.47e-5 12.2 5.83e-4 1.51le-5 12.2 3.50e-4 1.00e-5 12.5
15.6 8.34e-4 1.6le-5 12.2 5.02e-4 9.85e-6 12.2 3.06e-4 6.06e-6 12.5
15.8 6.91le-4 1.71le-5 12.2 4,.15e-4 1.04e-5 12.2 2.59e-4 6.35e-6 12.5
16.0 5.55e-4 2.27e-5 12.5 3.32e-4 1.39e-5 12.6 2.12e-4 8.87e-6 12.6
16.2 4.36e-4 2.66e-5 13.5 2.59e-4 1.64e-5 13.5 1.71e-4 1.08e-5 13.6
16.4 3.39e-4 2.76e-5 14.4 2.00e-4 1.70e-5 14.4 1.36e-4 1.14e-5 14.4
16.6 2.66e-4 2.60e-5 14.4 1.56e-4 1.60e-5 14.4 1.08e-4 1.08e-5 14.4
16.8 2.14e-4 2.26e-5 14.4 1.24e-4 1.40e-5 14.4 8.72e-5 9.54e-6 14.4
17.0 1.78e-4 1.85e-5 14.4 1.03e-4 1.1l4e-5 14.4 7.19e-5 7.8%e-6 14 .4
17.2 1.53e-4 1.44e-5 14.4 8.80e-5 8.90e-6 14.4 6.06e-5 6.19%e-6 14.4
17.4 1.34e-4 1.08e-5 14.4 7.7le-5 6.67e-6 14.4 5.19e-5 4.66e-6 14.4
17.6 1.18e-4 7.84e-6 14.4 6.81e-5 4.85e-6 14.4 4.48e-5 3.42e-6 14.4
17.8 1.03e-4 5.62e-6 14.4 5.97e-5 3.48e-6 14.4 3.83e-5 2.46e-6 14.4
18.0 8.76e-5 4.02e-6 14.4 5.14e-5 2.48e-6 14.4 3.23e-5 1.75e-6 14.4




JAERI-Data/Code 98-021

Table 3.3.2  Continued. (2/3)

Neutron Flux at Abs, Window Flux at Abs. Window Flux at Abs. Window
Energy [MeV]| z=11l6mm Error [%] z=216mm Exrror [%] z=316mm Error [%]
2.0 1.78e-1 6.88e-3 36.1 5.02e-3 1.76e-4 35.0 1.52e-4 4.94e-6 32.0
2.2 1.78e~1 6.56e-3 34.6 4.75e-3 1.55e-4 34.1 1.43e-4 4.32e-6 31.1
2.4 1.83e-1 6.28e-3 33.2 4.64e-3 1.43e-4 33.1 1.26e-4 3.79e-6 30.7
2.6 1.79e-1 6.11e-3 31.8 4.41e-3 1.34e-4 31.8 1.08e-4 3.27e-6 30.1
2.8 1.67e-1 5.93e-3 30.7 4.0le-3 1.28e-4 30.7 9.27e-5 2.98e-6 29.6
3.0 1.54e-1 6.20e-3 29.7 3.62e-3 1.28e-4 29.7 8.10e-5 2.82e-6 29.3
3.2 1.44e-1 6.65e-3 28.7 3.33e-3 1l.3le-4 28.7 7.28e-5 2.73e-6 28.7
3.4 1.35e-1 6.51le-3 27.8 3.14e-3 1.27e-4 27.8 6.70e-5 2.6le-6 27.8
3.6 1.26e-1 5.85e-3 27.0 2.94e-3 1.18e-4 27.0 6.22e-5 2.40e-6 27.0
3.8 1.15e-1 5.39%e-3 26.2 2.73e-3 1.10e-4 26.2 5.80e-5 2.24e-6 26.2
4.0 1.04e-1 5.41e-3 25.4 2.52e-3 1.08e-4 25.4 5.46e-5 2.18e-6 25.4
4.2 9.47e-2 5.60e-3 24.7 2.33e-3 1.0%9e-4 24.7 5.18e-5 2.19e-6 24.7
4.4 8.8le-2 5.66e-3 24.1 2.15e-3 1.10e-4 24.1 4.88e-5 2.19%9e-6 24.1
4.6 8.20e-2 5.66e-3 23.6 1.97e-3 1.10e-4 23.6 4.5le-5 2.18e-6 23.6
4.8 7.46e-2 5.76e-3 23.0 1.79e-3 1l.1lle-4 23.0 4.04e-5 2.18e-6 23.0
5.0 6.6le-2 5.92e-3 22.5 1.6le-3 1.12e-4 22.5 3.54e-5 2.20e-6 22.5
5.2 5.87e-2 6.02e-3 22.1 1.48e-3 1.14e-4 22.1 3.10e-5 2.23e-6 22.1
5.4 5.47e-2 6.23e-3 21.7 1.39e-3 1.17e-4 21.7 2.79e-5 2.28e-6 21.7
5.6 5.45e-2 6.55e-3 21.3 1.37e-3 1.21le-4 21.3 2.68e-5 2.36e-6 21.3
5.8 5.73e-2 6.69%e-3 21.0 1.40e-3 1.23e-4 21.0 2.77e-5 2.3%e-6 21.0
6.0 6.17e-2 6.79e-3 20.6 1.46e-3 1.24e-4 20.6 2.97e-5 2.42e-6 20.6
6.2 6.54e-2 7.08e-3 20.2 1.52e-3 1.28e-4 20.2 3.15e-5 2.50e-6 20.2
6.4 6.64e-2 7.63e-3 19.9 1.54e-3 1.35e-4 19.9 3.20e-5 2.64e-6 19.9
6.6 6.35e-2 8.12e-3 19.5 1.48e-3 1.43e-4 19.5 3.09e-5 2.76e-6 19.5
6.8 5.7le-2 8.23e-3 19.2 1.36e-3 1.45e-4 19.2 2.88e-5 2.80e-6 19.2
7.0 4.93e-2 8.33e-3 18.9 1.19e-3 1.47e-4 18.9 2.65e-5 2.82e-6 18.9
7.2 4.24e-2 8.83e-3 18.6 1.0le-3 1.55e-4 18.6 2.48e-5 2.95e-6 18.6
7.4 3.81le-2 9.67e-3 18.4 8.69e-4 1.67e-4 18.4 2.38e-5 3.19e-6 18.4
7.6 3.65e-2 1.05e-2 18.1 7.80e-4 1.8le-4 18.1 2.34e-5 3.42e-6 18.1
7.8 3,70e-2 1l.1le-2 17.9 7.35e-4 1.92e-4 17.9 2.30e-5 3.59%9e-6 17.9
8.0 3.82e-2 1.15e-2 17.7 7.17e-4 1.98e-4 17.7 2.24e-5 3.70e-6 17.7
8.2 3.93e-2 1.1%e-2 17.5 7.12e-4 2.05e-4 17.5 2.17e-5 3.80e-6 17.5
8.4 3.98e-2 1.27e-2 17.3 7.21le-4 2.17e-4 17.3 2.1le-5 4.0le-6 17.3
8.6 3.97e-2 1.40e-2 17.1 7.47e-4 2.39e-4 17.1 2.08e-5 4.4le-6 17.1
8.8 3.95e-2 1.57e-2 16.9 7.92e-4 2.68e-4 16.9 2.07e-5 4.91e-6 16.9
9.0 3.95e-2 1.72e-2 16.7 8.47e-4 2.93e-4 16.7 2.07e-5 5.36e-6 16.7
9.2 4.00e-2 1.82e-2 16.6 9.0le-4 3.08e-4 16.6 2.07e-5 5.63e-6 16.6
9.4 4.04e-2 1.85e-2 16.4 9.42e-4 3.12e-4 16.4 2.05e-5 5.72e-6 16.4
9.6 4.03e-2 1.86e-2 16.2 9.59e-4 3.12e-4 16.2 2.02e-5 ©5.72e-6 16.2
9.8 3.91le-2 1.87e-2 16.0 9.48e-4 3.16e-4 16.0 1.98e-5 5.78e-6 16.0
10.0 3.70e-2 1.94e-2 15.8 9.06e-4 3.30e-4 15.8 1.92e-5 5.99e-6 15.8
10.2 3.41e-2 2.05e-2 15.7 8.37e-4 3.49%e-4 15.7 1.82e-5 6.33e-6 15.7
10.4 3.02e-2 2.1l4e-2 15.5 7.56e-4 3.64e-4 15.5 1.68e-5 6.62e-6 15.5
10.6 2.47e-2 2.19e-2 15.3 6.80e-4 3.67e-4 15.3 1.48e-5 6.72e-6 15.3
10.8 1.68e-2 2.19e-2 15.1 6.21le-4 3.64e-4 15.1 1.25e-5 6.67e-6 15.1
11.0 6.67e-3 2.18e-2 14.9 5.80e-4 3.60e-4 14.9 1.02e-5 6.59e-6 14.9
11.2 -3.92e-3 -3.92e-3 14.8 5.49e-4 3.6le-4 14.8 8.59e-6 6.56e-6 14.8
11.4 -1.24e-2 -1.24e-2 14.6 5.14e-4 3.67e-4 14.6 8.34e-6 6.62e-6 14.6
11.6 -1.60e-2 -1.60e-2 14.5 4.72e-4 3.80e-4 14.5 1.00e-5 6.82e-6 14.5
11.8 -1.33e-2 -1.33e-2 14 .4 4.33e-4 4.05e-4 14.4 1.37e-5 7.24e-6 14.4
12.0 -4.1le-3 -4.11e-3 14.4 4.24e-4 4.45e-4 14.4 1.90e-5 7.90e-6 14.4
12.2 1.09e-2 2.99%e-2 14.4 4.84e-4 4.94e-4 14.4 2.52e-5 8.72e-6 14.4
12.4 3.19e-2 3.23e-2 14.4 6.67e-4 5.32e-4 14.4 3.18e-5 9.39e-6 14.4
12.6 6.10e-2 3.30e-2 14.4 1.05e-3 5.44e-4 14 .4 3.88e-5 9.68e-6 14.4
12.8 1.03e-1 3.28e-2 14.4 1.73e-3 5.40e-4 14.4 4.78e-5 9.67e-6 14.4
13.0 1.67e-1 3.36e-2 14.4 2.84e-3 5.51le-4 14.4 6.17e-5 9.93e-6 14.4
13.2 2.60e-1 3.71le-2 14.4 4.50e-3 6.06e-4 14.4 8.42e-5 1.08e-5 14.4
13.4 3.91le-1 4.18e-2 14.4 6.80e-3 6.82e-4 14.4 1.18e-4 1.19%e-5 14.4
13.6 5.59e-1 4.56e-2 14.4 9.74e-3 7.44e-4 14.4 1.66e-4 1.29e-5 14.4
13.8 7.60e-1 4.89%e-2 14.4 1.32e-2 8.00e-4 14.4 2.25e-4 1.39e-5 14.4
14.0 9.78e~1 5.44e-2 14.4 1.69e-2 8.97e-4 14.4 2.92e-4 1.59e-5 14.4
14.2 1.19e+0 6.35e-2 14 .4 2.04e-2 1.06e-3 14.4 3.57e-4 1.91e-5 14.4
14 .4 1.38e+0 7.48e-2 14 .4 2.33e-2 1.25e-3 14.4 4.13e-4 2.27e-5 14.4
14.6 1.51le+0 8.20e-2 14 .4 2.52e-2 1.38e-3 14 .4 4.52e-4 2.51le-5 14.4
14.8 1.57e+0 8.20e-2 14.4 2.59%e-2 1.39e-3 14.4 4.67e~4 2.52e-5 14 .4
15.0 1.55e+0 7.34e-2 14.3 2.53e-2 1.24e-3 14.4 4.57e-4 2.26e-5 14 .4
15.2 1.47e+0 5.75e-2 13.4 2.36e-2 9.72e-4 13.5 4.25e-4 1.77e-5 13.5
15.4 1.32e+0 3.88e-2 12.6 2.09e-2 6.50e-4 12.8 3.76e-4 1.16e-5 12.8
15.6 1.15e+0 2.32e-2 12.6 1.78e-2 3.75e-4 12.8 3.17e-4 6.57e-6 12.8
15.8 9.53e-1 2.38e-2 12.6 1.46e-2 3.76e-4 12.8 2.56e-4 6.87e-6 12.8
16.0 7.70e-1 3.37e-2 12.6 1.16e~-2 5.50e-4 12.8 1.99%e-4 1.02e-5 12.8
16.2 6.08e-1 4.10e-2 13.6 8.98e-3 6.85e-4 13.7 1.51e-4 1.26e-5 13.7
16.4 4.78e-1 4.35e-2 14.4 6.95e-3 7.34e-4 14.4 1.14e-4 1.35e-5 14.4
16.6 3.78e-1 4.1l6e-2 14 .4 5.45e-3 7.10e-4 14.4 8.64e-5 1.30e-5 14.4
16.8 3.07e-1 3.68e-2 14.4 4.40e-3 6.3le-4 14.4 6.7%e-5 1.15e-5 14.4
17.0 2.57e-1 3.05e-2 14.4 3.70e-3 5.28e-4 14.4 5.5%9e-5 9.58e-6 14.4
17.2 2.21le-1 2.40e-2 14.4 3.22e-3 4.18e-4 14.4 4.82e-5 7.57e-6 14.4
17.4 1.94e-1 1.8le-2 14.4 2.86e-3 3.16e-4 14.4 4.27e-5 5.74e-6 14.4
17.6 1.71le-1 1.33e-2 14.4 2.55e-3 2.32e-4 14.4 3.82e-5 4.2le-6 14.4
17.8 1.48e-1 9.52e-3 14.4 2.26e~-3 1l.66e-4 14.4 3.39e-5 3.03e-6 14.4
18.0 1.26e-1 6.79%9e-3 14.4 1.95e-3 1.18e-4 14.4 2.94e-5 2.1l6e-6 14.4




JAERI-Data/Code 98-021

Table 3.3.2  Continued. (3/3)

Neutron Flux at Abs, Window Flux at Abs. Window Flux at Abs. Window
Energy [MeV]| z=416mm Errorxr [%] z=516mm Error [%] z=716mm Error [%]
2.0 5.00e-6 1l.46e-7 29.5 1.17e-6 2.84e-8 27.9 3.91e-8 1.33e-9 28.8
2.2 4.68e-6 1.32e-7 28.8 1.07e-6 2.69e-8 27.1 3.06e-8 9.43-10 29.6
2.4 3.49e-6 1.04e-7 28.6 6.03e-7 1.75e-8 26.9 2.17e-8 6.69-10 30.1
2.6 2.62e-6 8.27e-8 28.7 3.76e-17 1.29%e-8 27.8 1.60e-8 5.30-10 30.3
2.8 2.17e-6 7.27e-8 29.0 3.18e-7 1.13e-8 28.6 1.25e-8 4.69-10 30.3
3.0 1.90e-6 6.56e-8 29.2 2.8le-7 9.97e-9 29.2 1.00e-8 5.04-10 29.7
3.2 1.74e-6 6.06e-8 28.7 2.6le-7 8.76e-9 28.7 8.92e-9 5.74-10 28.7
3.4 1.64e-6 5.66e-8 27.8 2.50e-7 8.04e-9 27.8 8.85e-9 5.75-10 27.8
3.6 1.52e-6 5.20e-8 27.0 2.38e-7 7.44e-9 27.0 9.05e-9 5.16-10 27.0
3.8 1.38e-6 4.85e-8 26.2 2.25e-7 6.93e-9 26.2 9.20e-9 4.73-10 26.2
4.0 1.25e-6 4.65e-8 25.4 2.13e-7 6.58e-9 25.4 9.30e-9 5.12-10 25.4
4.2 1.14e-6 4.59e-8 24.7 1.99e-7 6.3%e-9 24.7 9.36e-9 5.66-10 24.7
4.4 1.05e-6 4.57e-8 24.1 1.83e-7 6.20e-9 24.1 9.31le-9 5.81-10 24.1
4.6 9.6%9e-7 4.54e-8 23.6 1.66e-7 6.03e-9 23.6 9.04e-9 5.67-10 23.6
4.8 9.04e-7 4.55e-8 23.0 1.51e-7 5.94e-9 23.0 8.57e-9 5.63-10 23.0
5.0 8.48e-7 4.57e-8 22.5 1.40e-7 5.85e-9 22.5 7.94e-9 5.83-10 22.5
5.2 7.97e-7 4.58e-8 22.1 1.32e-7 5.72e-9 22.1 7.21le-9 6.05-10 22.1
5.4 7.56e-7 4.66e-8 21.7 1.27e-7 5.69e-9 21.7 6.53e-9 6.27-10 21.7
5.6 7.25e-7 4.77e-8 21.3 1.23e-7 5.72e-9 21.3 6.09e-9 6.44-10 21.3
5.8 7.04e-7 4.84e-8 21.0 1.20e-7 5.72e-9 21.0 6.01le-9 6.45-10 21.0
6.0 6.89e-7 4.87e-8 20.6 1.15e-7 5.66e-9 20.6 6.21e-9 6.49-10 20.6
6.2 6.76e-7 4.97e-8 20.2 1.09e-7 5.5%e-9 20.2 6.36e-9 6.74-10 20.2
6.4 6.60e-7 5.20e-8 19.9 1.0le-7 5.70e-9 19.9 6.18e-9 7.13-10 19.9
6.6 6.42e-7 5.4le-8 19.5 9.36e-8 5.8le-9 19.5 5.53e-9 7.45-10 19.5
6.8 6.20e-7 5.47e-8 19.2 8.54e-8 5.92e-9 19.2 4.56e-9 7.56-10 19.2
7.0 5.93e-7 5.50e-8 18.9 7.77e-8 5.89e-9 18.9 3.52e-9 7.67-10 18.9
7.2 5.59e-7 5.78e-8 18.6 7.14e-8 6.10e-9 18.6 2.72e-9 8.09-10 18.6
7.4 5.19e-7 6.23e-8 18.4 6.70e-8 6.46e-9 18.4 2.37e-9 8.77-10 18.4
7.6 4.81le-7 6.66e-8 18.1 6.42e-8 6.85e-9 18.1 2.46e-9 9.47-10 18.1
7.8 4.50e-7 6.93e-8 17.9 6.18e-8 7.16e~9 17.9 2.85e-9 1.0le-9 17.9
8.0 4.30e-7 7.10e-8 17.7 5.91le-8 7.37e-9 17.7 3.27e-9 1.05e-9 17.7
8.2 4.19e-7 7.33e-8 17.5 5.60e-8 7.53e-9 17.5 3.57e-9 1.08e-9 17.5
8.4 4.14e-7 7.76e-8 17.3 5.35e-8 7.86e-9 17.3 3.73e-9 1.09e-9 17.3
8.6 4.17e~-7 8.50e-8 17.1 5.24e-8 8.52e-9 17.1 3.82e-9 1.12e-9 17.1
8.8 4.,26e-7 9.41e-8 16.9 5.33e-8 9.42e-9 16.9 3.90e-9 1.21le-9 16.9
9.0 4.43e-7 1.02e-7 16.7 5.55e-8 1.02e-8 16.7 3.90e-9 1.34e-9 16.7
9.2 4.64e-7 1.07e-7 16.6 5.79%e-8 1.07e-8 16.6 3.74e-9 1.45e-~-9 16.6
9.4 4.8le-7 1.09e-7 16.4 5.94e-8 1.07e-8 16.4 3.37e-9 1.49e-9 16.4
9.6 4.89e-7 1.09%e-7 16.2 5.93e-8 1.08e-8 16.2 2.87e-9 1.48e-9 16.2
9.8 4.85e-7 1l.1lle-7 16.0 5.78e-8 1.09e-8 16.0 2.41e-9 1.46e-9 16.0
10.0 4.73e-7 1.15e-7 15.8 5.53e-8 1.14e-8 15.8 2.13e-9 1.47e-9 15.8
10.2 4.58e-7 1l.21e-7 15.7 5.28e-8 1.19e-8 15.7 2.12e-9 1.51e-9 15.7
10.4 4.43e-7 1.26e-7 15.5 5.07e-8 1.24e-8 15.5 2.38e-9 1.57e-9 15.5
10.6 4.31le-7 1.26e-7 15.3 4.90e-8 1.24e-8 15.3 2.81le-9 1.62e-9 15.3
10.8 4.20e-7 1.25e-7 15.1 4.76e-8 1.22e-8 15.1 3.29e-9 1.67e-9 15.1
11.0 4,09e-7 1.23e-7 14.9 4.62e-8 1.20e-8 14.9 3.67e-9 1.73e-9 14.9
11.2 3.99e-7 1.22e-7 14.8 4.47e-8 1.20e-8 14.8 3.81e-9 1.80e-9 14.8
11.4 3.96e-7 1l.24e-7 14.6 4.31le-8 1.20e-8 14.6 3.69%9e-9 1.86e-9 14.6
11.6 4.09e-7 1.27e-7 14.5 4.18e-8 1.24e-8 14.5 3.38e-9 1.94e-9 14.5
11.8 4.44e-7 1.35e-7 14.4 4.07e-8 1.31e-8 14.4 3.04e-9 2.07e-9 14.4
12.0 5.03e-7 1.47e-7 14.4 4.00e-8 1.44e-8 14.4 2.86e-9 2.2%e-9 14.4
12.2 5.83e-7 1.62e-7 14.4 4.02e-8 1.59e-8 14.4 2.95e-9 2.5%e-9 14.4
12.4 6.86e-7 1.74e-7 14.4 4.25e-8 1.71e-8 14.4 3.34e-9 2.89e-9 14.4
12.6 8.23e-7 1.77e-7 14.4 4.95e-8 1.75e-8 14.4 4.01le-9 3.11le-9 14.4
12.8 1.02e-6 1.,74e-7 14 .4 6.51le-8 1.72e-8 14.4 5.00e-9 3.26e-9 14.4
13.0 1.33e-6 1.77e-7 14.4 9.41e-8 1.75e-8 14.4 6.44e-9 3.41le-9 14.4
13.2 1.80e-6 1.96e-7 14.4 1.41e-7 1.93e-8 14.4 8.54e-9 3.62e-9 14.4
13.4 2.44e-6 2.22e-7 14.4 2.09e-7 2.18e-8 14.4 1.15e-8 3.76e-9 14.4
13.6 3.27e-6 2.44e-7 14.4 2.99e-7 2.39%9e-8 14.4 1.55e-8 3.79%e-9 14.4
13.8 4.24e-6 2.61le-7 14.4 4,05e-7 2.58e-8 14.4 2.03e-8 4.16e-9 14.4
14.0 5.26e-6 2.90e-7 14.4 5.19e-7 2.88e-8 14.4 2.56e-8 5.20e-9 14.4
14.2 6.2le-6 3.38e-7 14.4 6.28e-7 3.39e-8 14.4 3.07e-8 6.84e-9 14.4
14.4 7.00e-6 3.94e-7 14.4 7.20e-7 3.96e-8 14.4 3.50e-8 B8.54e-9 14.4
14.6 7.51e-6 4.33e-7 14.4 7.83e-7 4.36e-8 14.4 3.78e-8 9.7le-9 14.4
14.8 7.70e-6 4.34e-7 14.4 8.09e-7 4.37e-8 14.4 3.88e-8 9.94e-9 14.4
15.0 7.55e-6 3.90e-7 14.4 7.96e-7 3.92e-8 14.4 3.78e-8 9.09%e-9 14.4
15.2 7.10e-6 3.07e-7 13.5 7.48e-7 3.08e-8 13.5 3.52e-8 7.28e-9 14.4
15.4 6.43e-6 2.03e-7 12.7 6.72e-7 2.04e-8 12.7 3.13e-8 4.88e-9 14.4
15.6 5.62e-6 1.18e-7 12.7 5.80e-7 1.20e-8 12.7 2.67e-8 2.59%e-9 14.4
15.8 4.75e-6 1.20e-7 12.7 4.83e-7 1.23e-8 12.7 2.21e-8 2.15e-9 14.4
16.0 3.93e-6 1.74e-7 12.7 3.91e-7 1.78e-8 12.7 1.77e-8 3.54e-9 14.4
16.2 3.1%e-6 2.l6e-7 13.6 3.10e-7 2.19e-8 13.7 1.40e-8 4.73e-9 14.4
16.4 2.58e-6 2.32e-7 14.4 2.44e-7 2.35e-8 14.4 1.10e-8 5.31e-9 14.4
16.6 2.09e-6 2.23e-7 14.4 1.94e-7 2.25e-8 14.4 8.62e-9 5.32e-9 14.4
16.8 1.73e-6 1.98e-7 14.4 1.58e-7 1.9%e-8 14.4 6.82e-9 4.90e-9 14.4
17.0 1.45e-6 1.65e-7 14.4 1.33e-7 1.66e-8 14.4 5.43e-9 4.21e-9 14.4
17.2 1.24e-6 1.31le-7 14.4 1.15e-7 1.31e-8 14.4 4.33e-9 3.43e-9 14.4
17.4 1.07e-6 9.92e-8 14.4 1.0le-7 9.88e-9 14.4 3.43e-9 2.65e-9 14.4
17.6 9.17e-7 7.29e-8 14.4 8.96e-8 7.22e-9 14.4 2.67e-9 1.96e-9 14.4
17.8 7.80e-7 5.23e-8 14.4 7.86e-8 5.17e-9 14.4 2.03e-9 1.38e-9 14.4
18.0 6.51e-7 3.7le-8 14.4 6.77e-8 3.67e-9 14.4 1.50e-9 9.32-10 14.4
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Table 3.3.3 Neutron spectra in the iron assembly measured by the PRC in the unit of [n / cm’®
/ lethargy / source]. (1/4)

