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Copper is a very important material for fusion reactor because it
is used in superconducting magnets or first walls and so on. To verify
nuclear data of copper, a benchmark experiment was performed using the
D-T neutron source of the FNS facility in Japan Atomic Energy Research
Institute. An cylindrical experimental assembly of 629 mm in diameter
and 608 mm in thickness made of pure copper was located at 200 mm from
the D-T neutron source. In the assembly, the following quantities were
measured; i) nmeutron spectra in energy regions of MeV and kev, ii)
neutron reaction rates, iii) prompt and decay gamma-ray spectra and
iv) gamma-ray heating rates. The obtained experimental data were

compiled in this report.

Keywords: Copper, D-T Neutron, Benchmark Experiment, Neutron Spectrum,
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1. Introduction

Engineering design activities of the International Thermonuclear Experimentat Reactor,
ITER, are now going on under international collaboration. In magnetic confinement fusion
devices, copper is extensively used for various components. It is inevitable material in
superconducting magnets and electric conductors. In one of the blanket designs of ITER,
copper is also adopted in plasma facing components for first walls in front of blankets or
divertor plates because of its superior thermal conductivity.

From a viewpoint of nuclear design, nuclear heating rate, displacement damage of
copper and insulator dose are the main design parameters for superconducting magnet. Nuclear
heating rate of copper for plasma facing materials are also crucial for cooling design of them.
Hence accurate nuclear data constants of copper are required for nuclear design of first walls,
blankets and shields. These data are usually retrieved from evaluated nuclear data libraries
such as JENDL-3 V and FENDL ?. For practical uses of these libraries, accuracy of them
should be verified by analyzing benchmark experiments under D-T neutron fields. Through
the verification, problems of the nuclear data are clarified or reliability of the data is proved.

Two integral experiments for copper with D-T neutrons were performed so far. One
is the experiment*¥ which is conducted as a part of the pulse sphere program at LLNL. In
the experiment, a time-of-flight spectrum of neutrons and a pulse height spectrum of gamma-rays
leaking from a copper sphere of 80 mm in diameter are measured with NE213 liguid organic
scintillator. Minimum neutron energy of the time-of-flight spectrum is about 1 MeV, and the
pulse height spectrum of gamma-rays is measured in an energy range between 0.2 and 6.5
MeV in recoiled electron energy. These spectra are compared with calculations with
ENDF/B-V® and ENDL @ libraries. Another experiment 'V was performed at OKTAVIAN
in Osaka University. This experiment is also one of the series experiments of sphere. A
Jeakage neutron spectrum down to 0.1 MeV 1s measured with time-of-flight technique and
NE218 liquid organic scintillator from a copper spherical shell of 275 mm in thickness and
6.23 gfcm® in apparent density. Leakage gamma-ray spectrum above 0.5 MeV is also measured
with Nal(TD) scintillation detector. These spectra are compared with calculation with J ENDL-
3T'2, which is the test version of JENDL-3, and ENDF-B/IV %,

A series of clean benchmark experiments with D-T neutrons were carried out at
Fusion Neutronics Source ) (ENS) in Japan Atomic Energy Research Institute (JAERI) for
the purpose of verification of nuclear data. Experiments for lithium oxide 151819 peryllium'?,
carbon 19, concrete 277, iron '#1%%2 and tungsten '**¥ were completed so far. In these
experiments, cylindrical slab assemblies are adopted, and measurements are performed at
several points inside the assemblies. Measured quantities are neutron spectrum, reaction rate

such as tritium production rate, foil activation, fission rate and gamma-ray heating rate.
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Features of the ¢lean benchmark experiments can be sumrmarized as follows.

Since the experimental assemblies have cylindrical shape, two-dimensional transport
codes are applicable in addition to Monte Carlo method.

The experimental assemblies are thick (typically 600 mm), and measured quantities are
obtained at plural points in the assembly. Hence each measured data can be examined
as a function of thickness of the material, and it is possible to trace penetration process
of neutrons and gamma-rays.

Energy and intensity of source D-T neutrons vary with respect to emission angle. In the
experiments in which D-T source is tentered in a spherical assembly, as OKTAVIAN
and LLNL experiments, neutrons emitted toward whole angle contribute to the measured
spectra. The angle-dependency of source energy and intensity can not be simulated by
one-dimensional analyses. Three-dimensional analyses are needed to simulate it. On
the other hand, in our experiments with cylindrical slab assemblies, the angle-dependency
of source neutrons can be completely simulated even in two-dimensional analyses.

The experimental room is large and room scattered background particles can be negligible,
and analysis is needed only for the experimental assembly itself.

Because many quantities are measured with various experimental techniques, cross

checking of the measured data is possible and reliability of the data can be confirmed.

As an extension of the clean benchmark experiments, an experiment on copper has

been carried out. The following data were obtained in the experiment.

A

Neutron Spectrum (0.8 MeV < En) by NE213 Detector
Neutron Spectrum (3 keV <En <1 MeV)
by Proton Recoil Gas Proportional Counters

Neutron Reaction Rate by Foil Activation Technique
Prompt Gamma-Ray Spectrum by NE213 Detector

Decay Gamma-Ray Spectrum by NE213 Detector

Gamma-Ray Heating Rate by Thermoluminescent Dosimeters

In this report, the general description of the experiment are given in Chapter 2. In

Chapter 3, details of each measurement are described and numerical data for all the experimental

results are presented with their plots. The experiment is summarized in Chapter 4.
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2. General Description of the Experiment
2.1 Experimental Assembly

The experiment was performed utilizing the D-T neutron source facility FNS (Fusion
Neutronics Source) in JAERIL. The experimental assembly was located in the first target
room of ENS as shown in Fig. 2.1.1. The first target room had a grating floor structure to
reduce room scattered background neutrons.

The experimental assembly was constructed in a quasi-cylinder by piling up copper
blocks. The oxygen-free copper more than 99.99 % purity based on Japanese Industrial
Standard C1020 was used. The dimension of the blocks are 50.7 x 50.7 mmm square with
length of 203.1, 101.5 or 50.7 mm. The equivalent diameter and thickness of the assembly
are 629 and 608 mm, respectively, as shown in Figs. 2.1.2 and 2.1.3. The assembly was
fastened into aluminum frames as shown in Fig. 2.1.2, and the frames and the assernbly were
mounted on a deck made of steel. A distance between the D-T neutron source and the front
surface of the assembly was 200 mm.

In order to insert several detectors into the assembly, four experimental channels
(drawers) were equipped. Some detectors had slender cylindrical shapes. When a cylindrical
detector was located parallel to the central axis of the cylindrical assembly, a direction of the
detector and that of neutron penetration were parallel. In this case, streaming effect of
neutrons through the detector void might be expected in the measurement. Therefore the
experimental channels were set so as to insert them from the side of assembly as shown in
Fig. 2.1.3. All channels were made by thin sheaths and drawers of 0.2 mm thick stainless
steel. Copper blocks of 49.2 mm square, slightly smaller than the standard size blocks, were
loaded in these experimental channels. Some of these small blocks have holes of 21 mm

square or 21 mm diameter circle to insert various detectors into the channel.

2.2 Neutron Source

Positive deuteron ions were extracted from an ion source with 50 kV voltage, and
bent by an analyzing magnet to get single charged ion beam. Then the deuterons were
accelerated by 300 kV voltage to 350 keV of the total energy. The deuteron beam was
introduced to the first target room and bombarded to a tritium-titanium metal target. The
beam current was controlled between 20 nA and 2 mA according to the measurement conditions.
The maximum neutron yield was about 3 x 10" neutrons/s for whole solid angle at beam

current of 2 mA.
The tritium target structure is shown in Fig. 2.2.1. Titanium layer of 2 mg/cm® in
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thickness and 20 mm in diameter was deposited on a copper base of 1 mm thickness.
Tritiums of about 3.7 x 10" Bq (10 Ci} were absorbed in the titanium layer. The copper base
was surrounded by a stainless cover of 0.5 mm thickness. and cocling water was circulated in
the gap of 1 mm between the copper base and the cover.

The longer pulse mode operation was applied to the measurement of prompt gamma-ray
spectra. Arc current of a filament in the ion source were switched periodically to generate
pulsing plasma. A beam divertor was used to cut off spilled d” ions. Finally, pulsed neatrons
of about 1 ms in width ard duty ratio of about 1/3 were obtained.

A pair of neutron and alpha-particle is generated associating with a D-T reaction.
The absolute neutron yield can be determined by counting the number of the associated
alpha-particles. Two systems of alpha-particle monitor ***” with silicon surface barrier solid
state detectors are equipped in a beam drift tube. The absolute neutron yield can be determined
with accuracy of + 2 % by the alpha monitor. A long counter and a ““Th fission counter are
also settled as relative neutron yield monitors. The long counter is about 10 times much
sensitive than the alpha counters. When a number of counts of the alpha monitors are not
enough, the long counter calibrated to the alpha counters is used to determine the neutron
yield.

Source neutron spectrum emitting from the target is shown in Table 2.2.1 and Fig.
2.2.2. The spectrum was calculated by MORSE-DD Y, simulating the real target structure as
precise as possible. The calculated spectrum for O-degree to the direction of the d* beam is
normalized to the yield per unit solid angle, and then multiplied by 4x. Hence the energy
integration of the spectrum with energy results in 1.1261. The reasons why the integral is
more than the unity are as follows. i) Emitted neutrons are slightly enhanced to forward
direction by D-T reaction kinematics, and ii) number of neutrons is multiplied by (n,2n)
reactions with structural materials of the target. The spectrum of the target gamma-rays
generated by interaction of neutrons and structural materials of the target calculated by
MCNP® is shown in Table 2.2.2 and Fig. 2.2.3. Since the gamma-ray emission is almost
isotropic, an integrated spectrum for whole solid angle was given. The energy-integral of the
spectrum is 0.1637, i.e., 0.1637 photons are emitted isotropically, following one D-T reaction.

All experimental data contained in this report except decay gamma-ray spectra are
normalized to unit source neutron. The unit source neutron does not mean the number of
emitted neutrons from the target, but the number of D-T reactions at the target. When the
experiment is analyzed, therefore, the source neutron spectrum and the gamma-ray spectrum
have to be given by normalizing the total numbers of the source neutrons or photons to
1.1261 and 0.1637, respectively.
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3. Experimental Procedures and Results
3.1 Neutron Spectrum
3.1.1 Neutron Spectrum in Energy Region of MeV
Detector Setup
A 14 mm-diameter spherical NE213 liquid scintillator ** is used for the probe of

neutron detection. 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. 3.1.1.1.

The glass cell is sealed by melting glass in a nitrogen atmosphere, since the contamination
due to oxygen degrades the scintillator properties. The sealed point is covered with an
aluminum cap and cemented with epoxy resin. The scintillator is mounted on a photomultiplier
tube with a quartz light guide of 11 mm diameter and 5 mm length. One side of the light
glass is cut in a spherical shape so as to fit to the surface of the glass cell. The glass cell and
the light guide are coated with the NE560 reflector paint made of MgO.

The measurements were carried out at the positions in the experimental drawers using
special blocks with hole. The typical arrangement for the measurement in the drawer is
shown Fig. 3.1.1.2. The R647-02 photomultiplier tube { Hamamatsu Photonics )} was attached
and the output signals from the anode were terminated by 100 k€ register at the input of the
pre-amplifier with 50 © output impedance. The signals were fed to a rise time discrimination
circuit through the delay line amplifier. The rise time discrimination techniques ( JAERI
model 154A3) was used for the neutron gamma-ray separation. The rise time and pulse
height data were taken in two dimensional array. The measurement was done twice with ten
times different gains.

The gain drift of the system is frequently found due to the counting rate variation or
temperature change. Therefore, we applied a gain-stabilizer for a stable measurement. The
overall gain of the system was monitored by a peak produced by light emission of LED. The
LED was connected through a 4 m glass fiber light guide. The difference between the
expected position and observed one was fed back to a high voltage power supply. The
schematic diagram for the electronic circuit was shown in Fig. 3.1.1.3. The measuring time
for each experimental run was 2000 sec. The deuteron beam current was adjusted for the

counting rate not to exceed 2000 cps because of dead time consideration.

Data Reduction
The data were stored into the PC/AX computer system in two dimensional data. The

two dimensional data were separated into neutron and gamma-ray responses using two
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dimensional data sorting kit. After separation of data, two pulse height spectra with two
different gains were combined at about 2 MeV. This recoil proton spectrum was unfolded to
neutron spectrum by FORIST code™ using the neutron response matrix previously
determined.® The response matrix is calculated by Monte Carlo method ™, while the
responses in specially important energy regions. i.e., 13.6 to 14.8 MeV, are directly measured
and replaced for 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, P

obs

(E), in this system is expressed as follows:

T (E-E'Y
(61 = —_— _
Obs(E) J; -‘/ET-G(E) exp{ 202(E)

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

W(E) E'

E)=
o(E) 235

and the denominator 235 is the conversion factor.™

Results and Error Assessment

The measured data are shown in Figs. 3.1.1.4 - 3.1.1.9 for four different positions
inside the assembly and on the both surfaces of front and rear of the assembly. Tables
31.1.2 and 3.1.1.3 summarize the numerical results of the measured spectra with window

functions described above. The obtained spectrum at the front is deformed by oscillation in

unfolding code due to mismatching between the real detector response function and the used
one. In this case, since the peak flux is more than two order larger than the flux around 5-
10 MeV region, the flux error in this region is two order more sensitive to the error of the
peak flux through the response function. In the deep position, it is seen that there are some
small and broad oscillation below 8 MeV. This is partly arisen from the incompleteness of
neutron and gamma-ray separation because a fraction of gamma-rays increase with the depth.

The accuracy of the neutron response in the neutron energy range of 13.6 to 14.8
MeV is about 2 % from the experimental confirmation. However, the calculated light output
response corresponding to the proton energy below about 2 MeV gives a relatively poor
representation. Hence, the errors increase in the lower energy range by accumulation of
errors in the higher energy, especially in the case that 14 MeV neutrons are dominant. Table
3.1.1.1 shows the systematic errors which are estimated from the unfolded resuits measured
for mono-energetic neutrons of 14.8 MeV. The error in the range below the peak energy is

arisen from the mismatch of the response for 14.8 MeV neutrons due to the response error.
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The fraction in the table denotes the ratio of the error in the interested energy range due to the
response error to the peak flux around 14 MeV. Here the energy dependent error is represented

as tollows:
Error(%) for ©(E,) = (fraction} X % x 100
(o] n! = (D(En) .

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

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

A small counter head, a new data acquisition technique and the related electronics for
proton-recoil gas proportional counter (PRC) were developed by Dr. E. F. Bennett at Argonne
National Laboratory to measure the neutron spectrum inside the experimental assembly in the
frame of the JAERVUSDOE collaboration program on fusion blanket neutronics > *.

Counter

This counter has a cylindrical shape as shown in Fig. 3.1.2.1. Tt was made from (.41
mm thick SS-304 alloy. The outer diameter of the counter is only 19 mm so as to obtain a
better resolution of position from the test assembly surface. On the other hand, the effective
length of the counter is rather long (127 mm) in order to get more counts. The thickness of
the anode wire was 20 um. Field tubes were also added to define the active counter volume.
This counter was inserted with the pre-amplifier into an experimental hole of 21 mm X 21
mm which was made vertically to the beam line.

Two identical counter heads were filled by different gases in order to measure the
neutron spectrum from a few keV to 1 MeV. One counter was filied by hydrogen gas at
0.5677 MPa (5.789 kgf/cm?®) with 1 percent CH, for the low-energy component (from a few
keV to 150 keV) and the another at 0.6102 MPa (6.222 kef/em?), 50-50 mixture of hydrogen
and argon with 1.8 percent nitrogen for the upper energy component {from 150 keV to 1
MeV). Argon reduces range of recoiled proton since it has larger stopping power. The iron
resonance at 27 keV and the thermal peak at 626 keV of *N(n,p)"*C reaction were utilized

for the energy calibration.

Electronics and Data Acquisition system
A new data acquisition technique *” was developed to reduce time of measurement

and data process. In the conventional technique, several high voltage runs are separately
pertormed for one measurement, but the new technique can take data by single measurement
run using high voltage sweep with a ramp shape. The block diagram of the data acquisition
system is shown in Fig. 3.1.2.2. |

A preamplifier was required to be inserted into an experimental hole of 21 mm X 21
mm to measure the in-situ neutron spectra. A special size preamplifier of 20 mm X 20 mm X
200 mm was devised based on an original ANL designed preamplifier. It was also redesigned
to operate at +45 V / -15 V to mitigate overload events by higher energy neutrons by a
sufficient margin.

An analog programmable high-voltage DC/DC converter supplies the high voltage for
the counter. An analog function generator, which produces time dependent analog protile



JAERT-M  94—038

(sawtooth), serves as driver to the DC/DC converter to change the high voltage. As the
result, output high voltage slowly changes with the period of 165 sec between the wpper and
lower voltages during the acquisition. The generated high voltage is monitored using a
dividing resistance, which scaled down high voltage by about 1/500. The about 500 Hz test
pulses with the rise time larger than that of any pulse from ionizing events are fed to the
preamplifier. The pulse height of the test pulse also changes like sawtooth with the period a
few seconds. 7

There are two analog pulse amplifiers required for pulse shape discrimination against
gamma ray events. One is an integration amplifier (Y-amplifier) with output proportional to
input pulse height, i. e. the energy of recoiled proton. This amplifier is modified using R-C
filtering *¥ in order to reduce the effects by overload signals. The other amplifier, called
X-amplifier, has much shorter shaping time constants than the Y-amplifier. Its output is
proportional to the input pulse height and the reciprocal of the rise time of input pulse.

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

Measurement and Data Processing
The measurement was performed at the front and rear surface and at the depths of 76,
228, 380 and 532 mm from the copper assembly surface. The counters were inserted from
the side perpendicularly to the direction of the D-T neutrons. The high voltage changed from
3000 to 4200 V and from 2400 to 3000 V in hydrogen and hydrogen/argon counters, respectively.
In off-line data processing, the recoil proton events and test pulse events were selected

using the rise time information for each proton recoil energy. The test pulse events were
used in order to estimate dead time loss and to normalize recoil proton events. Neutron

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

1 E dD({E)
DE} = - .
E) N-S-o(E) oF dE
where N : hydrogen atom number
S: source neutron
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o(E) : n-p scattering cross-section
D(E) : recoil proton spectrum.

The measured spectra are shown in Figs. 3.1.1.4 - 3.1.1.9, and the numerical values are given

in Tables 3.1.2.1 and 3.1.2.2.

Error Assessment
Possible error sources of this technique are gas pressure (Hydrogen atomic number),

n-p scattering cross section, fitting error for differentiation of recoil proton spectrum due to
count statistics and calibration of recoil éncrgy. The fitting error is the largest, which 1s
about 3 - 10 % above 10 keV, while the other errors are expected to be less than 1%.
Moreover, neutron spectra below 10 keV tend to become smaller due to the uncertainty of the
W-value, which is the average energy lost by the incident particle per ion pair formed. The

error due to W-value is not included in the experimental errors.
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3.2 Neutron Reaction Rate

The reaction rates were measured by the foil activation technique. In order to give
spectral indices for wide energy range. plural reactions with different threshold energy were
considered along with some (n,y) reactions. In Table 3.2.1, reactions are listed with their
effective threshold energies. The general use of the common dosimetry reactions, €.2.,
7 Al(n,0)*Na, *Fe(n,p)’*Mn, *Ni(n,p)*Co, *Ni(n,2n)"Ni, *Zr(n,20)*Zr, “Nb(n,2n)""Nb,
Tn(n,n)"*In, “"Au(n,y)""®Au and so forth, was of particular importance, because of

facilitating the comparative study of neutrenics products on different material configurations.

Activation Foils and Irradiation

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 10x 10x 1 mm?, In order to minimize the
self-shielding effect for the *’Au(n,y)'** Au reaction, gold foils with a size of 10 mm x 10 mm
x 0.001 mm were adopted. The other ordinary threshold foils were set in the experimental

drawer channels for the axial distribution measurement. _ N
The foils were irradiated for about 10 hours with D-T neutrons and total neutron

yields at the target are 5.3 X 10" n. Neutron production rate was monitored by the associated

a-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, y-rays were measured with Ge detectors. As described, a large

number of foils were subjected in this system to realize a precise spacial distribution of
reaction rate. Four Ge detectors were used and relatively calibrated to the standard detector.
The detecting efficiencies for the relative detectors were calibrated with the standard detector
by using the same activity sample which was irradiated at the experiment. This scheme
‘facilitated whole counting time without loosing any accuracy in the experimental error for
the efficiency.

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

The RRis given as,

A C A
e W-Nyab Y Sau- (1-exp(-h- ;) exp(-A- o) (1-exp(-A- tm)) ,

RR =

where,
A: decay constant (/sec),
C: wy-ray peak counts,
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A: atomic mass,

€ detector efficiency.

W: sample weight,

N,: Avogadro’s number,

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

Y: neutron source strength (/sec)

S, correction factor for the decay during irradiation,
L: v-ray self absorption correction factor,
t: irradiation time, -

t.: cooling time,

t_: collection time.

The neutron yield fluctuation monitored with the MCS was used for the correction of
S,. The correction of |1 was assumed to be treated by one dimensional model. The decay
data for the half-life (decay constant) and y-ray branching ratio were taken from Ref. 39).
The neutron strength, Y, was time averaged neutron productions monitored with the fission
chambers. The natural background y-ray subtraction was sometime critical for weak activities
('Ni, 157n, ¥7r, 9™Nb) located in the deep positions in the assemblies. In that case, the
contributions were carefully subtracted from the net peak counts. Counting loss due to

coincidental sum-peak in the cascade y-rays was corrected.

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

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

the short half-life activities.

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

statistics due to low activation rate.