Neutron Flux at Absolute Neutron Flux at Absolute Neutron Flux at Absolute

Energy 2z=110mm Exror Energy 2z=210mm Error Energy z=310mm Error

[MeV] {MeV] {MeV]
3.09e-03 5.94e-02 1.68e-02 3.05e-03 1.79e-03 1.01e-03 3.01le-03 1.02e-04 6.19e-05
3.23e-03 1.90e-02 1.60e-02 3.18e-03 3.48e-03 9.65e-04 3.14e-03 2.32e-04 5.95e-05
3.37e-03 9.48e-03 1.56e-02 3.32e-03 2.74e-03 9.39%e-04 3.27e-03 2.21e-04 5.79e-05
3.51e-03 3.37e-02 1.52e-02 3.46e-03 3.44e-03 8.92e-04 3.42e-03 1.48e-04 5.53e-05
3.67e-03 5.32e-02 1.48e-02 3.62e-03 1.62e-03 8.81le-04 3.56e-03 1.99e-04 5.42e-05
3.83e-03 9.96e-03 1.44e-02 3.78e-03 1.90e-03 8.50e-04 3.72e-03 1.84e-04 5.29e-05
4.00e-03 2.74e-02 1.41e-02 3.94e-03 2.58e-03 8.40e-04 3.8%e-03 1.20e-04 5.18e-05
4.18e-03 3.18e-02 1.3Be-02 4.12e-03 2.10e-03 8.22e-04 4.06e-03 2.25e-04 5.06e-05
4.36e-03 3.83e-02 1.36e-02 4.30e-03 3.07e-03 8.0%e-04 4.24e-03 2.23e-04 4.97e-05
4.56e-03 2.67e-02 1.33e-02 4.49%9e-03 2.00e-03 7.93e-04 4.43e-03 2.20e-04 4.87e-05
4.76e-03 2.53e-02 1.32e-02 4.69e-03 2.73e-03 7.81le-04 4.62e-03 2.17e-04 4.81le-05
4.98e-03 3.7le-02 1.29e-02 4.90e-03 3.33e-03 7.72e-04 4.83e-03 2.50e-04 4.72e-05
5.20e-03 4.32e-02 1.28e-02 5.12e-03 2.34e-03 7.61le-04 5.05e-03 2.26e-04 4.67e-05
5.44e-03 4.0le-02 1.25e-02 5.36e-03 2.08e-03 7.52e-04 5.28e-03 2.15e-04 4.5%e-05
5.68e-03 3.18e-02 1.25e-02 5.60e-03 3.63e-03 7.45e-04 5.52e-03 1.77e-04 4.56e-05
5.94e-03 2.25e-02 1.24e-02 5.85e-03 2.69e-03 7.39%9e-04 5.77e-03 2.41e-04 4.50e-05
6.21le-03 3.17e-02 1.23e-02 6.12e-03 2.19%e-03 7.34e-04 6.03e-03 2.25e-04 4.48e-05
6.49e-03 3.21e-02 1.23e-02 6.40e-03 2.58e-03 7.27e-04 6.30e-03 1.69e-04 4.45e-05
6.79e-03 7.75e-03 1.23e-02 6.69e-03 1.83e-03 7.27e-04 6.59e-03 1.14e-04 4.44e-05
7.10e-03 2.39e-02 1.22e-02 7.00e-03 8.84e-04 7.26e-04 6.89e-03 1.48e-04 4.43e-05
7.43e-03 2.54e-02 1.23e-02 7.32e-03 1.37e-03 7.25e-04 7.21e-03 1.04e-04 4.43e-05
7.77e-03 1.39%9e-02 1.23e-02 7.66e-03 6.65e-04 7.30e-04 7.54e-03 6.40e-05 4.45e-05
8.13e-03 3.64e-02 1.24e-02 8.0le-03 1.70e-03 7.38e-04 7.89e-03 8.00e-05 4.4%e-05
8.51e~-03 2.94e-02 1.26e-02 8.38e-03 1.92e-03 7.52e-04 8.25e-03 1.73e-04 4.56e-05
8.90e-03 3.52e-02 1.28e-02 8.77e-03 2.56e-03 7.61le-04 8.64e-03 1.64e-04 4.64e-05
9,31e-03 5.42e-02 1.29e-02 9.17e-03 3.90e-03 7.78e-04 9.04e-03 2.41e-04 4.71le-05
9,.74e-03 4.13e-02 1.31le-02 9.60e-03 3.38e-03 7.83e-04 9.46e-03 2.98e-04 4.78e-05
1.02e-02 3.80e-02 1.33e-02 1.00e-02 3.0l1le-03 7.97e-04 9.89e-03 2.41e-04 4.84e-05
1.07e-02 2.44e-02 1.35e-02 1.05e-02 4.12e-03 8.05e-04 1.04e-02 3.93e-04 4.89%e-05
1.12e-02 2.46e-02 1.37e-02 1.10e-02 4.48e-03 8.17e-04 1.08e-02 3.56e-04 4.95e-05
1.17e-02 6.72e-02 1.39%e-02 1.15e-02 4.94e-03 8.28e-04 1.13e-02 3.35e-04 5.01le-05
1.22e-02 4.5%9e-02 1.4l1le-02 1.21e-02 4.40e-03 8.35e-04 1.19e-02 3.96e-04 5.07e-05
1.28e-02 5.78e-02 1.43e-02 1.26e-02 4.93e-03 8.47e-04 1.24e-02 3.30e-04 5.14e-05
1.34e-02 4.90e-02 1.44e-02 1.32e-02 4.80e-03 8.58e-04 1.30e-02 3.8le-04 5.20e-05
1.40e-02 4.60e-02 1.47e-02 1.38e-02 4.86e-03 8.70e-04 1.36e-02 4.57e-04 5.28e-05
1.47e-02 4.79e-02 1.49e-02 1.45e-02 3.88e-03 8.80e-04 1.43e-02 4.41e-04 5.33e-05
1.54e-02 8.00e-02 1.51e-02 1.52e-02 5.44e-03 8.92e-04 1.49e-02 4.50e-04 5.41e-05
1.61le-02 6.22e-02 1.53e-02 1.59e-02 6.12e-03 9.07e-04 1.56e-02 4.92e-04 5.47e-05
1.69e-02 7.98e-02 1.55e-02 1.66e-02 5.62e-03 9.16e-04 1.64e-02 5.27e-04 5.54e-05
1.77e-02 6.34e-02 1.57e-02 1.74e-02 5.70e-03 9.32e-04 1.71e-02 3.95e-04 5.61le-05
1.85e-02 6.09e-02 1.59e-02 1.82e-02 7.00e-03 9.42e-04 1.79e-02 5.6%e-04 5.68e-05
1.94e-02 7.79e-02 1l.61e-02 1.91e-02 8.05e-03 9.55e-04 1.88e-02 7.08e-04 5.76e-05
2.03e-02 8.83e-02 1.63e-02 2.00e-02 8.83e-03 9.61e-04 1.97e-02 7.36e-04 5.78e-05
2.13e-02 1.37e-01 1.65e-02 2.0%9e-02 1.04e-02 9.72e-04 2.06e-02 9.61e-04 5.81le-05
2.23e-02 1.58e-01 1.65e-02 2.19e-02 1.43e-02 9.72e-04 2.16e-02 1.23e-03 5.81le-05
2.33e-02 2.41e-01 1.64e-02 2.30e-02 2.20e-02 9.70e-04 2.26e-02 1.75e-03 5.75e-05
2.44e-02 2.78e-01 1.63e-02 2.40e-02 2.49%e-02 9.52e-04 2.37e-02 2.11e-03 5.62e-05
2.56e-02 2.14e-01 1.61e-02 2.52e-02 2.23e-02 9.37e-04 2.48e-02 1.95e-03 5.46e-05
2.68e-02 8.93e-02 1.62e-02 2.64e-02 1.43e-02 9.22e-04 2.60e-02 1.25e-03 5.37e-05
2.81e-02 4.45e-02 1.63e-02 2.76e-02 6.40e-03 9.30e-04 2.72e-02 6.53e-04 5.37e-05
2.94e-02 5.33e-02 1.68e-02 2.8%e-02 1.34e-03 9.45e-04 2.85e-02 2.68e-04 5.43e-05
3,08e-02 3.69e-02 1.71e-02 3.03e-02 2.71le-03 9.72e-04 2.99e-02 1.47e-04 5.55e-05
3.23e-02 5.55e-02 1.75e-02 3.18e-02 3.41e-03 9.91e-04 3.13e-02 3.44e-04 5.67e-05
3.38e-02 5.80e-02 1.79e-02 3.33e-02 5.39e-03 1.01le-03 3.28e-02 2.97e-04 5.8le-05
3.54e-02 7.22e-02 1.82e-02 3.49e-02 4.43e-03 1.04e-03 3.43e-02 3.96e-04 5.90e-05
3.71e-02 1.33e-01 1.86e-02 3.65e-02 6.27e-03 1.06e-03 3.5%e-02 4.56e-04 6.03e-05
3.88e-02 6.35e-02 1.89e-02 3.82e-02 8.79e-03 1.07e-03 3.77e-02 5.03e-04 6.12e-05
4.07e-02 9.88e-02 1.92e-02 4.01e-02 8.34e-03 1.10e-03 3.95e-02 6.54e-04 6.23e-05
4.26e-02 1.32e-01 1.97e-02 4.20e-02 6.80e-03 1.11e-03 4.13e-02 6.41e-04 6.33e-05
4.47e-02 1.11e-01 1.99%e-02 4.40e-02 1.10e-02 1.13e-03 4.33e-02 6.76e-04 6.44e-05
4.68e-02 1.58e-01 2.03e-02 4.61le-02 1.23e-02 1.15e-03 4.54e-02 7.48e-04 6.54e-05
4.90e-02 1.50e-01 2.06e-02 4.83e-02 9.17e-03 1.17e-03 4.75e-02 7.64e-04 6.64e-05
5.14e-02 1.35e-01 2.09e-02 5.06e-02 1.13e-02 1.19e-03 4.98e-02 7.78e-04 6.76e-05
5.38e-02 1.52e-01 2.13e-02 5.30e-02 1.08e-02 1.21e-03 5.22e-02 8.14e-04 6.87e-05
5.64e-02 1.42e-01 2.18e-02 5.55e-02 1.19e-02 1.23e-03 5.47e-02 8.20e-04 6.99e-05
5.91e-02 1.78e-01 2.21e-02 5.82e-02 1.21e-02 1.26e-03 5.73e-02 1.03e-03 7.09%e-05
6.19e-02 2.00e-01 2.25e-02 6.09e-02 1.7%e-02 1.27e-03 6.00e-02 1.14e-03 7.18e-05
6.48e-02 2.23e-01 2.28e-02 6.38e-02 1.92e-02 1.29e-03 6.29e-02 1.29e-03 7.25e-05
6.79e-02 2.44e-01 2.31le-02 6.69e-02 1.99e-02 1.30e-03 6.59e-02 1.41e-03 7.31le-05
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Table 3.3.3  Continued. (2/4)

Neutron Flux at Absolute Neutron Flux at Absolute Neutron Flux at Absolute
Energy 2z=110mm Error Energy 2z=210mm Error Energy 2=310mm Error
[MeV] [MeV] [MeV]

7.12e-02 2.64e-01 2.35e-02 7.01le-02 1.9%e-02 1.32e-03 6.90e-02 1.38e-03 7.39%e-05
7.46e-02 2.5%9e-01 2.37e-02 7.34e-02 1.95e-02 1.33e-03 7.23e-02 1.41e-03 7.46e-05
7.82e-02 2.6%9e-01 2.41e-02 7.70e-02 1.82e-02 1.35e-03 7.58e-02 1.56e-03 7.56e-05
8.19e-02 2.25e-01 2.44e-02 8.06e-02 1.93e-02 1.37e-03 7.94e-02 1.58e-03 7.60e-05
8.58e-02 1.78e-01 2.49%e-02 8.45e-02 1.46e-02 1.39e-03 8.32e-02 1.26e-03 7.70e-05
8.99e-02 1.89%e-01 2.55e-02 8.85e-02 1.57e-02 1.42e-03 8.72e-02 8.83e-04 7.83e-05
9.42e-02 2.42e-01 2.60e-02 9.28e-02 1.63e-02 1.45e-03 9.13e-02 1.01e-03 8.00e-05
9.87e~02 2.27e-01 2.65e-02 9.72e-02 2.16e-02 1.47e-03 9.57e-02 1.37e-03 8.13e-05
1.03e-01 2.48e-01 2.70e-02 1.02e-01 2.0le-02 1.50e-03 1.00e-01 1.45e-03 8.28e-05
1.08e-01 2.93e-01 2.76e-02 1.07e-01 2.31le-02 1.52e-03 1.05e-01 1.62e-03 8.35e-05
1.14e-01 3.48e-01 2.8le-02 1.12e-01 2.50e-02 1.55e-03 1.10e-01 1.93e-03 8.46e-05
1.19e-01 4.27e-01 2.88e-02 1.17e-01 3.38e-02 1.57e-03 1.15e-01 2.26e-03 8.56e-05
1.25e-01 4.54e-01 2.97e-02 1.23e-01 3.97e-02 1.61le-03 1.21e-01 2.60e-03 8.70e-05
1.31e-01 4.66e-01 3.06e-02 1.29e-01 3.87e-02 1.64e-03 1.27e-01 2.87e-03 8.84e-05
1.37e-01 3.93e-01 3.16e-02 1.35e-01 3.0le-02 1.69%9e-03 1.33e-01 2.31e-03 9.02e-05
1.44e-01 3.34e-01 3.27e-02 1.41e-01 2.35e-02 1.75e-03 1.39e-01 1.72e-03 9.27e-05
1.50e-01 4.27e-01 3.34e-02 1.50e-01 2.36e-02 2.01le-03 1.46e-01 1.78e-03 9.55e-05
1.57e-01 3.80e-01 3.20e-02 1.57e-01 3.55e-02 1.93e-03 1.50e-01 1.62e-03 1.17e-04
1.64e-01 4.45e-01 3.11le-02 1.64e-01 4.02e-02 1.85e-03 1.57e-01 1.94e-03 1.12e-04
1.72e-01 4.64e-01 3.03e-02 1.72e-01 3.78e-02 1.78e-03 1.64e-01 2.52e-03 1.08e-04
1.80e-01 5.35e-01 2.95e-02 1.80e-01 3.89e-02 1.73e-03 1.72e-01 2.67e-03 1.04e-04
1.89e-01 5.54e-01 2.89%e-02 1.89e-01 3.31e-02 1.69%e-03 1.80e-01 2.66e-03 1.00e-04
1.98e-01 3.91e-01 2.83e-02 1.98e-01 2.62e-02 1.66e-03 1.89e-01 2.09e-03 9.73e-05
2.08e-01 4.50e-01 2.80e-02 2.08e-01 3.28e-02 1.63e-03 1.98e-01 1.62e-03 9.53e-05
2.18e-01 5.40e-01 2.76e-02 2.18e-01 3.65e-02 1.61le-03 2.08e-01 2.06e-03 9.35e-05
2.28e-01 4.65e-01 2.73e-02 2.28e-01 3.35e-02 1.59e-03 2.18e-01 2.39e-03 9.17e-05
2.39e-01 5.05e-01 2.71le-02 2.39e-01 3.44e-02 1.57e-03 2.28e-01 2.07e-03 9.00e-05
2.50e-01 5.30e-01 2.6%e-02 2.50e-01 4.41e-02 1.55e-03 2.39e-01 2.26e-03 8.87e-05
2,.62e-01 6.0le-01 2.67e-02 2.62e-01 4.62e-02 1.52e-03 2.50e-01 2.47e-03 8.73e-05
2.75e-01 6.67e-01 2.65e-02 2.75e-01 4.75e-02 1.50e-03 2.62e-01 2.87e-03 8.56e-05
2.88e-01 7.36e-01 2.62e-02 2.88e-01 5.29e-02 1.47e-03 2.75e-01 3.15e-03 8.39e-05
3.02e-01 8.43e-01 2.59e-02 3.02e-01 6.71e-02 1.43e-03 2.88e-01 3.30e-03 8.17e-05
3.16e-01 8.97e-01 2.55e-02 3.16e-01 5.95e-02 1.40e-03 3.02e-01 3.91e-03 7.90e-05
3.32e-01 8.76e-01 2.50e-02 3.32e-01 5.39e-02 1.36e-03 3.16e-01 3.89%9e-03 7.63e-05
3.48e-01 9.22e-01 2.46e-02 3.48e-01 6.40e-02 1.33e-03 3.32e-01 3.50e-03 7.34e-05
3.64e-01 9.59%e-01 2.42e-02 3.64e-01 6.54e-02 1.29e-03 3.48e-01 3.45e-03 7.08e-05
3.82e-01 8.58e-01 2.38e-02 3.82e-01 5.06e-02 1.25e-03 3.64e-01 3.42e-03 6.84e-05
4.00e-01 7.41le-01 2.35e-02 4.00e-01 3.85e-02 1.23e-03 3.82e-01 2.94e-03 6.61le-05
4.19e-01 6.31e-01 2.33e-02 4.19e-01 3.66e-02 1.22e-03 4.00e-01 2.20e-03 6.47e-05
4.39e-01 6.79e-01 2.32e-02 4.3%e-01 4.06e-02 1.21e-03 4.19e-01 1.85e-03 6.34e-05
4.60e-01 8.24e-01 2.33e-02 4.60e-01 4.76e-02 1.20e-03 4.39e-01 2.09e-03 6.25e-05
4.82e-01 8.00e-01 2.33e-02 4.82e-01 4.84e-02 1.19e-03 4.60e-01 2.44e-03 6.17e-05
5.06e-01 8.69e-01 2.36e-02 5.06e-01 4.85e-02 1.20e-03 4.82e-01 2.44e-03 6.11le-05
5.30e-01 8.70e-01 2.41le-02 5.30e-01 4.87e-02 1.21e-03 5.06e-01 2.59e-03 6.09e-05
5.55e-01 8.5le-01 2.45e-02 5.55e-01 5.06e-02 1.22e-03 5.30e-01 2.48e-03 6.09e-05
5.82e-01 9.65e-01 2.49%e-02 5.82e-01 5.68e-02 1.22e-03 5.55e-01 2.64e-03 6.10e-05
6.10e-01 1.15e+00 2.51e-02 6.10e-01 7.02e-02 1.21e-03 5.82e-01 2.88e-03 6.02e-05
6.39e-01 1.31e+00 2.51le-02 6.39e-01 6.97e-02 1.18e-03 6.10e-01 3.35e-03 5.87e-05
6.70e-01 1.20e+00 2.50e-02 6.70e-01 5.78e-02 1.15e-03 6.39e~01 3.45e-03 5.64e-05
7.02e-01 1.02e+00 2.4%9e-02 7.02e-01 4.85e-02 1.12e-03 6.70e-01 2.73e-03 5.37e-05
7.35e-01 8.56e-01 2.51le-02 7.35e-01 3.73e-02 1.12e-03 7.02e-01 2.05e-03 5.15e-05
7.71le-01 7.73e-01 2.53e-02 7.71e-01 3.15e-02 1.12e-03 7.35e-01 1.60e-03 5.04e-05
8.08e-01 7.64e-01 2.57e-02 8.08e-01 3.14e-02 1.12e-03 7.71e-01 1.35e-03 4.96e-05
8.46e-01 7.44e-01 2.61le-02 8.46e-01 3.11e-02 1.13e-03 8.08e-01 1.19e-03 4.92e-05
8.87e-01 7.68e-01 2.65e-02 8.87e-01 3.26e-02 1.13e-03 8.46e-01 1.14e-03 4.90e-05
9,30e-01 8.46e-01 2.67e-02 9.30e-01 3.30e-02 1.12e-03 8.87e-01 1.20e-03 4.84e-05
9.74e-01 8.66e-01 2.68e-02 9.74e-01 3.14e-02 1.11e-03 9.30e-01 1.20e-03 4.78e-05
1.02e+00 7.70e-01 2.68e-02 1.02e+00 2.74e-02 1.10e-03 9.74e-01 1.13e-03 4.65e-05
1.02e+00 8.67e-04 4.56e-05
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Table 3.3.3 Continued. (3/4)

Neutron Flux at Absolute Neutron Flux at Absolute Neutron Flux at Absolute
Energy 2z=410mm Error Energy 2z=610mm Error Energy  2z=810mm Error
[MeV] [MeV] [MeV]

2.96e-03 1.68e-05 4.73e-06 2.92e-03 2.49e-06 6.09%e-07 2.88e-03 1.70e-07 7.82e-08
3.09e-03 1.30e-05 4.53e-06 3.05e-03 2.00e-06 5.82e-07 3.0le-03 1.87e-07 7.55e-08
3.23e-03 8.06e-06 4.38e-06 3.18e-03 1.62e-06 5.6le-07 3.14e-03 3.44e-07 7.27e-08
3.37e-03 1.13e-05 4.24e-06 3.32e-03 1.72e-06 5.49e-07 3.27e-03 3.06e-07 7.06e-08
3.51e-03 1.76e-05 4.14e-06 3.46e-03 2.66e-06 5.28e-07 3.42e-03 2.52e-07 6.8le-08
3.67e-03 8.34e-06 4.01e-06 3.62e-03 2.41le-06 5.16e-07 3.56e-03 3.14e-07 6.62e-08
3,83e-03 1.80e-05 3.94e-06 3.78e-03 2.38e-06 4.98e-07 3.72e-03 3.30e-07 6.50e-08
4.00e-03 1.42e-05 3.85e-06 3.94e-03 2.83e-06 4.89%e-07 3.89e-03 3.29e-07 6.32e-08
4.18e-03 1.23e-05 3.77e-06 4.12e-03 2.33e-06 4.77e-07 4.06e-03 4.05e-07 6.16e-08
4.36e-03 1.99e-05 3.70e-06 4.30e-03 2.16e-06 4.68e-07 4.24e-03 3.67e-07 6.02e-08
4.56e-03 1.88e-05 3.63e-06 4.49e-03 2.46e-06 4.62e-07 4.43e-03 3.13e-07 5.90e-08
4.76e-03 1.49e-05 3.56e-06 4.6%9e-03 2.72e-06 4.53e-07 4.62e-03 3.56e-07 5.82e-08
4.98e-03 1.77e-05 3.51le-06 4.90e-03 2.37e-06 4.47e-07 4.83e-03 3.95e-07 5.73e-08
5.20e-03 1.63e-05 3.48e-06 5.12e-03 3.38e-06 4.41e-07 5.05e-03 3.89e-07 5.63e-08
5.44e-03 1.52e-05 3.42e-06 5.36e-03 3.73e-06 4.32e-07 5.28e-03 3.77e-07 5.57e-08
5.68e-03 2.17e-05 3.40e-06 5.60e-03 2.75e-06 4.26e-07 5.52e-03 4.28e-07 5.50e-08
5.94e-03 1.04e-05 3.35e-06 5.85e-03 2.84e-06 4.23e-07 5.77e-03 4.33e-07 5.42e-08
6.21e-03 1.11e-05 3.35e-06 6.12e-03 2.31le-06 4.17e-07 6.03e-03 3.45e-07 5.35e-08
6.49e~-03 1.36e-05 3.33e-06 6.40e-03 2.16e-06 4.17e-07 6.30e-03 3.81le-07 5.30e-08
6.79e-03 1.30e-05 3.31le-06 6.69e-03 1.76e-06 4.14e-07 6.59e-03 2.41e-07 5.27e-08
7.10e-03 5.59e-06 3.32e-06 7.00e-03 2.1le-06 4.11le-07 6.89e-03 2.35e-07 5.26e-08
7.43e-03 7.79e-06 3.32e-06 7.32e-03 1.6le-06 4.1le-07 7.21e-03 1.36e-07 5.24e-08
7.77e-03 3.83e-06 3.35e-06 7.66e-03 3.19e-07 4.14e-07 7.54e-03 1.48e-07 5.28e-08
8.13e-03 1.29e-05 3.39%e-06 8.0le-03 1.05e-06 4.20e-07 7.89e-03 1.96e-07 5.32e-08
8.51e-03 1.54e-05 3.44e-06 8.38e-03 1.95e-06 4.26e-07 8.25e-03 3.14e-07 5.40e-08
8.90e-03 1.80e-05 3.49%e-06 8.77e-03 2.79e-06 4.32e-07 8.64e~-03 3.87e-07 5.46e-08
9.31e-03 2.10e-05 3.54e-06 9.17e-03 2.67e-06 4.38e-07 9.04e-03 3.89e-07 5.54e-08
9.74e-03 2.02e-05 3.59e-06 9.60e-03 4.05e-06 4.44e-07 9.46e-03 2.98e-07 5.62e-08
1.02e-02 2.01le-05 3.63e-06 1.00e-02 4.27e-06 4.47e-07 9.89e-03 4.70e-07 5.70e-08
1.07e-02 2.37e-05 3.69e-06 1.05e-02 4.03e-06 4.53e-07 1.04e-02 5.56e-07 5.77e-08
1.12e-02 2.41e-05 3.73e-06 1.10e-02 3.12e-06 4.59%9e-07 1.08e-02 6.40e-07 5.82e-08
1.17e-02 3.54e-05 3.76e-06 1.15e-02 4.77e-06 4.62e-07 1.13e-02 7.24e-07 5.86e-08
1.22e-02 3.37e-05 3.80e-06 1.21e-02 5.06e-06 4.68e-07 1.19e-02 6.49%9e-07 5.92e-08
1.28e-02 2.90e-05 3.84e-06 1.26e-02 5.71e-06 4.71e-07 1.24e-02 5.91e-07 5.97e-08
1.34e-02 2.41e-05 3.88e-06 1.32e-02 4.78e-06 4.77e-07 1.30e-02 6.98e-07 6.04e-08
1.40e-02 2.95e-05 3.95e-06 1.38e-02 4.99%e-06 4.80e-07 1.36e-02 9.16e-07 6.08e-08
1.47e-02 3.66e-05 3.99e-06 1.45e-02 5.44e-06 4.86e-07 1.43e-02 8.57e-07 6.12e-08
1.54e-02 3.49e-05 4.04e-06 1.52e-02 6.31le-06 4.89e-07 1.49e-02 7.05e-07 6.16e-08
1.61le-02 3.86e-05 4.07e-06 1.5%e-02 6.38e-06 4.95e-07 1.56e-02 7.37e-07 6.23e-08
1.6%9e-02 4.84e-05 4.13e-06 1.66e-02 5.77e-06 4.98e-07 1.64e-02 9.77e-07 6.28e-08
1.77e-02 4.19e-05 4.15e-06 1.74e-02 6.48e-06 5.04e-07 1.71e-02 1.0le-06 6.31e-08
1.85e-02 4.59e-05 4.19e-06 1.82e-02 8.12e-06 5.07e-07 1.79e~02 9.81e-07 6.35e-08
1.94e-02 4.86e-05 4.23e-06 1.91e-02 8.21e-06 5.10e-07 1.88e-02 1.12e-06 6.39e-08
2.03e-02 5.86e-05 4.25e-06 2.00e-02 9.23e-06 5.10e-07 1.97e-02 1.27e-06 6.40e-08
2.13e-02 9.40e-05 4.26e-06 2.09e-02 1.18e-05 5.10e-07 2.06e-02 1.62e-06 6.38e-08
2.23e-02 1.16e-04 4.19e-06 2.19e-02 1.74e-05 5.04e-07 2.16e-02 2.20e-06 6.27e-08
2.33e-02 1.50e-04 4.09e-06 2.30e-02 2.l1le-05 4.8%e-07 2.26e-02 2.84e-06 6.11e-08
2.44e-02 1.55e-04 3.96e-06 2.40e-02 2.44e-05 4.71e-07 2.37e-02 3.33e-06 5.84e-08
2.56e-02 1.06e-04 3.86e-06 2.52e-02 2.05e-05 4.50e-07 2.48e-02 3.16e-06 5.54e-08
2.68e-02 5.44e-05 3.80e-06 2.64e-02 1.2%9e-05 4.38e-07 2.60e-02 2.05e-06 5.29e-08
2.81le-02 2.53e-05 3.84e-06 2.76e-02 5.54e-06 4.35e-07 2.72e-02 9.67e-07 5.19e-08
2.94e-02 1.80e-05 3.91e-06 2.89e-02 2.16e-06 4.38e-07 2.85e-02 3.45e-07 5.20e-08
3.08e-02 1.60e-05 4.00e-06 3.03e-02 1.94e-06 4.47e-07 2.9%e-02 2.10e-07 5.31e-08
3.23e~-02 1.94e-05 4.07e-06 3.18e-02 1.94e-06 4.56e-07 3.13e-02 2.26e-07 5.42e-08
3.38e-02 2.04e-05 4.16e-06 3.33e-02 2.55e-06 4.68e-07 3.28e-02 2.31le-07 5.55e-08
3.54e-02 2.67e-05 4.25e-06 3.4%9e-02 3.76e-06 4.77e-07 3.43e-02 5.38e-07 5.65e-08
3.71e-02 3.63e-05 4.34e-06 3.65e-02 4.72e-06 4.83e-07 3.5%e-02 5.20e-07 5.75e-08
3.88e-02 3.70e-05 4.39e-06 3.82e-02 5.06e-06 4.92e-07 3.77e-02 5.64e-07 5.82e-08
4.07e-02 3.91e-05 4.48e-06 4.01le-02 5.88e-06 4.98e-07 3.95e-02 6.46e-07 5.91e-08
4.26e-02 4.68e-05 4.54e-06 4.20e-02 5.71le-06 5.04e-07 4.13e-02 6.54e-07 5.99%e-08
4.47e-02 5.10e-05 4.6le-06 4.40e-02 5.01e-06 5.13e-07 4.33e-02 7.76e-07 6.06e-08
4.68e-02 5.01e-05 4.70e-06 4.6le-02 6.35e-06 5.22e-07 4.54e-02 8.47e-07 6.13e-08
4.90e-02 4.87e-05 4.74e-06 4.83e-02 7.90e-06 5.28e-07 4.75e-02 9.12e-07 6.22e-08
5.14e-02 5.27e-05 4.84e-06 5.06e-02 7.40e-06 5.34e-07 4.98e-02 8.40e-07 6.26e-08
5.38e-02 5.65e-05 4.90e-06 5.30e-02 6.55e-06 5.40e-07 5.22e-02 8.75e-07 6.36e-08
5.64e-02 5.51e-05 4.97e-06 5.55e-02 7.02e-06 5.4%e-07 5.47e-02 8.24e-07 6.44e-08
5.91e-02 6.30e-05 5.05e-06 5.82e-02 8.8le-06 5.55e-07 5.73e-02 9.88e-07 6.52e-08
6.19e-02 9.04e-05 5.10e-06 6.09e-02 1.08e-05 5.64e-07 6.00e-02 1.19%e-06 6.57e-08
6.48e-02 9.84e-05 5.1l4e-06 6.38e-02 1.22e-05 5.64e-07 6.29e-02 1.40e-06 6.60e-08
6.79e-02 1.02e-04 5.17e-06 6.69e-02 1.39e-05 5.67e~07 6.59e-02 1.72e-06 6.63e-08
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Neutron Flux at Absolute Neutron Flux at Absolute Neutron Flux at Absolute
Energy 2z=410mm Error Energy 2z=610mm Error Energy  z=810mm Error
[MeV] [MeV] [MeV]
7.12e-02 8.8le-05 5.20e-06 7.0le-02 1.24e-05 5.64e-07 6.90e-02 1.48e-06 6.62e-08
7.46e-02 9.24e-05 5.25e-06 7.34e-02 1.28e-05 5.67e-07 7.23e-02 1.31le-06 6.63e-08
7.82e-02 1.03e-04 5.29e-06 7.70e-02 1.38e-05 5.70e-07 7.58e-02 1.67e-06 6.66e-08
8.19e-02 9.08e-05 5.34e-06 8.06e-02 1.25e-05 5.73e-07 7.94e-02 1.79e-06 6.65e-08
8.58e-02 6.99e-05 5.42e-06 8.45e-02 1.09e-05 5.76e-07 8.32e-02 1.53e-06 6.65e-08
8.99e-02 6.19e-05 5.50e-06 8.85e-02 8.22e-06 5.82e-07 8.72e-02 1.10e-06 6.68e-08
9.42e~02 9.29e-05 5.60e-06 9.28e-02 9.04e-06 5.91e-07 9.13e-02 1.02e-06 6.75e-08
9.87e-02 9.54e-05 5.67e-06 9.72e-02 1.08e-05 6.00e-07 9.57e-02 1.25e-06 6.82e-08
1.03e-01 9.04e-05 5.74e-06 1.02e-01 1.1%e-05 6.03e~-07 1.00e-01 1.45e-06 6.89e-08
1.08e-01 1.03e-04 5.80e-06 1.07e-01 1.35e-05 6.06e-07 1.05e-01 1.49e-06 6.92e-08
1.14e-01 1.37e-04 5.87e-06 1.12e-01 1.56e-05 6.12e-07 1.10e-01 1.72e-06 6.96e-08
1.19e-01 1.79%e-04 5.93e-06 1.17e-01 1.97e-05 6.12e-07 1.15e-01 2.13e-06 6.94e-08
1.25e-01 1.90e-04 6.00e-06 1.23e-01 2.32e-05 6.15e-07 1.21e-01 2.66e-06 6.395e-08
1.31le-01 1.67e-04 6.06e-06 1.29e-01 2.32e-05 6.15e-07 1.27e-01 2.86e-06 6.89e-08
1.37e-01 1.26e-04 6.20e-06 1.35e-01 1.69%e-05 6.21e-07 1.33e-01 2.43e-06 6.87e-08
1.44e-01 1.16e-04 6.32e-06 1.41e-01 1.29e-05 6.30e-07 1.39e-01 1.63e-06 6.90e-08
1.50e-01 1.40e-04 6.51e-06 1.48e-01 1.46e-05 6.42e-07 1.46e-01 1.42e-06 7.00e-08
1.58e-01 1.57e-04 6.64e-06 1.57e-01 1.39e-05 4.47e-07 1.50e-01 1.37e-06 5.48e-08
1.64e-01 1.46e-04 4.52e-06 1.64e-01 1.78e-05 4.26e-07 1.57e-01 1.45e-06 5.21e-08
1.72e-01 1.63e-04 4.34e-06 1.72e-01 1.81e-05 4.05e-07 1.64e-01 1.91e-06 4.97e-08
1.80e-01 1.59e-04 4.16e-06 1.80e-01 1.6%9e-05 3.87e-07 1.72e-01 2.20e-06 4.69%e-08
1.89e-01 1.18e-04 4.04e-06 1.89e-01 1.36e-05 3.72e-07 1.80e-01 1.96e-06 4.44e-08
1.98e-01 8.71e-05 3.96e-06 1.98e-01 1.08e-05 3.63e-07 1.89e-01 1.45e-06 4.23e-08
2.08e-01 1.06e-04 3.90e-06 2.08e-01 1.20e-05 3.54e-07 1.98e-01 1.12e-06 4.09e-08
2.18e-01 1.30e-04 3.83e-06 2.18e-01 1.44e-05 3.42e-07 2.08e-01 1.27e-06 3.98e-08
2.28e-01 1.42e-04 3.75e-06 2.28e-01 1.4le-05 3.33e-07 2.18e-01 1.44e-06 3.87e-08
2.39e-01 1.38e-04 3.67e-06 2.3%9e-01 1.36e-05 3.24e-07 2.28e-01 1.49e-06 3.75e-08
2.50e-01 1.44e-04 3.60e-06 2.50e-01 1.48e-05 3.18e-07 2.39e-01 1.47e-06 3.63e-08
2.62e-01 1.70e-04 3.51e-06 2.62e-01 1.83e-05 3.06e-07 2.50e-01 1.58e-06 3.51e-08
2.75e-01 1.88e-04 3.42e-06 2.75e-01 1.95e-05 2.94e-07 2.62e-01 1.90e-06 3.37e-08
2.88e-01 2.03e-04 3.30e-06 2.88e-01 1.94e-05 2.80e-07 2.75e-01 2.02e-06 3.21e-08
3.02e-01 2.30e-04 3.16e-06 3.02e-01 2.24e-05 2.65e-07 2.88e-01 1.99e-06 3.02e-08
3.16e-01 2.17e-04 3.03e-06 3.16e-01 2.04e-05 2.49e-07 3.02e-01 2.20e-06 2.8le-08
3.32e-01 1.90e-04 2.89e-06 3.32e-01 1.65e-05 2.34e-07 3.16e-01 1.99%e-06 2.62e-08
3.48e~01 1.89%e-04 2.77e-06 3.48e-01 1.66e-05 2.20e-07 3.32e-01 1.48e-06 2.42e-08
3.64e-01 1.83e-04 2.65e-06 3.64e-01 1.54e-05 2.08e-07 3.48e-01 1.46e-06 2.25e-08
3.82e-01 1.49e-04 2.54e-06 3.82e-01 1.22e-05 1.96e-07 3.64e-01 1.37e-06 2.10e-08
4,00e-01 1.08e-04 2.46e-06 4.00e-01 8.02e-06 1.88e-07 3.82e-01 1.02e-06 1.95e-08
4.19e-01 9.41le-05 2.41e-06 4.19e-01 7.07e-06 1.8le-07 4.00e-01 6.69e-07 1.85e-08
4.39e-01 1.04e-04 2.37e-06 4.39e-01 7.68e-06 1.77e-07 4.19e-01 5.26e-07 1.78e-08
4.60e-01 1.21e-04 2.33e-06 4.60e-01 8.34e-06 1.72e-07 4.39e-01 5.74e-07 1.73e-08
4.82e-01 1.23e-04 2.29%e-06 4.82e-01 8.89e-06 1.68e-07 4.60e-01 6.8le-07 1.68e-08
5.06e-01 1.25e-04 2.27e-06 5.06e-01 8.47e-06 1.65e-07 4.82e-01 6.73e-07 1.63e-08
5.30e-01 1.18e-04 2.25e-06 5.30e-01 8.15e-06 1.61e-07 5.06e-01 6.17e-07 1.58e-08
5.55e-01 1.23e-04 2.24e-06 5.55e-01 8.43e-06 1.58e-07 5.30e-01 6.31e-07 1.54e-08
5.82e-01 1.42e-04 2.18e-06 5.82e-01 9.49%e-06 1.51e-07 5.55e-01 6.30e-07 1.48e-08
6.10e-01 1.62e-04 2.10e-06 6.10e-01 1.05e-05 1.41e-07 5.82e-01 6.66e-07 1.42e-08
6.39e-01 1.58e-04 1.97e-06 6.39e-01 9.54e-06 1.27e-07 6.10e-01 7.55e-07 1.29e-08
6.70e-01 1.23e-04 1.83e-06 6.70e-01 6.75e-06 1.1l4e-07 6.39e-01 6.82e-07 1.15e-08
7.02e-01 8.62e-05 1.71le-06 7.02e-01 4.19e-06 1.02e-07 6.70e-01 4.47e-07 9.92e-09
7.35e-01 6.38e-05 1.64e-06 7.35e-01 2.78e-06 9.63e-08 7.02e-01 2.70e-07 8.5%e-09
7.71e-01 4.84e-05 1.59e-06 7.71e-01 2.10e-06 9.12e-08 7.35e-01 1.63e-07 7.89e-09
8.08e-01 4.33e-05 1.56e-06 8.08e-01 1.86e-06 8.94e-08 7.71e-01 1.12e-07 7.41e-09
8.46e-01 4.69e-05 1.53e-06 8.46e-01 1.78e-06 8.52e-08 8.08e-01 9.23e-08 7.0%e-09
8.87e-01 4.47e-05 1.48e-06 8.87e-01 1.93e-06 8.22e-08 8.46e-01 9.25e-08 6.77e-09
9.30e-01 3.95e-05 1.42e-06 9.30e-01 1.74e-06 7.5%e-08 8.87e-01 9.54e-08 6.39e-09
9.74e-01 3.43e-05 1.37e-06 9.74e-01 1.39%9e-06 7.05e-08 9.30e-01 8.63e-08 5.90e-09
1.02e+00 2.82e-05 1.32e-06 1.02e+00 1.00e-06 6.60e-08 9.74e-01 6.53e-08 5.31le-09
1.02e+00 5.08e-08 4.85e-09
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Table 3.3.4  Neutron spectra in the iron assembly measured by the SDT method in the unit of
[n/ cm®/ lethargy / source]. (1/2)

Neutron Flux at Absolute Flux at Absolute Flux at Absolute
Energy [MeV] z=110mm Error z=210mm Error z=310mm Error
2.82e-07 4.18e-05 7.04e-06 6.09e-06 5.65e-07 1.62e-06 1.36e-07
3.55e-07 2.25e-04 2.02e-05 2.84e-05 1.82e-06 1.28e-06 1.21e-07
4.47e-07 2.14e-04 2.03e-05 2.72e-05 1.79e-06 4.25e-06 2.94e-07
5.62e-07 5.24e-04 3.91e-05 7.01le-05 4.10e-06 5.34e-06 3.60e-07
7.08e-07 6.94e-04 4.98e-05 9.21le-05 5.31e-06 7.46e-06 4.83e-07
8.91e-07 6.35e-04 4.79e-05 9.12e-05 5.32e-06 1.08e-05 6.72e-07
1.12e-06 1.17e-03 7.89%e-05 1.60e-04 8.97e-06 1.41e-05 8.57e-07
1.41e-06 1.31e-03 8.78e-05 1.78e-04 9.99%e-06 1.65e-05 9.96e-07
1.78e-06 1.54e-03 1.03e-04 2.13e-04 1.19e-05 2.13e-05 1.27e-06
2.24e-06 1.64e-03 1.10e-04 2.40e-04 1.34e-05 2.37e-05 1.41e-06
2.82e-06 2.43e-03 1.55e-04 3.23e-04 1.79%e-05 2.92e-05 1.72e-06
3.55e-06 2.77e-03 1.77e-04 3.57e-04 1.98e-05 3.32e-05 1.96e-06
4.47e-06 3.08e-03 1.97e-04 3.95e-04 2.19e-05 3.68e-05 2.17e-06
5.62e-06 3.27e-03 2.11e-04 4.46e-04 2.48e-05 4.30e-05 2.53e-06
7.08e-06 4.13e-03 2.62e-04 5.46e-04 3.02e-05 4.46e-05 2.64e-06
8.91e-06 3.97e-03 2.59%e-04 5.31e-04 2.97e-05 5.44e-05 3.20e-06
1.12e-05 4.84e-03 3.11e-04 6.04e-04 3.37e-05 5.93e-05 3.51e-06
1.41e-05 4.93e-03 3.22e-04 6.33e-04 3.56e-05 6.77e-05 4.0le-06
1.78e-05 4.80e-03 3.23e-04 6.68e-04 3.78e-05 6.54e-05 3.94e-06
2.24e-05 6.13e-03 4.03e-04 7.63e-04 4.32e-05 6.46e-05 3.96e-06
2.82e-05 6.48e-03 4.32e-04 8.30e-04 4.73e-05 7.23e-05 4.45e-06
3.55e-05 7.59e-03 5.04e-04 8.57e-04 4.94e-05 7.93e-05 4.91e-06
4.47e-05 7.83e-03 5.30e-04 8.78e-04 5.12e-05 8.43e-05 5.28e-06
5.62e-05 7.05e-03 5.00e-04 9.07e-04 5.35e-05 8.15e-05 5.24e-06
7.08e-05 7.39e-03 5.34e-04 9.33e-04 5.58e-05 9.03e-05 5.85e-06
8.91e-05 8.09e-03 5.90e-04 9.95e-04 6.02e-05 9.08e-05 6.02e-06
1.12e-04 8.00e-03 6.05e-04 1.01le-03 6.25e-05 9.51e-05 6.42e-06
1.41e-04 8.21e-03 6.36e-04 1.14e-03 7.13e-05 1.00e-04 6.89%e-06
1.78e-04 9.09e-03 7.12e-04 1.16e-03 7.40e-05 9.96e-05 7.08e-06
2.24e-04 8.58e-03 7.05e-04 1.06e-03 6.99%e-05 9.04e-05 6.74e-06
2.82e-04 9.17e-03 7.69e-04 1.04e-03 7.04e-05 8.39%e-05 6.55e-06
3.55e-04 9.86e-03 8.42e-04 1.23e-03 8.37e-05 1.04e-04 8.05e-06
4.47e-04 1.07e-02 9.24e-04 1.29e-03 9.02e-05 1.15e-04 9.05e-06
5.62e-04 1.29%e-02 1.11e-03 1.34e-03 9.61e-05 1.18e-04 9.54e-06
7.08e-04 1.34e-02 1.19e-03 1.35e-03 9.99%e-05 1.25e-04 1.04e-05
8.91e-04 1.36e-02 1.27e-03 1.55e-03 1.17e-04 1.29e-04 1.10e-05
1.12e-03 1.51e-02 1.43e-03 1.65e-03 1.29%e-04 1.61e-04 1.38e-05
1.41e-03 1.88e-02 1.80e-03 1.88e-03 1.51e-04 1.69e-04 1.51e-05
1.78e-03 2.01e-02 1.98e-03 2.05e-03 1.72e-04 1.81le-04 1.67e-05
2.24e-03 1.95e-02 2.02e-03 2.24e-03 1.95e-04 1.82e-04 1.75e-05
2.82e-03 1.90e-02 2.07e-03 2.20e-03 2.02e-04 2.03e-04 2.0le-05
3.55e-03 2.09e-02 2.35e-03 2.17e-03 2.09e-04 2.10e-04 2.16e-05
4.47e-03 2.30e-02 2.71e-03 2.59e-03 2.58e-04 2.46e-04 2.65e-05
5.62e-03 2.20e-02 2.72e-03 2.3%e-03 2.52e-04 1.72e-04 2.04e-05
7.08e-03 2.81e-02 3.51e-03 2.94e-03 3.25e-04 2.35e-04 2.79e-05
8.91e-03 3.60e-02 4.64e-03 3.28e-03 3.84e-04 2.67e-04 3.32e-05
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Table 3.3.4  Continued. (2/2)

Neutron Flux at Absolute Flux at Absolute Flux at Absolute
Energy [MeV] z=410mm Error z=610mm Error z=810mm Exrror
2.82e-07 1.09e-07 8.71e-09 1.90e-08 1.57e-09 3.38e-09 2.99e-10
3.55e-07 2.61le-07 1.73e-08 4.15e-08 2.89%e-09 5.69e-09 4.45e-10
4.47e-07 2.88e-07 1.92e-08 6.46e-08 4.21e-09 9.88e-09 6.91e~10
5.62e-07 5.27e-07 3.24e-08 9.44e-08 5.88e-09 1.27e-08 8.60e-10
7.08e-07 7.00e-07 4.21e-08 1.15e-07 7.09e-09 1.78e-08 1.16e-09
8.91e-07 8.60e-07 5.11e-08 1.51e-07 9.09%e-09 2.12e-08 1.37e-09
1.12e-06 1.28e-06 7.36e-08 2.28e-07 1.33e-08 2.99e-08 1.86e-09
1.41e-06 1.50e-06 8.62e-08 2.62e-07 1.53e-08 3.44e-08 2.13e-09
1.78e-06 1.95e-06 1.11e-07 3.13e-07 1.82e-08 4.32e-08 2.63e-09
2.24e-06 2.15e-06 1.22e-07 3.90e-07 2.24e-08 4.82e-08 2.94e-09
2.82e-06 2.53e~06 1.43e-07 4.57e-07 2.62e-08 6.03e-08 3.62e-09
3.55e-06 2.94e-06 1.67e-07 5.35e-07 3.05e-08 6.56e-08 3.97e-09
4.47e-06 3.23e-06 1.83e-07 5.96e-07 3.41e-08 7.99%e-08 4.78e-09
5.62e-06 3.85e-06 2.18e-07 6.11le-07 3.52e-08 8.50e-08 5.12e-09
7.08e-06 4.17e-06 2.37e-07 7.26e-07 4.17e-08 9.38e-08 5.67e-09
8.91e-06 4.76e-06 2.70e-07 8.14e-07 4.69e-08 1.06e-07 6.43e-09
1.12e-05 4.83e-06 2.76e-07 8.51e-07 4.94e-08 1.14e-07 6.96e-09
1.41e-05 5.25e-06 3.02e-07 8.88e-07 5.19e-08 1.24e-07 7.58e-09
1.78e-05 5.43e-06 3.15e-07 9.83e-07 5.76e-08 1.36e-07 8.37e-09
2.24e-05 6.13e-06 3.57e-07 1.05e-06 6.22e-08 1.41e-07 8.77e-09
2.82e-05 6.58e-06 3.86e-07 1.09e-06 6.54e-08 1.32e-07 8.45e-09
3.55e-05 6.69e-06 3.97e-07 1.12e-06 6.76e-08 1.57e-07 1.00e-08
4.47e-05 7.09e-06 4.26e-07 1.20e-06 7.35e-08 1.65e-07 1.07e-08
5.62e-05 7.22e-06 4.40e-07 1.26e-06 7.77e-08 1.65e-07 1.10e-08
7.08e-05 7.66e-06 4.72e-07 1.33e-06 8.36e-08 1.77e-07 1.19%e-08
8.91e-05 7.59e-06 4.78e-07 1.31e-06 8.45e-08 1.70e-07 1.18e-08
1.12e-04 8.08e-06 5.17e-07 1.33e-06 8.77e-08 1.74e-07 1.24e-08
1.41e-04 8.02e-06 5.26e-07 1.45e-06 9.63e-08 1.73e-07 1.27e-08
1.78e-04 8.47e-06 5.65e-07 1.29e-06 8.99e-08 2.07e-07 1.51e-08
2.24e-04 7.62e-06 5.29%e-07 1.24e-06 8.91e-08 1.88e-07 1.44e-08
2.82e-04 7.80e-06 5.56e-07 1.42e-06 1.03e-07 1.72e-07 1.3%e-08
3.55e-04 8.74e-06 6.30e-07 1.48e-06 1.09e-07 1.86e-07 1.53e-08
4.47e-04 9.33e-06 6.89e-07 1.58e-06 1.19e-07 2.25e-07 1.84e-08
5.62e-04 1.04e-05 7.78e-07 1.82e-06 1.3%9e-07 2.17e-07 1.86e-08
7.08e-04 1.13e-05 8.67e-07 1.97e-06 1.54e-07 2.68e-07 2.28e-08
8.91e-04 1.26e-05 9.91e-07 2.14e-06 1.71e-07 2.83e-07 2.47e-08
1.12e-03 1.33e-05 1.08e-06 2.30e-06 1.90e-07 2.93e-07 2.64e-08
1.41e-03 1.41e-05 1.19e-06 2.37e-06 2.03e-07 3.28e-07 3.01e-08
1.78e-03 1.28e-05 1.13e-06 2.63e-06 2.32e-07 3.50e-07 3.31e-08
2.24e-03 1.49e-05 1.35e-06 2.77e-06 2.53e-07 3.49e-07 3.46e-08
2.82e-03 1.61le-05 1.52e-06 2.89%e-06 2.75e-07 3.70e-07 3.81le-08
3.55e-03 1.72e-05 1.69e-06 2.86e-06 2.86e-07 3.44e-07 3.78e-08
4.47e-03 1.61le-05 1.68e-06 2.62e-06 2.78e-07 3.81e-07 4.28e-08
5.62e-03 1.67e-05 1.83e-06 3.20e-06 3.45e-07 3.60e-07 4.29e-08
7.08e-03 1.94e-05 2.20e-06 3.09e-06 3.54e-07 4.35e-07 5.22e-08
8.91e-03 2.28e-05 2.68e-06 4.13e-06 4.81e-07 5.21e-07 6.36e-08
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Table 3.3.5  Integral neutron fluxes in the iron assembly derived from the measured neutron
spectra in the unit of [n / cm®/ source]. Numbers in the parenthesis are percentage

errors.

Detector Energy Range

Position
[rm] 0.1-1 Mev 10-100 kev 1-10 keVv
110 1.57e-04 (5) 2.91e-05 (5) 5.12e-06 (11)
210 9.62e-05 (5) 2.46e-05 (5) 5.38e-06 (11)
310 5.43e-05 (5) 1.91e-05 (5) 4.67e-06 (11)
410 2.98e-05 (5) 1.33e-05 (5) 3.76e-06 (11)
610 9.27e-06 (5) 6.43e-06 (5) 2.22e-06 (11)
810 2.77e-06 (5) 2.54e-06 (5) 8.59e-07 (11)

Detector Energy Range

Position
[mm] 0.1-1 keVv 10-100 ev 1-10 eV
110 2.38e-06 (8) 1.50e-06 (6) 5.83e-07 (6)
210 2.80e-06 (8) 1.86e-06 (6) 7.80e-07 (6)
310 2.44e-06 (8) 1.74e-06 (6) 7.29e-07 (6)
410 2.13e-06 (8) 1.48e-06 (6) 6.53e-07
610 1.21e-06 8.51e-07 (6) 3.79%9e-07 (6)
810 4.82e-07 (8) 3.41e-07 (6) 1.49e-07 (6)

Table 3.3.6  Measured dosimetry reaction rates in the iron assembly in the unit of [reactions /
atom / source]. Numbers in the parenthesis are percentage errors.