Highlights of the Measured Reaction Rate Distributions
In Table 3.2.2, the results for the reaction rates are given with experimental errors. A




JAERI-M 94038

corresponding plot of the reaction rate distribution is shown in Fig. 3.2.1.  As the spectral
indices point of view, the ratio of the reaction rates plays very effective role. The ratios of
reaction rate to the "“In(n,n")""*"In is shown in Fig. 3.2.2. In this figure, all of reaction rates
at the position of front surface (200 mm) are normalized to be 1.0, in order to focus the
spectral sensitivity of respective reactions. Highlights observed form the experimental value
are given as follows:

1 The threshold type reaction show almost same trend of the decreasing distribution
profile as the depth of the detector increase in the copper assembly. Figure 3.2.2 gives
more precise index for the high energy neutron flux. The “Zn(n,p)**Cu, **Fe(n,p)*Mn
and *°Zr(n,2n)*Zr, shown in Fig. 3.2.2, are the threshold reaction with higher threshold
energy than that of reference In(n,n’)**"In reaction. The ratios of reactions with
higher threshold energy decrease more rapidly than those with lower threshold energies.
This corresponds the difference in the reaction sensitivity to the low energy neutrons
which are enhanced in the deeper location. From this ratio analysis, a spectrum change
can be roughly investigated.

(i1) The reaction rate for the *Cu production, however, exhibits a difference in the
distribution at locations deeper than 200 mm from the surface of the assembly. This is
due to the increase of contribution from the ®Cu(n,y)*Cu reaction relative to the
5Cu(n,2n)*Cu reaction, both of which produce the same *'Cu radioactivity.

It is understandable by the consideration that the 14 MeV neutron flux decrease as
the depth increase, resulting in the less contribution of the 5Cu(n,2n)*Cu. On the other
hand, contribution from ®*Cu(n,y)*'Cu to the total *Cu production increase because the
(n,) is, in general, sensitive to low energy neutrons. The reaction rate ratio shown in
Fig. 3.2.2 gives more clear picture of the “Cu(n,y)**Cu domination for %Cu production
at the deep location of the assembly. It is obviously understood that the #Cu at 600 mm
depth is produced by the Cu(n,y)*Cu reaction, more than three orders of magnitude of
largely than that by the ®Cu(n,2n)**Cu reaction. This particular reactions associated
with copper are of importance in understand the radioactivity production distribution in
the copper materials. The present results give straightforward experimental data for the
activation analysis. _

(iii)  The distribution profile of the *’Au(n,y)'**Au reaction rate is quite different from
those of other threshold reactions. This is simply because the most sensitive energy for
(n.y) reaction, in general, is at the resonance or the thermal energy, as mentioned for
Cu(n.y) reaction. This is shown in enhanced way in Fig. 3.2.2. At the position of 500
mm depth, the ratio of reaction rate to that of "*In(n,n') is more than 400. Indirectly this
graph indicates that the neutron spectrum at the deep location is dominated by the slow

neutron, and 14 MeV neutron fraction seems negligibly small.
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3.3 Gamma-Ray Spectrum

Gamma-rays to be measured as benchmark data for fusion neutronics can be classified
into two components; prompt and decay gamma-rays. The prompt gamma-rays are emitted
when a nucleus in an excited state produced by a neutron interaction transits to its ground
state. The half life of the nucleus is usually shorter than nano-second. The decay gamma-ray
emission follows an alpha or a beta decay of an unstable nucleus, or emitted by a transition of
a meta-stable nucleus to its ground state. The half life of the decay is usually longer than one
second. Because half lives of prompt and decay gamma-rays largely differ from each other,
importance of the two kinds of garnma-rays-on the engineering is also quite different. Prompt
gamma-rays are related to the design parameters during operation of fusion devices, while
decay gamma-rays are related to those after shutdown. Data bases and calculation codes
used for these design parameters are also different. Therefore prompt and decay gamma-rays
should be clearly separated each other in benchmark experiments for fusion neutronics.

Measurements of prompt and decay gamma-ray spectra aré described in sections

3.3.1 and 3.3.2, respectively.
3.3.1 Prompt Gamma-Ray Spectrum

Gamma-Ray Spectrometer
The following properties are required as an in-situ gamma-ray spectrometer.

i) It is possible to separate gamma-ray events from neutron events.

ii) The detector hardly emits gamma-rays by itself.

iii) The detector response has an energy dependency of incident gamma-rays.

iv) Sensitivity is isotropic.

v) It should be as small as possible to avoid perturbation of the measurement neutron

and gamma-ray fields.

A liquid organic scintillation counter NE213 40 is selected for the purpose. A sectional view
of the counter is shown in Fig. 3.3.1.1. Outer dimensions of the counter are 48 mm in
diameter and 262 mm in length. The scintillator is a sphere of 40 mm in diameter, and
contained in a Pyrex glass cell. Composition of the counter is almost as that of usual
scintillation counters, but an optical fiber is equipped for gain stabilization. Light pulses
from an external light source can be introduced to the light guide through the optical fiber.

Electric Circuit
The electric circuit used in the measurement is shown in Fig. 3.3.1.2. Dynode signals

from Photomultiplier Tube (PMTY} are fed to a pre-amplifier, and the output signals are put
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into two Delay Line Amplifiers (DLASs) at the same time. Gains of the two DLAs are
different by about 10 times to obtain energy spectra of wide dynamic range. Uni-polar pulse
signals from each DLA are fed to a Rise-Time-to-Pulse-Height-Convertor and discriminated
into neutron and gamma-ray signals according to difference of the rise time of signals to
- make gate signals for gamma-ray events. Pulse height signals of gamma-rays from DLA are
selected using the gate signals at Linear Gates, and stored in a Multichannel Analyzer.

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

% by the gain stabilization system.

Rejection of Decay Gamma-Rays by Long Pulse Method

As mentioned above, in a measurement of prompt gamma-rays, it is important to
clearly reject decay gamma-rays which are regarded as the background. In a case of copper
in D-T neutron fields, decay gamma-rays from “Cu and $Cu generated by the following two

reactions are dominant as the background.

CCum20)PCu 0 yy=570mb  T,,=9.73m  Er=0511MeV  h=195.6%
SCum2n)™Cu ¢y =953mb  T,=127h  Ex=0511MeV  h=386%

As shown in Fig. 3.3.1.3, intensity of these decay gamma-rays changes at every
moment depending on a history of neutron irradiations for the experimental assembly. If the
decay gamma-rays are measured before or after the measurement of prompt gamma-rays, it is
very difficult to determine the averaged amount of decay gamma-rays during the measurement
of prompt gamma-rays. Hence the pulsed neutron method is applied to accurately determine
the background.

A period, between the times when D-T neutrons are injected into the experimental
assembly and when neutrons disappear from the assembly due to captures and leakages, is
almost equal to several hundreds pis, corresponding to the slowing down time of D-T neutrons
to thermal neutrons. Prompt gamma-rays following neutron reactions are emitted by several
hundreds us after injection of D-T neutrons. Pulsed neutrons of several hundreds ps in width
are generated and the periods of measurement for foreground and background gamma-rays
are determined as shown in Fig. 3.3.1.3. Intensity of decay gamma-rays emitted by activated

nuclei which half-lives are usually longer than one second can be regarded as constant during
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the measurement period of foreground and background runs. Pulse height spectra (PHS) for
the foreground and the background runs are measured at the same time with different time-gate.
Pulse height spectrum without decay gamma-rays is accurately derived subtracting the

background spectrum from the foreground one.

Measurement

Prompt gamma-ray spectra were measured in the experimental channels at four
positions; 76, 228, 380 and 532 mm from the front surface of the assembly. The center of the
scintillator of the NE213 gamma-ray spectrometer was set to the position on the central axis
of the assembly. The accelerator was opé1'ated in the arc-pulse mode with pulse width of
0.75 ms and repetition rate of 1.98 ms. Deuteron beam current was adjusted to between 20
nA and 10 pA depending on the measurement positions to keep the counting rates constant.
The maximum counting rate was limited about 2000 cps for sum of neutron and gamma-ray
events of high-gain circuit. Absolute neutron yields were determined by using the alpha-counter
mentioned in the chapter 2. In the measurements at positions of 76 and 228 mm, since the
number of counts of the alpha-monitor was less than 1000, the neutron yields were determined
by the long-counter. The Jong-counter is about 10 times more sensitive than the alpha-counter,
and it was calibrated to the alpha-counter. Energy calibration of measured pulse height
spectra was performed with the Compton edge of 1.275 MeV gamma-rays of Sodium-22.
Signals from a high precision research pulser were fed into the pre-amplifier to determine

zero pulse height.

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

and background runs. The background PHS were subtracted from the foreground PHS. The
obtained PHS were unfolded using the FORIST code ** to derive energy spectra higher than
0.25 MeV. The response matrix used in the unfolding process was calculated by using the
MARTHA code *¥. The original MARTHA code was the Gamma-Ray Response Matrix
Calculation Code for Nal(T1) Scintillator, but the cross section data in the code used was
replaced for NE213 scintillator. The obtained gamma-ray spectra at four positions are shown
in Fig. 3.3.1.4 and Tables 3.3.1.1 - 3.3.1.4. The errors in the figure and tables are statistical
ones only. The FORIST code provides a window function W(E) with the spectrum. The
window function corresponds to the energy resolution of the unfolded spectrum in full width

at half maximum in percentage. If a true spectrum and an observed spectrum is expressed as

Duue(E) and Dobs(E), respectively, they are related with the next equation.
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Namely, the obtained spectra are broadened by Gaussian distribution of which standard

deviation is (window function / 235.5).

Error Estimation

Error sources are estimated as follows.

Neutron Yield +2- 3%
Response Functions +0- 8%
Perturbation Effect by the NE213 Counter  +0- 10 %
Statistics Error +4-10%

Errors for the neutron yield include calibration errors of long counter. Errors for
response functions are estimated by measuring gamma-rays from calibrated standard sources
up to energy of 2.754 MeV *®. It is found that the measured spectra obtained through the
unfolding process are larger by 0 - 8 % comparing with actual intensities of the sources.
Perturbation effect caused by the insertion of the NE213 detector is examined by Monte
Carlo calculations with and without detector modeling. When the detector is modeled, the
calculated spectra become larger by O - 10 % in the energy range higher than 0.2 MeV
compared to the cases without modeling. Statistics errors are given in Tables 3.3.1.1 -
33.1.4.

The error sources due to response functions and perturbation effect are systematic
errors, and the statistic error is a random error. In the error of neutron yield, both systematic
error for the calibration of the alpha-monitor and long counter and random error of counting
statistics are included. As a whole, the measured spectra are observed roughly 0 - 15 %
Jarger than the true spectra. Errors except statistical ones are not included in Tables 3.3.1.1 -

3.3.1.4 and Fig. 3.3.1.4.

Uncorrected Factors in the Measured Spectra
The following parasitic and contaminated gamma-rays are not corrected from the

measured gamma-ray spectra, because it is impossible to separate.

(i) The NE213 liquid scintillator is contained in a boric-silicic glass (Pylex glass). The
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next reaction takes place in boron-10 of the glass mainly for low energy neutrons.

®Bm,0)Li,  Li — 'Li+7v(0.478 MeV)

The gamma-rays of 0.478 MeV are not produced by the copper but by the detector
itself. Annihilation gamma-rays arising from electron pair creations are seen at energy
of 0.511 MeV in an usual gamma-ray spectrum. Gamma-ray peaks observed around
0.5 MeV in the measured spectra are formed by the 0.487 MeV gamma-rays and the
annihilation gamma-rays. As the depth of detection position increases, a fraction of
low energy neutron increases and the °B(n,o)’Li" reactions occur more frequently.
And then, the contribution of 0.478 MeV gamma-rays becomes dominant around 0.5
MeV.

The organic scintillator NE213 consists of hydrogen and carbon. Hydrogens emit

gamma-rays following neutron capture reactions.
'Hny)'H, H —H+7v(2.225MeV)

This gamma-rays of 2.225 MeV also disturb measured gamma-ray spectra. According
to the another experiment, a ratio of observed gamma-rays from ;! (n,a)7Li* reactions
to those from IH(n,y)zH* reactions for the NE213 counter has been found to be about
20. Hence small bumps at 2.2 MeV seen in the measured spectra at 380 mm and 532

mm can be identified as the gamma-rays associated with the 1H(n,“ﬂzH reactions.

(iii) Target gamma-rays, that is, gamma-rays generated by neutron interactions with the

structural materials of the target, are emitted along with neutrons. The target gamma-rays
are also included in the measured spectra. According to an estimation by a transport
calculation, the followings are found. The target gamma-rays contribute most to the
spectrum at 76 mm. At that position, fractions of the target gamma-rays t0 those

generated by neutron interactions with copper are roughly summarized as follows.

Ey<2.5MeV 1.5- 3%
2.5 <Ey<8MeV 3- 5%
8 <Ey< 10 MeV 5-10%

At the measurement positions deeper than 228 mm, the contribution of the target
gamma-rays can be negligible as it is less than 1 %. But at the position of 76 mm, it

should be considered in transport calculations.
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3.3.2 Decay Gamma-Ray Spectrum

Measurement

Spectra of decay gamma-rays emitted from activated nuclei were measured after an
irradiation as a function of cooling time. The method of measurement is basically almost the
same as that of prompt gamma-ray spectrum. The different points are as follows.

The NE213 spectrometer was located in a experimental channel at 76 mm from the
front surface of the assembly. The similar electric circuit was used as Fig. 3.3.1.2, but output
signals from the DLA were put directly into the ADC with single gain and without pulse
shape discrimination. An irradiation-was carried out with deuteron beam current of 2 HA
resulting in a neutron generation rate of 2 x 10® neutrons/sec. The irradiation was continued
for 20 minutes. Just after stop of the irradiation, sequential measurements of pulse height
spectrum was started in turn. A time chart of the measurement is shown in Table 3.3.2.1.
The memory of the MCA which store digitized data from ADC was switched one after
another for the series of measurement. It took about 5 seconds to switch the memory. The

maximum counting rate was about 4700 cps for the measurement just after the irradiation.

Data Processing

Background pulse height spectra were subtracted from foreground ones, and the pulse
height spectra were unfolded to derive gamma-ray energy spectra in just the same method as
the prompt gamma-ray measurement. The obtained spectra were normalized as gamma-ray
flux [1/ sec / cm®] when the assembly was irradiated for 20 minutes with a neutron generation

rate of 10'° neutrons/sec.

Background pulse height spectra were measured twice for 7 minutes just before the
irradiation, pre-measurement, and from 187 to 248 minutes after stop of the irradiation,
post-measurement. Since this experiment was performed after the other experiments in a day
without enough cooling time, activated nuclei generated in the previous experiments had not
been sufficiently disintegrated in the pre-measurement. Hence background of post-measurement
was used in the present experiment. Because the used background were measured after about
3 - 4 hours since the stop of irradiation, gamma-rays which half lives were more than a few
hours were also contained in the background spectrum and they were subtracted from the

foreground spectrum.

Results
The measured spectra are shown in Table 3.3.2.2 - 5 and Fig. 3.3.2.1. In the figure,
remarkable peaks at 0.5 MeV and their Compton continua between 0.2 and 0.4 MeV were

seen. In an energy range of 0.6 - 4 MeV, several components of gamma-rays are scen.
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These gamma-rays are integrated in four energy ranges; 0.4 - 0.65 MeV, 0.65 - 1.0
MeV, 1.0 - 1.4 MeV and 1.4 - 3.0 MeV. The results are shown in Table 3.3.2.6 and Fig.
3.3.2.2 - 5. Since the integrated spectra between 0.4 - 0.65 MeV which correspond to the
peaks at 0.5 MeV were well fitted with a line of 9.74 minutes of half life as seen in Fig.
3.3.2.2, the component can be attributed to annihilation gamma-rays from “Cu produced by
%Cu(n,2n) reactions.

Gamma-rays between 1.4 and 3.0 MeV can be fitted with two component of 2.24 and
13.91 minutes of half lives as shown in Fig. 3.3.2.5. The component of 13.91 minutes is
thought as gamma-rays of about 2 MeV energy from *”Co produced by $Cu(n,o) reactions.
The other component of 2.24 minutes is -regarded as gamma-rays of 1.779 MeV from AL
Silicon-28 and aluminum-27 are contained in the scintillator cell made of glass and aluminum
cap of the detector, respectively. Nuclei of **Al can be produced by %Si(n,p)**Al and ¥ Al(n,y) Al
reactions. Hence the component of 2.24 minutes is not attributed to the copper but to the
scintillation detector itself, and an attention have to be paid to the peaks which are seen
around 1.8 MeV until about 20 minutes in Fig. 3.3.2.1.

The integrated spectra between 1.0 and 1.4 MeV can be separated into three components
of 2.24,9.74 and 13.91 minutes as shown in Fig. 3.3.2.4. The three components are interpreted
as follows: (i) 2.24 minutes: Compton continua of 1.779 MeV gamma-rays from BAL (ii)
9.74 minutes: gamma-rays of 1.173 MeV from “Cu produced by **Cu(n,2n) reactions and
(i) 13.91 minutes; gamma-rays of 1.164 and 1.173 MeV from *"Co produced by “Cu(n,o)
reactions.

As for the integrated spectra between 0.65 and 1.0 MeV shown in Fig. 3.3.2.3,
because many Compton continua from gamma-rays with energies higher than 1 MeV from

the spectra, the source of gamma-ray emission can not identified.
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3.4 Gamma-Ray Heating Rate

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

measure the gamma-ray heating rate, a method which utilize a plural kinds of
thermoluminescence dosimeter (TLD) was proposed * by Tanaka, et al. The principle 1s
described in the Ref. 42), and examples of the application of the method in D-T neutron
fields are described in Ref. 18), 19) and 33). Here, brief explanations are given. Absorbed
doses of gamma-rays in a medium measured by different kinds of TLDs monotonously
increase as a function of effective atomic numbers of the TLDs. Hence the absorbed dose of
the medium can be derived by interpolating absorbed doses measured by several kinds of

TLDs.

Irradiation

Since the atomic number of copper is 29, three kinds of TLDs which effective atomic
numbers (Zetf) are around 29 are selected; MSO (Mg,SiO,, Zeff=11.1), SSO (Sr,Si0,, Zef=32.5)
and BSO (Ba,Si0,, Zefi=49.9). All TLDs are powder and are sealed in glass capsules of 2
mm in diameter and 12 mm in length. All TLDs are calibrated at a cobalt-60 standard
gamma-ray field.

After washing with ethyl alcohol, TLDs were annealed for 30 minutes at 500 °C.
Four samples of each TLD were packed in a polyethylene bag, and seven bags were made in
total. Six bags were set in the four experimental channels and at the front and rear surfaces
of the assembly. The positions of TLDs were -1, 58, 210, 362, 514 and 609 mm from the
front surface of the assembly. The rest of the bags was kept without irradiation for the
background estimation.

The irradiation was carried out for 16 minutes with d* beam current of 1.5 mA, and
the total neutron yield was 2.31 x 10", About 15 minutes after the irradiation, TLDs were
taken out from the experimental assembly and kept in a dark place. One week later from the
irradiation, thermoluminescences (TL) were read out by a TLD reader (KYOKKO 2500).

Data Processing
Average values and standard deviations of TL were calculated for each group of four

TLDs which were the same kind and irradiated at the same position. Averaged TL for
unirradiated TLDs. which were considered as background, was subtracted from that for
:rradiated TLDs. The obtained TL was converted to the unit of exposure dose of “Co

equivalence.
Since TLDs were sensitive to neutrons as well as gamma-rays, neutron contribution
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on each TLD has to be subtracted from the total TL response. The subtraction was done as
tollows.

The neutron contribution can be calculated by energy-integration of the products of
neutron response function of each TLD and neutron flux. The used response function of each
TLD as a function of energy were calculated with a code developed by Hashikura, et ai **.
However, in comparison with experimental values of the response functions, significant
discrepancies between the experiment and the calculation were observed for MSO in a high
energy region. Hence the calculated response function of MSO in an energy range higher
than 4 MeV was normalized by the experimental values. The used neutron response functions
of each TLD are shown in Fig. 3.4.1. The neutron energy spectra at the six measurement
points were calculated by the Monte Carlo transport code MCNP. And then, neutron contribution
of each TLD was calculated in a unit of equivalent exposure dose of %Co by integrating the
products of the neutron response function and the spectrum. The obtained neutron contributions
were subtracted from the total responses to obtain pure gamma-ray responses. Proportions of
the neutron response to the total response are presented in Table 3.4.1.

All kinds of TLDs had been calibrated in a *Co standard field, and obtained gamma-ray
response of each TLD was converted to absorbed dose. Since the atomic number of copper
was 29, absorbed dose of copper, i.e., gamma-ray heating rate, was derived by interpolation
of absorbed dose for MSO and SSO as shown in Fig. 3.4.2. As it is seen in the figure,
absorbed doses of three kinds of TLDs at each position are not different so much. Thus

errors associated with the interpolation process are considered as small.

Corrections
The following three corrections were made to the obtained gamma-ray heating rate of

copper.

1) Correction for Target Gamma-Ray

Contribution of target gamma-rays, which were emitted from the target assembly with
neutron interactions, was estimated by a MCNP calculation. In the calculation, experimental
assembly made of copper was modeled and source spectrum of the target gamma-rays described
in the section 2.2 was used. Gamma-ray spectra at each measurement position were calculated
and gamma-ray heating rates due to the target gamma-rays were derived by integration of the
product of gamma-ray spectra and kerma factors of copper. The obtained gamma-ray heating

rates due to target gamma-ray were subtracted from the total gamma-ray heating rates.

(i)  Correction for gamma-rays associated with decay of “Cu
As for gamma-rays emitted from activated nuclei by neutron reactions with copper,
annihilation gamma-rays of 0.511 MeV emitted by **Cu nuclei produced by $3Cu(n,2n) reactions
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dominantly contribute to gamma-ray heating rate. Because the abundance of *'Cu (69.2 %),
cross section of ©Cu(n,2n) reaction at 14 MeV (570 mb) and emission probability of annihilation
gamma-tay (195.6 %) are large, and half life of “Cu (9.76 minutes) is almost the same as the
duration of irradiation. Contribution of the annihilation gamma-rays to the measured gamma-ray
heating rates was estimated as follows.