Detector Reaction
Position
[mm] *’A1 (n, a) *Na **Fe (n,p) > "Mn 7y (n, 2n) ¥™%zr
0 2.51le-05 (2.7) 2.18e-05 (2.6) 1.96e-04 (2.7)
100 3.85e-06 (2.8) 3.38e-06 (2.7) 2.64e-05 (2.7)
200 6.29e-07 (2.8) 5.41e-07 (3.0) 4.14e-06 (2.7)
300 1.21e-07 (3.1) 1.06e-07 (3.0) 7.02e-07 (2.9)
400 2.20e-08 (3.5) 1.48e-08 (3.9) 1.49e-07 (3.6)
500 3.89e-09 (5.9) 3.51e-09 (5.6) 2.74e~-08 (4.5)
700 5.57e-09 (8.9)
Detector Reaction
Position
[mm] *Nb(n, 2n) **"Nb In(n,n’)"™"In ¥au(n, g) **Au
0 1.09%9e-04 (2.9) 3.24e-05 (2.6) 1.41e-04 (3.4)
100 1.08e-05 (3.0) 1.83e-05 (2.6) 6.21e-04 (3.0)
200 2.55e-06 (2.7) 5.12e-06 (2.9) 8.18e-04 (2.8)
300 4.63e-07 (3.2) 1.41e-06 (2.9) 7.42e-04 (3.1)
400 8.53e-08 (3.3) 3.89e-07 (3.4) 6.49e-04 (3.2)
500 1.55e-08 (4.7) 1.14e-07 (5.6) 5.10e-04 (3.2)
700 2.06e-08 (13.) 2.58e-04 (3.3)
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Table 3.3.7 Gamma-ray spectra in the iron assembly measured by the BC-537 spectrometer in
the unit of [photons / cm®/ lethargy / source]. (1/2)

Photon Energy Flux at Absolute Window Flux at Absolute Window

[MeV] z=100mm Error (%] z=300mm Error [%)
3.630e-01 2.030e-06 1.690e-07 26.8
3.800e-01 1.820e-06 1.520e-07 27.8
3.980e-01 2.080e-06 1.450e-07 27.5
4.170e-01 4.990e-05 2.440e-06 24.1 2.370e-06 1.420e-07 26.5
4.370e-01 4.770e-05 2.330e-06 23.0 2.540e-06 1.220e-07 26.0
4.570e-01 4.590e-05 2.260e-06 23.3 2.580e-06 1.060e-07 25.8
4,790e-01 4.430e-05 2.260e-06 24.1 2.480e-06 1.350e-07 25.7
5.010e-01 4.230e-05 2.170e-06 25.0 2.230e-06 1.770e-07 26.1
5.250e-01 3.930e-05 2.030e-06 26.1 1.900e-06 1.640e-07 26.7
5.490e-01 3.500e-05 2.010e-06 26.9 1.590e-06 1.090e-07 26.9
5.750e-01 3.020e-05 1.880e-06 26.8 1.380e-06 8.530e-08 26.8
6.030e-01 2.610e-05 1.730e-06 26.7 1.250e-06 8.640e-08 26.7
6.310e-01 2.350e-05 1.670e-06 26.6 1.210e-06 8.270e-08 26.5
6.610e-01 2.280e-05 1.570e-06 26.0 1.270e-06 8.440e-08 25.7
6.920e-01 2.480e-05 1.690e-06 24.8 1.450e-06 9.540e-08 24.4
7.240e-01 3.060e-05 1.780e-06 23.3 1.860e-06 1.030e-07 22.7
7.590e-01 4.050e-05 2.010e-06 21.8 2.490e-06 1.120e-07 20.7
7.940e-01 5.160e-05 2.470e-06 20.5 3.100e-06 1.440e-07 19.1
8.320e-01 5.800e-05 2.320e-06 20.4 3.290e-06 1.340e-07 18.7
8.710e-01 5.490e-05 2.430e-06 21.2 2.880e-06 1.260e-07 19.3
9.120e-01 4.290e-05 2.360e-06 22.4 2.110e-06 1.260e-07 20.9
9.550e-01 2.900e-05 1.570e-06 23.6 1.390e-06 8.220e-08 22.6
1.000e+00 2.010e-05 1.500e-06 23.8 9.810e-07 7.450e-08 24.2
1.047e+00 1.760e-05 1.230e-06 22.8 8.670e-07 6.100e-08 24.6
1.097e+00 1.930e-05 1.110e-06 21.3 9.060e-07 5.370e-08 24.2
1.148e+00 2.280e-05 1.210e-06 19.5 9.970e~-07 5.410e-08 23.0
1.202e+00 2.680e-05 1.240e-06 18.3 1.100e-06 5.390e-08 21.8
1.259e+00 2.880e-05 1.290e-06 18.4 1.160e-06 5.700e-08 20.7
1.318e+00 2.720e-05 1.360e-06 19.7 1.140e-06 5.890e-08 20.3
1.380e+00 2.270e-05 1.180e-06 21.4 1.040e-06 5.620e-08 20.5
1.445e+00 1.800e-05 1.130e-06 23.3 9.290e-07 5.480e-08 20.9
1.514e+00 1.510e-05 9.600e-07 24.6 8.490e-07 5.080e-08 21.4
1.585e+00 1.430e-05 9.050e-07 25.5 8.200e-07 4.890e-08 21.7
1.660e+00 1.500e-05 8.780e-07 25.7 8.250e-07 4.770e-08 21.8
1.738e+00 1.630e-05 8.850e-07 25.7 8.370e-07 4.760e-08 21.9
1.820e+00 1.720e-05 9.110e-07 25.7 8.410e-07 4.750e-08 21.8
1.906e+00 1.690e-05 9.210e-07 25.5 8.300e-07 4.740e-08 21.8
1.995e+00 1.600e-05 8.720e-07 24.9 8.150e-07 4.650e-08 21.9
2.08%e+00 1.510e-05 8.450e-07 23.8 8.080e-07 4.590e-08 21.8
2.188e+00 1.450e-05 8.470e-07 22.5 8.120e-07 4.660e-08 21.7
2.291e+00 1.410e-05 8.240e-07 21.2 8.250e-07 4.670e-08 21.5
2.399e+00 1.350e-05 6.970e-07 20.1 8.400e-07 4.630e-08 21.3
2.512e+00 1.370e-05 7.300e-07 19.6 8.510e-07 4.690e-08 21.1
2.630e+00 1.330e-05 7.450e-07 19.4 8.520e-07 4.760e-08 21.1
2.754e+00 1.280e-05 7.480e-07 19.2 8.420e-07 4.740e-08 21.1
2.884e+00 1.290e-05 7.470e-07 19.0 8.300e-07 4.690e-08 21.3
3.020e+00 1.380e-05 7.470e-07 18.8 8.280e-07 4.630e-08 21.4
3.162e+00 1.480e-05 7.620e-07 18.7 8.450e-07 4.670e-08 21.6
3.311e+00 1.510e-05 7.670e-07 18.9 8.780e-07 4.790e-08 21.7
3.467e+00 1.440e-05 7.780e-07 19.3 9.080e-07 4.930e-08 21.9
3.631e+00 1.340e-05 7.470e-07 20.5 9.050e-07 4.780e-08 22.8
3.802e+00 1.280e-05 6.400e-07 22.0 8.560e-07 4,400e-08 23.6
3.981e+00 1.260e-05 7.200e-07 23.3 7.870e-07 5.070e-08 24 .4
4.169%e+00 1.240e-05 8.710e-07 24.2 7.370e-07 6.190e-08 25.1
4.365e+00 1.170e-05 7.760e-07 25.3 7.310e-07 5.880e-08 25.7
4.571e+00 1.050e-05 5.630e-07 25.6 7.610e-07 4.600e-08 25.7
4.786e+00 9.110e-06 5.300e-07 25.6 7.810e-07 4.330e-08 25.7
5.012e+00 8.150e-06 5.100e-07 25.6 7.490e-07 4.540e-08 25.7
5.248e+00 7.710e-06 5.370e-07 25.7 6.670e-07 4.710e-08 25.7
5.495e+00 7.140e-06 5.980e-07 25.7 5.880e-07 5.010e-08 25.7
5.754e+00 5.910e-06 5.480e-07 25.7 5.630e-07 4.720e-08 25.7
6.026e+00 4.320e-06 5.780e-07 25.7 5.820e-07 4.090e-08 7
6.310e+00 3.210e-06 5.610e-07 25.7 6.010e-07 3.550e-08 25.1
6.607e+00 3.080e-06 4.920e-07 25.7 6.340e-07 3.250e-08 23.4
6.918e+00 3.760e-06 5.210e-07 25.4 7.500e-07 3.390e-08 21.3
7.244e+00 5.080e-06 4.820e-07 23.9 9.260e-07 3.910e-08 18.8
7.586e+00 7.070e-06 4.280e-07 22.0 1.010e-06 4.450e-08 16.5
7.943e+00 9.280e-06 4.430e-07 20.4 9.150e-07 4.020e-08 16.1
8.318e+00 1.040e-05 4.810e-07 19.3 7.050e-07 3.160e-08 17.8
8.710e+00 9.590e~06 4.720e-07 19.6 4.890e-07 2.780e-08 20.0
9.120e+00 7.540e-06 4.120e-07 21.2 3.230e-07 2.030e-08 22.5
9.550e+00 5.690e-06 3.610e-07 23.0 2.250e-07 1.610e-08 24.7
1.000e+01 4.620e-06 3.320e-07 24.7 1.710e-07 1.380e-08 25.7
1.047e+01 3.950e-06 2.930e-07 25.7 1.330e-07 1.190e-08 25.7
1.097e+01 3.260e-06 2.450e-07 25.7 9.870e-08 1.040e-08 25.7
1.148e+01 2.490e-06 2.040e-07 25.7 6.850e-08 9.280e-09 25.7
1.202e+01 1.720e-06 1.690e-07 25.7 4.300e-08 7.870e-09 25.7
1.259%e+01 1.030e-06 1.310e-07 25.7 2.320e-08 5.780e-09 25.7
1.318e+01 5.140e-07 8.930e-08 25.7 1.020e-08 3.540e-09 25.7
1.380e+01 2.030e-07 4.920e-08 25.7 3.550e-09 1.760e-09 25.7
1.445e+01 6.190e-08 2.020e-08 25.7 9.130e-10 6.840e-10 25.7
1.514e+01 1.400e-08 5.810e-09 25.7 1.670e-10 1.940e-10 25.7
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Table 3.3.7 Continued. (2/2)
Photon Energy Flux at Absolute Window Flux at Absolute Window

[MeV] 2z=100mm Error [%] z=300mm Exror %]
3.630e-01 9.620e-08 5.690e-09 28.1
3.800e-01 9.250e-08 5.860e-09 28.2
3.980e-01 3.320e-07 2.370e-08 27.6 9.260e-08 6.070e-09 27.3
4,170e-01 3.800e-07 2.460e-08 26.5 9.990e-08 6.330e-09 26.0
4.370e-01 4,490e-07 2.350e-08 25.8 1.180e-07 6.410e-09 25.1
4.570e-01 5.260e-07 2.170e-08 25.4 1.470e-07 7.160e-09 24.7
4,790e-01 5.800e-07 2.980e-08 25.0 1.780e-07 8.900e-09 24.6
5.010e-01 5.840e-07 3.870e-08 24.9 1.920e-07 8.690e-09 24.8
5.250e-01 5.290e-07 3.430e-08 25.4 1.800e-07 7.780e-09 25.5
5.490e-01 4.340e-07 2.250e-08 25.8 1.430e-07 8.400e-09 26.1
5.750e-01 3.360e-07 1.860e-08 25.9 1.020e-07 6.750e-09 26.2
6.030e-01 2.650e-07 1.710e-08 26.0 7.220e~-08 5.600e-09 26.2
6.310e-01 2.300e-07 1.530e-08 26.3 6.100e-08 5.210e-09 26.4
6.610e-01 2.240e-07 1.450e-08 26.3 6.040e-08 3.780e-09 26.5
6.920e-01 2.360e-07 1.460e-08 25.6 6.270e-08 3.670e-09 26.3
7.240e-01 2.630e-07 1.510e-08 24.6 6.550e-08 3.660e-09 26.0
7.590e-01 3.010e-07 1.610e-08 23.4 6.770e-08 3.680e-09 25.7
7.940e-01 3.460e-07 1.750e-08 22.3 6.910e-08 3.680e-09 25.5
8.320e-01 3.780e-07 1.780e-08 21.7 6.970e-08 3.690e~-09 25.5
8.710e-01 3.760e-07 1.860e-08 21.9 6.870e-08 3.740e-09 25.5
9,.120e-01 3.340e-07 1.840e-08 22.8 6.570e-08 3.730e-09 25.6
9.550e-01 2.680e-07 1.530e-08 23.8 6.110e-08 3.590e-09 25.8
1.000e+00 2.110e-07 1.400e-08 24.8 5.660e-08 3.470e-09 25.8
1.047e+00 1.790e-07 1.280e-08 25.4 5.370e-08 3.480e-09 25.8
1.097e+00 1.700e-07 1.210e-08 25.8 5.300e-08 3.520e-09 25.8
1.148e+00 1.750e-07 1.170e-08 25.7 5.390e-08 3.540e-09 25.7
1.202e+00 1.850e-07 1.160e-08 25.7 5.550e-08 3.570e-09 25.7
1.259e+00 1.970e-07 1.180e-08 25.7 5.730e-08 3.640e-09 5.7
1.318e+00 2.070e-07 1.200e-08 25.7 5.920e-08 3.720e-09 25.7
1.380e+00 2.130e-07 1.220e-08 25.7 6.110e-08 3.770e-09 25.7
1.445e+00 2.170e-07 1.220e-08 25.5 6.350e-08 3.780e-09 25.7
1.514e+00 2.210e-07 1.220e-08 25.4 6.630e-08 3.790e-09 25.7
1.585e+00 2.250e-07 1.220e-08 25.3 6.910e-08 3.840e-09 25.7
1.660e+00 2.300e-07 1.240e-08 25.3 7.110e-08 3.920e-09 25.7
1.738e+00 2.310e-07 1.270e-08 25.4 7.130e-08 4,010e-09 25.7
1.820e+00 2.280e-07 1.290e-08 25.5 6.990e-08 4,.070e-09 25.7
1.906e+00 2.220e-07 1.300e-08 25.7 6.810e-08 4.120e-09 25.7
1.995e+00 2.150e-07 1.300e-08 25.7 6.670e-08 4.150e-09 25.7
2.089e+00 2.110e-07 1.310e-08 25.7 6.640e-08 4.190e-09 25.7
2.188e+00 2.120e-07 1.330e-08 25.7 6.710e-08 4.280e-09 25.7
2.291e+00 2.180e-07 1.350e-08 25.7 6.860e-08 4.360e-09 25.7
2.399%e+00 2.260e-07 1.360e-08 25.7 7.070e-08 4.420e-09 25.7
2.512e+00 2.370e-07 1.390e-08 25.7 7.300e-08 4.520e-09 25.7
2.630e+00 2.470e-07 1.440e-08 25.7 7.540e-08 4.650e-09 25.7
2.754e+00 2.550e-07 1.460e-08 25.7 7.790e-08 4.740e-09 25.7
2.884e+00 2.600e-07 1.470e-08 25.7 8.050e-08 4.800e-09 25.7
3.020e+00 2.640e-07 1.510e-08 25.7 8.310e-08 4.950e-09 25.7
3.162e+00 2.680e-07 1.600e-08 25.7 8.580e-08 5.260e-09 25.7
3.311e+00 2.730e-07 1.720e-08 25.7 8.850e-08 5.680e-09 25.7
3.467e+00 2.780e-07 1.790e-08 25.7 9.090e-08 5.890e-09 25.7
3.631e+00 2.830e-07 1.720e-08 25.7 9.220e-08 5.670e-09 25.7
3.802e+00 2.880e-07 1.750e-08 25.7 9.260e-08 5.810e-09 25.7
3.981e+00 2.910e-07 2.280e-08 25.7 9.350e-08 7.550e-09 25.7
4.169%e+00 2.960e-07 2.830e-08 25.7 9.720e-08 9.330e-09 25.7
4.365e+00 3.060e-07 2.720e-08 25.7 1.040e~-07 8.990e-09 25.7
4.571e+00 3.240e-07 2.190e-08 25.7 1.120e-07 7.290e-09 25.7
4.786e+00 3.420e-07 2.130e-08 25.7 1.150e-07 7.030e-09 25.7
5.012e+00 3.500e-07 2.330e-08 25.7 1.110e-07 7.740e-09 25.7
5.248e+00 3.410e-07 2.590e-08 25.7 1.030e-07 8.670e-09 25.7
5.495e+00 3.260e-07 2.800e-08 25.7 1.010e-07 9.190e-09 25.7
5.754e+00 3.220e-07 2.600e-08 25.7 1.080e-07 8.570e-09 25.7
6.026e+00 3.320e-07 2.360e-08 25.7 1.180e-07 8.040e-09 25.7
6.310e+00 3.470e-07 2.190e-08 25.7 1.240e-07 7.600e-09 25.7
6.607e+00 3.740e-07 1.950e-08 24.2 1.300e-07 6.850e-09 24.1
6.918e+00 4.380e-07 1.830e-08 21.6 1.510e-07 6.500e-09 21.6
7.244e+00 5.380e-07 1.990e-08 18.8 1.850e-07 7.350e-09 18.6
7.586e+00 6.000e-07 2.260e-08 16.6 2.060e-07 8.230e-09 15.8
7.943e+00 5.320e-07 1.960e-08 16.6 1.830e-07 6.570e-09 13.8
8.318e+00 3.540e-07 1.350e-08 18.2 1.200e-07 4.320e-09 15.5
8.710e+00 1.880e-07 1.080e-08 20.7 5.880e-08 3.300e-09 17.8
9.120e+00 1.040e-07 7.010e-09 23.5 2.740e-08 1.650e-09 20.9
9.550e+00 7.460e-08 4.850e-09 25.7 1.770e-08 1.110e-09 23.7
1.000e+01 5.780e-08 4.,090e-09 25.7 1.360e-08 8.210e-10 25.6
1.047e+01 4.070e-08 3.370e-09 25.7 9.130e-09 6.210e-10 25.6
1.097e+01 2.480e-08 2.540e-09 25.7 5.060e-09 4.310e-10 25.7
1.148e+01 1.350e-08 1.880e-09 25.7 2.390e-09 2.900e-10 25.7
1.202e+01 7.080e-09 1.460e-09 25.7 1.060e-09 2.070e-10 25.7
1.259e+01 3.890e-09 1.110e-09 25.7 4.780e-10 1.560e-~-10 25.7
1.318e+01 2.100e-09 7.680e-10 25.7 2.180e-10 1.040e-10 25.7
1.380e+01 9.830e-10 4.370e-10 25.7 8.970e-11 5.530e-11 25.7
1.445e+01 3.560e-10 1.850e-10 25.7 2.990e-11 2.170e-11 25.7
1.514e+01 9.340e-11 5.460e-11 25.7 7.350e~-12 6.010e-12 25.7
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Table 3.3.8 Measured gamma-ray heating rates of iron in the unit of [Gy / source neutron].

Detector Gamma Error Detector Gamma Error
Position Heating (%) Position Heating (%]
(rom] {rom]
0 9.10e-16 25.7 400 1.36e-17 10.2
50 1.17e-15 10.8 500 7.18e-18 10.6
100 5.30e-16 10.5 600 4.92e-18 8.5
200 1.32e-16 9.3 700 3.08e-18 8.2
300 3.55e-17 10.0 800 2.00e-18 8.0

Table 3.4.1  Material specification for the copper assembly.

Copper Purity: > 99.99% Weight Density: 8.93 [g/cm’]

Table 3.4.2  Neutron spectra in the copper assembly measured by the SDT method in the unit
of [n/ cm®/ lethargy / source].

Neutron
Energy Flux at Absolute Flux at Absolute Flux at Absolute Flux at Absolute
[MeV] Zz=76mm Error z=228mm Error z=380mm Error z=532mm Error

2.82e-07 | 1.11e-09 1.63e-10 | 4.45e-10 9.54e-11 3.67e-10 8.77e-11 | 7.87e-10 1.32e-10
3.55e-07 | 2.28e-09 2.68e-10 | 4.98e-10 1.07e-10 3.77e-10 9.36e-11 1.49e-09 2.03e-10
4.47e-07 | 2.62e-09 3.05e-10 | 7.53e-10 1.4le-10 5.77e-10 1.24e-10 | 1.59e-09 2.20e-10
5.62e-07 | 3.09e-09 3.53e-10 | 1.24e-09 1.97e-10 1.09e-09 1.87e-10 | 1.81e-09 2.49e-10
7.08e-07 ]| 3.70e-09 4.14e-10 | 1.46e-09 2.28e-10 1.52e-09 2.38e-10 1.66e-09 2.48e-10
8.91e-07 | 4.51e-09 4.92e-10 | 2.69e-09 3.46e-10 2.42e-09 3.29e-10 | 2.75e-09 3.52e-10
1.12e-06 | 4.22e-09 4.88e-10 { 4.61le-09 5.12e-10 4.76e-09 5.31le-10 3.19e-09 4.04e-10
1.41e-06 | 5.11e-09 5.77e-10 | 6.36e-09 6.63e-10 4.69e-09 5.46e-10 | 4.11e-09 4.96e-10
1.78e-06 8.26e-09 8.34e-10 1.10e-08 1.02e-09 8.94e-09 8.86e-10 5.55e-09 6.29%9e-10
2.24e-06 | 1.09e-08 1.05e-09 | 1.43e-08 1.29%e-09 1.22e-08 1.15e-09 6.72e-09 7.43e-10
2.82e-06 1.46e-08 1.35e-09 2.27e-08 1.90e-09 1.93e-08 1.68e-09 9.95e-09 1.01le-09
3.55e-06 | 1.93e-08 1.72e-09 | 2.91e-08 2.40e-09 2.52e-08 2.14e-09 1.20e-08 1.20e-09
4.47e-06 | 2.51e-08 2.18e-09 | 3.89e-08 3.12e-09 3.23e-08 2.69e-09 1.73e-08 1.63e-09
5.62e-06 | 2.99e-08 2.58e-09 | 4.92e-08 3.90e-09 4.15e-08 3.3%e-09 1.63e-08 1.60e-09
7.08e-06 | 3.83e-08 3.24e-09 | 6.77e-08 5.26e-09 5.63e-08 4.50e-09 2.39%9e-08 2.21e-09
8.91e-06 4.47e~-08 3.77e-09 8.63e-08 6.66e-09 6.32e-08 5.08e-09 2.70e-08 2.51e-09
1.12e-05| 5.56e-08 4.65e-09 | 1.06e-07 8.15e-09 8.18e-08 6.51le-09 3.35e-08 3.06e-09
1.41e-05| 6.75e-08 5.63e-09 | 1.21e-07 9.44e-09 1.01e-07 7.99e-09 | 4.14e-08 3.74e-09
1.78e-05| 8.14e-08 6.79e-09 | 1.38e-07 1.08e-08 1.12e-07 9.01le-09 4.79e-08 4.34e-09
2.24e-051 1.03e-07 8.61le-09 [ 1.68e-07 1.33e-08 1.26e-07 1.03e-08 | 5.26e~08 4.83e-09
2.82e-05| 1.10e-07 9.35e-09 | 1.94e-07 1.56e-08 1.49e-07 1.23e-08 5.70e-08 5.33e-09
3.55e-05 | 1.29e-07 1.1le-08 | 2.24e-07 1.84e-08 1.71e-07 1.43e-08 | 6.82e-08 6.42e-09
4.47e-05 | 1.41e-07 1.25e-08 | 2.42e-07 2.04e-08 1.87e-07 1.61le-08 | 7.58e-08 7.28e-09
5.62e-051 1.73e-07 1.55e-08 | 2.71e-07 2.35e-08 1.97e-07 1.75e-08 | 8.04e-08 7.96e-09
7.08e-05| 1.78e-07 1.67e-08 | 3.05e-07 2.73e-08 2.29e-07 2.10e-08 8.52e-08 8.73e-09
8.91e-05| 1.97e-07 1.91e-08 | 3.37e~-07 3.14e-08 2.47e-07 2.36e-08 | 1.03e-07 1.07e-08
1.12e-04 2.40e-07 2.40e-08 4.27e-07 4.55e-08 2.65e-07 3.05e-08 9.76e-08 1.08e-08
1.41e-04 | 2.50e-07 2.64e-08 | 4.41e-07 4.96e-08 2.47e-07 3.02e-08 1.11le-07 1.27e-08
1.78e-04 | 2.96e-07 3.28e-08 | 4.47e-07 5.30e-08 2.85e-07 3.59e-08 1.32e-07 1.57e-08
2.24e-04 | 3.02e-07 3.56e-08 | 4.61e-07 5.76e-08 3.34e-07 4.32e-08 1.64e-07 2.03e-08
2.82e-04 | 3.78e-07 4.71e-08 | 5.91e-07 7.73e-08 4.14e-07 5.58e-08 1.76e-07 2.31le-08
3.55e-04 | 4.43e-07 5.89e-08 | 5.99e-07 8.37e-08 4.15e-07 5.95e-08 1.92e-07 2.6%e-08
4.47e-04 4.99e-07 7.1l4e-08 7.30e-07 1.07e-07 4.84e-07 7.31e-08 2.20e-07 3.26e-08
5.62e-04 | 6.33e-07 1.02e-07 | 9.60e-07 1.50e-07 6.82e-07 1.06e-07 | 2.52e~-07 4.02e-08
7.08e-04 | 9.40e-07 1.60e-07 | 1.41le-06 2.37e-07 9.50e-07 1.60e-07 3.61e-07 6.07e-08
8.91e-04 | 1.32e-06 2.50e-07 | 1.83e-06 3.3%e-07 1.33e-06 2.42e-07 5.73e-07 1.05e-07
1.12e-03 1} 1.63e-06 3.43e-07 | 2.48e-06 5.13e-07 1.74e-06 3.56e-07 6.29e-07 1.29e-07
1.41e-03 | 1.77e-06 4.18e-07 | 2.50e-06 5.84e-07 1.77e-06 4.10e-07 | 7.26e-07 1.6%e-07
1.78e-03 | 1.63e-06 4.32e-07 | 2.25e-06 5.83e-07 1.68e-06 4.29e-07 5.93e-07 1.52e-07
2.24e-03 | 2.19e-06 6.39e-07 | 3.37e-06 9.62e-07 1.64e-06 4.63e-07 6.08e-07 1.70e-07
2.82e-03 | 2.06e-06 6.58e-07 | 3.21e-06 1.02e-06 2.11le-06 6.47e-07 | 7.72e-07 2.37e-07
3.55e-03 | 2.92e-06 1.04e-06 | 4.26e-06 1.50e-06 2.82e-06 9.67e-07 9.52e-07 3.22e-07
4.47e-03 | 3.90e-06 1.57e-06 | 5.49e-06 2.20e-06 3.48e-06 1.35e-06 1.16e-06 4.38e-07
5.62e-03 | 6.02e-06 2.79e-06 | 8.36e-06 3.83e-06 4.24e-06 1.87e-06 1.76e-06 7.57e-07
7.08e-03 8.23e-06 4.57e-06 1.09e-05 5.93e-06 6.81le-06 3.53e-06 2.53e-06 1.28e-06
8.91e-03 | 9.20e-06 5.95e-06 | 1.14e-05 7.21le-06 6.83e-06 4.14e-06 | 2.13e-06 1.26e-06
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Table 3.5.1  Material specification for the tungsten assembly.

Chemical Composition W 94.8 wt$%
Cu 2.1 wt%
Ni 3.1 wt$

Weight Density 18.05 [g/cm’]

Table 3.5.2  Neutron spectra in the tungsten assembly measured by the NE213 spectrometer
in the unit of [n / cm?®/ lethargy / source].

Neutron Flux at Abs, Window | Flux at Abs. Window | Flux at Abs. Window

Energy [MeV] z=76mm Error [%] z=228mm Error [%] z=380mm Error (%)
1.041e+0 6.1le-5 1.86e-6 42.5 5.73e-6 1.85e-7 34.9 3.13e-7 1.18e-8 37.1
1.095e+0 5.69e-5 1.87e-6 42.4 5.24e-6 1.99e-7 34.8 2.78e-7 1.06e-8 37.4
1.151e+0 5.28e-5 1.89e-6 42.2 4.73e-6 1.92e-7 34.9 2.54e-7 1.08e-8 37.0
1.210e+0 4.97e-5 1.79%e-6 41.7 4.21le-6 1.52e-7 34.9 2.43e~-7 9.57e-9 36.0
1.272e+0 4.8le-5 1.60e-6 40.8 3.70e-6 1.31e-7 35.0 2.44e-7 7.6le-9 34.6
1.337e+0 4.78e-5 1.48e-6 39.3 3.23e-6 1.28e-7 35.1 2.50e-7 7.17e-9 32.7
1.406e+0 4.86e-5 1.5le-6 37.5 2.86e-6 1.08e-7 35.4 2.52e-7 7.54e-9 30.9
1.478e+0 4.99e-5 1.53e-6 35.5 2.60e-6 9.33e-8 35.5 2.41le-7 7.42e-9 30.2
1.553e+0 5.09e-5 1.55e-6 33.8 2.42e-6 8.98e-8 35.3 2.13e-7 6.46e-9 31.0
1.633e+0 5.07e-5 1.53e-6 32.5 2.30e-6 7.92e-8 35.0 1.75e-7 5.65e-9 32.1
1.717e+0 4.88e-5 1.44e-6 32.0 2.19e-6 6.88e-8 34.7 1.39e-7 5.45e-9 33.4
1.805e+0 4.48e-5 1.35e-6 32.0 2.04e-6 6.34e-8 34.5 1.15e-7 4.52e-9 34.8
1.897e+0 3.97e-5 1.34e-6 32.6 1.88e-6 5.8le-8 34.2 1.02e-7 3.56e-9 35.5
1.995e+0 3.45e-5 1.2le-6 33.3 1.72e-6 5.31e-8 34.0 9.66e-8 3.43e-9 34.9
2.097e+0 3.00e-5 1.04e-6 33.8 1.58e-6 4.81le-8 33.8 9.26e-8 3.11e-9 34.1
2.204e+0 2.63e-5 9.42e-7 33.8 1.47e-6 4.39e-8 33.3 8.82e-8 2.6le-9 33.3
2.317e+0 2.34e-5 8.67e-7 33.5 1.39e-6 4.14e-8 32.7 8.29e-8 2.34e-9 32.3
2.436e+0 2.14e-5 7.74e-7 32.8 1.30e-6 3.88e-8 32.1 7.72e-8 2.18e-9 31.7
2.561e+0 2.00e-5 7.25e-7 32.0 1.2le-6 3.66e-8 31.6 7.10e-8 2.02e-9 31.4
2.692e+0 1.89e-5 6.87e-7 31.2 l.1le-6 3.43e-8 31.0 6.45e-8 1.94e-9 30.9
2.830e+0 1.77e-5 6.67e-7 30.5 9.95e-7 3.29e-8 30.4 5.82e-8 1.83e-9 30.3
2.975e+0 1.64e-5 6.96e-7 29.7 8.95e-7 3.26e-8 29.7 5.27e-8 1.76e-9 29.7
3.128e+0 1.53e-5 7.48e-7 29.0 8.18e-7 3.35e-8 29.0 4.82e-8 1.79%e-9 29.0
3.288e+0 1.44e-5 7.63e-7 28.3 7.63e-7 3.32e-8 28.3 4.3%9e-8 1.76e-9 28.3
3.457e+0 1.3%e-5 7.19e-7 27.6 7.18e-7 3.19e-8 27.6 3.96e-8 1.69e-9 27.6
3.634e+0 1.22e-5 6.59e-7 26.8 6.70e-7 3.02e-8 26.8 3.56e-8 1.60e-9 26.8
3.821e+0 1.06e-5 6.24e-7 26.1 6.15e-7 2.89%9e-8 26.1 3.26e-8 1.57e-9 26.1
4.016e+0 9.04e-6 6.20e-7 25.3 5.58e-7 2.89e-8 25.3 3.03e-8 1.59e-9 25.3
4.222e+0 7.89e-6 6.50e-7 24.5 5.0le-7 2.96e-8 24.5 2.85e-8 1.63e-9 24.5
4.439e+0 7.16e-6 6.83e-7 23.9 4,51le-7 3.05e-8 23.9 2.75e-8 1.68e-9 23.9
4.666e+0 6.59e-6 7.26e-7 23.3 4.06e-7 3.20e-8 23.3 2.72e-8 1.74e-9 23.3
4.906e+0 5.92e-6 7.72e-7 22.7 3.68e-7 3.37e-8 22.17 2.72e-8 1.83e-9 22.7
5.157e+0 5.10e-6 8.0le-7 22.2 3.40e-7 3.46e-8 22.2 2.65e-8 1.87e-9 22.2
5.422e+0 4.35e-6 8.57e-7 21.7 3.25e-7 3.65e-8 21.7 2.51e-8 1.93e-9 21.7
5.700e+0 3.85e-6 9.26e-17 21.1 3.07e-7 3.91e-8 21.1 2.32e-8 2.04e-9 21.1
5.992e+0 3.72e-6 9.68e-7 20.6 2.69e-7 4.07e-8 20.6 2.15e-8 2.08e-9 20.6
6.299e+0 3.95e-6 1.08e-6 20.0 2.33e-7 4.43e-8 20.0 2.07e-8 2.19e-9 20.0
6.622e+0 4.23e-6 1l.2le-6 19.5 2.38e-7 4.92e-8 19.5 2.11e-8 2.39e-9 19.5
6.961le+0 4.40e-6 1.26e-6 19.0 2.83e-7 5.06e-8 19.0 2.13e-8 2.47e-9 19.0
7.318e+0 4.76e-6 1.43e-6 18.5 3.14e-7 5.76e-8 18.5 2.10e-8 2.73e-9 18.5
7.694e+0 5.29e-6 1.68e-6 18.0 2.99e-7 6.65e-8 18.0 2.12e-8 3.08e-9 18.0
8.088e+0 5.29e-6 1.8le-6 17.6 2.87e-7 7.04e-8 17.6 2.16e-8 3.28e-9 17.6
8.503e+0 4.98e-6 2.06e-6 17.2 3.29e-7 7.95e-8 17.2 2.19e-8 3.63e-9 17.2
8.939%e+0 5.16e-6 2.60e-6 16.8 3.98e-7 9.84e-8 16.8 2.39e-8 4.41e-9 16.8
9.397e+0 5.83e-6 2.86e-6 16.4 4.54e-7 1.08e-7 16.4 2.58e-8 4.79e-9 16.4
9.879%e+0 7.19e-6 2.96e-6 15.9 4.77e-17 1.11e-7 15.9 2.48e-8 4.97e-9 15.9
1.039e+1 8.84e-6 3.37e-6 15.5 4.79e-7 1.25e-7 15.5 2.44e-8 5.49e-9 15.5
1.092e+1 8.65e-6 3.35e-6 15.1 4.95e-7 1.22e-7 15.1 2.61le-8 5.36e-9 15.1
1.148e+1 8.88e-6 3.34e-6 14.8 5.64e-7 1.21e-7 14.8 2.89e-8 5.26e-9 14.8
1.207e+1 1.80e-5 3.96e-6 14.5 8.87e-7 1.42e-7 14.5 4.55e-8 6.04e-9 14.5
1.268e+1 4.71e-5 4.07e-6 14.4 2.0%e-6 1.45e-7 14.4 1.00e-7 6.34e-9 14.4
1.334e+1 1.13e-4 5.05e-6 14.4 4.70e-6 1.76e-7 14 .4 2.08e-7 7.43e-9 14.4
1.402e+1 1.88e-4 6.2le-6 14.4 6.95e-6 2.22e-7 14.4 3.06e-7 9.64e-9 14 .4
1.474e+1 1.80e-4 6.42e-6 14.4 5.91le-6 2.50e-7 14 .4 2.70e-7 1.25e-8 14.4
1.549%e+1 9.98e-5 2.93e-6 14.4 2.92e-6 1.07e-7 14.4 1.24e-7 4.92e-9 14.4
1.629%e+1 4.14e-5 3.20e-6 13.7 1.14e-6 1.20e-7 14.4 2.69e-8 6.18e-9 14.4
1.712e+1 2.41e-5 2.27e-6 13.1 6.29e-7 9.10e-8 14.4 1.10e-8 4.5%e-9 14.4
1.800e+1 1.44e-5 5.29%e-7 12.4 3.84e-7 2.38e-8 14.4 1.13e-8 1.24e-9 14.4
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Table 3.5.3 Neutron spectra in the tungsten assembly measured by the PRC in the unit of [n/
cm®/ lethargy / source]. (1/2)

Neutron Flux at Absolute Neutron Flux at Absolute Neutron Flux at Absolute

Energy z=76mm Error Energy z=228mm Error Energy z=380mm Error

[MeV]) (MeV] [MeV]
5.00e-03 1.52e-05 4.97e-06 3,11e-03 3.21e-06 1.90e-06 3.11e-03 8.26e-07 2.97e-07
5.23e-03 6.01e-06 4.97e-06 3.24e-03 5.25e-06 1.84e-06 3.24e-03 3.60e-07 2.87e-07
5.46e-03 1.04e-05 5.00e-06 3.38e-03 6.01e-06 1.8le-06 3.38e-03 9.03e-07 2.86e-07
5.71e-03 9.84e-06 5.09e-06 3.53e-03 2.41e-06 1.78e-06 3.53e-03 5.54e-07 2.82e-07
5.97e-03 8.83e-06 5.12e-06 3.68e-03 4.69e-06 1.74e-06 3.68e-03 7.03e-07 2.76e-07
6.24e-03 1.25e-05 5.21e-06 3.85e-03 3.27e-06 1.74e-06 3.85e-03 5.80e-07 2.76e-07
6.53e-03 5.47e-06 5.24e-06 4.,02e-03 2.69e-06 1.71e-06 4.02e-03 6.77e-07 2.69%e-07
6.83e-03 1.83e-05 5.30e-06 4.20e-03 2.93e-06 1.70e-06 4.20e-03 1.07e-06 2.68e-07
7.14e-03 1.68e-05 5.3%e-06 4.38e-03 4.31le-06 1.69%e-06 4.38e-03 4.93e-07 2.64e-07
7.47e-03 1.36e-05 5.39%9e-06 4.58e-03 6.05e-06 1.67e-06 4.58e-03 5.95e-07 2.62e-07
7.81e-03 1.54e-05 5.42e-06 4.78e-03 1.82e-06 1.66e-06 4.78e-03 6.92e-07 2.60e-07
8.17e-03 1.93e-05 5.42e-06 5.00e-03 2.60e-06 1.66e-06 5.00e-03 6.99e-07 2.6le-07
8.55e-03 6.90e-06 5.51e-06 5.23e-03 4.48e-06 1.69e-06 5.23e-03 2.63e-08 2.65e-07
8.94e-03 1.54e-05 5.54e-06 5.46e-03 4.34e-06 1.70e-06 5.46e-03 4.63e-07 2.69e-07
9.36e-03 1.76e-05 5.63e-06 5.71e-03 -4.26e-07 1.73e-06 5.71e-03 5.46e-07 2.74e-07
9.79e-03 1.57e-05 5.69e-06 5.97e-03 7.71e-07 1.76e-06 5.97e-03 8.37e-07 2.75e-07
1.03e-02 2.45e-05 5.69e-06 6.24e-03 3.56e-06 1.7%e-06 6.24e-03 6.47e-07 2.78e-07
1.07e-02 1.93e-05 5.79%e-06 6.53e-03 5.21e-06 1.82e-06 6.53e-03 6.30e-07 2.81le-07
1.12e-02 9.27e-06 5.79e-06 6.83e-03 6.61le-06 1.81e-06 6.83e-03 8.53e-07 2.84e-07
1.18e-02 1.42e-05 5.91e-06 7.14e-03 6.%0e-06 1.84e-06 7.14e-03 6.75e-07 2.86e-07
1.23e-02 1.07e-05 5.97e-06 7.47e-03 1.19e-06 1.85e-06 7.47e-03 9.33e-07 2.90e-07
1.29e-02 1.42e-05 6.09e-06 7.81le-03 4.69e-06 1.87e-06 7.81e-03 1.12e-06 2.91e-07
1.35e-02 1.45e-05 6.12e-06 8.17e-03 2.94e-06 1.91e-06 8.17e-03 1.20e-06 2.94e-07
1.41e-02 1.70e-05 6.24e-06 8.55e-03 5.73e-06 1.92e-06 8.55e-03 8.84e-07 2.95e-07
1.48e-02 5.93e-07 6.36e-06 8.94e-03 7.94e-06 1.94e-06 8.94e-03 7.42e-07 3.00e-07
1.55e-02 5.37e-06 6.48e-06 9.36e-03 5.71e-06 1.96e-06 9.36e-03 1.18e-06 3.0le-07
1.62e-02 5.40e-06 6.63e-06 9.79e-03 7.8%e-06 1.97e-06 9.79e-03 1.16e-06 3.06e-07
1.70e-02-1.98e-06 6.82e-06 1.03e-02 6.63e-06 1.99e-06 1.03e-02 5.33e-07 3.06e-07
1.78e-02 1.63e-05 6.94e-06 1.07e-02 5.72e-06 1.99e-06 1.07e-02 1.13e-06 3.09e-07
1.86e-02 1.50e-05 7.06e-06 1.12e-02 4.68e-06 2.03e-06 1.12e-02 9.08e-07 3.15e-07
1.95%e-02 2.23e-05 7.18e-06 1.18e-02 3.65e-06 2.04e-06 1.18e-02 1.02e-06 3.18e-07
2.04e-02 1.70e-05 7.30e-06 1.23e-02 4.25e-06 2.09%e-06 1.23e-02 1.1le-06 3.21le-07
2.14e-02 2.8le-05 7.42e-06 1.29e-02 3.70e-06 2.11le-06 1.29e-02 6.14e-07 3.27e-07
2.24e-02 9.36e-06 7.57e-06 1.35e-02 4.26e-06 2.16e-06 1.35e-02 3.45e-07 3.30e-07
2.34e-02 1.90e-05 7.69e-06 1.41e-02 1.81e-06 2.20e-06 1.41e-02 3.83e-07 3.39e-07
2.45e-02 2.6%9e-05 7.88e-06 1.48e-02 3.91e-06 2.24e-06 1.48e-02 7.82e-07 3.45e-07
2.57e-02 2.79e-05 7.97e-06 1.55e-02 4.08e-06 2.28e-06 1.55e-02 1.00e-06 3.51le-07
2.6%9e-02 1.79e-05 8.12e-06 1.62e-02 8.45e-06 2.30e-06 1.62e-02 1.0%9e-06 3.54e-07
2.82e-02 2.08e-05 8.30e-06 1.70e-02 6.55e-06 2.36e-06 1.70e-02 1.02e-06 3.60e-07
2.95e-02 2.76e-05 8.42e-06 1.78e-02 6.71le-06 2.38e-06 1.78e~02 1.19e-06 3.67e-07
3.09e-02 3.15e-05 8.63e-06 1.86e-02 3.37e-06 2.41e-06 1.86e-02 1.00e-06 3.73e-07
3.24e-02 2.63e-05 8.78e-06 1.95e-02 1.29e-06 2.48e-06 1.95e-02 1.43e-06 3.79%e-07
3.40e-02 2.57e-05 8.94e-06 2.04e-02 8.01le-06 2.52e-06 2.04e-02 1.71e-06 3.85e-07
3.56e-02 3.61le-05 9.12e-06 2.14e-02 1.56e-05 2.56e-06 2.14e-02 2.16e-06 3.88e-07
3.73e-02 3.51le-05 9.30e-06 2.24e-02 1.21e-05 2.58e-06 2.24e-02 1.88e-06 3.91e-07
3,90e-02 3.71le-05 9.48e-06 2.34e-02 6.07e-06 2.62e-06 2.34e-02 1.89e-06 3.94e-07
4.09e-02 5.50e-05 9.66e-06 2.45e-02 9.18e-06 2.66e-06 2.45e-02 1.28e-06 4.00e-07
4.29e-02 4.57e-05 9.78e-06 2.57e-02 1.23e-05 2.7le-06 2.57e-02 1.6le-06 4.06e-07
4.49e-02 6.49e-05 9.94e-06 2.69e-02 9.54e-06 2.74e-06 2.69e-02 2.26e-06 4.12e-07
4.70e-02 5.29e-05 1.0le-05 2.82e-02 1.06e-05 2.79e-06 2.82e-02 2.44e-06 4.15e-07
4.93e-02 5.90e-05 1.03e-05 2.95e-02 8.44e-06 2.84e-06 2.95e-02 2.58e-06 4.21e-07
5.16e-02 5.41e-05 1.05e-05 3.09e-02 1.64e-05 2.87e-06 3.09e-02 2.67e-06 4.24e-07
5.41e-02 4.46e-05 1.07e-05 3.24e-02 1.32e-05 2.92e-06 3.24e-02 3.00e-06 4.27e-07
5.67e-02 5.89e-05 1.09e-05 3.40e-02 1.53e-05 2.97e-06 3.40e-02 3.32e-06 4.30e-07
5.94e-02 7.00e-05 1.11e-05 3.56e-02 1.83e-05 3.00e-06 3.56e-02 3.11le-06 4.33e-07
6.22e-02 7.15e-05 1.13e-05 3.73e-02 1.54e-05 3.06e-06 3.73e-02 3.49e-06 4.36e-07
6.52e-02 7.25e-05 1.15e-05 3.90e-02 2.41e-05 3.06e-06 3.90e-02 3.8le-06 4.39e-07
6.83e-02 6.42e-05 1.18e-05 4.09e-02 2.65e-05 3.12e-06 4.09e-02 3.98e-06 4.39e-07
7.16e-02 6.68e-05 1.20e-05 4.29e-02 2.19e-05 3.12e-06 4.29e-02 4.19e-06 4.42e-07
7.50e-02 1.17e-04 1.23e-05 4.49%9e-02 2.11le-05 3.15e-06 4.49e-02 4.40e-06 4.39e-07
7.86e-02 1.27e-04 1.27e-05 4.70e-02 2.29e-05 3.18e-06 4.70e-02 4.36e-06 4.42e-07
8.23e-02 1.10e-04 1.31le-05 4.93e-02 3.10e-05 3.21e-06 4.93e-02 4.44e-06 4.42e-07
8.63e-02 1.04e-04 1.36e-05 5.16e-02 2.64e-05 3.24e-06 5.16e-02 4.10e-06 4.45e-07
9.04e-02 9.03e-05 1.41le-05 5.41e-02 2.1le-05 3.27e-06 5.41e-02 2.82e-06 4.48e-07
9.47e-02 8.11e-05 1.47e-05 5.67e-02 2.26e-05 3.30e-06 5.67e-02 3.18e-06 4.54e-07
9.92e-02 1.31le-04 1.53e-05 5.94e-02 2.27e-05 3.36e-06 5.94e-02 4.16e-06 4.60e-07
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Table 3.5.3  Continued. (2/2)
Neutron Flux at Absolute Neutron Flux at Absolute Neutron Flux at Absolute
Energy z=76mm Error Energy 2z=228mm Error Energy z=380mm Error
[MeV] [MeV] (MeV]
1.04e-01 1.29e-04 1.58e-05 6.22e-02 2.31le-05 3.42e-06 6.22e-02 4.46e-06 4.57e-07
1.09e-01 1.08e-04 1.65e-05 6.52e-02 3.43e-05 3.45e-06 6.52e-02 4.80e-06 4.60e-07
1.14e-01 1.36e-04 1.71e-05 6.83e-02 2.97e-05 3.48e-06 6.83e-02 4.83e-06 4.63e-07
1.20e-01 1.53e-04 1.78e-05 7.16e-02 2.91e-05 3.51le-06 7.16e-02 5.36e-06 4.63e-07
1.25e-01 1.43e-04 1.85e-05 7.50e-02 4.02e-05 3.57e-06 7.50e-02 5.95e-06 4.66e-07
1.31e~-01 1.37e-04 1.94e-05 7.86e-02 4.47e-05 3.63e-06 7.86e-02 5.47e-06 4.73e-07
1.38e-01 1.49e-04 2.02e-05 8.23e-02 3.8le-05 3.73e-06 8.23e-02 5.64e-06 4.76e-07
1.44e-01 1.84e-04 2.12e-05 8.63e-02 3.28e-05 3.82e-06 8.63e-02 5.54e-06 4.88e-07
9.04e-02 3.90e-05 3.91e-06 9.04e-02 5.23e-06 4.94e-07
9.47e-02 3.88e-05 4.03e-06 9.47e-02 5.59e-06 5.03e-07
9.92e-02 3.77e-05 4.12e-06 9.92e-02 5.35e-06 5.12e-07
1.04e-01 4.59e-05 4.24e-06 1.04e-01 5.42e-06 5.21e-07
1.09e-01 3.72e-05 4.36e-06 1.09e-01 5.57e-06 5.30e-07
1.14e-01 3.34e-05 4.48e-06 1.14e-01 5.18e-06 5.39%e-07
1.20e-01 4.12e-05 4.66e-06 1.20e-01 4.75e-06 5.54e-07
1.25e-01 4.23e-05 4.79e-06 1.25e-01 4.59e-06 5.63e-07
1.31e-01 3.63e-05 4.94e-06 1.31e-01 4.41e-06 5.7%e-07
1.38e-01 4.31e-05 5.12e-06 1.38e-01 4.58e-06 6.00e-07
1.44e-01 5.28e-05 5.27e-06 1.44e-01 5.57e-06 6.12e-07
1.53e-01 3.07e-05 2.10e-06 1.51e-01 4.16e-06 2.40e-07
1.60e-01 3.12e-05 2.0le-06 1.58e-01 4.31le-06 2.27e-07
1.68e-01 3.74e-05 1.91e-06 1.65e-01 4.39%e-06 2.14e-07
1.76e-01 3.49e-05 1.83e-06 1.73e-01 4.24e-06 2.03e-07
1.84e-01 3.53e-05 1.75e-06 1.82e-01 4.17e-06 1.92e-07
1.93e-01 3.43e-05 1.68e-06 1.90e-01 4.23e-06 1.83e-07
2.02e-01 3.48e-05 1.62e-06 1.99e-01 3.87e-06 1.74e-07
2.12e-01 3.18e-05 1.57e-06 2.09e-01 3.70e-06 1.67e-07
2.22e-01 3.22e-05 1.51e-06 2.19e-01 3.70e-06 1.59e-07
2.33e-01 3.54e-05 1.46e-06 2.29e-01 3.63e-06 1.53e-07
2.44e-01 3.08e-05 1.42e-06 2.40e-01 3.51e-06 1.45e-07
2.56e-01 3.12e-05 1.37e-06 2.52e-01 3.34e-06 1.39e-07
2.68e-01 3.30e-05 1.33e-06 2.64e-01 3.35e-06 1.34e-07
2.81e-01 2.95e-05 1.29e-06 2.77e-01 3.12e-06 1.28e-07
2.94e-01 3.05e-05 1.25e-06 2.90e-01 2.70e-06 1.23e-07
3.09e-01 2.99e-05 1.22e-06 3.04e-01 2.80e-06 1.18e-07
3.23e-01 2.89%e-05 1.18e-06 3.18e-01 2.76e-06 1.14e-07
3.39e-01 2.77e-05 1.15e-06 3.34e-01 2.58e-06 1.0%e-07
3.55e-01 2.71le-05 1.11le-06 3.50e-01 2.4%e-06 1.05e-07
3.72e-01 2.75e-05 1.08e-06 3.66e-01 2.36e-06 1.0le-07
3.90e-01 2.6%e-05 1.05e-06 3.84e-01 2.29e-06 9.66e-08
4.09e-01 2.7%e-05 1.0le-06 4.02e-01 2.30e-06 9.25e-08
4.28e-01 2.54e-05 9.80e-07 4.22e-01 2.09e-06 8.85e-08
4.49e-01 2.43e-05 9.48e-07 4.42e-01 1.76e-06 8.50e-08
4.70e-01 2.33e-05 9.30e-07 4.63e-01 1.83e-06 8.23e-08
4.93e-01 2.20e-05 9.10e-07 4.85e-01 1.74e-06 7.94e-08
5.17e-01 2.24e-05 8.87e-07 5.09e-01 1.68e-06 7.68e-08
5.41e-01 2.25e-05 8.60e-07 5.33e-01 1.53e-06 7.37e-08
5.67e-01 2.12e-05 8.35e-07 5.59e-01 1.53e-06 7.07e-08
5.95e-01 1.97e-05 8.06e-07 5.85e-01 1.29e-06 6.80e-08
6.23e~-01 1.77e-05 7.8le-07 6.13e~01 1.18e-06 6.48e-08
6.53e-01 1.82e-05 7.66e-07 6.43e-01 1.19%9e-06 6.31le-08
6.84e-01 1.6le-05 7.50e-07 6.74e-01 1.02e-06 6.13e-08
7.17e-01 1.54e-05 7.34e-07 7.06e-01 1.00e-06 5.96e-08
7.51le-01 1.45e-05 7.18e-07 7.40e-01 9.09e-07 5.80e-08
7.88e-01 1.23e-05 7.07e-07 7.75e-01 7.60e-07 5.61e-08
8.25e-01 1.16e-05 6.92e-07 8.13e-01 6.85e-07 5.46e-08
8.65e-01 1.14e-05 6.82e-07 8.51e-01 6.1%9e-07 5.35e-08
9.06e-01 1.07e-05 6.63e-07 8.92e-01 5.7%9e-07 5.22e-08
9.50e-01 8.66e-06 6.4%9e-07 9.35e-01 5.47e-07 5.00e-08
9.95e-01 7.74e-06 6.39e-07 9.80e-01 4.85e-07 4.94e-08
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Table 3.5.4 Measured dosimetry reaction rates in the tungsten assembly in the unit of [reactions
/ atom / source]. Numbers in the parenthesis are percentage errors.
Detector Reaction
Position
[mm] YAl (n, o) *Na *Nb (n, 2n) **"Nb In(n,n’ )™ In
0 2.34e-29 (2.9) 1.01e-28 (2.9) 3.04e-29 (2.9)
76 4.27e-30 (3.1) 1.64e-29 (3.3) 1.47e-29 (3.0)
228 1.64e-31 (3.1) 6.00e-31 (3.2) 9.77e-31 (3.9)
380 6.60e-33 (4.7) 2.56e-32 (3.5) 4.71le-32 (7.2)
507 1.69e-33 (3.1) 4.72e-33 (3.2) 2.32e-32 (5.7)
Detector Reaction
Position
[m] 186‘N(n’,y) 187W lg.’Au(n,’Y) 198Au
0 2.27e-29 (3.1) 7.26e-29 (3.8)
76 5.22e-29 (3.1) 1.51e-28 (4.7)
228 1.58e-29 (3.0) 4.41e-29 (4.9)
380 2.56e-30 (2.9) 8.23e-30 (7.7)
507 1.69e-30 (2.9) 1.07e-29 (4.8)
Table 3.5.5 Gamma-ray spectra in the tungsten assembly measured by the BC-537 spectrometer
. . 2
in the unit of [photons/ cm®/ lethargy / source]. (1/2)
Photon
Energy Flux at Abs. Window Flux at Abs. Window Flux at Abs. Window
[MeV] z="76mm Error [%] z=228mm Error [%] z=380mm Error [%]
3.020e-1 2.14e-5 1.07e-6 29.6 1.99e-6 1.30e-7 29.8 2.18e-7 1.73e-8 29.8
3.162e-1 1.90e-5 1.16e-6 29.3 1.81le-6 1.42e-7 29.5 2.13e-7 1.90e-8 29.5
3.311le-1 1.74e-5 1.09e-6 29.1 1.73e-6 1.37e-7 29.2 2.15e-7 1.85e-8 29.2
3.467e-1 1.67e-5 1.05e-6 28.9 1.74e-6 1.35e-7 28.9 2.24e-7 1.86e-8 28.9
3.631le-1 1.64e-5 1.04e-6 28.6 1.80e-6 1.40e-7 28.6 2.38e-7 1.95e-8 28.6
3.802e-1 1.66e-5 1.07e-6 28.3 1.91le-6 1.46e-7 28.3 2.55e-7 2.06e-8 28.3
3.981e-1 1.70e-5 1.06e-6 28.1 2.07e-6 1.48e-7 28.1 2.80e-7 2.09e-8 28.1
1.169e-1 1.79e-5 1.05e-6 27.9 2.30e-6 1.47e-7 27.8 3.17e-7 2.08e-8 27.8
4.365e-1 1.93e-5 1.07e-6 27.5 2.65e-6 1.53e-7 27.3 3.72e-7 2.19e-8 27.2
4.571e-1 2.14e-5 1.12e-6 26.9 3.1le-6 1.65e-7 26.5 4.46e-7 2.40e-8 26.3
4.786e-1 2.39e-5 1.16e-6 26.3 3.66e-6 1.75e-7 25.8 5.34e-7 2.56e-8 25.4
5.012e-1 2.65e-5 1.20e-6 25.8 2.17e-6 1.8le-7 25.1 6.15e-7 2.64e-8 24.7
5.248e-1 2.80e-5 1.27e-6 25.5 4.44e-6 1.94e-7 24.7 6.58e-7 2.88e-8 24.3
5.495e-1 2.78e-5 1.33e-6 25.5 4.33e-6 2.03e-7 24.9 6.38e-7 3.02e-8 24.6
5.754e-1 2.58e-5 1.29e-6 25.8 3.87e-6 1.92e-7 25.4 5.6le-7 2.78e-8 25.2
6.026e-1 2.32e-5 1.24e-6 26.1 3.30e-6 1.83e-7 25.8 4.69e-7 2.66e-8 25.8
6.310e-1 2.13e-5 1.19e-6 26.3 2.91e-6 1.72e-7 26.2 4.05e-7 2.47e-8 26.2
6.607e-1 2.09e-5 1.13e-6 26.2 2.80e-6 1.59e-7 26.4 3.83e-7 2.24e-8 26.5
6.918e-1 2.16e-5 1.13e-6 25.9 2.89e-6 1.56e-7 26.2 3.92e-7 2.18e-8 26.3
7.244e-1 2.28e-5 1.14e-6 25.4 3.06e-6 1.56e-7 25.7 4.15e-7 2.17e-8 25.9
7.586e-1 2.40e-5 1.16e-6 24.8 3.23e-6 1.59e-7 25.3 4.41e-7 2.19e-8 25.5
7.943e-1 2.52e-5 1.18e-6 24.3 3.38e-6 1.6le-7 24.8 4.64e-7 2.21e-8 25.0
8.318e-1 2.60e-5 1.2le-6 23.9 3.49e-6 1.63e-7 24.4 4.82e-7 2.26e-8 24.6
8.710e-1 2.65e-5 1.24e-6 23.6 3.55e-6 1.68e-7 24.1 4.91e-7 2.33e-8 24.3
9.120e-1 2.64e-5 1.25e-6 23.4 3.53e-6 1.69e-7 24.0 4.87e-7 2.34e-8 24.3
9.550e-1 2.59e-5 1.2le-6 23.3 3.42e-6 1.63e-7 24.1 4.70e-7 2.25e-8 24.4
1.000e+0 2.52e-5 1.2le-6 23.0 3.26e-6 1.59e-7 24.3 4.47e-7 2.19e-8 24.7
1.047e+0 2.48e-5 1.23e-6 22.5 3.12e-6 1.57e-7 24.5 4.27e-7 2.17e-8 24.9
1.097e+0 2.52e-5 1.26e-6 21.9 3.07e-6 1.57e-7 24.5 4.17e-7 2.17e-8 25.0
1.148e+0 2.62e-5 1.30e-6 21.2 3.11e-6 1.57e-7 24.2 4.19e-7 2.15e-8 24.9
1.202e+0 2.74e-5 1.34e-6 20.4 3.20e-6 1.6le-7 23.6 4.32e-7 2.18e-8 24.5
1.259e+0 2.82e-5 1.38e-6 19.8 3.33e-6 1.66e-7 22.8 4.52e-7 2.25e-8 23.7
1.318e+0 2.85e-5 1.42e-6 19.3 3.51e-6 1.75e-7 21.9 4.80e-7 2.37e-8 22.8
1.380e+0 2.81e-5 1.42e-6 19.0 3.73e-6 1.84e-7 20.9 5.10e-7 2.50e-8 21.7
1.445e+0 2.74e-5 1.40e-6 18.9 3.90e-6 1.90e-7 20.1 5.35e-7 2.6le-8 20.8
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Table 3.5.5  Continued. (2/2)