Gamma-ray production cross section data of ®Cu and “Cu in JENDL-3.1 D was
replaced as that secondary gamma-rays were generated by only the ®*Cu(n,2n) reaction and
one gamma-ray of 0.511 MeV was emitted after the reaction. The changed cross section of
copper was processed to yield continuous energy cross section data for MCNP. Modeling
the experimental assembly and source D-T neutrons, a neutron-photon transport calculation
was performed with MCNP and gamma-ray spectra formed by only annihilation gamma-rays
from decays of ©®Cu were obtained. In the calculation, spatial distribution of generation of
the annihilation gamma-rays and the transport effect of the gamma-rays were precisely
simulated. Gamma-ray heating rates due to the annihilation gamma-rays were calculated
multiplying kerma factors. The probability of 195.6 % of gamma-ray emission and the
probability of 0.9 for decay of “Cu during the period between start of the irradiation and
withdrawal of TLDs, were taken into account. The estimated gamma-ray heating rates due to

annihilation gamma-rays from “Cu were subtracted from the total gamma-ray heating rates.

(iii)  Correction for beta-rays associated with decay of 2Cu

Copper-62 disintegrates accompanying positron emission. The maximum energy of
positrons, 2.9 MeV, is enough to affect the measured gamma-ray heating rates. The following
two approximations were assumed for correction of positron contribution. (i) The size of
TLDs is so small that the electron equilibrium may stand up with the surrounding material.
(ii) Range of the positron is short and all the positron energy is deposited at the position
where the positron is emitted. Reaction rates of $*Cu(n,2n) at measurement points were
estimated by the MCNP calculation. Considering the mean energy of the positrons (1.28
MeV), the branching ratio to the beta-decay (97.8 %) and the probability of 0.9 for decay of
62Cu during the period between start of the irradiation and withdrawal of TLDs, heating rate
due to the positrons were calculated, and then they were subtracted from the measured

gamma-ray heating rates.

Result of the three corrections is summarized in Table 3.4.2. The maximum correction
is 25.9 % at the front surface of the experimental assembly, and the corrections are less than
1 % and can be negligible at positions more than 362 mm.

The corrected gamma-ray heating rates of copper are shown in Table 3.4.3 and Fig.

3.4.3.
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Error Estimation

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

The error for deviation of four TLDs is considered as random error, and the other errors are

systematic ones. The overall errors range between 11 and 25 % depending on measurement

points.

In the subtraction of neutron response and the three corrections. the following errors
are adopted and added to the measured data according to the law of error propagation.

Neutron response function
Neutron Flux
Contribution of target gamma-ray

Gamma-ray contribution from decay of “Cu

Beta-ray contribution from decay of ““Cu

Deviation of four TLDs
Neutron yield

Calibration of the TLD reader
Interpolation of atomic number

30 %
10 %
20 %
20 %
30 %

3-22 %

%
%
%
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4. Concluding Remarks

A benchmark experiment for the copper slab assembly was performed by bombarding
D-T neutrons, and the precious experimental data were obtained. Since the present experimental
assembly was thicker than the spherical shell of the OKTAVIAN and LLNL experiments,
neutron and gamma-ray transport can be investigated more in detail with the present experiment.

Neutron spectra were measured in energy regions of MeV and keV. Neutron spectra,
especially, below 0.1 MeV were not measured in the previous two experiments, while spectra
in the energy region down to 3 keV were obtained in the present experiment. Neutron
reaction rates of various energy sensitivities were measured. The obtained data are useful to
examine neutron transport owing to their high accuracy and small perturbation to the neutron
fields. As for gamma-rays, prompt gamma-ray spectra and heating rates were measured.
Gamma-rays from neutron capture reactions, which were not included in the gamma-ray
spectra measured in the previous two experiments, were also measured along with the prompt
gamma-rays from threshold reactions. Decay gamma-ray spectra for short lived nuclei less
than a few tens of minutes were also measured. Such spectra has not been measured so far in
this kind of experiment.

These experimental data are very useful to verify cross section data of copper. Validity
of newly evaluated nuclear data libraries, such as JENDL-3.2, ENDF/B-VI and FENDL, can
be examined by analyzing the present experiment. The decay gamma-ray spectra is a very
good experimental data to test codes and data bases for decay heat analyses.

Sample input data for two transport codes, DOT-3.5 ““ and MCNP-4, are attached in
the Appendix.
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4. Concluding Remarks

A benchmark experiment for the copper slab assembly was performed by bombarding
D-T neutrons, and the precious experimental data were obtained. Since the present experimental
assembly was thicker than the spherical shell of the OKTAVIAN and LLNL experiments,
neutron and gamma-ray transport can be investigated more in detail with the present experiment.

Neutron spectra were measured in energy regions of MeV and keV. Neutron spectra,
especially, below 0.1 MeV were not measured in the previous two experiments, while spectra
in the energy region down to 3 keV were obtained in the present experiment. Neutron
reaction rates of various energy sensitivities were measured. The obtained data are useful to
examine neutron transport owing to their high accuracy and small perturbation to the neutron
fields. As for gamma-rays. prompt gamma-ray spectra and heating rates were measured.
Gamma-rays from neutron capture reactions, which were not included in the gamma-ray
spectra measured in the previous two experiments, were also measured along with the prompt
gamma-rays from threshold reactions. Decay gamma-ray spectra for short lived nuclei less
than a few tens of minutes were also measured. Such spectra has not been measured so far in
this kind of experiment.

These experimental data are very useful to verify cross section data of copper. Validity
of newly evaluated nuclear data libraries, such as JENDL-3.2, ENDF/B-VI and FENDL, can
be examined by analyzing the present experiment. The decay gamma-ray spectra is a very
good experimental data to test codes and data bases for decay heat analyses.

Sample input data for two transport codes, DOT-3.5 *¥ and MCNP-4, are attached in
the Appendix.
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Table 2.2.1 Neutron source energy spectrum of FNS new water cooled D-T target for 0
degree to the d° beam. The spectrum is calculated by MORSE-DD. The units of
energy and spectrum are [eV] and [neutrons/energy-bin/D-T reaction], respectively.

Grour Upper Energy Spectrum Group Upper energy Spectrum
1 1.6487e+07 0.0 64 1.1943e+06 2.5765e-03
2 1.6231e+07 0.0 65 1.0540e+06 2.5872e-03
3 1.5980e+07 c.0 66 9.3013e+05 2.570%e-03
4 1.5732e+07 C.0 67 8.2084e+05 2.5211e-03
5 1.5488e+07 1.4419%e-01 a8 7.2438e+05 2.3040e-03
& 1.5248e+07 2.22%6e-01 &9 6.3927e+05 2.2042e-03
7 1.5012e+07 4.09G1e-01 70 5.6415e+05 2.0605e-03
8 1.4779e+07 2.3565e-01 71 4.9786e+05% 1.8238e-03
9 1.4550e+07 3.0897e-02 72 4.3936e+05 1.6473e-03
10 1.4324e+07 5.1474e-03 73 3.8774e+05 1.5803e-03
11 1.4102e+07 9.5007e-04 74 3.4217e+05 1.3867e-03
1z 1.3883e+07 2.6083e-03 75 3.0197e+05 1.2232e-03
13 1.3668e+07 9.1020e-04 76 2.6649e+05 1.0785%&-03
14 1.3456e+07 4.6458e-04 77 2.3517e+05 9.53%2e-04
15 1.3248e+07 4.,5938e-04 78 2.0754e+05 8.0965e-04
16 1.3042e+07 5.1771e~04 79 1.8315e+05 7.0593e-04
17 1.2840e+07 7.8183e-04 80 1.6163e+05 6.0762e-04
18 1.2641e+07 7.489%e-04 81 1.4264e+05 5.3824e-04
19 1.2445e+07 4.1363e-04 82 1.2588e+05 4.9933e-04
20 1.2252e+07 2.1025e-04 83 1.1109e+05 3.7225e-04
21 1.2062e+07 1.6563e-04 84 9.8035e+04 1.7906e-04
22 1.1875e+07 1.5985e-04 85 8.6515e+04 1.4874e-04
23 1.1691e+07 1.6798e-04 86 7.6349e+04 1.2632e-04
24 1.151Ce+07 1.1227e-04 87 6.7378e+04 1.0531e-04
25 1.1331e+07 8.7841e-05 a8 5.9461e+04 9.7450e-05
26 1.1156e+07 8.8737e-05 89 5.2474e+04 8.3190e-05
27 1.0983e+07 7.9567e-03 20 4.6308e+04 8.0602e-05
28 1.0812e+07 9.,3708e-05 91 4.0867e+04 £.9230e-05
29 1.0645e+07 9.1407e-05 92 3.6065e+04 5.7202e-05
30 1.0480e+07 9.,2862e-05 93 3.1827e+04 5.0292e-05
31 1.0317e+07 B8.2287e-05 94 2.8087e+04 4.8831e-05
32 1.0157e+07 %.076Be-05 95 2.4787e+04 5.3362e-05
33 1.0000e+07 3.564%e-04 36 2.1B74e+04 3.7185e-05
34 9.3940e+086 4.1280e-04 97 1.9304e+04 6.1572e-05
35 8.8249e+06 5.1007e-04 98 1.5034e+04 4.6320e-05
36 8.2902e+06 5.0750e-04 99 1.170%e+04 4.4237e-05
37 7.787%e+06 5.171Ce-04 100 §.1186e+03 3.7633e-05
38 7.3161e+06 £.2956e-04 101 7.1016e+03 2.489%e-05
39 6.8728e+06 6.9228e-04 102 5,.5307e+03 2.8404e-05
40 6.4564e+086 7.5872e-0C4 103 4.3073e+03 1.7624e-05
41 6.0652e+06 7.9293e~04 104 3.3546e+03 1.4791e-05
42 5.6978e+06 7.9827e-04 105 2.6125e+03 1.6544e-05
43 5.3525e+06 8.8451e-04 106 2.0346e+03 1.1820e-05
44 5.0282e+06 1.0018e-03 107 1.5B46e+03 1.4320e-05
45 4.7236e+06 1.0563e-03 108 1.2341e+03 7.8013e-06
48 4.4374e+06 1.1937e-03 109 3.6110e+02 8.7622e-06
47 4.168B6e+06 1.1711e-03 110 5.8293e+02 7.204%e-06
48 3.9160e+06 1.2741e-03 111 3.5357e+02 6.9372e-06
49 3.6787e+06 1.2868le~-03 112 2.1445e+02 2.2612e-06
50 3.455%e+06 1.4053e-03 113 1.3007e+02 3.0541e-06
51 3.2465e+06 1.3518e-03 134 7.8891e+01 3.8068e-06
52 3.0498e+06 1.4558e-03 115 4.7850e+01 2.9754e=-07
53 2.8650e+086 1.432%e-03 116 2.5023e+01 1.6817e-07
24 2.6914e+06 1.376Ce-03 117 1.7603e+01 1.3922e-07
55 2.5284e+06 1.4312e-03 118 1.0677e+01 2.2450e-07
56 2.3752e+06 1.,3820e-03 119 6.4758e+00 1.8398e-07
57 2.2313e+06 1.348%e-03 120 3.9278e+00 8.3975e-08
58 2.0961e+06 1.3270e-03 121 2.3823e+00 1.4264e-08
59 1.9691e+06 1.42980-03 122 1.4449e+00 7.4848e-09
60 1.8498e+06 1.3898e-03 123 8.7640e-01 4.2225e-09
61 1.7377e+086 2.5945e-03 124 5.3156e-01 2.2732e-09
62 1.5335e+06 2.8528e-03 125 3.2241e-01 1.5142e~07
&3 1.3533e+06 2.769%e-03 126 1.0010e-05
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Table 2.2.2 Gamma-ray source energy spectrum of FNS new water cooled D-T target. The
- spectrum is calculated by MCNP. The units of energy and spectrum are {MeV] and
[gamma-rays/energy-bin/D-T reaction], respectively.

Group Upper Energy Spectrum Group Upper energy Spectrum
1 1.4000e+01 0.0 z1 1.3750e+00 1.0412e-02
2 1.2000e+01 1.8633e-04 22 1.2500e+00 1.0790e-02
3 1.0000e+01 2.4781e-04 23 1.1250e+00 7.3978e-03
4 9.0000e+00 2.6304e-04 24 1.0000e+00 5.8107e-03
5 8.0000e+00 1.0230e-03 25 9.0000e-01 6.884%2-03
& 7.5000e+00C 9.4278e-04 26 8.0000e-01 8.57%2e-03
7 7.0000e+0C 1.2635e-03 27 7.0000e-01 £.3378e-03
8 6.5000e+00 1.588%7e-03 28 6.0000e-01 2.4076e-03
@ 6.0000e+00 2.2136e~-03 29 5.2000e-01 2.8815e-03

10 5.5000e+00 2.6026e-03 3¢ 5.0000e-01 5.9451e-03
11 5,0000e+00 3.3959%e-03 31 4.0000e-01 8.55%8e-03
12 4.5000e+00 4.2346e-03 32 3.0000e-01 1.22%1e-02
13 4.0000e+00 5.0603e-03 33 2.0000e-01 5.8376e-03
14 3.5000e+00 6.1991e-03 34 1.5000e-01 4.5651e-02
15 3.0000e+00 6.8837e-03 35 1.0000e-01 1.328%e-03
16 2.5000e+00 3.0169e-03 36 8.0000e-02 9.3110e-04
17 2.2500e+00 5.4347e-03 37 6.0000e-02 1.9365e~04
18 2.0000e+00 5.5820e-03 38 4.5000e-02 2.8764e-04
19 1.750QCe+00 §.1277e-03 39 3.0000e-02 5.078le-05
20 1.5000e+00 2.9512e~-03 40 2.0000e-02 0.0
41 1.000Ce-02

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

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

0 »>10 +2% 3% +2% 1 4%
1 83-101 2 2 2 ~-0.02 -20%"
2 58-83 2 2 2 ~-0.01 119%™
3 41-58 2 2 2 ~-0.001 -3.4%"
4 20-41 2 2 2 ~+0.01 +3.5%"
5 1.1-20 2 2 2 ~+0.01 +3.5%"

*1 Fraction is ratio of the error due to the response to the peak flux around 14 MeV.
*2 Example in the case of Opeat/ D(E,) ~ 10.
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Table 3.1.1.2 Neatron spectra at -10, 76 and 228 mm from the surface of the experimental
assembly measured by the NE213 spectrometer. The units are [n/lethargy/source neutron},
[%] for flux and window, respectively.

Neutron Energy -10 min 76 mm 228 mm
[MeV] flux error window flux error window flux error window
0.811 7.087¢-05 4.693e-04 53.86 9468e-05 683705 53.86 6.170e-066 7.511e-05 3386
0.833 1.091e-04 9.111e-05 5299  9.002¢-05 1.127e-05 5299 1.594e-05 1.457e-05 5299
0.896 1.168e-04 1.517e-05 52.07 8.849e-05 3.409e-06 52.16 1.73%e-05 2.377¢-06 52.16
0.942 1.171e-04 4.796e-06 5092 8.701e-05 2.584e-06 51.34 1.706e-05  6.642e-07 51.34
0.590 1.157e-04 3.525e-06 4962 8518e-05 2.509e-06 50.47 1.646e-05 5.080e-07 5047
1.041 1.136e-04 3.345e-06 48.18 8.296e-05 2.362e-06 49.57 1.583e-05 4.920e-07 4957
1.095 1.116e-04 3.256e-06 4654 8.028e-05 2225-06 48564 1.520e-05 4.251e-07 48.64
1.151 1.100e-04 3.198e-06 4480 7.730Ge-05 2.147e-06 47.39 1.449e-05 3.751e-07 47.59
1.210 1.092e-04 3.180e-06 4333  7.412e-05 2.156e-06 46.5] 1.361e-05 3.928e-07 4651
1.272 1.092e-04 3.133e-06 4224 7.089e-05 2.113e-06 4540 1.253e-05 4.129e-07 4540
1.337 1.091e-04 3.092e-06 4159 6.768e-05 2.068e-06 44.2] 1.130e-05 3.663e-07 4421
1.406 1.077e-04 3.188e-06 41.03 6.442e-05 2.086e-06 42.95 1.003e-05 3.268e-07 42.95
1478 1.033¢-04 3.374e-06 4060 6.091e-05 2.06le-06 41.72 8.889e-06 3.339e-07 41.72
1.353 9.464e-05 3.405e-06 40,16 5.7035e-05 1907e-06 40.57 7.515¢-06 3.085e-07 40.57
1.633 8.142¢-05 3.139e-06 39.53 5.23le-05 1.74le-06 3953 7.103e-06  2.502e-07 39.53
1.717 6.474e-05 2.707e-06 3856 4.842e-03 1.624e-06 3856 6.39%¢-06 2.252¢07 3856
1.805 4.714e-05 2.502e-06 3769 4.432e-05 1.537e-06 37.69 5.756e-06 2.062e-07 37.69
1.897 3.175e-05 2.552e-06 36.86 4.097e-05 1467e-06 3686 5.207e¢-06 1.774e-07 36.86
1.995 2.127e-05 2.639e-06 3600 3.849¢-05 1.365e-06 3600 475%-06 1.61%e-07 36.00
2.097 1.718e-05 2.629e-06 3514 3.677¢-05 1.260e-06 33.14 4.3%96e-06 1.433e-07 35.14
2.2G4 1.923e-05 2.585e-06 3431 3.553e-05 1.186e-06 3431 4.093e-06 1.245e-07 3431
2317 2.533e-05  2.603e-06 3355 3.426e-05 1.138e-06 33.53 3.825e-06 1.137e-07 33.55
2436 3.219¢-05 2.648e-06 32.80 3.262¢-05 1.107e-066 32,80 3.5366e-06 1.050e-07 32.80
2.561 3.682e-05 2.608e-06 32.04 3.044e-05 1.057e-06 32.04 3.292e-06 9.776e-08 32.04
2.692 3,791e-05 2.482e-06 3125 2.792e-05 1.049¢-06 31.25 2.990e-06 9.263e-08 31.25
2.830 3.613e-05 2.563e-06 3049 2.546e-05 1.088e-06 3049 2.675e-06 8.892e-08 3049
2.975 3.306e-05 3.150e-06 29.74 2.341e-05 1.166e-06 2974 2.38%e-06 8.923e-08 29.74
3.128 2.996e-05 3.833e-06 29.02  2.187e05 1.193e-06 29.02 2.174e-06  9.342e-08 29.02
3.288 2.733e-05 4.064e-06 2830 2.072e-05 1.136e-06 28.30 2.036e-06 9478208 2830
3.457 2.528e-05 3.702e-06 27.58 2.165e-05 1.149e-06 27.58 1.974e-06 §.324e-08 2758
3.634 2.384e-05 3.045e-06 2682 2.084e-05 1.015e-06 26.82 1.920e-06 7.495e-08 2682
3.821 2.316e-05 2.663e-06 2606 1.996e-05 9.683e-07 26.06 1.882e-06 7.227e-08 2606
4016 2.302e-05 2.828e-06 235.27 1.893e-05 9.643e-07 25.27 1.83de-06 7.163e-08 2527
4222 2.256e-05 3.183e-06 2455 1.782e-05 9.991e-07 2455 1.697e-06 7.217e-08 24.55
4.439 2.038%e-05 3.346e-06 2394 1.647e-05 1.022e-06 2394 1.533e-06 7.241e-08 2394
4.666 1.541e-05 3.452¢-06 2333  1.474e-05 1.043e-06 23.33 1.345e-06 7.24Be-08 23.33
4,906 8.156e-06 3.669¢-06 2272 1.260e-05 1.088e-06 22.72 1.158e-06 7.420e-08 2272
5157 0.432e-07 3.852¢-06 22,18 1.037e-05 1.118e-06 22.18 $9.97%5¢-07 7.531e-08 22.18
5.422 .3.921e-06 -3.921e-06 2167 8.76le06 1.172-06 21.67 8.847e-07 7.838e08 2167
5,700 -5.738e-06 -5.738e-06 21.10 B8.347e-06 1.244e-06 21.10 8.328e-07 8.26]e-08 21.10
5992 4.751e-06 4.751e-06 20.56 B8.760e-06 1.284e-06 20.56 8.274e-07 8.417e-08 2056
6.299 22.162e-06 -2.162e-06 20.02 8.875¢-06 1.419e-06 20.02 8.20%-07 9.058e-08 20.02
6.622 -1.372e-06 -1.372e-06 1948 8.193e-06 1.572e-06 19.48 7.793e-07 9917¢-08 1948
6.961 -4.871e-06 .4.871e-06 1897 7.502e-06 1.612e-06 1897 7.406e-07 1.017e-07 1897
7318 -8.815e-06 -8813e-06 1849 7.692e-056 1827e-06 1849 7.631e-07 1.126e-07 1849
7.694 -7.996e-06 -7.996e-06 18.04 8.398e-06 2.130e-06 18.04 7.943e-07 1.304e-07 18.04
8.088 -6.23de-06 -6.234e-06 17.62 8.235e-06 2.290e-06 17.62 7.356e-07 1.402¢07 17.62
8.503 27.497e-06 -7.497e-06 17.22 6.862e-06 2.603e-06 17.22 7.267e-07 1.542e¢-07 17.22
8.939 -4.46%¢-06 -4462e-06 16.78 5.830e-06 3.283e¢-06 1678 0.05%-07 1.917e-07 1678
9.397 5.224e-06 1.71de-05 16.36  6.490e-06 3.619¢-06 1636 9.865e-07 2.106e-07 16.36
9.879 1.144e-05 1.77%¢-05 1593 8.739e-06 3.707e-06 1593 8.622e-07 2.149¢ 07 1593
10,390 9.148e-06 2.020e-05 1547 1.025e-05 4.213e-06 1547 8.051e-07 2428e-07 1547
10.920 1.145¢.06 2.047e-05 1507 8.02%e-06 4.201e-06 1507 8.853e-07 2.387e-07 15.07
11.480 1.652e-06 2.09%e-05 1476 5.808e-06 4.229¢-06 14.76 1.216e-06 2.346e-07 14.76
12.07¢ 4.600e-05 2.552e-05 1454 1318e-05 5.129-06 14.54 2.009-06 2.781e-07 14.54
12.680 1.913e-04 2.801e-05 1442 3.758e-05 5.695¢-06 14.42 3.64%e-06 3.044e 07 1442
13.340 5.806e.04 3466e-05 1440 1.055¢-04 7.023e-06 14.40 7.365¢-06 3.609e-07 14.40
14.020 1.224e-03  4.316e-05 1440 2290e-04 8798e-06 14.40 1.258e-05 4.741e-07 14.40

14.740 1.406e-03 5.932¢-05 14.40 2.824e-04 1239e-05 1440 1.285e-05 7.011e-07 14.40
15.490 7.990e-04 2.535¢-05 1440 1.729¢-04 5354e-06 14.40 6.930e-06 2.705¢-07 14.40
16.290 2.274e-04 2.823e-05 1440 5.460e-05 592le-06 14.40 2.293e-06 3.5311e-07 1440
17.120 1.068e-04 2.129e-05 1440 2.658e-05 4.46le-06 1440 1.127e-06  2.602e-07 1440
18.000 9.212e-05 5.568e-06 1440 2.165e-05 1.158e-06 14.40 8.115e-07 7.077e08 14.40
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Table 3.1.1.3 Neutron spectra at 380, 532 and 618 mm from the surface of the experimental
assembly measured by the NE213 spectrometer. The units are [n/lethargy/source neutron],
[%] for flux and window, respectively.