Photon
Energy Flux at Abs. Window Flux at Abs. Window Flux at Abs. Window
{MeV] z="7 6mm Error (%] z=228mm Error [%] z=380mm Error [%]

1.514e+0 2.67e-5 1.35e-6 18.7 3.97e-6 1.95e-7 19.6 5.52e-7 2.70e-8 20.0
1.585e+0 2.63e-5 1.33e-6 18.5 3.95e-6 1.96e-7 19.2 5.62e-7 2.77e-8 19.5
1.660e+0 2.61le-5 1.33e-6 18.3 3.91le-6 2.00e-7 19.0 5.68e-7 2.86e-8 19.1
1.738e+0 2.6le-5 1.31le-6 18.0 3.93e-6 2.00e-7 18.8 5.73e~7 2.89%e-8 18.8
1.820e+0 2,63e-5 1.31le-6 17.7 3.98e-6 2.03e-7 18.5 5.77e-7 2.94e-8 18.6
1.906e+0 2.63e-5 1.33e-6 17.4 4.01le-6 2.05e-7 18.2 5.7%e-7 2.98e-8 18.3
1.995e+0 2.57e-5 1.28e-6 17.0 4.0le-6 2.00e-7 17.8 5.80e-7 2.91e-8 17.9
2.089%e+0 2.52e-5 1.26e-6 16.6 3.98e-6 2.00e-7 17.4 5.81le-7 2.92e-8 17.5
2.188e+0 2.53e-5 1.27e-6 16.2 4.00e-6 2.05e-7 16.9 5.90e~-7 2.99%e-8 16.9
2.291e+0 2.55e-5 1.24e-6 15.8 4.10e-6 2.03e-7 16.4 6.05e-7 2.98e-8 16.4
2.399%e+0 2.49e-5 1.20e-6 15.5 4.22e-6 2.01le-7 15.9 6.14e-7 2.93e-8 16.0
2.512e+0 2.41e-5 1.17e-6 15.1 4.22e-6 2.0le-7 15.5 6.10e-7 2.93e-8 15.6
2.630e+0 2.36e-5 1.15e-6 14.9 4.07e-6 1.97e-7 15.2 5.93e-7 2.89%e-8 15.2
2.754e+0 2.28e-5 1.09e-6 14.7 3.86e-6 1.88e-7 15.0 5.67e-7 2.78e-8 15.0
2.884e+0 2.13e-5 1.05e-6 14.6 3.68e-6 1.83e-7 14.8 5.46e-7 2.73e-8 14.8
3.020e+0 1.98e-5 9.66e-7 14.6 3.53e-6 1.73e-7 14.6 5.2%e-7 2.59e-8 14.5
3.162e+0 1.84e-5 9.07e-7 14.6 3.37e-6 1.65e-7 14.5 5.06e-7 2.48e-8 14.3
3.311e+0 1.72e-5 8.28e-7 14.6 3.19e-6 1.53e-7 14.4 4.83e-7 2.30e-8 14.1
3.467e+0 1.66e-5 7.90e-7 14.7 2.97e-6 1.46e-7 14.3 4.67e-7 2.19%e-8 14.0
3.631le+0 1.62e-5 7.63e-7 15.4 2.85e-6 1.40e-7 14.5 4.41le-7 2.12e-8 14.1
3.802e+0 1.50e-5 6.17e-7 16.8 2.80e~6 1.22e-7 15.1 4.02e-7 1.81le-8 14.6
3.981e+0 1.34e-5 6.39e-7 18.4 2.65e-6 1.19%e-7 16.1 3.72e-7 1.64e-8 15.7
4.169e+0 1.19e-5 6.78e-7 19.7 2.39e-6 1.28e-7 17.0 3.41e-7 1.74e-8 16.7
4.365e+0 1.06e-5 5.99%e-7 21.4 2.13e-6 1.l6e-7 18.4 2.98e-7 1.66e-8 18.0
4.571le+0 9.58e-6 4.35e-7 22.9 1.87e-6 8.61le-8 19.9 2.55e-7 1.21e-8 19.5
4.786e+0 8.68e-6 4.03e-7 23.8 1.58e-6 8.52e-8 21.1 2.26e-7 1.13e-8 20.5
5.012e+0 7.51le-6 3.66e-7 24.5 1.30e-6 7.65e-8 22.4 2.03e-7 1.05e-8 21.8
5.248e+0 6.07e-6 2.92e-7 25.4 1.04e-6 6.05e-8 23.8 1.74e-7 8.24e-9 23.2
5.495e+0 4.70e-6 2.83e-7 25.7 8.22e-7 5.91e-8 24.8 1.36e-7 7.85e-9 24.2
5.754e+0 3.74e-6 2.39e-7 25.7 6.79e-7 4.90e-8 25.3 1.0le-7 6.75e-9 24.9
6.026e+0 3.25e-6 2.18e-7 25.7 5.95e-7 3.6%e-8 25.7 7.89%e-8 4.90e-9 25.5
6.310e+0 2.92e-6 1.98e-7 25.7 5.25e-7 3.13e-8 25.7 6.86e-8 4.03e-9 25.5
6.607e+0 2.46e-6 1.69e-7 25.7 4.33e-7 2.34e-8 25.7 5.93e-8 3.07e-9 25.5
6.918e+0 1.90e-6 1.84e-7 25.7 3.27e-7 2.14e-8 25.7 4,63e-8 2.61le-9 25.5
7.244e+0 1.47e-6 1.49e-7 25.7 2.38e-7 1.72e-8 25.7 3.38e-8 2.06e-9 25.5
7.586e+0 1.26e-6 1.17e-7 25.7 1.77e-7 1.34e-8 25.7 2.67e-8 1.53e-9 25.7
7.943e+0 1.10e-6 1.16e-7 25.7 1.34e-7 1.36e-8 25.7 2.30e-8 1.55e-9 - 25.7
8.318e+0 8.93e-7 1.05e-7 25.7 9.92e-8 1.32e-8 25.7 1.87e-8 1.43e-9 25.7
8.710e+0 6.82e-7 9.35e-8 25.7 7.24e-8 1.43e-8 25.7 1.31e-8 1.41e-9 25.7
9.120e+0 5.46e-7 8.58e-8 25.7 5.62e-8 1.63e-8 25.7 8.22e-9 1.53e-9 25.7
9.550e+0 4.7%e-~-7 8.63e-8 25.7 4.69%e-8 1.65e-8 25.7 5.13e-9 1.65e-9 25.7
1.000e+1 4.27e-7 9.21le-8 25.7 3.94e-8 1.28e-8 25.7 3.37e-9 1.60e-9 25.7
1.047e+l 3.57e-7 9.17e-8 25.7 3.12e-8 7.98e-9 25.7 2.37e-9 1.23e-9 25.7
1.097e+1 2.71e-7 7.56e-8 25.7 2.28e-8 1.20e-8 25.7 1.86e-9 1.01le-9 25.7
1.148e+1 1.77e-7 5.24e-8 25.7 1.60e-8 1.63e-8 25.7 1.58e-9 1.33e-9 25.7
1.202e+1 8.82e-8 5.43e-8 25.7 1.15e-8 1.49%e-8 25.7 1.26e-9 1.61le-9 25.7
1.25%9e+1 2.37e-8 6.51le-8 25.7 8.35e-9 9.78e-9 25.7 8.35-10 1.46e-9 25.7
1.318e+1l -7.30e-9 -5.69%e-8 25.7 5.39e-9 4.84e-9 25.7 4.32-10 9.66-10 25.7
1.380e+1 -1.22e-8 -3.48e-8 25.7 2.71e-9 1.96e-9 25.7 1.70-10 4.67-10 25.7
1.445e+1 -6.95e-9 -1.48e-8 25.7 9.73-10 6.86-10 25.7 5.06-11 1.65-10 25.7
1.514e+1 -2.33e-9 -4.31e-9 25.7 2.40-10 1.91-10 25.7 1.11-11 4.18-11 25.7

Table 3.5.6  Measured gamma-ray heating rates of tungsten in the unit of [Gy / source neutron].

Detector Gamma Error
Position Heating (%]
[mm]
0 5.41e-16 58
76 5.95e-16 19
228 9.38e-17 17
380 1.26e-17 18
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scl Source Neutron Spectrum for FNS 1TR NWCT at 0 Degree
sdef erg=dl dir=d2 vec=0 0 1 pos=0 0 -20 wgt=1.1261
sb2 -31 4.0

sil 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+400 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
spl 0.0 1.5142-07
2.2732-09 4.2225-09 7.4848-09 1.4264-08 8.3975-08
1.8398-07 2.2450-07 1.3922-07 1.6817-07 2.9754-07
3.8068-06 3.0541-06 2.2612-06 6.9372-06 7.2049-06
8.7622-06 7.8013-06 1.4320-05 1.1820-05 1.6544-05
1.4791-05 1.7624-05 2.8404-05 2.4899-05 3.7633-05
4.4237-05 4.6320-05 6.1572-05 3.7185-05 5.3362-05
4.8831-05 5.0292-05 5.7202-05 6.9230-05 8.0602-05
8.3190-05 9.7450-05 1.0531-04 1.2632-04 1.4874-04
1.7906-04 3.7225-04 4.9933-04 5.3824-04 6.0762-04
7.0593-04 8.0965-04 9.5392-04 1.0785-03 1.2232-03
1.3867-03 1.5803-03 1.6473-03 1.8238-03 2.0605-03
2.2042-03 2.3040-03 2.5211-03 2.5709-03 2.5872-03
2.5765-03 2.7699-03 2.8528-03 2.5945-03 1.3898-03
1.4298-03 1.3270-03 1.3489-03 1.3820-03 1.4312-03
1.3760-03 1.4329-03 1.4558-03 1.3518-03 1.4053-03
1.2861-03 1.2741-03 1.1711-03 1.1937-03 1.0563-03
1.0018-03 8.8451-04 7.9827-04 7.9293-04 7.5872-04
6.9228-04 6.2956-04 5.1710-04 5.0750-04 5.1007-04
4.1280-04 3.5649-04 9.0768-05 8.2287-05 9.2862-05
9.1407-05 9.3708-05 7.9567-05 8.8737-05 8.7841-05
1.1227-04 1.6798-04 1.5985-04 1.6563-04 2.1025-04
4.1363-04 7.4899-04 7.8183-04 5.1771-04 4.5938-04
4.6458-04 9.1020-04 2.6083-03 9.5007-04 5.1474-03
3.0897-02 2.3565-01 4.0901-01 2.2296-01 1.4419-01

Fig. 2.2.2 Inputcards of the MCNP-4 code to describe the source spectrum
of neutrons emitted toward O degree from the target.
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Fig. 2.3.1 Sectional view of the 14 mm ¢ small sphere NE213 neutron spectrometer.
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Fig. 2.3.2 Schematic diagram of electronic circuit for the NE213 spectrometer.
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Fig. 2.3.3 Sectional view of the proton recoil gas proportional counter (PRC).
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Fig. 2.3.4 Block diagram of the data acquisition system for PRC.



JAERI-Data/Code 98-021

+2000V  +1400V

Neutron Generator HV HV
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HV: High Voltage Power Supply NAIG D-112A
PA: Pre-Amplifier JAERI 124
AMP: Amplifier ORTEC 571
CFT-SCA: Constant Fraction Timing CANBERRA 2035A

Single Channel Analyzer
TPHC:  Time-to-Pulse Height Convertor ORTEC 567
DA: Delay Amplifier CANBERRA 1457
CFD: Constant Fraction Discriminator CANBERRA 1428A
GDG: Gate and Delay Generator ORTEC 416A

ADC: Analog-Digital Convertor CANBERRA 6075
AlM: Acquisition Interface Module CANBERRA ND556
MCA: Multi-Channel Analyzer CANBERRA Genie

Fig. 2.3.5 Block diagram of the electronic circuit employed for the slowing down
time method.
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Non-threshold dosimetry cross sections used for the foil activation experiments
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The "Li(n,n’0)°T and 23(n,p)*?P cross sections taken from JENDL Dosimetry

File and the *Cl(n,0)*’P cross section from FENDL/A-2.0.
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Fig. 2.3.10  The®Li(n,a)T cross section taken from JENDL Dosimetry File and the SP(n,y)*P
cross section from FENDL/A-2.0.
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Fig. 2.3.11 The 40 mm ¢ spherical gamma-ray spectrometer.
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PMT : Photomultiplier Tube

HV : High Voltage Power Supply

PS: Power Supply

PA : Preamplifier

Pulser : Research Pulser

DLA : Delay Line Amplifier

RHC : Risetime to Height Convertor

SCA: Single Channel Analyzer

GDG : Gate & Delay Generator

Scaler : Timer & Scaler

DA:  Delay Amplifier

LG: Linear Gate & Slow Coincidence

GG: Dual Gate Generator

ADC : Analog to Digital Convertor

MCA : Multichannel Analyzer
\_ J

Fig. 2.3.12 Schematic diagram of the electronic circuit employed for the gamma-ray
spectrum measurement.
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Fig. 2.3.13 Explanation of prompt gamma-ray measurement with (a) an usual method and
(b) the pulsed neutron method for rejection of decay gamma-rays.
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Fig. 3.1.1 Neutron spectrum at z= 127 mm in the beryllium assembly.
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Fig. 3.2.1 Neutron spectrum at z= 76 mm in the vanadium assembly.
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Neutron spectrum at z= 178 mm in the vanadium assembly.
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Fig. 3.3.1 Neutron spectra in the iron assembly.
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Fig. 3.3.3 Gamma-ray spectrum at z= 300 mm in the iron assembly.
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Fig. 3.4.1 Neutron spectrum at z= 76 mm in the copper assembly.
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Fig. 3.4.2 Neutron spectrum at z= 228 mm in the copper assembly.
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Fig. 3.4.3 Neutron spectrum at z= 380 mm in the copper assembly.
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Fig. 3.4.4 Neutron spectrum at z= 532 mm in the copper assembly.
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Fig. 3.5.1 Neutron spectrum at z= 76 mm in the tungsten assembly.
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Fig. 3.5.2 Neutron spectrum at z= 228 mm in the tungsten assembly.
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Fig. 3.5.3 Neutron spectrum at z= 380 mm in the tungsten assembly.
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Fig. 3.5.4 Gamma-ray spectrum at z= 76 mm in the tungsten assembly.
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Fig. 3.5.5 Gamma-ray spectrum at z= 228 mm in the tungsten assembly.
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Appendix Input Data of MCNP

Examples of input data for MCNP calculations are given. Figures A-1 ~ A-5
show the input data for beryllium, vanadium, iron, copper and tungsten, respectively.

Analysis of Beryllium Experiment

c *xxwx  front air region *rF**

1 2 4.921-5 +1 -2 =27 $

c *x*** Beryllium region *¥*x¥*

2 1 1.2215-1 +2 -3 =27 $

3 1 1.2215-1 +3 -4 =27 $

4 1 1.2215-1 +4 -5 -27 $

5 1 1.2215-1 +5 -6 -27 $

6 1 1.2215-1 +6 -7 =27 $

7 1 1.2215-1 +7 -8 -27 $

8 1 1.2215-1 +8 -9 -27 $

9 1 1.2215-1 +9 -10 -27 $

10 1 1.2215-1 +10 -11 -27 $

11 1 1.2215-1 +11 -12 -27 $

12 1 1.2215-1 +12 -13 -27 $

c *kxk¥  oxternal void *rE**

20 0 -1 : +13 : +27 $

1 Pz -1.00 § Source

pz 20.00 $ reac

3 pz 25.22 $ reac

4 pz 30.00 $

5 Pz 32.68 $ n-spec
6 o} 35.67 $ reac

7 pz 40.00 $

8 Pz 46.13 $ reac

9 Pz 47.89 $ n-spec
10 pz 50.00 $

11 Dz 56.56 $ reac
12 Pz 60.00 $

13 pz 67.03 $ reac

c

27 cz 31.50

31 cz 2.00

32 cz 4.00

imp:n 1 1 1 2 2 2 4 4 4 8 8 8 0
c IEEE RS S SRR RS R R R RS RS R R R R R it E R R R RS
c * gource specification cards *
lo] PR A ZRSZEERE RS2SR RS2SR RRRR R R RS R R RERSEs RS S S

sdef erg=dl pos=0 0 0 wvec=0 0 1 dir=d2 wgt=1.1261
sb2 -31 4.0
sil 1.0010-11 3.2241-07

5.3156-07 8.7640-07 1.4449-06 2.3826-06 3.9278-06
6.4758~06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1455-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01

Fig. A-1 Input data of MCNP for the analysis of the beryllium experiment. (1/3)
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1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01

spl 0.0 1.5142-07
2.2732-09 4.2225-09 7.4848-09 1.4264-08 8.3975-08
1.8398-07 2.2450-07 1.3922-07 1.6817-07 2.9754-07
3,.8068-06 3.0541-06 2.2612-06 6.9372-06 7.2049-06
8.7622-06 7.8013-06 1.4320-05 1.1820-05 1.6544-05
1.4791-05 1.7624-05 2.8404-05 2.4899-05 3.7633-05
4.4237-05 4.6320-05 6.1572-05 3.7185-05 5.3362-05
4.4831-05 5.0292-05 5.7202-05 6.9230-05 8.0602-05
8.3190-05 9.7450-05 1.0531-04 1.2632-04 1.4874-04
1.7906-04 3.7225-04 4.9933-04 5.3824-04 6.0762-04
7.0593-04 8.0965-04 9.5392-04 1.0785-03 1.2232-03
1.3867-03 1.5803-03 1.6473-03 1.8238-03 2.0605-03
2.2042-03 2.3040-03 2.5211-03 2.5709-03 2.5872-03
2.5765-03 2.7699-03 2.8528-03 2.5945-03 1.3898-03
1.4298-03 1.3270-03 1.3489-03 1.3820-03 1.4312-03
1.3760-03 1.4329-03 1.4558-03 1.3518-03 1.4053-03
1.2861-03 1.2741-03 1.1711-03 1.1937-03 1.0563-03
1.0018-03 8.8451-04 7.9827-04 7.9293-04 7.5872-04
6.9228-04 6.2956-04 5.1710-04 5.0750-04 5.1007-04
4,1280-04 3.5649-04 9.0768-05 8.2287-05 9.2862-05
9.1407-05 9.3708-05 7.9567-05 8.8737-05 8.7841-05
1.1227-04 1.6798-04 1.5985-04 1.6563-04 2.1025-04
4.1363-04 7.4899-04 7.8183-04 5.1771-04 4.5938-04
4.6458-04 9.1020-04 2.6083-03 9.5007-04 5.1474-03
3.0897-02 2.3565-01 4.0901-01 2.2296-01 1.4419-01

fo} I 2 AR AR 222222 R 2222222 2R s 2Rttt )

c * material specification cards *

c I 22 2222222222222 22 R SRR R R R R i sttt )

c --- Beryllium

ml 4009.41c 1.2152-1 6012.41c 7.7109-5
8016.37¢c 4.9813-4 13027.41c 2.9013-4
26000.41c 2.4678-5

mtl be.Olt

c --- air

m2 7014.37c 3.8810-5 8016.37c 1.0400-5

c --- Dosimetry Reactions

m3 3006.03y 1

mé 3007.03y 1

m5 5010.03y 1

mé 16032.03y 1

m7 48000.37¢ 1

C P R R R R R R R R R R A EEZ A R E RS ZZS 22222 R 2 R R R R R Rttt i

c * tally specification cards *

c [ Y 2222 SRR 2RSSR 2222 22t 2 2 ittt s

fc02 ---- neutron energy spectrum (125g) surface r=2cm

f02:n 2 3 56 8 9 11 13

fqg02 s m e f

fs02 -31

fm02 (1) (1 3 105) (1 3 207) (1 4 205) (1
(1 6 103) ((1 5 107) (1 -1 7 -0.864))

e02 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5
9,6110-04 1.2341-03 1.5846-03 2.0346-03 2
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1

fcl2 ---- neutron reaction rate surface r=2cm

f12:n 2 3 56 8 9 11 13

Fig. A-1 Continued. (2/3)
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.1186-03
.4787-02
.6308-02
.6515-02
.6163-01
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.2252+01
.3248+01
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fgql2 s e £ m

fml2 (1) (1 3 105) (1 3 207) (1 4 205) (1 5 107)
(1 6 103) ((1 5 107) (1 -1 7 ~-0.864))

fs12 -31

fc32 ---- neutron decade spectrum surface r=2cm

f32:n 2 356 8 9 11 13

fg32 s m e f

fs32 -31

fm32 (1) (1 3 105) (1 3 207) (1 4 205) (1 5 107)
(1 6 103) ((1 5 107) (1 -1 7 -0.864))

e32 le-7 le-6 le-5 le-4 le-3 le-2 le-1 le+0 le+l le+2

c e ok vk vk W ok g ok e e ok ke o b e o e ok o o

c * problem cutoff cards *
c g de I Y v W e T o o o e o W o W e W o o
phys:n 16.0 0.0

mode n

cut:n 0 O

nps 1500000

ctme 1000000

c Fde AR KT K KRNI KKK KKk k ok ke okok ok
c * peripheral cards *
c 22222222 R RRRR R AR RS S]
prdmp 10000000 100000 1 1
lost 10 10

print

Fig. A-1 Continued. (3/3)

Analysis of Vanadium Experiment

[e] 2 2222222222222 X232 222222222222ttt sl
c * cell carad for Vanadium Assembly *
lo} I R R 2222222222 R RS2 R R a2 R R S22 2 2282ttt

1 3 4.921e-5 +25 -26 +27 -28 +1 -4 #(+2 -4 -29) $ source region

imp:n=1 imp:p=1

2 3 4.92le-5 +2 -3 -29 $ cell detector

imp:n=1 imp:p=1

3 3 4.92le-5 +3 -4 -29 $ cell detector

imp:n=1 imp:p=1

4 1 -6.033 +5 -6 -29 $ cell detector

imp:n=2 imp:p=2

5 1 -6.033 +8 -9 -29 $ cell detector

imp:n=4 imp:p=4

6 1 -6.033 +21 -22 +23 -24 +4 -7 #4 $ vanadium

imp:n=2 imp:p=2

7 1 -6.033 +21 =22 +23 -24 +7 -10 #5 $ vanadium

’ imp:n=4 imp:p=4

8 2 -1.625 +25 -26 +27 -28 +4 -7 #(+21 -22 +23

imp:n=1 imp:p=1 $

9 2 -1.625 +25 -26 +27 -28 +7 -11 #(+21 -22 +23

imp:n=2 imp:p=2 . §

10 0 -25 : +26 : -27 : +28 : -1 : +11 $
imp:n=0 imp:p=0

~-24 +4 -7)
graphite

-24 +7 -10)
graphite
external region

C e 2 R R R R R 2222222222222 22 22 22 R Rt R s sl

c * gurface card *

c I 22 2222222222232 R 22222222 ozt sl

1 pz -21.00 $§ source region

2 P2 -2.00 § cell detector in front of vanadium
3 Pz -0.10 § cell detector in front of vanadium
4 pz 0.00 $§ front surface of vanadium

5 Pz 7.37 § cell detector in vanadium #1

6 pz 7.87 $§ cell detector in vanadium #1

7 pz 10.00 $ boundary to change cell importance
8 Dz 17.53 § cell detector in vanadium #2

9 pz 18.03 $ cell detector in vanadium #2

10 pz 25.40 $§ rear surface of vanadium

11 pz 30.48 § rear surface of graphite

c

21 DX -12.70 $§ side surface of vanadium

Fig. A-2 Input data of MCNP for the analysis of the vanadium experiment. (1/3)
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DX +12.70 § side surface of vanadium
DY -12.70 $ =side surface of vanadium
PY +12.70 $ side surface of vanadium
px -17.78 $ side surface of graphite
pX +17.78 $ side surface of graphite
DY -17.78 $ side surface of graphite
pY +17.78 $§ side surface of graphite
cz 1.00 $§ side surface of detector
KA AAKR KK Addhddddddddd sk ddod ot s ok ok e s o o o e ok ke e o
* mode card *
khdkkhkhkdrkdhhkdkhhrhkhbdhbdhkdkddk ik kb kdekdkdkdkdkkkddkk
n
i***e****t************************************
* source specification cards *

* a user supplied source subroutine is used. *
Ve e vk v o o k% e g ok o o o o o e O o e o e e e o ok e e o e o o ok ok o o o e e ke ok e

* material specification cards *
Jde drdk ko ok de ok ke vk o ok v sk v o vk o s ok o e e o S ke ke ke e e o e o W e e e e e o W o ok e e
~-- vanadium

23051.41c -0.99777
13027.41c -0.00073
14000.41c -0.00108
26000.41c -0.00042

--- graphite
6012.37¢ 1.0
--- air

7014.37¢ -23.1
8016.37c -75.6
18040.37c¢ -1.3
--- materials for reaction rate

5010.03y 1 $ B-10(n,alpha)
13027.03y 1 $ Al-27(n,alpha)
41093.03y 1 $ Nb-93(n,2n)Nb-92m
49115.03y 1 $ In-115(n,n')In-115m
79197.03y 1 $ Au-197(n,gamma)
92235.03y 1 $ U-235(n,fission)

22 R E R RS R R 222 RS2SR 222 iSRSl

* tally specification cards *
Jeode de ok e ok g vk e vk e ok ok e v i vk e ke o s ok e e e e e e ke o o o o o o e o e e ok o o

s m e f

---~ reaction rate ---
(2 3) 345
(1) (1 11 107) (1 12 107) (1 13 16}
(1 14 51) (1 15 102) (1 16 18)
s e £f m

---- neutron spectrum in 125 groups ---

(2 3) 345

1.0010-11 3.2241-07

5.3156-07 8.7640-07 1.4449-06 2.3823-06 3
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9
1.1709-02 1.5034-~02 1.9304-02 2.1874-02 2
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1

~---~ neutron spectrum in 175 groups ---
(2 3) 345
1.00001-11 1.00001e-7 4.13994e-7 5.31578e-7 6.

Fig. A-2 Continued. (2/3)

.9278-06
.7850-05
.8293-04
.6125-03
.1186-03
.4787-02
.6308-02
.6515-02
.6163-01
.0197-01
.6415-01
.0540+00
.8498+00
.5284+00
.4559+00
.7236+00
.4564+00
.8249+00
.0480+01
.1331+01
.2252+01
.3248+01
.4324+01
.5488+01

82560e-7 8.76425e-7



1.12535e-6 1.44498e-6 1
5.04348e-6 6.47595e-6 8
2.26033e-5 2.90232e-5 3
1.01301e-4 1.30073e-4 1
4,53999%9e-4 5.82947e-4 7
2.03468e-3 2.24867e-3 2
3.35463e-3 3.70744e-3 4
1.05946e-2 1.17088e-2 1
2.41755e-2 2.47875e-2 2
3.43067e-2 4.08677e-2 4
7.19981e-2 7.94987e-2 8
1.16786e-1 1.22773e-1 1
1.57644e-1 1.65727e-1 1
2.12797e-1 2.23708e-1 2.
2.94518e-1 2.97211le-1 2
3.87742e-1 4.07622e-1 4
5.78444e-1 6.0810le-1 6
7.80817e-1 8.20850e-1 8
1.10803e+0 1.16484e+0 1
1.49569e+0 1.57237e+0 1
2.01897e+0 2.12248e+0 2
2.38521e+0 2.46597e+0 2
3.16637e+0 3.32871e+0 3
4.96585e+0 5.22046e+0 5
6.59238e+0 6.70320e+0 7
8.60708e+0 9.04837e+0 9
1.16183E+1 1.22140E+1 1
1.41907E+1 1.45499E+1 1
1.73325E+1 1.96403E+1

c

fc34 ---- neutron spectrum in

f34:n (2 3) 3 45

JAERI-Data/Code 98-021

.8553%e-6 2.38237e-6
.31529e-6 1.06770e~5
.72665e-5 4.78512e-5
.67017e-4 2.14454e-4
.48518e-4 9.61116e-4
.48517e~3 2.6125%e-3
.30742e-3 5.53084e-3
.50344e-2 1.93045e-2
.60584e-2 2.70001e-2
.63092e-2 5.24752e-2
.25034e-2 8.65169%e-2
.29068e-1 1.35686e-1
.74224e-1 1.83156e-1
35177e-1 2.47235e-1
.9849%91e-1 3.01974e-1
.50492e-1 4.97871e-1
.39279e-1 6.72055e-1
.62936e-1 9.07180e-1
.22456e+0 1.28735e+0
.65299e+0 1.73774e+0
.23130e+0 2.30686e+0
.59240e+0 2.72532e+0
.67879e+0 4.06570e+0
.48812e+0 5.76950e+0
.04688e+0 7.40818e+0
.51229%e+0 1.00000e+1
.25232E+1 1.28400E+1
.49183E+1 1.56831E+1
each decade ---

3.05902e-6
1.37096e-5
6.14421e-5
2.75364e-4
1.23410e-3
2.74654e-3
7.10174e-3
2.18749%e-2
2.85011le-2
5.65622e-2
9.80366e-2
1.42642e-1
1.92547e-1
2.73237e-1
3.33733e-1
5.23397e-1
7.06512e-1
9.61640e~-1
1.35335e+0
1.82684e+0
2.34570e+0
2.86505e+0
4,49329%e+0
6.06531e+0
7.78801e+0
1.05127e+1
1.34986E+1
1.64872E+1

e34 le-7 le-6 le-5 le-4 le-3 le-2 le-1 1 2 5 10 20

fm34 (1) (1 11 107) (1 12 107) (1 13 16)
(1 14 51) (1 15 102) (1 16 18)

c

fcll4 ---- gamma-ray spectrum in 40 groups ---

fl14:p (2 3) 3 4 5

elld 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000-01 9.0000-01 1.0000+00 1.1300+00 1.2500+00
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+00 3.0000+00 3.5000+00 4.0000+00 4.5000+00
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+400 8.0000+00 9.0000+00 1.0000+01 1.2000+01
1.4000+01

c

fcl24 ---- gamma-ray spectrum in 42 groups ---

£124:p (2 3) 3 4 5

el24 1.000e-03 1.000e-02 2.000e-02 3.000e-02 4.500e-02
6.000e-02 7.000e-02 7.500e-02 1.000e-01 1.500e-01
2.000e-01 3.000e-01 4.000e-01 4.500e-01 5.100e-01
5.120e-01 6.000e-01 7.000e-01 8.000e-01 1.000e+00
1.330e+00 1.340e+00 1.500e+00 1.660e+00 2.000e+00
2.500e+00 3.000e+00 3.500e+00 4.000e+00 4.500e+00
5.000e+00 5.500e+00 6.000e+00 6.500e+00 7.000e+00
7.500e+00 8.000e+00 1.000e+01 1.200e+01 1.400e+01
2.000e+01 3.000e+01 5.000e+01

g I R R R R R R R R R R 2 222222222222 SR 2 2 R 2R 2 2 2 R R R 2 2 2R

c * energy crads *

fe} T L A R AR R R E 2R R RS R R R SR RSl RSl S]

phys:n 16.0 0

phys:p 30.0 1 0

phys:e 30.0 1 1 1 0 0 0 0

C **********************************************

c * peripheral crads *

c P R e I X XS E22ZS 22222 22 2 X2 2222 22 R s o st

idum 1

rdum 0 0 -20

prdmp 1000000000 100000000 0 1

lost 10 10

print

lo} ****t*****************************************

c * problem cutoff cards *

C *************-k-kt***t***********t*******i****tt

nps 1000000000

ctme 1000000
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3.92786e-6
1.76035e-5
7.88932e-5
3.53575e-4
1.58461e-3
3.03539%e-3
9.11882e-3
2.35786e-2
3.18278e-2
6.73794e-2
1.11090e-1
1.49956e-1
2.02419%e-1
2.87247e-1
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Analysis of Iron Experiment

o] PR R R R R R R 2R R R RR22 2222222222222 s il

c * cell carad for Iron Assembly *

C " R 22222222 XXX 2R XA X2 322222 R R Rl

c LEE 28 air region XX 22

1 2 4.9210-5 (+1 -2 -42) : (+2 -3 +41 -42) $ source void
3 2 4.9210-5 +2 -3 -41 cell detecter

(o}

*hkKkkk test region * ok kkk s
1 8.5182-2 +3 -4 -42 $
8.5182-2 +4 -5 -42 $
8.5182-2 +5 -6 -42 $
8.5182-2 +6 -7 -42 $
8.5182-2 +7 -8 ~-42 $
8.5182-2 +8 -9 -42 $
8.5182-2 +9 -10 -42 $
8.5182-2 +10 -11 -42 $
8.5182-2 +11 -12 -42 $
8.5182-2 +12 -13 -42 $
8.5182-2 +13 -14 -42 $
8.5182-2 +14 -15 -42 $
8.5182-2 +15 -16 -42 $
8.5182-2 +16 -17 -42 $
8.5182-2 +17 -18 -42 $
8.5182-2 +18 -19 -42 $ 40,
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

5 cm
5 cm
.0 cm
0 cm
5 cm
0 cm
- 11.0 cm
- 11.5 cm
- 20.0 cm
- 21.0 cm
- 21.5 cm
- 30.0 cm
- 31.0 cm
- 31.5 cm
cm
- 41.0 cm
- 41.5 cm
- 50.0 ¢cm
- 51.5 cm
- 60.0 cm
- 61.0 cm
- 70.0 cm
- 71.5 cm
- 80.0 cm
- 81.0 cm
- 90.0 cm
- 91.5 cm
- 95.0 cm

8.5182-2 +19 -20 -42
8.5182-2 +20 -21 -42
8.5182-2 +21 -22 -42
8.5182-2 +22 -23 -42
8.5182-2 +23 -24 -42
8.5182-2 +24 -25 -42
8.5182-2 +25 -26 -42
8.5182-2 +26 -27 -42
8.5182-2 +27 -28 -42
8.5182-2 +28 -29 -42
8.5182-2 +29 -30 -42
8.5182~-2 +30 -31 -42
**%  reay air region *¥¥¥*
2 4.9210-5 +31 -32 -41
2 4.9210-5 +31 -32 +41 -42
**x**  external void *rx**
0 -1 : +32 : +42
------ blank delimeter

RRRRERERRRRPRBERHRPRRPRPRREREBREEPRPER
w
-
noooumooouUoUuooVnMoowmoomooUVooUVUo
1
-3
o
o

*

*

cell detecter

AWAWWAWWRNNRORNNNNNOD P PR e e
a LR POV UAUMBEWNHOWVWOIAUBWNROWVWIIAULA

[o] [ L 2222222222222 222222 2222 2222222t d]
c * gurface card *
c ' 2222 2222223822222 222 222 2222ttt )
1 pz -21.0 $ Source
2 pz -2.0 $ kev
3 pz 0.0 $ f£foil, TLD
4 Pz 1.5 $§ Mev, NE-g
5 pz 2.5 § foil, TLD
6 Pz 4.0 $ Mev
7 Pz 5.0 $ foil
8 pz 6.5 § MeV, NE-g
9 Pz 10.0 $ foil, TLD, g-spec
10 Pz 11.0 $ kev, ev
11 Dz 11.5 $§ Mev, NE-g
12 Dz 20.0 §$§ foil, TLD
13 Pz 21.0 $ kev, ev
14 Pz 21.5 $§ MeV, NE-g
15 jo¥4 30.0 $ foil, TLD, g-spec
16 Dz 31.0 $ kev, ev
17 pz 31.5 $ MeV, NE-g
18 Pz 40.0 $ foil, TLD
19 Pz 41.0 $ kev, ev
20 pz 41.5 §$ MeV, NE-g
21 pz 50.0 $ foil, TLD, g-spec
22 pz 51.5 $ Mev
23 pz 60.0 $ TLD
24 Pz 61.0 $ keV, ev
25 pz 70.0 § foil, TLD, g-spec
26 P2z 71.5 § MeV, NE-g
27 pz 80.0 § TLD
28 p2z 81.0 $ kev, ev
29 pz 90.0 $ TLD
30 pz 91.5 §$§ NE-g
31 pz 95.0 $ TLD
32 pz 97.0 $ kev
c

Fig. A-3 Input data of MCNP for the analysis of the iron experiment. (1/4)
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41 cz 4.0

42 cz 50.0

43 cz 10.0

c  mme——-- blank delimeter

c I 2222222322223 RRS R 2 XX 2t it s

c * mode card *

o] hhkdhhkdhdh ok kdk ok ko hok ko k ok ok kb ok ok ok ok ko W

mode np

c 2 R R AR AR 2228222222222 22222 a2 R a2 2

[} * weight window cards b

c P 2 AR R R 22222 R RS R R R RS2SR SR R R R AR RS L

ext:n 0 0 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0 0 0

wwe:n 1.0e-3 1.0 5.0 10.0 16.0

wwp:n 5 3 5 0

wwnl:n $ for eV neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 2.0e-2 1.0e-2 0.7e-2 0.5e-2
0.3e-2 0.2e-2 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 7.0e-4 5.0e-4
3.0e-4 2.0e-4 1.0e-4 1.0e~-4 1.0e-4
1.0e-4 1.0e-4 1.0e-4 -1

wwn2:n $ for keV neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 3.0e-2 2.0e-2 1l.4e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 1.0e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 1.0e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 7.0e-3 5.0e-3
3.0e-3 2.0e-3 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 -1

wwn3d:n $ for 1-5MeV neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 5.0e~2 5.0e-2 2.0e-2 2.0e-2
2.0e-2 1.0e-2 5.0e-3 5.0e-3 3.0e-3
2.0e-3 2.0e-3 1.0e-3 5.0e-4 5.0e-4
2.0e-4 1.0e-4 5.0e-5 2.0e-5 1.0e-5
5.0e-6 2.0e-6 1.0e-6 1.0e-6 1.0e-6
1.0e-6 1.0e-6 1.0e-6 -1

wwnd:n $ for 5-13 MeV Neutrons
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 5.0e-2 5.0e-2 1l.5e-2 1.5e-2
1.5e-2 5.0e-3 1.5e-3 1.5e-3 6.4e-4
3.2e-4 3.2e-4 1.6e-4 8.0e-5 8.0e-5
4.0e-5 2.0e-5 1.0e-5 5.0e-6 2.5e-6
1.2e-6 6.0e-7 3.0e-7 3.0e-7 3.0e-7
3.0e-7 3.0e-7 3.0e-7 -1

wwnS:n $§ for 14 MeV Neutrons
1.0e-1 1.0e-1 1.0e-1 8.5e-2
7.0e-2 5.0e-2 4.0e-2 3.0e-2 2.0e-2
1.0e-2 5.0e-3 1.5e-3 1.5e-3 5.0e-4
1.5e-4 1.5e-4 5.0e-5 1.5e-5 1.5e-5
6.4e-6 3.2e-6 1l.6e-6 8.0e-7 4.0e-7
2.0e-7 1.0e-7 5.0e-8 5.0e-8 5.0e-8
5.0e-8 5.0e-8 5.0e-8 -1

wwe:p 100.0

wwp:p 5 3 0 0

wwnl:p § for gamma-rays
1.0e-1 1.0e-1 1.0e-1 1.0e-1
5.0e-2 5.0e-2 5.0e-2 2.0e-2 2.0e-2
2.0e-2 1.0e-2 7.0e-3 7.0e-3 5.0e-3
3.0e-3 3.0e-3 2.0e-3 1l.4e-3 1l.4e-3
1.0e-3 7.0e-4 5.0e-4 3.0e-4 2.0e-4
1.0e-4 7.0e-5 5.0e-5 5.0e-5 5.0e-5
5.0e-5 5.0e-5 5.0e-5 -1

C ********ik***‘k**'k*****t************************

c * gource specification cards *

c * a user supplied source subroutine is used. *

o] *****t******'A-***i*t**********t*****************

c * material specification cards *

c **t*********************t************t****it***

c --- Iron

ml 26000.41c 0.083490 12000.34c 0.000727

14000.41c 0.000249 25055.41c 0.000716
c --- air
m2 7014.34c 3.8810-5 8016.34c 1.0400-5

Fig. A-3 Continued. (2/4)
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& Ni-58(n,p)

c --- materials for reaction rate

m3 5010.03y 1.0 § B-10(n,alpha)

md 13027.03y 1.0 $ Al-27(n,alpha)

m5 22000.03y 1.0 $§ Ti-nat((n,x)Sc-48

mé 25055.34c¢ 1.0 $§ Mn-55(n,gamma)

m7 26056.03y 1.0 $§ Fe-56(n,p)

m8 28058.03y 1.0 $ Ni-58(n,2n)

m9 30064.03y 1.0 $§ Zn-64(n,p)

ml0 40090.03y 1.0 § 2r-90(n,2n)

mll 41093.03y 1.0 $ Nb-93(n,2n)Nb-92m

ml2 49115.03y 1.0 $ In-115(n,n')In-115m

ml3 79197.03y 1.0 $ Au-197(n,gamma)

ml4 92235.03y 1.0 $§ U-235(n,fission)

Cc R R R R S R R R 2222222222222 RS RS S]
c * tally specification cards .
le} XX R R R R E R R R R RS SRR 22222 R R 2222 2222222222t s
fc02 ---- neutron reaction rate surface r=4cm

f02:n 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31

fs02 -41

fq02 s e f m

e02 16.0

fm02 (1) (1 1 1) (1 1 2) (1 1 102)
(1 3 107) (1 3 207) (1 4 107) (1 S 212)
(1 7 103) (1 8 16) (1 8 103) (1 9 103)
(1 11 16) (1 12 51) (1 13 102) (1 14 18)

fcl2 ---- neutron energy spectrum (decade)

fl12:n 3 4 S5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31
fql2 s £ e

(1 6 102)

(1 10

surface r=4cm

fs1l2 -41

el2 le-7 le-6 le-5 le-4 le-3 le-2 le-1 le+0 le+l 2e+l
fc24 ---- neutron energy spectrum (decade) cell
f24:n 3 32

e24 le-7 le-6 le-5 le-4 le-3 le-2 le-1 le+0 le+l 2e+l

fc32 ---- neutron energy spectrum
£32:n 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31
fs32 -41

surface r=4cm

fc44 -~-- neutron energy spectrum cell
f44:n 3 32
fc62 ---- neutron energy reaction rate

f62:n 10 13 16 19 24 28
fs62 -43

surface r=10cm

fm62 (1) (1 1 1) (11 2) (11 102)
fcl02 ---- gamma-ray energy spectrum

f102:p 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31

£5102 -41

fult2 1 2 3 4 567

fql02 s u m e f

el02 1.0000-02 2.0000-02 3.0000-02 4
8.0000-02 1.0000-01 1.5000-01 2
4.0000-01 5.0000-01 5.2000-01 6
8.0000-01 9.0000-01 1.0000+00 1
1.3800+00 1.5000+00 1.7500+00 2
2.5000+00 3.0000+00 3.5000+00 4
5.0000+00 5.5000+00 6.0000+400 6
7.5000+00 8.0000+00 9.0000+00 1
1.4000+01

c ————————————————————————————————————————————————————————

fq0 s m e f

el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2
6.4758-06 1.0677-05 1.7603-05 2
7.8891-05 1.3007-04 2.1445-04 3
9.6110-04 1.2341-03 1.5846-03 2
3.3546-03 4.3073-03 5.5307-03 7
1.1709-02 1.5034-02 1.9304-02 2
2.8087-02 3.1827-02 3.6065-02 4
5.2474-02 5.9461-02 6.7378-02 7
9.8035-02 1.1109-01 1.2588-01 1
1.8315-01 2.0754-01 2.3517-01 2
3.4217-01 3.8774-01 4.3936-01 4
6.3927-01 7.2438-01 8.2084-01 9

Fig. A-3 Continued. (3/4)

.5000-02
.0000-01
.0000-01
.1300+00
.0000+00
.0000+00
.5000+00
.0000+01

.3823-06
.9023-05
.5357-04
.0346-03
.1016-03
.1874-02
.0867-02
.6349-02
.4264-01
.6649-01
.9786-01
.3013-01

surface r=4cm

P OB dWo

= UT W 00 WD N U W

.0000-02
.0000-01
.0000-01
.2500+00
.2500+00
.5000+00
.0000+00
.2000+01

.9278-06
.7850-05
.8293-04
.6125-03
.1186-03
.4787-02
.6308-02
.6515-02
.6163-01
.0197-01
.6415-01
.0540+00