Neutron Energy 380 mm 532 mm 618 mm
[MeV] flux error window flux Error window flux error window
0.811 1.488e 06 1.110e-05 53.86 1.548¢07 1.232¢-06 53.86 4.928e-07 3.487e+00 53.86
0.853 2.438e-06 2.151e-06 52.99  2.6552-07 2.383e-07 5299  4270e-07 7.806e0l 52.99
0.856 2.525e-06 3.45%e-07 5216 2.749e-07 3.812e-08 5216 4.028e-07 1.354e-01 3039
0.942 2.427e-06  8.717e-08 51.34  2.626e-07 9.158e-09 51.34 3.868e-07 3.919e-02 47.72
0.950 2.298e-06 6.586e-08 35047 2.463e-07 6.929e-09 5047 3.718e-07 2.9%6e-02 44.98
1.041 2.1535¢-06 6.772e-08 4357 2.286e-G7 7.398e-09 4957 3.574e-07 3.008e-02 42.07
1.095 2.000e-05 5.936e-08 48.64 2.090e-07 6592¢-09 48.64  3.436e-07 2.833e-02 39.06
1.151 1.829e-06 4.742¢-08 4759 1.874e-07 506309 47.59 3.293e-07 2.721e-02 37.69
1.210 1.646e-06 4.400e-08 4651 1.653e-07 4.366e-09 465! 3.144e-07 2.842e-02 3641
1.272 1.4632-06 4.717e-08 4540 1447e-07 4.731e09 4540 2985e-07 3.056e-02 3538
1.357 1.202¢-06 4.272e-08 44.21 1269207 4.382e-09 4421 2.813e-07 3.059e-02 3471
1.406 1.140e-06 3.740e-08 42,95  1.120e-07 3.779e-09 4295 2.632e-07 3.128e-02 3432
1478 1.004e-06 3.665e-08 41.72 9.82]e-08 3.673e-09 41,72 2.435e-07 3.442e02 3432
1.553 8.773e-07 3.222e-08 4057 8.420e-08 3.174e-09 4057 2.222e-07 3.620e-02 34.80
1.633 7.591e-07 2.609e-08 39.53 7.032e-08 2.435¢-09 3953 2.000e-07 3.453e-02 3555
1.717 6.533e-07 2.457e-08 38.56 5.782e-08 2304e-09 38.56 1.778e-07 3.38le-02 36.07
1.805 5.646e-07 2.101e-08 37.69 4.786e-08 2.070e-09 37.69 1.580e-07 3.782e-02 3641
1.897 4.937e-07 1.700e-08 36.86 4.063e-08 1.582¢-09 3686 1.429e-07 3.661e-02 36.46
1.995 4380207 1.572e-08 36.00 3.576e-08 1.403e-09 36.00 1.345e-07 3.636e-02 36.00
2.097 3.946e-07 1.349e-08 35.14 3.291e-08 1.301e09 3514 1.329¢-07 3.517e-02 3504
2.204 3.621e-07 1.131e-08 3431 3.173e-08 1.136e-09 343 1.366e-07 3.233e-02 3392
2317 3.388e-07 1.028e-08 3355 3.151e-08 1.034¢-09 3335 1.424e-07 3.006e-02 32.77
2434 3.201e-07 9.50%e-09 32.80 3.129e-08 1.027e-09 32.80 1.463e-07 2.8%4e-02 31.76
2.561 3.012e-07 8941e-09 32.04 3.035e-08 1.009e-09 32.04 1.452e-07 2.860e-02 31.01
2.692 2.787e-07 8.601e-09 3125 2.866e-08 9.863¢-10  31.25 1.387e-07 2.956e-02 3031
2.830 2.533e-07 8.367e-09 3049 2.670e-08 9.795¢-1¢ 3049 1.287e-07 3.121e-02 29.84
2975 2.281e-07 8.279%e-09 2974 2491e-08 1.002e-09 2974 1,177e-07 3.292e-02 29.49
3128 2.065e-07 8.320e-09 29.02  2334e¢-08 1.042¢-09 29.02 1.080e-07 3.454e-02 29.02
3.288 1.906e-07 8366e-09 2830 2.199e-08 1.065e-09 28.26 1.010e-07 3.590e-02 2830
3.457 1.727e-07 6.123e-09 27.58 1.897e-08 6.196e-10 27.34 9.808e-08 3.619e-02 27.58
3,634 1.627e-07 5.524c-090 2682 1.772e-08 5.286e-10 2679 9.863e-08 3.380e-02 2682
3.821 1.505e-07 5.289e-09 26.06 1.386e-08 4.814e-10  26.03 1.006e-07  3.4932-02  26.06
4016 1.368e-07 5.172e-09 25.27 1.337e-08 4.79%-1G 25.24 1.013e-07 3.401e-02 2527
4.222 1.231e-07 5.135e-09 2455 1.085e-08 4.924e-10 24.55 9991e-08 3.380e-02 24,55
4.439 1.113e-07 5.097e-09 2394 9.020e09 4.935e-1G 23.94 9.744e-08 3.433¢-02 2394
4.666 1.022e-07  5.124e-09 23.33  8.181e-09 4.909e-10  23.33 9.56%9e-08 3.422e-02 2333
4906 9.392e 08 5.230e-09 22,72 7.824e-09 5.23]e-10 2272 2.48%8e-08 3.391e-02 2272
5.157 8.399e-08 3.294e-09 22,18 7.162¢-09 5.526e-10 22,18 0.275e-08 3.408e-02 22.18
5.422 7.259%e-08 5.450e-09 2167 6.062e-09 5.843e-1¢  21.67 8.756e-08 3.511e-02 21.67
5.700 6.292¢-08 5.068¢-09 21.10 5.086e-09 6.174e-10  21.10  8.062e-08 3.705e-02 21.10
5992 5.714e-08 5.787e-09 20.56 4.643e-09 6.397¢-10  20.56 7.452e-08 3.795e-02  20.56
6.299 5.498e-08 6.174e-09 20.02 4.532e-09 7.069-10 20.02 6913e-08 3.993e-02 2002
6.622 5.564e-08 6.751e-09 1948 4.616e-09 7.818e-10 1948 6.198e-08 4.519e-02 1948
6.961 5.787e-08 6922¢-09 1897 5.186e-09 7.956e-10 1897  5.227e-08 5224e-02 1857
7.318 5.816e-08 7.701e-09 1849 5.880e-09 9.067e-10 1849  4.182e-08 6.978¢-02 1849
7.694 5550e-08 8.755¢-09 1804 5.466e-09 1.057e09 18.04 333908 9.804e-02 18.04
8.088 5.250e-08 9353e-00 17.62 3.899e-09 1.130e-09 17.62  3.088e-08 1.115e-01 17.62
8.503 5.245¢.08 1.038¢-08 17,22 2.0998e-09 1.172e-0% 17.22 3.567e-08 1.013e-0f 17.22
8.939 5.944e-08 1.269¢-08 1678 4.048¢-09 139209 1678 4.130e-08 1.030e-01 1678
9.397 6.176e-08 1.393e-08 1636 5.858e-09 1.594¢-09 1636  4.284e-08 1.072¢-01 1636
9.879 5.027e-08 1447e-08 1593 7.178¢-09 1.596e-09 1593  4.495e-08 1.064e-0l 1593
10.390 5.396e-08 1.612e-08 1547 839%¢-09 1.722e-09 1547 6.110e-08 8.303e-02 1547
10.920 $.604e-08 1.567e-08 1507 1.067e-08 13832e05 15.07 8.792e-08 5.672e-02 1507
11.480 1.178e-07 1544¢-08 14.76 1.286e.08 1983e-09 1476  9.528e-08 5.318e-02 1476
12.070 1.615¢-07 1.809¢-08 14,54 1.411e-08 2.406e-09 14.54 8.520e-08 6.470e-02 14.54
12.680 3.074e-07 1978e-08 1442 2.231e-08 2.788e-09 1442 862308 7.165e-02 1442
13.340 6.116e07 2.286e-08 1440 4.155¢-08 3.327¢-09 14.40 1.074e-07 6.398e-02 14.40
14.020 8.431e-07 3.084e-03 1440 6.065e-08 4.46le-09 1440 1342e-07 6.884e-02 1440
14.740 6.887e-07 4.582¢-08 1440 5.418e-08 7.160e-09 1440 1.297e-07 1.171e-01 1440
15.450 3.412¢07 1.806e-08 1440 2.564e-08 2.819¢-09 14.40 5.561e-08 1.056e-01 1440
16.290 1.430e-G7 2.226¢-08 1440 7.601e-03 3.48le-09 1440  -9391e-0% 1.000e+00 14.40
17.120 7.585e-08 1.690e-08 14.40 3.599e-09 2.600e-09 1440  -1.06%e-08 1.000e+00 14.40
18.000 3.157e08 488le-09 1440 1.694¢-09 7.310e-10¢  14.40 4.1272-10  3.408e+00 14.40
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Table 3.1.2.1 Neutron Spectra at -10, 76 and 228 mm from the front surface of the assembly
measured by proton-recoil gas proportional counters.

-10 mm 76 mm 228 mm

Neutron Flux Neutron Flux Neutron Flux

Energy [nflety/ Error Energy  [n/leth/  Error Energy  [n/leth/  Error

[MeV]  source] {MeV] source] IMeV]  source]
2.770e-3 4.152e-7 2.240e-6 2.732e-3 -3.087e-6 4.030e-6 2.694e-3 -1.549¢6 2.310e-6
2.88%e-3 2.627e-6 2.110e-6 2.84%-3 8.980e-6 3.820e-6 2.809e-3 3.842e-6 2.220e-6
3.013e-3 3.20de-6 2.040e¢-6 2.971e-3 9.332e-6 3.680e-6 2.930e-3 5.496e-6 2.150e-6
3.143e-3 4.830e-7 1.960e-6 3.09%-3 -2.083e-6 3.550e-6 3.056e-3 4.080e-7 2.080e-6
3.280e-3 1.617e-6 1.920e-6 3.233e-3 -1.415e-6 3.460e-6 3.188e-3 3.648e-6 2.010e-6
3.423e-3 1.53%e-6 1.890e-6 3.374e-3 7.455e-6 3.430e-6 3.327e-3 4.38%e-6 1.970e-6
3.573e-3 3.209e-6 1810c-6 3.522e-3 4.607¢-6 3.340e-6 3.472e-3 -2.416e-7T 1.930e-6
3.730e-3 9.721e-7 1.810e-6 3.676e-3 5.464e-6 3.240e-6 3.624e-3 1.042e-6 1.920e-6
3.89de-3 3.132e-7 1.740e-6 3.838e-3 -2.154e-6 3.190e-6 3.784e-3 5.132e-6 1.870e-6

4.067e-3 -4931e-7 1.750e-6 4.008e-3 1.722e-6 3.170e-6 3.951e-3 6.025e-6 1.850e-6
4.247e-3  1.064e-5 1.740e-6 4.186e-3 1.762e-6 3.170e-6 4.126e-3 2.560e-6 1.810e-6

4.437e-3 4.130e-6 1.700e-6 4.373e-3 4.413¢-6 3.130e-6 4.310e-3 3.887e-6 1.780e-6
4,635e-3 3.350e-6 1.600e-6 4.568¢-3 4.425e-6 3.120e-6 4.502e-3 6.235e-6 1.760e-6
4.843e-3 1.473e-6 1.630e-6 47733 2383e-6 3.050e-6 4.704e-3 3.019e-6 1.750e-6
5.061e-3 1.904e-6 1.640e-6 4.988e-3 2.773e-6 3.050e-6 4.915¢-3 3.042e-6 1.730e-6
5.290e-3 1.866e-6 1.600e-6 5.2132-3 3.920e-6 3.050e-6 5.136e-3 3.126e-6 1.730e-6
5.529¢-3 1.727e-6 1.610e-6 5.4482-3 4.143e-6 3.020e-6 5.36%e-3 5.879¢-6 1.710e-6
5.780e-3 4.495e-6 1.590e-6 5.695e-3 1.035e-5 3.0]10e-6 5.612e-3 5.631e-6 1.700e-6
6.043¢-3 4.089¢-6 1.560e-6 5.954e-3 9.465e-6 2970e-6 5.867¢-3 8.062e-6 1.690e-6
£.319e-3  6.043¢-7  1.560e-6 6.226e-3 1.067e-3 2.950e-6 6.134e-3 9.43le-6 1.670e-6
6.608¢-3 3.410e-6 1.530e-6 6.510e-3 9.633e-6 2.900e-6 6.414e-3 1.125e-5 1.650e-6
6.911e-3 5.38%-6 1.530e-6 6.808¢-3 7.588e-6 2.910e-6 6.707e-3 1.438e-5 1.620e-6
7.228¢-3 5.718¢-6 1.500e-6 7.121e-3 5.108e-6 2.880e-6 7.015¢-3 1.311e-5 1.60G0e-6
7.560e-3 4.528¢-6 1.470e-6 7.4482-3 1.291e-5 2.890e-6 7.337e-3 8.480e-6 1.58Ce-6
7.909¢-3 2.920e-6 1.500e-6 7.791e-3 1.284e-5 2.8%0e-6 7.675¢-3 8.445e-6 1.590e-6
8.274e-3 8.687e-7 1.480e-6 8.150e-3 8.360e-6 2.520e-6 8.029¢-3 9.873e-6 1.610e-6
8.657e-3 2.627e-6 1.530e-6 8.327e-3 8575e-6 2.950e-6 8.400e-3 1.243e-5 1.610e-6
9.058¢-3 3.237e-6 1.540e-6 8.922e-3 8.235¢-6 2.980e-6 8.788e-3 9.652e-6 1.620e-6
9.478¢-3 4.870e-& 1.550e-6 9.336¢-3 6.987e-6 3.030e-6 9.196e-3 1.144e-5 1.630e-6
9918-3 3.54le-6 1.570e-6 9.76%¢-3 9.705e-6 3.070e-6 9.623¢-3 9.30%-6 1.640e-6
1.03%e-2 2.926e-6 1.580e-6 1.022¢-2 1.191e-5 3.100e-6 1.007e-2 1.092e-3 1.660e-6
1.086e-2 5.704e-6 1.600e-6 1.070e-2 1.988e-5 3.120e-6 1.054e-2 1.222e-5 1.670e-6
1.137e-2 4.030e-6 1.620e-6 1.120e-2 1.683e-5 3.140e-6 1.103e-2 1.659%e-5 1.680e-6
1.190e-2 4.473e-6 1.610c-6 1.172e-2 1.116e-5 3.170e-6 1.154e-2 1.657e-5 1.680e-6
1.246¢-2 4.302e-6 1.650e-6 1.227e-2 1.830e-5 3.200¢-6 1.209¢-2 1.468e-3 1.690e-6
1304e-2 1.463e-6 1.660e-6 1.285e-2 1.792e-5 3.230e-6 1.265e-2 1.203e-5 1.700e-6
1.365¢-2 2.338e-6 1.670e-6 1.345¢-2 1.313e-5 3.250e-6 1.324e-2 1.238e-5 1.710e-6
1.429¢-2 3.897e-6 1.700e-6 1.408e-2 1.465e-5 3.280e-6 1.386e-2 1.447e-5 1.720¢-6
1.497e-2 4.078e-6 1.710e-6 1.474¢-2 1.799e-5 3.320e-6 1.452e-2 1.295e-5 1.740e-6
1.56%e-2 1.148e-6 1.750e-6 1.543¢-2  1.708e-5 3.340e-6 1.520e-2 1.528e-5 1.740e-6
1.641e-2 2.509e-6 1.770e-6 1.616e-2 1.41le-5 3.360e-6 1.591e-2 1.621e-5 1.760e-6
1.718e-2 6.714e-6 1.800e-6 1.692e-2 1.475e-5 3.410e- 1.666e-2 1.263e-5 1.760e-6
1.799e-2 6.727e-6 1.820e-6 1.772e-2  1.461e-5 3.450e- 1.745¢-2 1.542e-5 1.780e-6
1.884¢-2 3.122e-6 1.830e-6 1.855¢-2 1.897e-5 3.480¢- 1.827e-2 1.236e-5 1.800e-6

1.913e-2 1.247e-3 1.820e-6
2.004e-2 1.457e-5 1.840e-6
2.098e-2 1.566e-5 1.860e-6

&

6

6
1.973e-2 4.283e-6 1.860e-6 1.943¢-2 1.620e-5 3.5402-6
6
6
-6 2.198-2 1.78le-5 1.860e-6
6
6
6
)
&
6

2.066¢-2 2.957e-6 1.890e-6 2.035e-2 1.275e-5 3.58
2.164e-2 3.980e-6 1.920e-6 2.1371e-2 2.014e-5 3.62
2.266e-2 6.700e-6 1.960e-6 2.232e-2 2.072e-5 3.67
2.374e-2 3.549e-6 1.970e-6 2.337e-2 2.146e-5 371
2486e-2 -2.433e-7 2.030e-6 2.448e-2 1.492e-5 3.77
2.60de-2 3.013e-6 2.070e-6 2.564e-2 8.155e-6 3.83
2.728e-2 5.499%e-6 2.110e-6 2.686e-2 1.687e-5 3.91
2.857e-2 6.020e-6 2.150e-6 2.813e-2 2.191e-5 3.950e- 2.770e-2 1.791e-5 1.980e-6
2993e-2 2.106e-6 2.19Ce-6 2.947¢-2 1.732e¢-5 4.030e- 2.901e-2 1.376e-5 1.990e-6
3.133e-2 5977e6 2.220e-6 3.087e-2 1.716e-5 4.080e-6 3.039e-2 1.638e-5 2.020e-6
3.284e-2 9.333e-6 2.270e-6 3.233¢-2 3.163e-5 4.150e-6 3.184e-2 1.886e-5 2.050e-6
3.440e-2 6.282e-6 2.300e-6 3.387e-2 2.342e-5 4.200e-6 3.335e-2 1.862e-5 2.060e-6
3.604e-2 6.767e-6 2.340e-6 3.548e-2 1.952e-5 4.260e-6 3.494e-2 2.051e-5 2.090e-6
37752 6.144e-6 2.380e-6 3.717e-2 2.528e-5 4.340e-6 3.660e-2 2.028e-5 2.11Ge-6
31.955¢-2 6.350e-6 2.430e-6 3.894e-2 4.098e-5 4.390e-6 3.834e-2 2.287e-5 2.140e-6
4.143e-2 9.615e-6 2.450e-6 4.079-2 2.737e-5 4.440e-6 4.017e-2 2.541e-5 2.160e-6
43471e-2 1.105e-5 2.520e-6 4727422 3.103e-3 4.500e-6 4,2082-2 2.613e-5 2.180e-6

2.302e-2 1.665e-5 1.890e-6
2411e-2 1.157e-5 1.910e-6
2.525e-2 1.323e-5 1.920e-6
2.645e-2 1.676e-5 1.950e-6
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Table 3.1.2.1 Continued