16)
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1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+401 1.4779+01 1.5012+01 1.5248+01 1.5488+01

c IR ZEEZS22 222222222 2 2 R R & 83

c * problem cutoff cards *

le} IZEEZEE RS RZS R RS R R R R R 2 2 82

phys:n 16.0 0.0
phys:p 30.0 1 0
phys:e 30.0 1 1 1 1 1 1 1 1

cut:n 0 1.0e-11 -0.5 -0.25 0
cut:p 0 0.0099%9 -0.5 -0.25 0
nps 1000000

ctme 1000000

c Jede de v ko ok dok o O de ok ok ok Y o e W W o R

c * peripheral crads -

c % % K K % de deode de sk v de ok kI ok ke ok o ok ko e b

idum 765

rdum 12345¢67

prdmp 100000 100000 1 1
lost 10 10

print

Fig. A-3 Continued. (4/4)

Analysis of Copper Experiment

c AKX KR EX KT KKK A Fh ko d ko dedede s do ok % ok % o o & ok e e ok
c * cell card *
c 22 RS SR SRR RS2 RS 22222222l B
1 2 4.9210-5 1 -2 -22

2 2 4.9210-5 2 -3 -22

3 1 8.4627-2 3 -4 -22

4 1 8.4627-2 4 -5 -22

5 1 8.4627-2 5 -6 -22

6 1 8.4627-2 6 -7 -22

7 1 8.4627-2 7 -8 -22

8 1 8.4627-2 8 -9 -22

9 1 8.4627-2 9 -10 -22

10 1 8.4627-2 10 -11 -22

11 1 8.4627-2 11 -12 -22

12 1 8.4627-2 12 -13 -22

13 1 8.4627-2 13 -14 -22

14 1 8.4627-2 14 -15 -22

15 1 8.4627-2 15 -16 -22

16 1 8.4627-2 16 -17 -22

17 1 8.4627-2 17 -18 -22

18 1 8.4627-2 18 -19 -22

19 2 4.9210-5 19 -20 -22

20 0 -1 : 20 : 22

e} IZEEEEREEEEE SRS RS RS RS RS SRRl RS
c * surface card *
c ' EE R A2 2222 R R X222 2222 R R R R R a2 22 R o 8 2
L I it < surfaces normal to z-axis >--
1 pz -21.00

2 pz -1.00 $ n & gamma spectrum
3 pz 0.00 $ foil & tld

4 Dz 5.77 $ tld

5 pz 7.605 $ n & gamma spectrum
6 pz 10.11 $ foil

7 pz 15.00 $ change cell importance
8 pz 20.37 $ foil

Fig. A-4 Input data of MCNP for the analysis of the copper experiment
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9 pz 20.98 $ tld

10 pz 22,815 $ n & gamma spectrum

11 pz 30.00 $ change cell importance

12 pz 35.61 $ foil

13 pz 36.19 $ tld

14 pz 38.025 $ n & gamma spectrum

15 pz 45.00 $ change cell importance

16 pz 50.85 $ foil

17 pz 51.40 $ tld

18 Pz 53.235 $ n & gamma spectrum

19 Pz 60.84 $ foil & tld

20 pz 61.84 $ n & gamma spectrum

C mmmmmmm e e e < cylinders centered on z-axis >--

21 cz 3.00

22 cz 31.50

c *xxxxx* hlank delimiter *****xx

c 2RSSR R RRRRRRRRRERER Rl Rt lslE sl

c * mode card - neutron & photon *

[o] (22222 RS2 R R 222222222ttt ist 2R

mode n p

wwe:n le-4 le-2 1 5 13 16

wwp:n 5 3 500

wwe:p 100

wwp:p 53500

ext:n 0 0 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z

0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0 0

wwnl:n 1.0e-3 1.0e-3 1.0e-3 1.0e-3 3.0e-4 1.0e-4 1.0e-4 1.0e-4
1.0e-4 1.0e-4 1.0e-4 7.0e-5 7.0e-5 5.0e-5 2.0e-5 2.0e-5
1.0e-5 1.0e-5 1.0e-5 -1

wwn2:n 1.0e-2 1.0e-2 1.0e-2 1.0e-2 3.0e-3 1.0e-3 1.0e-3 1.0e-3
1.0e-3 1.0e-3 1.0e-3 7.0e-4 7.0e-4 5.0e-4 2.0e-4 2.0e-4
1.0e-4 1.0e-4 1.0e-4 -1

wwn3d:n 1.0e-1 1.0e-1 3.0e-2 2.0e-2 1.0e-2 1.0e-2 1.0e-2 1.0e-2
1.0e-2 1.0e-2 1.0e-2 7.0e-3 5.0e-3 2.0e-3 1.0e-3 1.0e-3
5.0e-4 5.0e-4 5.0e-4 -1

wwnd:n 1.0e-1 1.0e-1 4.0e-2 2.0e-2 2.0e-2 1.0e-2 5.0e-3 5.0e-3
4.0e-3 2.0e-3 1.0e-3 7.0e-4 5.0e-4 2.0e-4 1.0e-4 1.0e-4
5.0e-5 5.0e-5 5.0e-5 -1

wwn5:n 1.0e-1 1.0e-1 4.0e-2 2.0e-2 2.0e-2 1.0e-2 5.0e-3 5.0e-3
2.0e-3 5.0e-4 2.0e-4 2.0e-4 1.0e-4 5.0e-5 2.0e-5 2.0e-5
1.0e-5 1.0e-5 1.0e-5 ~1

wwné:n 1.0e-1 1.0e-1 4.0e-2 2.0e-2 1.0e-2 3.0e-3 1.0e-3 1.0e-3
7.0e-4 2.0e-4 5.0e-5 4.0e-5 2.0e~-5 5.0e-6 2.0e-6 2.0e-6
1.0e-6 1.0e-6 1.0e-6 -1

wwnl:p 1.0e-1 1.0e-1 4.0e~2 2.0e-2 2.0e-2 1.0e-2 5.0e-3 5.0e-3
4.0e-3 2.0e-3 1.0e-3 1.0e-3 1.0e-3 7.0e-4 5.0e-4 5.0e-4
3.0e-4 3.0e-4 3.0e-4 -1

[} ek de v de v v v v v e e o d ok v o o o ok ke ok e b o o ke o e e o W e e o o e e e ke ke ke ke ke e ok e e o ok

c * source specificatio cards *

Cc TR IR KA AR KKK K od ook ke e ok ok ko o ke kR R o W e o e v ok ok o e o e ke o o ok

c IS E R R R R R SRR RS R RRRRRER Rt R RS SR Rl R S S

c * material specification cards *

C e de de s v e v e de v d e e g o e e b b e e e o ok ok e b e R R o ok R e e ke ok ok ok

[ I et < copper >--

ml 29000.41c 1

C e m e < air >--

m2 7014.37c¢ 3.8810-5 8016.37c 1.0400-5

[ Bl DL el datebel b dlel b < materials for reaction rate>--

m3 5010.03y 1.0 $ B-10 (n,a)

m4 13027.03y 1.0 $ Al-27 (n,a)

mS 22000.03y 1.0 $ Ti-0 (n,x)Sc-46 (n,x)Sc-47 (n,x)Sc-48

mé 25055.03y 1.0 $ Mn-55 (n,g)

m7 26054.03y 1.0 $ Fe-54 (n,p)

m8 26056.03y 1.0 $ Fe-56 {n,p)

m9 27059.37¢ 1.0 $ Co-59 {n, 2n) {n,qg) (n,a} (n,p)

ml0 28058.03y 1.0 $ Ni-58 (n,2n) (n,p)

mll 29063.41¢c 1.0 $ Cu-63 (n,2n) (n,qg) (n,a)

ml2 29065.41¢ 1.0 $ Cu-65 (n,2n) {n,g)

ml3 30064.03y 1.0 $ Zn-64 (n,p)

ml4 40090.03y 1.0 $ Zr-90 (n,2n)

ml5 41093.03y 1.0 $ Nb-93 (n,2n)Nb-92m

mlé 49115,03y 1.0 $ In-115 {n,n')In-115m

ml7 79197.03y 1.0 $ Au-197 (n,g)

ml8 92235.03y 1.0 $ U-235 (n, £)

c Tk A TR hR Kk Rk R d ek ok ok ok o de vk v v ke W T e ok ok o ok e W e b o ok o o o e e ok b e

c * tally specification cards *

c KRR K IR IR AT R K TKhddododk ook kol e ek ook ko ke ke R b e o ke o R o ok o ok
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fc2 -~ neutron spectrum surface -----------—me-m—-———————ao—
f2:n 2 3 4 5 6 7 8 9 10 11
12 13 14 15 16 17 18 19 20
fs2 -21
fcl2 -- neutron reaction rate surface ------------mm--—m——— e
fi2:n 2 3 4 5 6 7 8 g 10 11
12 13 14 15 16 17 18 19 20
fm12 (1 1 102) (1 3 107) (1 4 107) (1 5 210) (1 5 211)
(1 5 212) (1 6 102) (1 7 103) (1 8 103) (1 9 16)
(1 9 102) (1 9 103) (1 9 107) (1 10 16) (1 10 103)
(1 11 16) (1 11 102) (1 11 107) (1 12 16) (1 12 102)
(113 103) (114 16) (1 15 16) (1 16 5S1) (1 17 102)
(1 18 18)
fsl2 -21
el2 20
fqgl2 s e f m
fc22 -- neutron decade spectrum surface ---------—-—-—--—-——————————-
f22:n 2 3 4 5 6 7 8 9 10 11
12 13 14 15 16 17 18 19 20
fs22 -21
e22 le-7 le-6 le-5 le-4 le-3 le-2 le-1 le+0 le+l le+2
fc32 -- gamma-ray spectrum surface ------------------—————————-—
f32:p 2 3 4 5 6 7 8 10 11
12 13 14 15 16 17 18 19 20
fs32 -21
e32 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000~-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000~-01 9.0000-01 1.0000+00 1.1300+00 1.2500+00
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+400 3.0000+00 3.5000+00 4.0000+00 4.5000+00
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+00 8.0000+00 9.0000+00 1.0000+01 1.2000+01
1.4000+01
€@ em e e e m e e e mmmmmm—m—m——————————
fgo s m e
el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 17.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.,2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01
c PR R R R R R R R AR R R R Z 22 R 2R R R R RS RS R R AR RS SRR SR SR R
c * problem cutoff cards *
c R A AR R R R R R R 2R R R X R R SRR RSS2 R 2SS 2RSZE R 22 2
phys:n 20 0
phys:p 20 1 0
phys:te 20 1 1 1 1 1 1 1 1
cut:n 0 0.0 -0.5 -0.25 0
cut:p 0 0.999-02 -0.5 -0.25 0
nps 1000000
ctme 1000000
c R R R R R R R R R ZEE R R R 22 222 22222 Ra R Rttt i n bl
[ * peripheral cards *
c R L R 2R R E R R R 2R R R A2 R 22 a2ttt a sl
idum 1
rdum 0 0 -20
prdmp 1000000 100000 11
lost 10 10
print
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>>> Analysis of Tungsten Slab Eperiment April 1994 <<«

[+]

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
c
23
24
[}

*

N rtRRRRRPRPRRPRPEERBRRPRRRERPRPRPRPEEERE

[ ¥
w

=P
NROWOSAU B WM

[SESKr N N ol
N [N

wwn2 :

wwn3:

wwnd :

wwnl:e

ok vk K

2
2

* ok kdk

1

2

LA SRR S

0

front air region

w* ok ke ok ok

4.921-5 (+1 -2 -22) (+2 -3 +21 =-22) $ source void
4.921-5 +2 -3 =21 $ cell detecter
test region *x***
6.423-2 +3 -4 -21 $ 0.00 - 5.07 cm
6.544-2 +3 -4 +21 -22 §
6.423-2 +4 -5 -21 $ 5.07 - 7.605cm
6.544-2 +4 -5 +21 -22 §
6.423-2 +5 -6 -21 $ 7.605- 10.14 cm
6.544-2 +5 -6 +21 -22 §
6.423-2 +6 -7 -21 $ 10.14 - 20.28 cm
6.544-2 +6 -7 +21 -22 §
6.423-2 +7 -8 =21 $ 20.28 - 22.815cm
6.544-2 +7 -8 +21 -22 §
6.423-2 +8 -9 -21 $ 22.815- 25.35 cm
6.544-2 +8 -9 +21 -22 §
6.423-2 +9 -10 -21 $ 25.35 - 35.49 cm
6.544-2 +9 -10 +21 -22 §
6.423-2 +10 -11 -21 $ 35.49 - 38.025cm
6.544-2 +10 -11 +21 -22 §
6.423-2 +11 -12 -21 $ 38.025- 40.56 cm
6.544-2 +11 -12 +21 -22 $§
6.423-2 +12 -13 -21 $ 40.56 - 50.70 cm
6.544-2 +12 -13 +21 -22 §
**%*  rear air region **x**
4.921-5 +13 -14 -21 $ cell detector
4.921-5 +13 -14 +21 -22 $
external void wwwww
-1 : +14 +22 $
pz -21.00 $ Source
pz -2.00 $§ n-spec
Pz 0.00 $ Front Surface
pz 5.07 $ #1-1
Pz 7.605 $§ Drawer #1
Pz 10.14 §$§ #1-2
Pz 20.28 §  #2-1
pz 22.815 § Drawer #2
pz 25.35 § #2-2
pz 35.49 § #3-1
Dz 38.025 $§ Drawer #3
pz 40.56 $ #3-2
Pz 50.70 $ Rear Surface
pz 52.70 $ n-spec
cz 2.86
cz 23.76
0 0 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z 0.1z
0.1z 0.1z O 0 0
1.0e-3 1.0e-2 1.0 10.0 16.0
5 3 5 0 0
$ for eV Neutrons
0.08 1r 0.02 1r 0.005 ir 0.00128 1r
0.00032 1r 0.00008 1r 0.00002 1r 0.000005 1r
0.0000025 1r -1
$ for 1-10keV Neutrons
0.08 1r 0.03 1r 0.008 3r 0.003 1r
0.0008 3r 0.0003 1r 0.00008 7r -1
$ for 0.01-1MeV Neutrons
0.08 ir 0.08 ir 0.08 3r 0.04 ir
0.02 3r 0.01 ir 0.005 7r -1
$ for 1-13 MeV Neutrons
0.08 ir 0.02 1r 0.005 3r 0.00128 1r
0.00032 3r 0.00008 1r 0.00002 7r -1
$ for 14 MeV Neutrons
0.08 1r 0.02 1r 0.00S 3r 0.00128 1r
0.00032 3r 0.00008 1r 0.00002 7r -1
100.0
5 3 5 0 0
$ for Gamma-Rays
0.4 1ir 0.15 ir 0.04 3r 0.015 1r
0.004 3r 0.0015 1r 0.0004 7r -1
100.0
5 3 5 0 0
$ for Electrons
0.4 1ir 0.15 1r 0.04 3ir 0.015 1r

Fig. A-5 Input data of MCNP for the analysis of the tungsten experiment
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0.004 3r 0.0015 1r 0.0004 7x -1
I X2 222222222 R SRR R RS2 22 222 2 222t sd]
* source specification cards *

* a user supplied source subroutine is used. *
222X 2RSSR RS2SRttt ittt ss

scl  Source Spectrum for FNS 1TR NWCT (125-g)

sdef erg=dl dir=d2 wvec=0 0 1 pos=0 0 -20 wgt=1.1261
sb2 -31 4.0

aoQaa

sil 1.0010-11 3.,2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.,1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+01 1.4779+01 1.5012+01 1.5248+01 1.5488+01

spl 0.0 1.5142-07
2.2732-09 4.2225-09 7.4848-09 1.4264-08 8.3975-08
1.8398-07 2.2450-07 1.3922-07 1.6817-07 2.9754-07
3.8068-06 3.0541-06 2.2612-06 6.9372-06 7.2049-06
8.7622-06 7.8013-06 1.4320-05 1.1820-05 1.6544-05
1.4791-05 1.7624-05 2.8404-05 2.4899-05 3.7633-05
4.4237-05 4.6320-05 6.1572-05 3.7185-05 5.3362-05
4.8831-05 5.0292-05 5.7202-05 6.9230-05 8.0602-05
8.3190-05 9.7450-05 1.0531-04 1.2632-04 1.4874-04
1.7906-04 3.7225-04 4.9933-04 5.3824-04 6.0762-04
7.0593-04 8.0965-04 9.5392-04 1.0785-03 1.2232-03
1.3867-03 1.5803-03 1.6473-03 1.8238-03 2.0605-03
2.2042-03 2.3040-03 2.5211-03 2.5709-03 2.5872-03
2.5765-03 2.7699-03 2.8528-03 2.5945-03 1.3898-03
1.4298-03 1.3270-03 1.3489-03 1.3820-03 1.4312-03
1.3760-03 1.4329-03 1.4558-03 1.3518-03 1.4053-03
1.2861-03 1.2741-03 1.1711-03 1.1937-03 1.0563-03
1.0018-03 8.8451-04 7.9827-04 7.9293-04 7.5872-04
6.9228-04 6.2956-04 5.1710-04 5.0750-04 5.1007-04
4.1280-04 3.5649-04 9.0768-05 8.2287-05 9.2862-05
9.1407-05 9.3708-05 7.9567-05 8.8737-05 8.7841-05
1.1227-04 1.6798-04 1.5985-04 1.6563-04 2.1025-04
4.1363-04 7.4899-04 7.8183-04 §5.1771-04 4.5938-04
4.6458-04 9.1020-04 2.6083-03 9.5007-04 5.1474-03
3.0897-02 2.3565-01 4.0901-01 2.2296-01 1.4419-01

[} e 2 A R 2R AR R XX R RS RRE RS SRR R R SRR RS

c * material specification cards *

c P E R R R AR R 222222222 RS A2 2222 2R Rt

c --- Tungsten

ml 74000.42¢c 0.05600 28000.37c 0.00580
29000.37¢c 0.00364

c --- air

m2 7014.37¢ 3.8810-5 8016.37c 1.0400-5

c --- materials for reaction rate

m3 5010.03y 1.0 $ B-10(n,alpha)

md 13027.03y 1.0 $ Al-27(n,alpha)

m5 22000.03y 1.0 $§ Ti-nat{{(n,x)Sc-48

mé 25055.03y 1.0 $ Mn-55(n,gamma)

m7 26056.03y 1.0 $§ Fe-56(n,p)

m8 28058.03y 1.0 $§ Ni-58(n,2n) & Ni-58(n,p)

m9 28060.03y 1.0 $§ Ni-60(n,p)

ml0 29063.03y 1.0 $ Cu-63(n,2n) & Cu-63(n,g) & Cu-63(n,a)

mll 29065.03y 1.0 $ Cu-65(n,2n)

ml2 30064.03y 1.0 $ 2Zn-64(n,p)

ml3 40090.03y 1.0 § Zr-90(n,2n)

ml4 41093.03y 1.0 $ Nb-93(n,2n)Nb-92m

Fig. A-5 Continued. (2/4)
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mlS 49115.03y 1.0 $ In-115(n,n')In-115m

mlé 74186.03y 1.0 $ W-186(n,gamma)

ml7 79197.03y 1.0 $ Au-197(n,gamma)

ml8 92235.03y 1.0 $ U-235(n,fission)

c

m21 28000.37¢c 1.0 $ Ni(n,gamma)

m22 29000.37¢ 1.0 $ Cu(n,gamma)

m23 74000.42¢ 1.0 $§ W(n,gamma)

C A R R R R R R R AR R 22222222222 AR 2 2R 2 22 sl d

c * tally specification cards *

c 2 R R R R R 2R R R R 22222222 X2 22 A2 22 2 2 R R A R R SR RSS2

fc22 ---- neutron reaction rate surface

f22:n 3 4 5 6 7 8 9 10 11 12 13

fs22 -21

fq22 s e £ m

e22 16.0

fm22 (1) (1 3 107) (1 3 207) (1 4 107) (1 5 212)
(1 6 102) (1 7 103) (1 8 16} (1 8 103) {1 9 103)
(1 10 16) (1 10 102) (1 10 107) (1 11 16) (1 12 103)
(1 13 16) (1 14 1s6) (1 15 51) (1 16 102) (1 17 102)
{1 18 18) (1 21 102) (1 22 102) (1 23 102)

fc34 ---- neutron reaction rate cell

f34:n 2 5 7 11 13 17 19 23

fgq34 s e f m

e3q 16.0

fm34 (1) (1 3 107} (1 3 207) (1 4 107) (1 5 212)
(1 6 102) (1 7 103) (1 8 16) (1 8 103) (1 9 103)
(1 10 16) (1 10 102) (1 10 107) (1 11 16) (1 12 103)
(1 13 16) (1 14 16) (1 15 51) (1 16 102) (1 17 102)
(1 18 18) (1 21 102) (1 22 102) (1 23 102)

fc42 ---- neutron energy spectrum surface

f42:n 3 4 5 7 8 9 10 11 12 13

fs42 -21

fc54 ---- neutron energy spectrum cell

fS4:n 2 5 7 11 13 17 19 23

fc102 ---~- gamma-ray energy spectrum surface r=4cm

f102:p 3 4 5 7 8 9 10 11 12 13

fs102 -21

fulvt2 1 2 3 4 5 6

fql02 s u m e f

el102 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6.0000-02
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3.0000-01
4.0000-01 5.0000-01 5.2000-01 6.0000-01 7.0000-01
8.0000-01 9.0000-01 1.0000+400 1.1300+00 1.2500+00
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2.2500+00
2.5000+00 3.0000+00 3.5000+00 4.0000+00 4.5000+00
5.0000+400 5.5000+00 6.0000+00 6.5000+00 7.0000+00
7.5000+00 8.0000+00 9.0000+00 1.0000+01 1.2000+01
1.4000+01

gy

e (0] s m e f

el 1.0010-11 3.2241-07
5.3156-07 8.7640-07 1.4449-06 2.3823-06 3.9278-06
6.4758-06 1.0677-05 1.7603-05 2.9023-05 4.7850-05
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-04
9.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5307-03 7.1016-03 9.1186-03
1.1709-02 1.5034-02 1.9304-02 2.1874-02 2.4787-02
2.8087-02 3.1827-02 3.6065-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.1109-01 1.2588-01 1.4264-01 1.6163-01
1.8315-01 2.0754-01 2.3517-01 2.6649-01 3.0197-01
3.4217-01 3.8774-01 4.3936-01 4.9786-01 5.6415-01
6.3927-01 7.2438-01 8.2084-01 9.3013-01 1.0540+00
1.1943+00 1.3533+00 1.5335+00 1.7377+00 1.8498+00
1.9691+00 2.0961+00 2.2313+00 2.3752+00 2.5284+00
2.6914+00 2.8650+00 3.0498+00 3.2465+00 3.4559+00
3.6787+00 3.9160+00 4.1686+00 4.4374+00 4.7236+00
5.0282+00 5.3525+00 5.6978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2902+00 8.8249+00
9.3940+00 9.9999+00 1.0157+01 1.0317+01 1.0480+01
1.0645+01 1.0812+01 1.0983+01 1.1156+01 1.1331+01
1.1510+01 1.1691+01 1.1875+01 1.2062+01 1.2252+01
1.2445+01 1.2641+01 1.2840+01 1.3042+01 1.3248+01
1.3456+01 1.3668+01 1.3883+01 1.4102+01 1.4324+01
1.4550+401 1.4779+01 1.5012+01 1.5248+01 1.5488+01

AEX KAk hhkhkhrhhkhdkdddkdrrrk

* problem cutoff cards *
ThKdhhhhhhkkkhddhdkdkddhkddh
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phys:n 16.0 0.0
phys:p 30.0 1 0
phys:e 30.0 1 1 1 1 1 1 1 1
mode np

cut:n 0 1.0e-10 -0.5 -0.25 0
cut:p O 0.0099 -0.5 -0.25 0
cut:e 0 0.3 -0.5 -0.25 0

nps 2000000
ctme 72000

c 1’******************ﬁ*****
c * peripheral crads *
c e 2322222822222 22 R 2 R 2D

idum 6 345

rdum 123456

prdmp 200000 200000 1 1
lost 10 10

print

Fig. A-5 Continued. (4/4)
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B | m/m . 4. ECHEEHEELES T bar, barnB k&
i i Bl 2 L o Bq g7t 1 R=2.58x10 "C/kg . , -
| rade1cGy=10-*G ¥ "ED A, mmHg%E£20 05 3Y
m W M R|7 L 4| Gy | Jke rad=ichy="t "y —iZARTW 3,
@ B T glr—=x_AF| Sv | Ikg I rem=1cSv=10"*Sv
# =4 #
Ji| N(=10°dyn) kgl Ibf H [ MPa(=10bar)| kgf/cm? atm mmHg(Torr)| 1bf/in?(psi)
1 0.101972 0.224809 1 101972 9.86923 7.50062 %107 145.038
9.80665 1 2.20462 JI| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
K5 1Pars(N-s/m*=10P (K7 X)(g/(cm-s)) 1.33322x107* | 1.35951x10 * | 1.31579x107* 1 1.93368 107
EHEE  1m?/s=10'S1(A + — 7 A)(cm?/s) 6.89476x10 *17.03070x10 * | 6.80460% 107 51,7149 ]
4 J(=107 erg) kgf-m kW-h cal(FFRik) Btu ft-1bl eV 1 cal- 4.18605] (&)
3 -
v 1 0101072 | 2.77778x10°7]  0.238889 | 9.478I13x107*| 0.737562 | 6.24150x10"™ ~ 4.184) (#L2)
x
| 9.80665 1 2.72407x107°|  2.34270 9.29487x10°*| 7.23301 6.12082x10" ~ 4.1855]) (15%)
& 3.6x10° 3.67098 x10° 1 8.59999 x10° 341213 2.65522x10° | 2.24694 x10% - 4.1868] (EFEARH)
H .
. 4.18605 0.426858 | 116279x10 ¢ 1 3.96759x10°*|  3.08747 2.61272x10%  (pqrg 1 PS(LKE )
# .
o) 1055.06 107.586 | 2.93072x10 "]  252.042 1 778172 6.58515 x 10 75 kaf-m/s
NEEQe = \ 7 3oy 9 o3 Ny s 18
1.35582 0.138255 | 3.76616x10 0.323890 | 1.28506x10 1 8.46233%10 _ 735.490W
1.60218 X101 | 163377 %10 *|4.45050x10 | 3.82743x10 | L5I857x10 * | LI8I71x10°" 1
i Bq Ci ;JI),Q Gy rad g(\}l C/kg R el Sv rem
b &’
g‘é ] 2.70270x10 " g 1 100 ;é 1 3876 i 1 100
3.7 %100 1 0.01 1 | 2.58x107 1 & 0.01 1

(864E12 H26 H BL11)
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