-10 mm 76 mm 228 mm
4.548e-2 1.30de-5 2.520e6 4.478e-2 3.990e2-5 4.570e-6 4.40%e-2 2.938e-5 2.180e-6
4.764e-2 1.502e-5 2.550e-6 4.691e-2 3.950e-5 4.,590e-6 4.619e-2 3.26l1e-3 2.200e-6
4992¢-2 1.3%0e-5 2.590e-6 4.915e-2  3.634e-3 4.660e-6 4.83Ge-2 2.818e-5 2.210e-6
5.230e-2 1.074e-5 2.6530e-6 5.149e-2  3.402e-5 4.730e-6 5.070e-2 2.945e-5 2.220e-6
34792 1.178e-5 2.670e-6 5.39%e-2 3.713e-3 4.810e-6 5.312e-2 2.836e-5 2.240e-0
5.741e-2 9.69%0e-6 2.710e-6 5.652e-2  4.36le-5 4.860e-6 5.565e-2 2.877e-5 2.250e-6
6.015e-2 1.166e-5 2.760e-6 5.522e-2 3.934e-5 4.800e-5 5.831e-2 3.2%0e-5 2.270e-6
£302e-2 1.642e-5 2.800e-6 6.205e-2  4.902e-5 4.99Ge-6 6.10%9e-2 2.93Be-5 2.280e-6
6.603e-2 1.730e-5 2.830e-6 6.501e-2  4.884e-5 5.040e-6 6.401e-2 3.381e-5 2.290e-6
6.918e-2 1.544e-5 2.870e-6 6.812e-2 4.832e¢-3 5.09Ge-4 6.707e-2 4.005e-5 2.310e-6
7.24%9e-2 1.146e-5 2.930e-6 7.137e-2  4.151e-5 5.170e-6 7.027e-2 2.744e-5 2.320e-6
7.596e-2 1.164e-5 2.990e-6 7.478e-2 4.631e-3 5.230e-6 7.363e-2 2.516e-5 2.350e-6
7.959¢-2 1.797¢-5 3.040¢-6 7.836e-2 4.287e-5 5.350e-6 7.715e-2 3.331e-5 2.380e-6
2.339e-2 1.968e-5 3.090e-6 8.210e-2 4.812e-5 5.410e-6 8.083e-2 3.442e-5 2.390e-6
8.738e-2 1.374e-5 3.150e-6 8.603e-2 6.731e-5 5.500e-6 8.470e-2 3.784e-5 2.420e-6
9.156e-2 1.220e-5 3.200e-6 9.014e-2 6.822e-5 5.530e-6 8.875e-2 3.637e-5 2.420e-6
9.594e-2 1.45%e-5 3.270e-6 9.445e-2  6.444e-5 5.590e-6 $.300e-2 3.682e-5 2.450e-6
1.005e-1 2.298e-3 3.330e-6 9.897e-2 6.181e-5 5.650e-6 9 744e-2 3946e-5 2.460e-6
1.053e-1 1.833e-5 3.410e-6 1.037e-1 5.578e-3 5.750e-6 1.021e-1 4.343e-5 2.470e-6
1.104e-1 2.1534e-5 3.450e¢-6 1.087e-1 7.380e-3 5.820e-4 1.070e-1 4.252e-5 2.470e-6
1.157e-1 2.832e-3 3.580e-6 1.1392-1 8§.529e-5 5.960e-6 1.121e-1 4.437e.5 2.510e-6
1.212e-1 2.218e-5 3.710e-6 1.193e-1 6.492e-5 6.110e-6 1.175e-1 4.3%96e-5 2.560e-6
1.270e-1 1.838e-5 3.850e-6 1.250e-1 6.134e-5 6.310e¢-6 1.231e-1 4.205e-3 2.610e-6
1.331e-1 2.193e-3 3.990e-6 1.310e-1 8.263e-3 6.520e-6 1.290e-1 4.367e-5 2.670e-6
1.395e-1 2.848e-3 4.150e-6 1.373e-1 8.321e-3 6.740¢-6 1.352e-1 4.754e-5 2.730e-6
1.461e-1 2.253e-5 4.350e-6 1.439e-1 6.707e-5 6.960e-6 1.416e-1 4.15%9e-5 2.790e-6
1.531e-1 2.748e-3 4.480e-6 1.505e-1 8.060e2-5 7.600e-6 1.459¢-1 4.213e-5 1.960e-6
1.602¢-1 3.005e-5 5.140¢-6 1.577e-1 6.121e-5 7.610e-6 1.529e-1 3.895e-5 1.920e-6
1.679e-1 2.5325e-5 5.140e-6 1.653e-1  6.135e-5 7.54Qe-6 1.602e-1 3.982e-5 1.8%0e-6
1.759e-1 2.24le-3 5.140e-6 1.732e-1  7.874e-3 7.520e-6 1.679e-1 4.181e-5 1.860e-6
1.844¢-1 3.12%9e-5 5.150¢-6 1.815e-1 9.511e-5 7.420e-6 1.759e-1 4.251e-5 1.820e-6
1.932e-1 3.938e-5 5.150e-6 1.902e-1 R.380e-5 7.350e-6 1.84de-1 4.771e-5 1.790e-6
2.025e-1 3.518e-3 3.160e-6 1.993e-1  9.648e-5 7.260e-6 1.932e-1 4.327e-5 1.750e-6
2.122e-1 4.087e-5 5.150e-6 2.089%e-1 8.437e-5 7.240e-6 2.025e-1 4.276e-5 1.730e-6
2.223e-1 4.646e-5 5.170e-6 2.189e-1  9.902e-3 7.130e-6 2.122e-1 4.515e-5 1.700e-6
2.330e-1 4.138e-3 5.140e-6 2.294e-1 9.533e-5 7.070e-6 2.223e-1 4.376e-5 1.670e-6
2.44]le-1 4.252e-5 5.160e-6 2.404e-1 8.051e-5 7.030e-6 2.330e-1 4.086e-5 1.640e-6
2.55%-1 4.384e-5 5.220e-6 2.519e-1  8.847e-5 7.030e¢-6 2.441e-1 4.181e-5 1.620e-6
2.68le-1 4.892e-3 5.280e-6 2.640e-1  1.008e-4 7.090e-6 2.55%e-1 4.354e-5 1.610e-6
2810e-1 4.114e-5 35.380e-6 2.766e-1  9.583e-5 7.150e-6 2.681e-1 4339%e-5 1.610e-6
2944c-1 4.402e-5 5.440e-6 2.899¢-1 1.092e¢4 7.170e-6 2.810e-1 4.623e-5 1.600e-6
3.086¢e-1 4.636e-5 5.560e-6 3.038e-1  9.598e-5 7.200c-6 2.544e-1 4.388e-5 1.590e-6
3.233e-1 S5.444e-5 5.600e-6 3.183e-1 1.062e4 7.230e-6 3.086e-1 4.311le-5 1.580e-6
3388e-1 5.610e-3 5.700e-6 3.336e-1  1.052e4 7320e-6 3.233e-1 4.535e-5 1.580e-6
3.531e-1 6.632e-3 5.740e-6 3.496e-1 1.064e-4 7.280e-8 3.388e-1 4.306e-5 1.570¢-6
3.72le-1 7.433e-5 5.780e-6 3.664e-1 1.195e4 7.310e-6 3.551e-1 4.577e-5 1.550e-6
3900e-1 7.430e-5 5.820e-6 3.839e-1  1.207e-d 7.310e-6 3.721e-1 4.770e-5 1.530e-6
4.087e-1 7.150e-5 5.870e-6 4.023e-1 1.130e4 7.290¢-6 3.900e-1 4.582¢-5 1.510e-6
4.283e-1 6.169e-3 35.890e¢-6 4216e-1 1.268e4 7.240e-6 4.087e-1 4.507e-5 1.480e-6
4.488e-1 6.360e-5 5.980e-6 4.419e-]1 1.308e4 7.240e-6 4.283e-1 4.660e-5 1.460e-0
4,703e-1 6.306e-3 6.010e-6 4.630e-1  1.170e-4 7.160e-6 4.488¢e-1 4.661e-3 1.430e-6
4929-1 6.1153e-5 6.100e-6 4.852e-1 1.138¢4 7.150e-6 4.703e-1 4.279-5 1.390e-6
5.165e-1 5.997e-5 6.150e-6 5.083e-]1 1.144e-4 7.090e-6 4.929e-1 4.119e-5 1.370e-6
5413e-1 7.566e-5 6.280e-6 5.329e-1 1.399e¢4 7.070e-6 5.165e-1 3.944e-5 1.340e-6
5.673e-1 7.111e-5 6.440e-6 5.585¢-1 1.218e4 7.080e-6 5.413%e-1 4.169e-5 1.310e-6
5.945e-1 7.62%-5 6.620e-6 5.853e-1 1.135e-4 7.170¢-6 5.673e-1 3.993e¢-5 1.290e-6
6.230e-1 1.0l14e-4 6.770e-6 6.133e-1 1.319e-t 7.220e-6 5.945e-1 3.568e-5 1.280e-6
6.529e-1 1.189e-4 6.3830e-6 6.428e-1 1.273e4 7.260e-6 6.230e-1 3.544e-5 1.260e-6
6.842e-1 1.419e-4 6.850e-6 6.736e-1 1.190e-4 7.280e-6 6.529e-1 3.457e-5 1.250¢-6
7.170e-1 1.5306e-4 6.800e-5 7.039-1 1.190e-4 7.360e-6 6.84%e-1 3.294e-5 1.210e-6
7.514e-1 1.140e-4 6.830e-5 7.398e-1 1.123e4 7.360e-6 7.170e-1 2.999%-5 1.200e-6
7.875e-1 8.618e-5 6.810e6 7.752e-1 1.175e-4 7.390e-6 7.514e-1 2.640e-5 1.170e-6
8.252e-1 7.836e-5 7.010e-6 8.124e-1 1.177e-4 7.420e-6 7.875e-1 2.733e-5 1.150e-6
8.648e-1 8.513e-5 7.080e-6 §.514e-1 1.1530e-4 7.370e-6 8.252e-1 2.430e-5 1.130e-6
9.063e-1 1.180e4 7.150e-6 §.923e-1 1.260e4 7.310e-6 8.648e-1 2.369¢-5 1.100e-6
9.498e-1 1.086e-4 7.160e-6 9.351e-1  1.100e4 7.260e-6 9.063e-1 2.173e-5 1.070e-6
9954e-1 8.74d4e-5 7.170e-6 9.799¢-1 9.943e-5 7.150e-6 9.498e-1 1.935e-5 1.040e-6
1.043e+0 6.881e-5 7.230e-6 1.027e+0 1.009e-4 7.100e-6 9.954e-1 1.737e-5 1.010e-6

1.043e+0 1.573e-5 9.780¢-7




Table 3.1.2.2 Neutron Spectra at 380, 532 and 618 mm from the front
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assembly measured by proton-recoil gas propostional counters.

surface of the

380 mm 532 mm 618 mm
Neutron Flux Neutron Flux Neutron Flux
Energy  [nfleth/ Error Energy {nfleth/  Errer Energy  [nfleth/ Error
[MeV]  source] [MeV] source] [MeV]  sourcej

2.770e-3 2.514e-6 9.810e-7 2.732e-3 7.983e-8 2.220e-7 2.8092-3 4.934e-8 5.180e-8
2.889%-3 1.90le-6 9.370e-7 2.849e-3 7.242e-7 2.140e-7 2.930e-3 1.899%e-8 5.000e-8
3.013e-3 B8.088e-7 9.050e-7 2.971e-3 5.016e-7 2.050e-7 3.056e-3 1.083e-7 4.850e-8
3.143¢-3 1.115e-6 8.770e-7 3.09%e-3 4.086e-7 1.990e-7 3.188e-3 1.692e-7 4.710e-8
3.280e-3 2.493e-§ 8.550e-7 3.233e-3 6.345e-7 1.930e-7 3.327e-3 1.028¢-7 4.590e-8
3.423e-3 1.50le-6 8.380e-7 3.374e-3 5.167e-7 1.900e-7 3.472e-3 2.363e-8 4.450e-8
3.573e-3 2.243e-6 B8.130e-7 3.522e-3 3.682e-7 1.860e-7 3.624e-3 2.003e-7 4.380e-8
3.730e-3 2.486e-6 7.950e-7 3.676e-3 9.017e-7 1.820e-7 3.784e-3 1.13de-7 4.260e-8
3.894e-3 1.170e-6 7.870e-7 3.838e-3 7.37%e-7 1.770e-7 3.95le-3 5.100e-8 4.210e-8
4067e-3 2.759e-6 7.700e-7 4.008z-3 4.86le-7 1.740e-7 4.126e-3 1.715e-7 4.170e-8
4247e-3 2.63%e-6 7.590e-7 4.186e-3 9.600e-7 1.710e-7 4.310e-3 1.253e-7 4.090e-8
443723 1.865e-6 7.450e-7 4.373e-3 1.22%-6 1.690e-7 4.502e-3 1.356e-7 4.010e-8
4.635e-3 2.360e-6 7.400e-7 4.568e-3 9.496e-7 1.650e-7 4.704e-3 1.620e-7 3.960e-8
4843¢-3  2.550e-6 7.320e-7 4.773e-3 7.090e-7 1.630e-7 4.915e-3 1.144e-7 3.910e-8
5.061le-3 2.3%0e-6 7.230e-7 4.988e-3 7.498e-7 1.610e-7 5.136e-3 1.621e-7 3.860e-8
3.290e-3 3.143e-6 7.170e-7 5.213e-3 1.030e-6 1.390e-7 5.369e-3 2.105e-7 3.820e-8
5.529e-3 3.087e-6 7.120e-7 5.448e-3 1.112e-6 1.380e-7 5.612e-3 2.683e-7 3.750e-8
5.780e-3 3.535¢-6 7.040e-7 5.695e-3 1.296e-6 1.550e-7 5.867e-3 3.280e-7 3.700¢-8
6£043e-3 4.628e-6 6.940e-7 5.954e-3 1.641e-6 1.520e-7 6.134e-3 4.291e-7 3.600e-8
6319e-3 6.089¢e-6 6.860e-7 6.226e-3 2.217e-6 1.500e-7 6.414e-3 5.618e-7 3.510e-8
6.608e-3 7.143e-6 6.730e-7 6.510e-3 2.292e-6 1.460e-7 6.707e-3 6.726e-7 3.350e-8
6911e-3 7.003e-6 6.600e-7 6.808e-3 2214e-6 1.420e-7 7.015e-3 5.718e-7 3.220e-8
7.228e-3 5.480e-6 6.510e-7 7.121e-3 1.884e-6 1.390e-7 7.337e-3 4.414e-7 3.100e-8
7.560e-3 4.946e-6 6.450e-7 7.448e-3 1.699e-6 1.380e-7 7.675e-3 3.778e-7 3.050e-8
7.909e-3 4.540e-6 6.480e-7 7.791e-3 1.696e-6 1.360e-7 8.029e-3 3.054e-7 3.010e-8
8274e-3 4.935e-6 6.480e-7 8.150e-3  1.490e-6 1.370e-7 8.400e-3 2.525¢-7 3.000e-8
8.657e-3 5.954e-6 6.520e-7 8.527e-3 1.382e-6 1.370e-7 8.788e-5 2.06le-7 3.010e-8
9.058e-3 5.018e-6 6.550e-7 8.922e-3 1.343e-6 1.380e-7 9.196e-3 1.632e-7 3.020e-8
9.478%-3 4.520e-6 6.600e-7 9.336e-3 1.676e-6 1.380e-7 9.6232-3 1.870e-7 3.050e-8
9918e-3 5.004e-6 6.630e-7 9.76%e-3 1.666e-6 1.380e-7 1.007e-2 2.137e-7 3.070e-8
1.038e-2 6.571e-6 6.650e-7 1.022e-2 1.533e-6 1.390e-7 1.054e-2 3.246e-7 3.060e-8
1.086e-2 7.729e-5 6.650e-7 1.070e-2 1,758e-6  1.380e-7 1.103e-2 3.759¢-7 3.050e-8
1.137e-2 7.563e-6 6.650e-7 1.120e-2 2.034e-6 1.390e-7 1.154¢-2 3.922e-7 3.010e-8
1.190e-2 6.418e-6 6.640e-7 1.172e-2 2.102e-6 1.390e-7 1.209e-2 3.550e-7 3.000e-8
1.246e-2 6.98Be-b6 6.650e-7 1.227e-2  2.149¢-6  1.380e-7 1.265e-2 2.374e-7 2.970e-8
1.304e-2 5.596e-6 6.690e-7 1.285e-2 1.741e-6 1.370e-7 1.324e-2 2.460e-7 2.980e-8
1.365e-2 35.65de-6 6.710e-7 1.345e-2 1.659¢-6 1.370e-7 1.386e-2 2.497e-7 2.980e-8
1.429e-2 7.544e-6 6.740e-7 1.408e-2 1.790e-6 1.380e-7 1.452e-2 2.631e-7 2.990e-8
1.497e-2 6.883e-6 6.740e-7 1.474e-2 1.753¢-6 1.370e-7 1.520e-2 2.826e-7 2.990e-8
1.567e-2 6.383e-6 6.750e-7 1.543e-2 1.933e-6 1.380e-7 1.591e-2 2.36%9¢-7 2.9%0e-8
1.641e-2 6.376e-6 6.770e-7 1.616e-2 1.647e-6 1.380e-7 1.666e-2 19197 3.010¢-8
1.718e-2 5.403e-6 6.840e-7 1.692e-2 1.458e-6 1.380e-7 1.743e-2 2.066e-7 3.010e-8
1.799¢-2 5.519e-6 6.860e-7 1.772e-2  1.625e-6 1.390e-7 1.827e-2 2.836e-7 3.040c-8
1.884e-2 6.838e-6 6.900e-7 1.855¢-2 1.666e-6 1.400e-7 1.913e-2 2.423e-7 3.040e-8
1973e-2 7.297e-6 6.950e-7 1.943e-2 1.769e-6 1.400e-7 2.004e-2 2.413¢-7 3.050e-3
2.066e-2 5.992e-6 6960e-7 2.035e-2 1.747e-6 1.410e-7 2.098e-2 2.262e-7 3.060e-8
2.164e-2 6.216e-6 7.040e-7 2.131e-2 2.014e-6 1.410e-7 2.198e-2 2.443e-7 3.100e-8
2.266e-2 520%e-6 7.100e-7 2.232e-2 1.830e-6 1420e-7 2.302e-2 2.450e-7 3.120e-8
2.374e-2 8.278e-6 7.110e-7 2.337e-2 1.653e-6 1.420e-7 2.411e-2 2.142¢-7 3.140e-8
2.486e-2 7.010e-6 7.150e-7 2.44%e-2  1.521e-6 1430e-7 2.525e-2 2.50le-7 3.170e-8
2.604¢-2 5.085e-6 7.220e-7 2.564e-2 1.530e-6 1.440e-7 2.645¢-2 2.404e-7 3.190e-8
2.728e-2 5.579e-6 7.290e-7 2.686e-2 1.56le-6 1.450e-7 2.770e-2 2.647e-7 3.220e-8
2.857e-2 6.945¢-6 7.420e-7 2.813e-2 1.764e-6 1.460e-7 2.901e-2 2.699e-7 3.230e-8
2993e-2 7.56le-6 7.450e-7 2.947e-2 2.019e-6 1.470e-7 3.0392-2 2.752e-7 3.260e-8
3.135¢-2 7.790e-6 7.490e-7 3.087e-2 2.040e-6 1.470e-7 3.184e-2 1.868e-7 3.300e-8
3.284e-2 7.023e-6 7.350e-7 3.233e-2 2.072e-6 1.480e-7 3.335¢-2 2.809%-7 3.330e-8
3.440e-2 8.196e-6 7.640e-7 3.587e-2 1.872e-6 1.480e-7 3.494e-2 3.290e-7 3.330e-8
3.604e-2 7.589e¢-6 7.68Qe-7 3.548e-2 2.240e-6 1.490e-7 3.660e-2 3.463e-7 3.370e-8
3.775e-2 1.027e-5 7.730e-7 3.717e-2  2.443e-6  1.4%0e-7 3.834e-2 3.425¢-7 3.370e-8
3.955¢-2 1.038-5 7.750e-7 3.894e-2 2344e-6 1.490e-7 4.017e-2 3.460e-7 3.400e-8
4.143e-2 8.711e-6 7.760e-7 4.079e-2 2.329e-6 1.500e-7 4.208e-2 4.298¢-7 3.390e-8
4.341e-2 1.286e-5 7.760e-7 4.274e-2 2.925e-6 1.500e-7 4.409e-2 5.735e-7 3.360e-8
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Table 3.1.2.2 Continued

380 mm 532 mm 618 mm
4.348e-2 1.349¢-5 7.760e-7 4.A478e-2  3.264e-6 1.480e-7 4.619e-2 5.833e-7 3.330e-8
4.764e-2 1.099e-5 7.720e-7 4.691e-2 3.263e-6 1.470e-7 4.83%¢-2 5.416e-7 3.290e-8
4992e-2 1.021e-5 7.760e-7 4913e-2 2.83%-6 1.460e-7 5.070e-2 4.080e-7 3.260e-8
5.230e-2 1.062e-5 7.760e-7 5.149¢-2  2.573e-6 1.440e-7 5.312e-2 3.472e-7 3.280e-8
34792 1.08]e-5 7.800e-7 5.595e-2  2.412e-6 1.450e-7 5.565e-2 4.140a-7 3.260e-8
5.741e-2 1.101e-5 7.800e-7 5.652e-2  2.269e-6 1.450e-7 5.831e-2 4.168e-7 3.260e-8
6.015e-2 1.280e-5 7.790e-7 5.922e-2 2.76le-6 1.440e-7 £.109e-2 4.398e-7 3.260¢-8
6.302e-2 1.228¢-5 7.760e-7 6.205e-2  2.904e-6 1.440e-7 6.401e-2 4.899¢-7 3,240e-8
6.603e-2 1.072e-5 7.810e-7 6.50le-2 2.844e-6 1.430e-7 6.707e-2 4.536e-7 3.220¢-8
6.918e-2 1.05%e-5 7.820e-7 6.812e-2 2.568e-6 1.430e-7 7.0272-2 3.747e-7 3.220e-8
7.249e-2 1.083e-5 7.850e-7 7.137e-2 2.218e-6 1.420e-7 7.363e-2 2.972e-7 3.230e-8
7.596e-2 1.054e-5 7.860e-7 7.478e-2  2.338e-6 1.420e-7 7.715e-2 3.342e-7 3.230e-8
7.95%9e-2 1.183e-5 7.860e-7 7.836e-2  2.610e-6 1.430e-7 8.083e-2 4.215e-7 3.250e-8
833%9e-2 1.126e-5 7.880e-7 8.210e-2 2.247e-6 1.420e-7 8.470e-2 4.111e-7 3.250e-8
8.738e-2 1.169e-5 7.910e7 8.603e-2 2.671le-6 1.420e-7 8.875e-2 3.727e-7 3.250e-8
9.156e-2 1.307e-5 7.920e-7 9.014¢-2 2.742e-6 1420e-7 9.300e-2 4.17%e-7 3.260e-8
9.594e.2 1.3B1e-5 7.900e-7 9.445e-2  2.658e-6 1.400e-7 9.744e-2 4.640e-7 3.240e-8
1.005e-1 1.164e-5 7.870e-7 g ROT7e.2 2.664e-6 1.400e-7 1.021e-1 4.287e-7 3.240¢-8
1.053e-1 1.274e-5 7.8%0e-7 1.037e-1 2.677e-6 1.390e-7 1.070e-1 4.229e-7 3.220e-8
1.104e-1 1.509e-5 7.860e-7 1.087e-1 2.915e-6 1.380e-7 1.121e-1 5.141e-7 3.230e-8
1.157e-1 1.348e-5 7.920e-7 1.139e-1 2.875e-6 1.390e-7 1.175¢-1 4.92%9e-7 3.250e-8
1.212e-1 1.245e-5 8.020¢-7 1.193e-1  2.732e-6 1.390e-7 1.231e-1 4.016e-7 3.280e-8
1.2702-1 1.079e-5 8.200e-7 1.250e-1  2.566e-6 1.410e-7 1.290e-1 3.424e-7 3.350e-8
1.331e-! 1.302e-5 8.380e-7 1.310e-1 2.293e-6 1.420e-7 1.352e-1 4.204e-7 3.390e-8
1.395e-1 1.283e-5 8.480e-7 1.373e-1 2.625e-6 1.440e-7 1.416e-1 4.476e-7 3.450e-8
1461e-1 1.441e-5 8.610e-7 1.43%e-1 2.714e-6 1.460e-7 1.484e-1 4.163e-7 3.490e-8
1.531e-1 1.300e-5 8.730e-7 1.508e-1 2.512e-6 1.470e-7 1.505e-1 3.503e¢-7 3.010e-8
1.605e-1 1.306e-5 8.840e-7 1.580e-1 2.598e-6 1.490¢-7 1.577e-1 3.729e-7 2.950e-8
1.681e-1 1.382e-5 8.990e-7 1.655e-1 2.323e-6 1.500e-7 1.653e-1 3.952e-7 2.880e-8
1.762e-1 1.423e-5 9.020e-7 1.735e-1  2.493e-6 1.520e-7 1.732e-1 3.890e-7 2.820e-8
1.846e-1 1.224e-5 9.230e-7 1.818¢-1 2.4359e-6 1.530e-7 1.815¢-1 4.144e-7 2.740e-8
1.935¢-1 1.083e-5 9.290e-7 1.505e-1 2.200e-6 1.540e-7 1.902e-1 4.485¢-7 2.660e-8
1.962e-1 1.191e-5 5.810e-7 1.996e-] 2.194e-6 1.570e-7 1.993e-1 3.819e-7 2.580e-8
2.0356e-1 1.136e-5 5.640e-7 2.056e-1 2.234e-6 1.060e-7 2.08%-1 3.875e-7 2.530e-8
2.155e-1 1.130e-5 5.540e-7 2.155e-1 2.166e-6 1.030e-7 72.18%e-1 3.793e-7 2.450e-8
2.258e-1 1.086e-5 5.420e-7 2.258e-1 2.228e-6 1.010e-7 2.294e-1 4.116e-7 2.400e-8
2366¢-1 1.124e-5 5.280e-7 2.366e-1 1.936e-6 9.780e-8 2.404e-1 3.727e-7 2.330e-8

2.480e-1 1.073e-5 5.190e-7 2.480e-1  1.870e-6 9.570e- 2.519e-1 3.552e-7 2.290e-8
259%-1 1.017e-3 5.110¢-7 2.59%e-1  1.897e-6 9.400e-8 2.640e-1 3.421e-7 2.260e-8
2.723e-1 1.096e-5 5.050e-7 2.723e-1 1.938e-6 9.240e-8 2.766e-1 3.337e-7 2.240e-8
2 83de-1 1.098e-3 5.010e-7 2.854e-1 1.995e-6§ 9.080e-8 2.89%e-1 3.643e-7 2.200e-8
2.991e-1 1.070e-5 4.920e-7 2.99le-1 1.878e-6 B.880e-8 3.038e-1 3.10%e-7 2.190e-8
3.134e-1 9.347e-6 4.860e-7 3.134e-1 1.753e-6 8.690e-8 3.183e-1 3.111le-7 2.150e-8
3.284e-1 9.522¢-6 4.790e-7 3.284e-1 1.664e-6 8.510e-8 3.336e-1 3.038e-7 2.140e-8
3.442¢-1 9.873e-6 4.730e-7 3.442e-1 1.720e-6 8.290e-8 3.496e-1 2.949¢-7 2.110e-8
3.607e-1 1.049¢-5 4.630e-7 3.607e-1 1.763e-6 8.110e-8 3.664e-1 3.360e-7 2.070¢-8
3.780e-1 9.963e-6 4.530e-7 3.780e-1 1.602e-6 7.870e-8 3.83%e-1 3.166e-7 2.040e-8
3.961e-1 9.749¢-6 4.430e-7 396le-1  1.598e-6 7.620e-8 4.023e-1 3.276e-7 1.990e-8
4.15%e-1 1.079¢-5 4.280e-7 4.155e-1 1.540e-6 7.380e-8 4.216e-1 3.174e-7 1.940e-8
4.350e-1 9.511e-6 4.140e-7 4.350e-1 1.506e-6 7.070e-8 4.419¢-1 2.923e-7 1.8%0e-8
4.55%-1 8.594e-6 3.990e-7 4,559e-1 1.474e-6 6.750e-8 4,630e-1 2.685e-7 1.830e-8
4777e-1 8.200e-6 3.830e7 4777e-1  1.260e-6 6.470e-8 4.852e-1 2.507e-7 1.790e-8
5.006e-1 7.591e-6 3.730Ce-7 5.006e-1 1.023e-6 6.210e-8 5.085e-1 2.150e-7 1.740e-8
5.247e-1 6.764e-6 3.580e-7 5.247e-1  1.065e-6 5.980e-8 5.32%e-1 2.499e-7 1.710e-3
5.498e-1 7.526e-6 3.500e-7 5.498e-1 1.037e-6 5.790e-8 5.585e-1 2.172e-7 1.690e-3
5.762e-1 6.81%-6 3410e-7 5.762e-1 5.512e-7 5.600e-8 5.853e-1 2.155e-7 1.690e-8
6.038e-1 5977e-6 3.310e-7 6.038e-1 7.280e-7 5.480e-8 6.133e-1 1.538e-7 1.680e-8
6.328e-1 5.473e-6 3.220e-7 6.328e-1 7.488e-7 5.330e-8 6.428e-1 1.607e-7 1.690e-8
6.631e-1 5.142e-6 3.170e-7 6.631e-1  8.411e-7 5.130e-8 6.736e-1 2.404e-7 1.670e-8
£.950e-1 4.641e-6  3.060e-7 6.950e-1 7.313e-7 4.920e-8 7.05%e-1 2.080e-7 1.630e-8
7.283e-1 4.226e-6 2.990e-7 7.283e-1  5.126e-7 4.690e-8 7.398e-1 1.516e-7 1.600e-8
7.632e-1 4.020e-6 2.890e-7 7.632e-1 4.800e-7 4.500e-8 7.752e-1 1.76le-7 1.560e-8
7998e-1 4.095e-6 2.780e-7 7.998e-1 5.738e-7 4.310e-8 8.124e-1 1.660¢-7 }.320e-8
8.382e-1 3.376e-6 2.690e-7 8.382e-1 4.422e.7 4.050e-8 8.514e-1 1.163e-7 1.510e-8
8.784e-1 2.778e-6 2.550e-7 8.784e-1 2.708e-7 3.920e-8 8.923e-1 1.263e-7 1.470e-8
9.206e-1 2.996e-6 2.460e-7 9.206e-1 3.452e-7 3.680e-8 9.35le-1 1.328¢-7 1.460e-3
9.647e-1 2.172e-6 2.350e-7 9.647e-1 2.881e-7 3.590e-8 9.79%-1 1.0482-7 1.430e-3
1.011e+0 1.776e-6 2.220e-7 1.011e+0 1.538¢-7 3.320e-8 1.027e+0 7.817e-8 1.400¢-8
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Reactions Half-Life Abundance  y-ray y-ray Threshold
Energy Branching Energy
(%) (keV) (%) (MeV)
1. “Aln,o)*Na 15.02h 100.0 1368.6 100.0 5
2. *Ti(n,x)*Sc 83.83 d 100.0 889.3 99.98 4
3. *Ti(n,x)"'Sc 3.341d 100.0 159.4 68.0 1.5
4. *Ti(n,x)®Sc 1.8214d 100.0 983.5 100.0 5
5. SMn(my)®Mn  2.579h  100.0 846.8 98.9  —emoee-
6. **Fe(n,p)*Mn 312.2d 5.8 834.8 99.98 2
7. *Fe(n,p)*Mn 2.579h 91.72 846.8 98.9 5
8. *Ni(n,p)*Co 7092 d 68.26 810.8 99.5 2
9.  ®Ni(n,2n)’'Ni 1.503 d 68.27  1377.6 77.9 12.5
10. ¥Co(n,o)**Mn 2.579h 100.0 846.8 98.9 6
11. ¥Co(n,2n)*Co 70.92 d 100.0 810.8 99.5 10
12. *Zn(n,p)*Cu 12.70h 48.6 511.0 74.2 1.5
13. *Zr(n,2n)¥Zr 3.268d 51.45 909.2 99.01 12
14. ®*Nbn.2n)”Nb  10.15d 100.0 934.5 99.0 9
15. *“In(n,n’) " In 4.486 h 95.7 336.3 45.8 0.34
16. PTAumy)**Au 2.694d 100.0 411.8 95.5 = -ee-ee-
17. “"Au(@m2n)*Aun  6.183d 100.0 355.6 87.0 8.5




JAERI-M 94038

8% 6TOLLST 1SV GTOIS6'S ISP RTOMIEL €€V $TOPITT 9y STO08GL  OLY  GTO88IS Ny, Awny
0$°C  TEP0LTT  PS  TEPLGIP  8KE  1L97TR'E STE  0EOZ8EE 167 6TOE0LL LRT  GILOLYEE U, QUL
TS CEOPOLE 8I'C EEPCSES  6S°C  TEOPPITT OU'E 0£°66L1  ¥I'E 6TOL6TT  SOE  GTOLGLG | AN (MZWAN,
FIS £€792€9°C  LEF TEO6ILT  SFE 1€098'1  LI'C 0E9896T  LIE 6T0T61T  O1'C  8T-965L°1 17, (0T UNZ,
S8V CCOCIFS  S8F €L0ZS8O PTP  TEOG8YL  8PE 1€9008G  6€C 0E98L00  O€E  6TOCITE D, (dupNz
OU'6E 0E-0Ip6L  €8°€ 1€90LFS O 0C-OThL'l  0SE 0€9910°C  €¥E 6T9L6T1 THE  6TOL6LS ), (xWnd
LTV PEBL6Y'S  §90  €€9866'6  T6'C 19911 67€ 0€998T1  OI'€ 6291401 IN,, (U WIN,,
PESE PEOPSPT 108 PEOSSTO 00'F  £E08088 SPE 1€PCETT STE  IE0L898  ¥6T  0£96559 WA (00D,
O8°01 €€-900°T  S6'v  EEV8LIT  ¥EE TEO6TET  I0E 1E90pbY  L6T  0LORLET 16T 6T9ELIT AL (AW,
CLPL $€0I61°6  #O09  TEO9681  TTP  1€9192T  T1TE 06OR89T  I1'E 6798571 08, (X UL
PELE PEOGLIS 119 €EOLBSL L€ T€9001T  T6T  1E96SOL  ¥6T  0E9SESS 2g,, (X,
Po'y  PEOLOFT 800 EEOTICT  £TF  ZEOTPIE P TE96S8F  €TE Q€99SEE 11 GTOL8ET UN (UMY,
%) ony [%]  owy (%] oy %] omy f)  owy ] oy
JOd UONDROY  IOMF UOLDEIY  JOLF UOnOBY 10 WOHOEdY  J0My UONDRX]  Jong  uonoedy uo1ILdY
1018 C80L 1'95¢ LE0y 1'10€ 5661

UIUL] 32105 UIOT] 0UE]S)
} 1

[ uoINOU 221N0S 7 WOTE 7 SUOOBAT | ST O¥RI UONIVAL D) JO J1un oy [ “Ajquiasse 12ddo a1 U1 $Ie UONOBII PAANSLIA 7'7°C 2IqRL



JAERI-M 94—038

Table 3.3.1.1 Measured Gamma-ray Spectra at 76 mm from the fsont surface of the
experimental assembly. The unit of flux is [Gamma-rays / cm® / Lethargy / Source
Neutron]. The errors contain statistical ones only. The window tunctions of energy
resolution are given in FWHM.

Gamina-Ray Flux Error (%]  Window Gamma-Ray  Flux Error [%0] Window
Energy [MeV} [%] Energy [MeV] [}
0.251 3.55%9-05 19.66 30.92 1.820 2.890e-03 5.10 18.36
0.263 4.217e-05 13.82 30.52 1.906 2.828e-05 502 18.36
0.275 4.608e-05 8.17 30.26 1.995 2.790e-03 4.92 18.23
0.288 4.693e-05 4.77 -29.98 2.089 2.692e-03 4.83 18.30
0.302 4.551e-05 5.15 29.69 2,188 2.520e-05 495 18.48
0.316 4.334¢-05 3.59 29.36 2.291 2.337e-03 5.04 18.80
0.331 4,171e-05 5.30 29.20 2.399 2.172e-05 5.06 19.20
0.347 4.108e-05 3.22 28.87 2,512 2.036e-05 3.13 19.53
0.363 4.119¢-05 5.23 28.38 2.630 1.953¢-05 3.14 19.82
0.380 4.160e-05 5.13 28.31 2,754 1.912e-05 5.00 20.13
0.398 4.216e-05 5.10 27.97 2.884 1.888e-05 491 20.49
0.417 4.313e-05 5.12 27.46 3.020 1.861e-05 491 20.95
0437 4.501e-05 4599 26.87 3.162 1.806¢-05 483 21.77
0457 4.788e-05 4,73 26.24 3.311 1.719e-05 4,74 22.88
0.479 5.078e-03 4,57 25.68 3.467 1.638e-05 4.97 23.72
0.501 5.203e-03 4.56 25.35 3.631 - 1.607e-05 5.26 2429
0.525 5.054e-05 471 25.29 3.802 1.622e-05 4.86 2498
0.550 4.697e-05 5.00 25.46 3.9%81 1.646e-05 4,54 25.30
4.575 4.326e-05 5.14 25.72 4.169 1.633e-03 4.39 25.30
0.603 4.104e-05 5.28 25.88 4.365 1.561e-05 4.76 2545
0.631 4.071e-05 5.28 25.87 4.571 1.454e-035 5.27 25.74
0.661 4.164¢-05 5.05 25.76 4.786 1.370e-05 6.51 25.74
0.692 4.281e-05 4.86 25.54 5.012 1.348e-05 5.31 25.74
0.724 4.32%e-05 4.84 25.22 5.248 1.347e-05 5.72 25.74
0.759 4.297e-05 491 24.81 3.495 1.261e-05 8.14 25.74
0.794 4.293¢-03 5.02 24,17 5.754 1.049e-05 8.28 25.74
0.832 4.486e-05 502 23.26 6.026 8.193e-00 10.78 25.74
0.871 4.950e-05 4.81 22,15 6.310 7.279%-06 12.64 25.74
0.912 5.551e-05 471 20.98 6.607 7.937e-06 9.28 2574
0.955 5.96%9¢-05 4.62 19.95 6.918 8.799¢-06 3.70 25.74
1.000 5.996¢-05 474 19.18 7.244 8.728e-06 7.80 25.74
1.047 5.783e-05 498 18.656 7.386 7.977e-06 6.86 25.74
1.097 5.642e-05 5.05 18.34 7.943 7.308e-06 7.18 25.74
1.148 5.618e-05 5.04 18.09 8.318 6.843e-06 7.29 25.74
1.202 5.506e-03 498 17.86 8.710 6.262e-00 1.67 2574
1.259 5.230e-03 4.90 17.64 9.120 5.506e-06 8.19 25.74
1.318 4.968e-05 493 17.48 9.550 4.,790e-06 8.56 23.74
1.380 4.788c-05 4.80 17.43 10.000 4.224e-06 9.14 25.74
1.443 4.480e-05 491 17.35 10.471 3.684e-06 10.27 25.74
1.514 3.976e-03 493 17.76 10.564 3.0072-06 11.55 25.74
1.585 3.502e-03 316 18.02 11.482 2.198e-06 12.35 25.74
1.660 3.201e-05 527 18.24 12.023 1.420e-06 14.57 25.74
1.738 3.015e-05 5.16 18.36 12.589 8.168e-07 21.16 25.74
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Table 3.3.1.2 Measured Gamma-ray Spectra at 228 mm from the front surface of the
experimental assembly. The unit of flux is [Gamma-rays / cm’ / Lethargy / Source
Neutron]. The errors contain statistical ones only. The window functions of energy
resolution are given in FWHM.

Gamma-Ray Flux Eror (%] Window | Gamma-Ray  Flux Emor {%] Window
Energy [MeV] [%] Enerey [MeV] [9%]
0.251 5.106e-06 21.13 30.92 1.820 3.870e-00 5.20 20.85
0.263 6.088e-06 14.81 30.66 1.906 3.877¢-06 5.10 20.74
0.275 6.70%-06 = 873 30.41 1.995 3.848e-06 5.00 20.61
0.288 6.879¢-00 5.04 30.12° 2.089 3.828¢e-06 4,64 20.52
0.302 6.697e-06 3.39 20.83 2.188 3.780e-06 5.01 20.49
0.316 6.348e-06 5.94 29.51 2.291 3.668¢-06 5.02 20.57
0.331 6.015e-06 577 29.20 2.399 3.556e-06 498 2078
0.347 5.800e-06 5.88 28.87 2.512 3.499¢-06 4.99 21.14
0.363 5.748e-06 6.09 28.58 2.630 3.446e-06 4.94 2172
0.330 5.907e-06 6.04 28.24 2.754 3.336e-06 493 22.54
0.398 6.379¢-06 5.84 27.46 2.884 3.192e-06 5.00 23.35
0.417 7.327¢-00 5.59 26.24 3.020 3.068e-06 5.08 24.12
0.437 8.853e-06 496 24.89 3.162 2.990e-06 4.98 24.81
0.437 1.075e-05 424 23.54 3.311 2.954e-06 492 25.27
0.479 1.231e-05 428 22.43 3.467 2.937e-06 5.23 2549
0.501 1.263e-05 431 22.34 3.631 2.932e-06 5.57 25.64
0.525 1.137¢-05 422 23.12 3.802 2.959¢-06 5.36 25.74
0.350 9.183¢-06 5.27 24.15 3.981 3.018e-06 5.37 23.74
0.575 7.164e-06 5.77 25.21 4.169 3.0530e-06 3.69 2574
0.603 6.009-06 5.74 26.07 4.365 2.97%-06 5.59 25.74
(.631 3.708e-06 3.78 26.24 4.571 2.794¢-06 6.95 25.74
0.661 5.830e-06 5.04 25.96 4.786 2.606e-06 8.60 25.74
0.692 5.939¢-06 4.70 25.62 3.012 2.362¢-06 7.01 25.74
0.724 5.848e-06 4.65 25.26 5.248 2.667¢-06 7.58 2574
0.739 5.622e-06 4382 24.83 5.495 2.731e-06 9.60 25.74
0.794 5.457e-06 504 24.29 5.754 2.593e-06 8.83 25.74
0.832 3.571e-06 5.09 23.51 6.026 2.360e-06 9.99 25.74
0.871 6.081e-06 4.88 22,52 6.310 2.298e-06 10.22 25.74
0912 6.816¢-06 4.73 2143 6.607 . 2.48%¢-06 7.73 25.74
0.955 7.331e-06 4.65 20.47 6.918 2.720e-06- 7.26 25.74
1.000 7.345¢2-06 4.75 19.77 7.244 2.755e-06 6.25 25.74
1.047 7.078e-06 494 19.44 7.586 2.569¢-06 5.50 25.74
1.097 6.861e-06 497 19.32 7.943 2.256e-06 6.02 25.74
1.148 6.623e-06 5.18 19.33 8.318 1.862¢-06 6.66 25.74
1.202 6.220e-06 5.09 19.32 8.710 1.398e-06 7.98 2574
1.239 5.840e-06 5.15 19.28 9.120 9.209e-07 10.96 25.74
1.318 5.662¢-06 5.06 19.22 9.550 5.151e-07 17.98 2374
1.380 5.586e-06 492 19.22 10.00 2.333e-07 40,17 25.74
1.445 5.433e-06 492 19.36 10.47 8.392e-08  117.08 25.74
1514 5.085¢-06 491 19.70 10.97 4323e-08 21261 25.74
1.585 4.550e-06 5.13 20.13 11.48 6.423e-08  112.58 25.74
1.660 4.068e-06 5.36 20.50 12.02 9.364e-08 56.43 25.74
1.738 3.867e-00 5.35 20.78 12.59 9.777¢-08 46.49 25.74
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Table 3.3.1.3 Measured Gamma-ray Spectra at 380 mm from the front surface of the
experimental assembly. The unit of {lux is [Gamma-rays / cm’ / Lethargy / Scurce
Neutron]. The errors contain statistical ones only. The window functions of energy
resolution are given in FWHM.

Gamma-Ray Flux Eror[%] Window |Gamma-Ray  Flux Eror (%] Window
Energy [MeV] {91 Energy [MeV] [%]
0.251 1.053e-06 2296 30.92 1.820 8.192e-07 5.15 24.90
(0.263 1.247¢-06 16.17 30.67 1.906 8.431e-07 5.03 24.35
0.275 1.368e-06 9.56 30.42 1.995 8.788¢-07 4.89 23.54
(.288 1.405e-06 5.52 3013 2.089 9.171e-07 4.83 2274
0302 1.381e-06 5.88 29.84 2.188 9.467e-07 4.84 22723
0316 1.332e-06 641 29.52 2.291 9.571e-07 4.85 2219
0.331 1.284e-06 6.20 2620 2.399 9.420e-07 4.86 2267
0.347 1.248e-06 6.41 28.87 2.512 0.038e-07 4.96 23.47
0.363 1.232e-06 6.82 28.58 2.630 §.56%e-07 5.11 24.30
0.380 1.263e-06 6.87 28.33 2.754 8.231e-07 5.16 - 2502
(.398 1.401e-06 6.68 27.44 2.884 8.146e-07 5.17 2551
0417 1.743e-06 6.33 25.87 3.020 8.24%e-07 5.13 25.63
(3437 2.362¢-06 5.05 24.14 3.162 8.410e-07 4.99 25.63
0.437 3.178e-06 3.87 22.37 3.311 8.546¢-07 4,90 25.63
0.479 3.8522-06 410 20.76 3.447 8.617e-07 5.15 25.63
0.501 3.952e-06 4.05 20.66 3.631 8.574e-07 5.52 25.65
0.525 3.358e-06 3.76 21.86 3.802 8.435¢-07 5.48 2374
0.330 2.428e-06 5.50 23.27 3.981 8.349e-07 3.50 25.74
0.575 1.634e-06 642 24,75 4,169 8.500e-07 3.80 25.74
0.603 1.182e-06 6.61 26.08 4.365 8.890e-07 5.41 23.74
0.031 1.022e-06 7.14 26.60 4.571 9.225¢-07 3.74 25.74
0.661 1.008e-06 5.71 26.38 4,786 9.087e-07 6.90 2574
0.692 1.017e-06 5.13 26.10 5.012 8.36%9e-07 6.44 25.774
0.724 1.008e-06 491 25.75 5.248 7.495e-07 6.96 23.74
0.759 9.913e-07 4,89 2533 5.495 7.019e-07 9.81 25.74
0.794 9.922¢-07 4.92 24.80 5754 6.996e-07 8.89 25.74
0.832 1.022e-06 4.88 24.32 6.026 7.026e-07 6.92 25.74
0.871 1.076e-06 475 23.88 6.310 7.045e-07 6.33 24.78
0912 1.12%¢-06 4.63 23.52 6.607 7.646¢-07 5.24 22.9%
0.955 1.149e-06 4.61 23.32 6.918 9.199¢-07 4.38 20.74
1.000 1.124¢-06 4.66 23.32 7.244 1.096e-06 413 18.31
1.047 1.067¢-06 481 23.44 7.586 1.157e-06 4.15 16.27
1.097 1.010e-06 4.96 23.37 7.943 1.032e-06 4.19 17.08
1.148 9.759¢-07 3.04 23.53 8318 7.634e-07 4,58 18.36
1.202 9.702e-07 5.03 23.30 8.710 4.594e-07 6.54 21.12
1.239 9.351e-07 4.90 22.89 9.120 2.281e-07 11.21 23.55
1.318 1.006e-06 4.80 22.50 9.550 1.073e-07 22.15 23.38
1.380 1.014e-06 4.81 22.29 10.00 5.8712-08 36.06 2374
1.443 9.974¢-07 4.86 22.49 1047 3.652¢-08 39.05 25.74
1.514 9.547e-07 491 23.06 10.97 2.40%9e-08 22.95 25.74
1.585 8.969e-07 5.08 23.85 11.48 1.769¢-08 61.05 25.74
1.660 8.447e-07 5.18 24,59 12,02 1.353e-08  113.60 23.74
1.738 8.171e-07 5.23 24.99 12.59 9.129e-09 147.33 25.74
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Table 3.3.1.4 Measured Gamma-ray Spectra at 532 mm from the front surface of the
experimental assembly. The unit of flux is [Gamma-rays / em’” / Lethargy / Source
Neutron]. The errors contain statistical ones only. The window functions of energy
resolution are given in FWHM.

Gamma-Ray Flux Error [%2] Window Gamma-Ray  Flux Error %] Window
Energy {MeV] [%] Energy [MeV] [96]
0.251 1.966e-07 26.24 30.92 1.820 1.974e-07 5.12 2540
0.263 2.350e-07 18.28 30.67 1.906 2.030e-07 5.05 25.02
0.275 2.600e-07 10.71 3042 1.993 2.115e-07 4.95 24.50
0.288 2.689e-07 6.19 30.13 2.089 2.213e-07 486 23.92
0.362 2.649¢-07 6.61 29.84 2.188 2.299e-07 4.84 2346
0.316 2.552e-07 7.23 29.52 2.291 2.345e-07 4.83 23.32
0.331 2.463¢-07 7.06 29.20 2.399 2.333e-07 4.85 23.53
0.347 2.420e-07 7.33 28.87 2.512 2.267e-07 495 2402
0.363 2.448e-07 7.75 28.58 2.630 2.182e-07 5.08 24.60
0.380 2.606e-07 7.62 28.33 2.754 2.120e-07 5.16 25.14
(0.393 3.044¢-07 7.15 27.39 2.884 2.110e-07 5.18 25.51
0417 4.010e-07 6.58 25,72 3.020 2.146e-07 5.14 25.61
0.437 5.699e-07 505 23.89 3.162 2.202e-07 5.01 25.64
0457 7.87%-07 3.72 22.03 3.311 2.24%e-07 491 25.64
0479 9.6172-07 4.00 20.34 3.467 2.266e-07 5.13 23.64
0.501 9.761e-07 31.98 20.23 3.631 2.244e-07 5.51 25.65
0.523 8.089e-07 3.65 21.56 3.802 2.207e-07 3.52 25.74
0.530 5.648e-07 5.36 23.06 3.981 2.198e-07 3.50 235.74
0.573 3.652e-G7 §.65 24.63 4,169 2.230e-07 5.64 25.74
(.603 2.526e-07 6.87 26.04 4.365 2.343e-07 5.34 25.74
0.631 2.089e-07 7.68 26.60 4.571 2.395e-07 5.75 25.74
0.661 2.009e-07 6.035 26.50 4786 2.336e-07 6.83 25.74
0.692 2.025e-07 5.33 26.39 5.012 2.180e-07 6.33 2574
0.724 2.016e-07 5.01 26.28 3.248 2.029¢-07 6.62 25,74
0.759 1.974e-07 492 26.21 5.495 1.957e-07 8.87 25.74
0.794 1.928e-07 4.99 26.14 5.754 1.930e-07 8.24 2574
0.832 1.902e-07 5.07 26.07 6.026 1.891e-07 6.38 25.66
0.871 1.902¢-07 5.09 25.99 6.310 1.87%9e-07 561 24.65
0.912 1.921e-07 5.04 25.85 6.607 1.987e-07 5.21 22.67
0.955 1.948e-07 4.99 25.68 6.918 2.247e-07 5.05 19.83
1.000 1.978e-07 493 25.52 7.244 2.738e-07 448 16.46
1.047 2.002e-07 491 25.40 7.586 3.405e-07 3.69 13.36
1.097 2.012e-07 4,94 25.34 7.943 3.415e-07 3.04 12.25
1.148 2.003e-07 498 25.32 8.318 2.296¢-07 3.19 14.23
1.202 1.982¢-07 5.02 25.30 8.710 1.072e-07 53.01 17.07
1.259 1.969¢-07 5.00 25.24 9,120 4.215e-08 7.40 20.44
1.318 1.980e-07 495 25.15 9.550 1.606e-08 11.74 23.61
1.330 2.010e-07 491 25.08 10,00 6.221e-09 18.90 25,74
1.445 2.030e-07 491 25.08 10.47 3.274e-09 28.61 25.74
1.514 2.021e-07 4.93 25.18 10,97 2.714e-09 33.48 25.74
1.585 1.987¢-07 5.00 25.34 11.48 2.429e-09 32.98 25.74
1.660 1.957e-07 5.09 25.50 12.02 1.968¢-09 31.01 25.74
1.738 1.94%e-07 5.14 25.56 12.59 1.426e-09 32.47 25.74
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Table 3.3.2.1 Time chart for measurement of decay gamma-ray Spectra.

start stop duration
BG#1 227 00" 200 00" 700"
Irradiation 200 00" 0 00" 200 00"
Meas. #1 0 00" 1" 00" 1 00"
#2 1" 05" 2 0o 0 55"
#3 20 03" 4 00" 1 55"
#4 4 05" & o 1" 55"
#5 g 05" g G0 1' 55"
#6 g 05" 13" 00" 4" 55"
#7 13" 05" 18 00" 4" 55"
#8 18" 057 230 00" 4" 557
#9 23" 05" 28 On" 4 55"
#10 28 05" 33" o0 4 55"
#11 33" 05" 400 00" 6 55"
#12 40" 05 36" 45" 400 00"
BG#2 187 " 248 00" 61" 00"

Table 3.3.2.6 Integrated decay gamma-ray spectra of four energy ranges. The unit 1s

[Gamma-rays / cm?/ sec].

Measuring Time [min.]

Energy Range of Integration [MeV]

start ~ stop 0.4-0.65 0.65-1.0 10-14 14-30
0 1 7.23e+02 3.15e+01 3.28e+(1 7.67¢+01
1 2 7.02e+02 3,16e+01 3.15e+01 5.82e+01
2 4 6.15e+02 2.84e+01 2.28e+01 3.93e+01
4 6 547e+02 2.25e+01 1.81e+01 2.53e+01
6 3 4.72e+02 1.90e+01 1.70e+01 1.69e+01
3 13 3.66e+02 1.46e+01 1.18e+01 1.03e+01

13 138 2.61e+02 1.12e+01 7.92e+00 5.72e+00
13 23 1.81e+02 7.39e+00 5.81e+00 4,02e+00
23 28 1.27e+02 5.90e+00 3.86e+00 2.96e+00
28 33 9.03e+01 4.49¢+00 2.86e+00 2.49%e+00
33 40 5.99e+01 2.76e+00 2.27e+00 1.66e+00
4() 57 2.87e+01 2.12e+00 1.20e+C0 1.07e+00
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Table 3.3.2.2 Measured decay gamma-ray spectra during 0 - 1, 1 - 2 and 2 - 4 minutes after
the stop of the irradiation of 20 minutes by 10" n/sec. The unit of the flux is [Gamma-rays
/ cm?®/ sec / Lethargy]. The errors contain statistical ones only.

0-1mimn. 1 -2 min. 2 - 4 min.

Ey [MeV] rlux Error Window Flux Error Window Flux Error Window
0.200 7.512E+02 6.02 31.29 7.264E+02 6.03 31.28 6.188E+02 6.46 31.34
0.209 8.191E+02 674  29.51 8.054E+02 6.71 20.49 6.781E+02 6.5 29.52
0.219 8.422E402 7.43 27.78 8.317E+02 7.38 27.77 7162E+02 6.38 27.73
0.229 8.333E+02 550 28.64 8.218E+02 6.45 28.64 7T418E+02 65.37 27.13
0.240 8.131E+02 580 2693 8.094E+02 5.80 26.89 7.558E+02 6.31 25.37
0.251 T912E+02 738 2519 8.161E+02 7.20 25.10 7.494F+02 8.15 23.62
0.263 7.924E+02 8.62 2498 8.295E+02 8.25 24.85 7.204E+02 11.39 23.43
¢.275 7.963E+02 727 2612 8.204E+02 6.95 25.99 6.840E+02 997 24.65
(0.288 T.996E+02 6.43 25.83 7.842E+02 6.52 25,70 6.613E+02 7.19 25.76
.302 7.952E+02 8.10 26.93 7.520E+02 8.55 26.83 6.586E+02 10.04 2691
0.316 7.909E+02 7.33 26.69 7.5316E+02 1.59 26.71 6.671E+02 8.55 26.70
0.531 8.011E+02 6.26 2653 7.758E+02 6.39 26.70 6. 779E+02 6.44 26.56
0.347 8.190E+02 596 2305 7.993E+02 6.02 25.28 6.883E+02 6.14 25.02
(.363 8.157E+02 587 2476 8.096E+02 5.92 25.00 6.950E+02 5.92 24.74
0.380 7.789E+02 708 2450 2.094E+02 6.70 24.74 6.903E+02 6.87 24.49
0.398 7.357E+02 .88 2566 8.074E+02 6.95 2583 6.707E+02 8.28 25.62
0417 7.390E+02 987 2498 8.261E+02 6.25 25.09 6.587E+02 9.29 2494
0.437 8.674E+02 757 2372 9. 267TE+02 554 26.00 7.286E+02 7.52 23.75
0.457 1.248E+03 7.22 20.65 1.235E+03 6.12 22.89 1.013E+03 7.46 20.67
0.479 2.022E+03 7.06 17.48 1.892E+03 5.09 19.67 1.666E+03 7.20 1747
0.501 3.076E+03 3.33 14,72 2777E+03 2.70 16.89 2.615E+03 330 14.68
.525 3.556E+03 3.64 14.17 3.206E+03 2.87 16.36 3.081E+03 351 14.10
0.550 2.592E+403 4.64 16.26 2.520E+03 355 16.21 2.242E+03 4.49 16.17
.575 1.039E+03 4.66 19.04 1.194E+03 390 19.04 8.670E+02 4.60 18.86
0.603 2.200E+02 2648 21.93 2.928E+02 15.88 21.97 1.648E+02 28.83 21.88
0.631 4.596E+01 £5.28 2444 4.221E+01 39.75 24.5G 4 111E+01 60.33 24.42
0.661 3.642E+01 3975 2650 4,588E+01 31.71 26.50 4.677E+01 23.16 26.50
0.692 4.564F+01 28.01 26.42 6.694E+01 19.55 26.42 5111E+01 19.08 2581
0.724 5. 716E+01 13,32 2635 7.234E+401 10.47 26.35 5.254E+01 10.81 24.73
0.759 6.813E+01 976 2336 7.223E+01 8.87 2582 5.776E+01 8.55 23.37
0.794 7.826E+01 8.27 24.62 7.257E401 8.53 25.17 6.611E+01 7.83 21.88
0.832 8.793E+01 744 2371 7483E+01 .22 25.09 7ASIE+Q] 7.13 20.38
0.871 9.463E+01 7.45 22.82 7.800E+01 8.22 24.25 7967E+01 7.49 19.46
0912 9.389E+01 7.76 22.75 8.089E+01 8.40 23.22 7.940E+01 7.68 18.85
0.955 8.691E+01 8.31 22.49 8.461E+01 8.20 22.57 7.669E~+01 8.17 18.47
1.000 8.224E+01 8.73 22.23 9.023E+01 7.78 21.98 7.156E+01 7.78 18.19
1.047 R.616E+01 844  21.86 9.521E+01 7.78 20.80 8.224E+01 7.38 18.05
1.097 9.6589E+01 7.64 21.44 9,798E+01 7.95 20.41 8.434E+01 7.20 18.08
1.148 1.087E+02 7.18  20.27 1.018E+02 7.67 20.2¢6 8.114E+01 7.5% 18.46
1.202 1.145E+02 7.57 20.23 1.052E+02 7.88 20.33 7.070E+0] 7.71 20.06
1.259 1.076E+02 7.55  21.28 9.868E+01 .11 21.43 5.710E+01 9.26 21.67
1.318 9. 177E+01 830 2245 8.259E+01 8.62 22.57 4 620E+01 g.18 23.22
1.380 8.029E+01 947 23.65 7.049E+01 .98 23.70 4.235E+01 9.95 2461
1.445 8.149E+01 8.81 23.42 £§391E+01 9.41 23.37 4 4A83E+01 8.62 24.25
1.514 9.219E+01 8.60 2272 7.826E+01 8.80 22.65 5.032E+01 8.43 22.41
1.585 1.058E+02 7.65 20.73 9 367E+01 7.44 20.86 5.793E+01 7.61 20.28
1.660 1.215E+02 7.69 18.55 1.124E+02 6.68 19.12 6.850E+01 7.30 17.89
1.738 1.427E+02 7.64 16.36 1.224E+02 7.11 17.51 7.977E+01 7.46 15.90
1.820 1.620E+02 6.39 15.69 1.148E+02 7.14 17.44 8.585E+01 6.62 15.53
1.906 1.585E+02 7.11 17.35 9.790E+01 8.18 17.73 8.215E+01 7.37 15.82
1.995 1.314E+02 6.94 17.67 8.556E+01 8.62 18.10 7.088E+01 7.05 16.63
2089 1.067E+02 8.03 18.26 8.030E+01 8.68 18.36 5.979E+01 8.07 17.69
2.188 1.040E+02 7.41 19.00 7.870E+01 8.26 18.50 5.312E+01 7.32 18.28
2.291 9.902E+01 694 19.75 7 544E+01 8.03 18.65 4.897E+01 7.12 18.83
2,399 8.91BE+01 7.02 1975 6.910E+01 7.96 20.05 4 408E+31 6.95 19.51
2512 7.768E+01 747 2142 3.922E+01 7.98 21.48 3.681E+01 7.24 20.84
2.630 6.463E+01 794 2301 4.694E+01 8.94 22.95 2.789E+01 8.32 22.16
2.754 5.200E+01 8.68 2445 3.434E+01 9.84 24.42 1.926E+01 10.06 23.56
2584 4.394E+01 9.12 2574 2.389E+0] 11.28 2574 1.261E+01 12,56 2484
3.020 4.047E+01 8.61 25.74 1.700E+01 12.96 25.74 R.533E+00 14.55 25.74
3.162 3.8HM4E+01 204 2574 1.277E+01 15.20 25.74 6.529E+00 15.45 25.74
3311 3.541E+01 7.8% 2574 9.398E+00 16.66 25.74 5.621E+00 15.28 25.74
3.467 3.027E+01 8.57 2574 6.269E+00 18.09 2574 4.955E+00 16.00 25.774
3.631 2.294E+01 10.07 2574 3.876E+00 23.45 25.74 4.038E+00 18.22 25.74
3.802 1.466E+01 12.15 25.74 2.369E+00 33.76 25.74 2.863E+00 2139 2574
3981 7.533E+00 14.61 2574 1.382E+00 42.72 25,74 1.639E+00 2564 2574
4.169 2.985E+00 17.59 25.74 6.782E-01 48.94 25.74 7.260E-01 31.65 2574
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Table 3.3.2.3 Measured decay gamma-ray spectra during 4 - 6. 6 - 8 and 8 - 13 minutes after
the stop of the iiradiation of 20 minutes by 10" n/sec. The unit of the flux is [Gamma-rays

fem®/ sec / Lethargy]. The ervors contain statistical ones only.

4 - 6 min. 6 - § min. 8- 13 min.

Ey [MeV)] Flux Error Window Flux Error Window Flux Error Window
0.200 5.278E4+02 659 31.38 4 5771E+02 6.53 31.38 3752E+02 6.28 31.29
0.209 5.818E+02 6.64 2957 4 G546E+02 6.64 29.66 4 043E+02 6.49 2G6.53
G219 6.179E+02 6.63 2771 5.227E+02 5.68 27.88 4.197E+02 6.64 27.77
0229 6.431E+02 6.49 27.11 5.442E+02 6.46 27.25 4 283E+02 6.42 27.25
0.240 6.584E+02 6.39 25.33 5.494E+02 £.50 25.49 4 .320E+02 6.40 25.49
0.251 6.576E+02 8.26 23155 5.316E+02 8.93 23.68 4.279E+02 8.50 23.71
(.263 6.382E+02 1151 2335 5.079E+02 12.42 23.36 4.170E+02 11.61 23.43
G.275 6.096E+02 991 24.57 5.079E+02 10.06 24.56 4.072E+02 974 24.63
0.288 5.850E+02 7.32 23.71 3.321E+02 7.06 25.67 4 .029E+02 7.13 2571
0.302 5.694E+02 10.60 26.88 5.460E+02 9.69 26.82 4.001E+02 10.08  26.86
0.316 3.630E+02 9.07 2672 5.514E+02 8.39 26.63 3.966E+02 8.70 26.63
0.331 5.680E+02 672 26.58 3.127E+02 6.50 26.47 3.9G4E+02 649 26.42
0.347 5.847E+02 6.63 25.04 3.149E+02 6.55 24 .88 4.118E+02 6.34 24.82
0.363 6.046E+02 6.78 23,70 5.297E+02 6.79 23.57 4.253E+02 6.67 23.46
0.380 6.151E+02 7.45 2344 5.374E+02 7.56 23.32 4291E+02 7.49 23.21
0.398 6.119E+02 7.70 24.55 5.312E+02 7.9 24.47 4.207E+02 7.67 24.39
0417 6.096E+02 8.53 23.88 5.202E+02 8.56 23.93 4 101E+02 .48 2383
0.437 6.624E+02 7.75 22.71 5.510E+02 792 22.81 43476402 7.91 2272
0457 8.835E+02 7.42 2069 7.396E+02 7.66 20.75 3.783E+02 7.56 20.70
0.479 1.432E+03 7.37 17.48 1.236E+03 7.10 17.54 9.572E+02 7.13 17.48
0.501 2.281E+03 3.33 14.66 1.995E+03 3,25 14.73 1.550E+03 3.27 14.65
(3.525 2.738E+03 347 14.03 2.390E+03 3.46 14.06 1.863E+03 3.39 13.99
0.550 2.023E+03 4.34 16.09 1.755E+03 4.32 16.11 1.362E+03 4.30 16.06
0.575 8.044E+02 4.34 18.89 6.888E+02 4.44 18.91 5.166E+02 4.36 18.86
0.603 1.629E+02 2552 2181 1.352E+02 27.10 21.83 8.697E+01 31.08 21.80
0.631 2.548E+01 83.83 24.37 2.574E+01 72.16 24.39 1.135E+01 124.67 24.37
0.661 1.647E+01 5845 26.50 2.379E+01 37.16 26.50 1.553E+01 37.42 26.50
0.692 2.572E+01 33.32 2642 2985E+01 26.32 26.42 2.148E+01 24.39 25.58
0.724 3.801E+01 13.12 2536 3.463E+01 13.00 25.774 2.622E+01 11.56 24,26
0.759 4.918E+01 894 2403 3.915E+01 9.86 24.74 3.199E+01 8.14 22.68
0.794 3.952E+01 750 2257 4.559E+01 8.42 23.53 3.878E+01 7.24 21.02
0.832 6.916E+01 6.71 21.16 5.585E+01 7.27 22.34 4.505E+01 6.27 19.40
0.871 7.379E+01 7.05 19.81 5.915E+01 7.17 21.17 4.653E+0] 6.81 18.58
0912 6.932E+01 7.44 19.44 5.665E+01 7.77 20.54 4.091E+0]1 7.6% 18.03
0.935 6.070E+01 8.62 1934 4 976E+01 8.83 20,13 3.529E+01 9.09 17.58
1.000 5.702E+01 8.51 19.33 4. 790E+01 8.74 19.78 3.712E+01 R.22 17.26
1.047 5.838E+01 8.18 19.30 5.396E+01 7.89 19.42 4.086E+01 7.70 16.96
1.097 5.937E+01 8.01 16.27 6.095E+01 7.43 19.11 4. 009E+01 8.19 16.81
1.148 5.968E+(1 7.81 19.37 6.200E+01 7.20 19.06 3.916E+01 8.00 17.14
1.202 5.935E+01 793 19.70 5.656E+01 7.51 20.34 3.909E+01 7.71 17.85
1.259 5.431E+01 8.19 21.02 4 771E+01 8.61 21.74 3.422E+01 8.19 19.69
1.318 4. 457E+01 8.44 22.34 3.861E+01 8.61 23.19 2.639E+01 8.05 20.48
1.38C 3.608E+01 1005 23.62 3.145E+01 10.04 24.56 2.221E+01 9.28 20.99
1.445 3.225E+01 10.05 2477 2.744E+01 9.85 25.74 2.160E+01 8.03 2094
1.514 3.199E+01 992 24.40 2.685E+01 9.29 24.61 2.093E+01 7.62 20.52
1.585 3.476E+01 8.70 22.69 2.919E+01 8.07 23.33 1.979E+01 772 18.83
1.660 4.190E+01 7.91 20.76 3.284E+01 7.12 22.00 1.964E+01 7.46 18.19
1.738 5.252E+01 6.70 18.88 3515E+01 7.05 20.68 2.033E+01 7.37 17.71
1.820 6.011E+01 6.22 17.18 3.439E+01 7.49 19.47 2.091E+01 7.36 17.54
1.806 S127E+01 7.03 18.52 3.169E+01 7.84 19.61 1.948E+01 7.84 17.79
1.995 4 555E+01 6.81 20.24 2.900E+01 7.67 20.90 1.649E+01 7.58 15.46
2.089 3.499E+01 8.15 21.08 2.576E+01 8.52 22.22 1.332E401 8.92 21.16
2.188 3.086E+01 827  22.07 2.101E+01 9.02 23.33 1.076E+0] g.20 22.83
2.291 2941E+01 7.49 23.77 1.635E+01 9.72 24,75 2.679E+00 9.60 24.41
2.399 2.647E+01 738 2377 1.338E+01 10.33 25.74 6.991E+C0 9.83 25.74
2.512 2.178E+01 8.20 23.77 1.155E+01 10.55 25.74 5.806E+00 10.62 2574
2.630 1.674E+01 925 24586 9 909E+00 13.99 25.74 4.973E+00 11.65 25.74
2.754 1.257E+01 10.63 23.74 8.353E+00 12.05 25.74 4.187E+00 12.82 2574
2.884 9.738E+00 1233 2574 6.833E+00 13.64 25.74 3.354E+00 14.31 25.74
3.020 7.907E+00 1343 25.74 5.149E+00 15.82 2574 2.603E+00 1595 2574
3162 6.478E+00 13.83 2374 3372E+00 19.533 25.74 2.009E+0G 17.76 25.74
3311 5.166E+00 14.72 2574 1.811E+00 26.26 25.74 1.505E+00 20.17 2574
3.467 3.909E+00 17.53 2374 7.065E-01 41.78 25.74 1.013E+00 25.06 25.74
3.631 2.668E+00 2221 25.74 9901E-02 156.55 25.74 5.540E-01 35.33 2574
3.802 1.517E+00 28.19 2574 -1.254E-01 53.78 25,74 2112E-01 61.77 25.714
3981 6.601E-01 3581 2574 -1.388E-01 16.53 25.74 2.929E-02 24091 25.74
4.169 1.995E-01 4706 2574 -8.324E-02 11.81 2574 -2 426E-02 120.38 2574
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Table 3.3.2.4 Measured decay gamma-ray spectra during 13 - 18, 18 - 23 and 23 - 28
minutes after the stop of the irradiation of 20 minutes by 10™ n/sec. The unit of the
flux is [Gamma-rays / cm®/ sec / Lethargy]. The errors contain statistical ones only.

13 - 18 min. 18 - 23 min. 23 - 28 min.
Ev[MeV] Flux Error Window| Flux Error Window| Flux Error Window
0.200 2.558E+02 6.54  31.3> 1.783E+02 6.43 31.33 1.231E+02 6.68 3141
0.209 2.789E+02 6.69 2957 1.950E+02 6.56 29.58 1.354E+02 6.74 29.60
0.219 2.912E+02 670  27.80 2.041E+02 6,70 27.83 1.464E+02 6.59 27.77
0.229 2.984E+02 639 2720 2.086E+02 6.54 27.28 1.556E+02 6.42 27.09
0.240 3.047E+02 6.54 2542 2.104E+02 6.42 25.57 1.582E+02 6.34 25.38
0.251 3.096E+02 8.29 23.60 2.089E+02 8.05 23.83 1.501E+02 7.88 23.72
0.263 3,103E+02 10,04 2332 2.035E+02 11.22 23.60 1.352E+02 12.11 23.61
0,275 3.064E+02 805 23.18 1.970E+02 10.08 24.78 1.255E+02 11.67 24.86
0.288 2.996E+02 8.3 24.29 1.945E+02 6,77 25.83 1.281E+02 7.25 25.99
0.302 2.923E+02 1013 2547 1.989E+02 8.45 25.64 1.386E+02 8.40 25.73
0316 2.868E+02 8.09 2538 2.079E+02 .71 25.38 1.489E+02 7.65 25.34
0.331 2.852E+02 8.03 2539 2.157E+02 6.43 25.26 1.551E+02 6.36 25.04
0.247 2.865E+02 7.11 2333 2.158E+02 6.11 23.83 1.561E+02 6.09 2349
0.363 2.861E+02 6.08 2505 2.067E+02 6.12 23.535 1.503E+02 605 23.20
0.380 2.803E+02 6.72 2479 1.943E+02 7.58 24.59 1.405E+02 7.80 2431
0.398 2.718E+02 8.49 2387 1.877E+02 9.55 25.76 1.320E+402 992 25.52
0417 2.738E+02 9.86 2505 1.944E+02 9.92 24.54 1.313E+02 10.12 2486
0.437 3.152E+02 7.66  23.65 2.302E+02 7.29 23.55 1.515E+02 7.55 23.62
0.457 4.441E+02 7.20  20.51 3.276E+02 6.86 20.40 2.200E+02 717 20.58
0.479 7.166E+02 7.26  17.28 5.165E+02 7.04 17.20 3.631E402 6.83 17.45
0.501 1.104E+0Q3 337 1450 7.614E+02 3.38 14.45 5.510E+G2 3.24 14.76
0.525 1.293E+03 356 1395 8.629E+02 372 14.00 6.275E+02 3.57 14.37
0.550 9. 447E+02 454  16.09 6.269E+02 4.74 16.17 4. 487E+02 4.61 16.50
0.575 3.763E+02 440 1894 2.597E+02 4.53 19.03 1.694E+02 5.05 18.26
0.603 7.966E+01 2474 2188 6£.364E+01 22.26 2195 2.562E+01 4120 2210
0.631 1.416E+01 71.73 2441 1.284E+01 55.04 24.44 3.354E+00  158.82 24.54
0.661 1.032E+01 43.67 26.50 4. 701E+00 77.89 26.50 9.032E+00 34.13 26.50
0.692 1.832E+01 2220 2538 8.789E+0C 37.01 26.42 1.205E+01 22.94 2642
0.724 2.748E+01 9.15  24.13 1.533E+01 12.78 26.35 1.238E+C1 14.02 2635
0.759 3.200E+0] £.84  22.85 1.905E+01 9.06 25.78 1.288E+01 1200 2628
0.794 3.274E+01 7.22  21.55 2.000E+01 8.33 25.09 1.420E+01 10.34 26.21
0.83 3,24]1E+01 7.06 2044 2.016E+01 8.20 24.33 1.569E+(1 9.16 26.14
0.871 3.091E+C1 748 2042 2.062E+01 8.10 23.48 1.645E+01 8.61 26.06
0912 2.692E+01 8.61 2044 2.124E+01 7.97 22.55 1.596E+01 8.59 2559
0.955 2.298E+01 935 2042 2.122E+01 7.96 22.13 1.444E+01 .96 25.52
1.000 2.294E+01 8.82 20.33 2.009E+01 8.01 21.83 1.284E+01 9.25 25.85
1.047 2.501E+01 8.02 2009 1.830E+Q1 8.24 21.63 1.209E+01 925 2581
1.097 2.542E+01 800 19.81 1.873E+01 8.48 21.60 1.232E+01 9.01 2578
1.148 2.5340E+01 7.84 19.67 1.934E+01 8.41 22.42 1.284E+01 8.83 2574
1.202 2.627E+01 7.85 19.77 1.884E+01 8.10 23.26 1.277E+01 899 25,74
1.259 2.480E+01 7.85 21.00 1.678E+0Q1 8.65 24,12 1.165E+01 9.64 25.74
1.318 2.026E+01] 818 22.24 1.415E+01 9.24 24.96 9.648E+00 11.05 25.74
1.380 1.653E+(}1] 940  23.47 1.175E+01 9.98 25.74 7 469E+00 1334 2574
1.445 1.506E+01 870  24.66 9.924E+00 10.43 2574 5.920E+00 15.24 2574
1514 1.372E+01 836 2374 8.856E+00 9.99 25.74 5.332E+00 14.77 2574
1.585 1.167E+01 772 2574 8.396E+00 9.13 25.74 5.401E+00 12.60 2574
1.660 1.002E+01 758 2574 8.061E+00 8.37 25.74 5.577E+00 11.60 2574
1.738 9.354E+00 752 2574 7.460E+00 8.34 25.74 5.537E+Q00 10.25 25.74
1.820 9. 118E+00 738 2574 6.609E+00 8.85 25.74 5.293E+00 10.24 25794
1.906 8.722E+00 745 2594 5.803E+00 9.49 25.74 4978E+00 10,54 2574
1.995 8.094E+00 767 2574 5.285E+00 10.01 25.74 4,658E+90 1084 2574
2.089 7.420E+00 7.91 25.74 5.025E+00 10.38 25.74 4.310E+00 11.47 25.74
2.188 6.793E+00 820 2574 4.784E+00 10.61 25.74 3.879E+00 12.16  25.74
2.291 6.096E+00 862 2574 4.378E+00 10,77 25.74 3.342E+00 13.02 2574
2,359 5.163E+00 032 2574 3.808E+00 11.29 25.74 2.745E+00 14.28 25.74
2.512 4.002E+00 10.81 2574 3.113E+00 12.92 25.74 2.169E+00 16.72  25.74
2.630 2.809E+00 14.28 25.74 2.260E+00 17.12 25.94 1.639E+00 21.66 2574
2754 1.777E+00 21.19 2574 1.212E+00 30.87 25.74 1.194E+00 2950 2574
2.884 9.723E-01 3230 2574 1.701E-01 202.66 25.74 7.454E-01 4006 2574
3.020 3.924E-01 52.60 2574 -5.103E-01 54.14 2574 3.322E-01 5927 2594
3.162 2.897E-02 34324 2574 -6.633E-01 27.32 25.74 1.409E-02 670.39 23.7%
3311 -1.477E-01 24.07 2574 -4.794E-01 18.97 25.74 -1.660E-01 19.34 2197
3467 -1.988E-01 858 2374 -2.579E-01 13.06 25.74 -2.142E-01 5.07 2197
3.631 -1.879E-01 8.19 2574 -1.257E-01 10.38 25.74 -1.749E-01 5.53 21.97
3.802 -1.538E-01 897 2574 -6.209E-02 16.83 25.74 -1.035E-01 11.51 21.97
3981 -1.102E-01 10,25 2574 -3.091E-02 30,70 25.74 -4.343E-02 26.73 2392
4.169 -6.406E-02 14.42 2574 -1.324E-02 64.82 235,74 -1.159E-02 81.45 25.74
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Table 3.3.2.5 Measured decay gamma-ray spectra during 28 - 33, 33 - 40 and 40 - 57
minutes after the stop of the irradiation of 20 minutes by 10" n/sec. The unit of the
flux is [Gamma-rays / cm®/ sec / Lethargy]. The errors contain statistical ones only.

28 - 33 min. 33 - 40 min. 40 - 37 min.
Ev[MeV] Flux Frror Window| Flux Frror Window| Flux Error Window
£.,200 9.144E+01 6.15  31.33 6.243E+01 5.89 31.21 3.030E+01 5,83 31.25
.209 1.002E+02 7.50 2953 6.432E+01 6.75 29.65 3.298E+01 £.96 29.55
(.219 1.035E+02 862 27778 6.281E+01 8.13 28.01 3 338E+01 8.29 27.91
0.229 1.025E+02 7.31 28.59 6.059E+01 7.72 28.95 3.209E+(1 7.42 28.81
(0.240 9.910E+01 559  28.27 6.026E+0] 7.02 27.18 3.035E+0] 5.84 28.48
0.25]1 9.533E+01 646  26.60 6.271E+01 792 25.31 2.929E+01 6.65 26.78
0.263 9.293E+01 7.11 26.42 6.703E+01 7.47 24.75 2.930E+01 7.52 26.49
0.275 3.352E+01 646 2627 7.117E+01 8.53 24.41 2.996E+01 6.71 27.54
(0.288 9 726E+01 6.29 2599 7.269E+01 2.00 24.12 3.056E+01 566  27.26
0.302 1.021E+Q2 7.41 24.45 7.014E+01 8.48 25.28 3.081E+01 642 2697
0316 1.054E+02 794 2420 6.505E+01 7.70 25.29 3.094E+01 6.71 26.69
0.331 1.058E+02 7.00  24.13 6.143E+01 8.76 25.31 3,137E+01 6.14 26.49
0.347 1.0M4E+02 680 24.04 6.190E+(}1 7.58 25.19 3.215E+01 5.87 24.92
0.363 1.025E+02 707 2375 6.515E+01 6.33 23.86 3.310E+01 634 2356
0.380 1.002E+02 732 2475 6.7715E+01 7.06 23.61 3.414E+01 6.77 23.31
0.398 9.791E+01 928 2583 6.782E+(1 7.70 24.64 3.485E+01 7.18 23.16
0417 9.977E+01 393 2495 6.763E+01 8.69 23.85 3.512E+01 9.28 22.36
0.437 1.155E+02 727 2356 7.516E+01 7.62 22.62 3.868E+01 9.07 21.14
0.457 1.627E+02 7.03 2048 1.038E+02 7.07 20.64 5408E+01 6.60 19.23
0.479 2.569E+02 7.11 17.39 1.665E+02 6.79 17.58 8.578E+01 7.22 16.24
0.501 3.829E+02 3.37 14.76 2.523E+02 3.33 14.93 1.217E+02 3.96 15.00
0.523 4. 372E+02 374 14.50 2.909E+02 3,78 14.64 1.317E+02 4,00 15.03
0.550 3.170E+02 480 16.66 2.138E+02 4.62 16.75 9.425E+C] 5.35 17.17
0.575 1.232E+02 522 19.45 8.578E+01 5.48 19.47 3.797E+(] 6.80 19.87
0.603 2.066E+01 35942 2226 1.351E+01 3842 22.24 7.051E+00 4537 2258
0.631 3.805E+00 110.78 24.63 2.129E+00 142.17 24.64 2.043E+Q0 81.90 24.87
0.661 7.553E+00 36.08  26.50 3.626E+00) 38.68 26.30 3.834E+00 33.16 2650
0.692 9.515E+00 23.21 26.42 4.774E+00 39.26 26.42 4.602E+00 24.98 26.42
0.724 9.323E+00 16.84 26.35 4.821E+00 26.59 26.3 4 367E+00Q 19.06 26.35
0.759 9.767E+0G 15,12 26.28 4.922E+00 24.35 26.28 4.330E+00 18.18 26.28
0.794 1.077E+01 13.09  26.21 5.675E+00 20.13 26.21 4.91CE+00 15.51 26.21
(.832 1.188E+01 11.69 26.14 7.011E+00 16.02 26.14 5.705E+QQ 13.20 26.14
0.871 1.227E+01 11.12  26.06 8.348E+00 13.28 26.06 6.064E+00 12.13 26.06
0912 1.174E+G1 11.16 2399 8.964E+00 12.00 2599 5.715E+00C 12.31 25.59
(.935 1.074E+0Q1 1149 2592 R.337E+00 11.95 25.92 4 922E+00 13.40 2552
1.000 9.917E+00 11.53 2585 7473E+00 12,52 25.85 4.155E+00 14.56 25.85
1.047 4. 5344E+00 1134 2581 6.645E+00 13.16 2581 3.747E+Q0 15.18 2581
1.097 9 478E+00 1132 2578 6.657E+00C 13.04 25.78 3.750E+00 15.13 25.78
1.148 9.395E+00 1160 2574 7.284E+0G 12.27 25.74 3.906E+00 1497 23794
1.202 9.012E+00 1222 2574 7.693E+00 11.82 25.74 3.836E+00 1546 2574
1.259 R.1535E+00 1330 2374 7.254E+00 12.31 25.74 3.445E+00 16.77 25,74
1.318 6.924E+00 1492 2574 6.074E+00 14,00 25.74 3.021E+00 18.24 2574
1.380 5.781E+00 1661 2574 4,750E+00 16.75 25.74 2.831E+00 18.51 25,74
1.445 5,228E+00 16.76 2574 3.808E+00 18.88 25.74 2.78RE+Q0 17.21 25.74
1.514 5.248E+00 1488 25.74 3.410E+00 18.05 2574 2.640E+00 15.30 2574
1.585 3.306E+00 12.81 2574 3.429E+00 14.95 25.74 2.347E400 14.06 25.74
1.660 5.003E+Q0 11.74 2574 3.591E+00 12.39 25.74 2.095E+00 1294 2574
1.738 4321E+00 1155 2574 3.610E+00 11.40 25.74 1.991E+00 12.16 2574
1.820 4 247E+00 11.66 2574 3.359E+G0 11.48 25.74 1.930E+00 11.99 2574
1.906 4.221E+00 1157 2574 2.949E+G0 12.22 25.74 1.770E+00 12.63 2574
1.995 4.164E+00 11.68 25.74 2.574E+00 13.24 25.74 1.516E+CG0D 14.13 25.74
2.089 3.843E+00 1243 2574 2.289E+00 14.55 25.74 1.277E+00 16.13 25.74
2.188 3.243E+00 13.82 25.74 1.999E+00 16.34 2574 | 1.118E+00 18.13 25.74
2.291 2.523E+00 1586 2574 1.618E400 19.47 25.74 §.978E-01 2046 2574
2.399 1.887E+00 19.09 2574 1.168E+00 25.45 25.74 8.286E-01 23.97 25,74
2512 1.413E+00 2436 2574 7.335E01 37.38 25.74 5.846E-01 2962 2574
2.630 1.034E+G0 3397 2574 3.877E-01 59.28 25.74 3.375E-01 39.75 2574
2.754 6.760E-01 5242 2574 1.716E-01 101.18 2574 1.787E-01 7549 2374
2.884 3.362E-01 91.79 2574 2.871E-02 200.29 25.74 1.244E-01 134.06 25.74
3.020 7.526E-02 28236 2574 8.559E-02 254.69 25.74 1.195E-01 142.33 2574
3.162 -5.688E-02 281.80 2574 7.719E-02 271.91 25.74 1.198E-01 12G.49 23.74
3311 -8.700E-02 207.02 2574 1.741E-02 853.37 25.74 1.261E-01 89.86 2574
3467 -9 028E-02 180.10 23.74 -7.189E-02 91.78 25.74 1.418E-01 68,14 2374
3.631 -1.031E-01 10209 2574 -1.420E-01 12,70 25.74 1.460E-01 6239 2574
3.802 -1.065E-01 4626 2374 -1.626E-01 26.21 25.74 1.207E-01 66.83 25.74
3931 -8.291E-02 2066 25774 -1.339E-01 32.69 25.74 7.598E-02 79.8% 2574
4.169 -4.441E-02 1840 2574 -3.080E-02 36.28 25.74 3.568E-02 101.04 25.74
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Table 3.4.1 Contribution of neutron response to total one
for TLDs of MSO, SSO and BSO.

Position MSO SSO BSO
-1 mm 41.8 % 23.1 % 19.6 %
58 31.1 15.7 10.0

210 24.3 12.8 8.1

362 13.2 7.2 55

514 6.8 3.3 23

608 27 1.4 0.8

Table 3.4.2 Proportion of three corrections to the total gamma-ray heating.

Position Target-y v from 2Cu B from %2Cu | Total
-1mm 154 % 25% 8.0 % 259 %
58 4.0 472 4.1 12.3
210 0.2 1.6 1.8 3.6
362 0.0 0.2 0.5 0.7
514 0.0 0.0 0.1 0.1
608 0.0 0.0 0.0 0.0

Table 3.4.3 Measured gamma-ray heating rates of copper in the copper assembly.

Position Gamma-Ray Heating Rate Error
[ Gy / Source Neutron ] [ %]
I mm 120 x 10 24.5
58 8.35 x 107'° 222
210 1.12 x 10°° 13.2
362 270 x 107 145
514 7.48 x 10" 11.1
608 228 x 10" 20.7
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Fig. 3.1.14 Neutron spectra at the front surface of the copper
assembly measured by NEZ213 counter and proton-recoil
gas proportional counters (PRC) .

c i ]
o

k=]

4

© . .
8 L i
= B _
(@] B |
)

~ 5

> 107 F E
5 | :
[4v! B ]
< i i
Q

“J | .
S

X 10°) iy :
E - : ‘ ||*|i NN ' 'IT\l'i [ \*'Illi .

107 102 107" 10° 10!

Neutron Energy [MeV]

Fig. 3.1.1.5 Neutron spectra at 76 mm depth in the copper assembly
measured by NE213 counter and proton-recoil gas
proportional counters (PRC) .



JAERI—-M §4—038

10— . . . —
ot 8 ]
o - g i
pd 5 | 1
g 10 . E
3 C e ]
O B sl J
E? i ﬂ ‘h : , |
> i 1 ’ 1
& z=228mm '

o o f .
E : - NE213 :
~ - ‘ - PRC ]
P L , : ik
S |
L 10'7 e T . N L] , L

107 1072 107! 10° 10!

Neutron Energy [MeV]

Fig. 3.1.1.6 Neutron spectra at 228mm depth in the copper assembly
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proportional counters (PRC) .
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measured by NE213 counter and proton-recoil gas
proportional counters (PRC) .
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Fig. 3.1.1.9 Neutron spectra at the rear surface of the copper
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3.1.1.8 Neutron specira at 532mm depth in the copper assembly
measured by NE213 counter and propton-recoil gas
proportional counters (PRC) .
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assembly measured by NE213 counter and proton-
recoil gas proportional counters (PRC) .
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Fig. 3.3.1.1 Sectional view of the 40 mm diameter NEZ13
gamma-ray spectrometer
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Fig. 3.3.1.2 Electric circuit used in the prompt gamma-ray
spectrum measurement.
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Copper Slab Assembl
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Fig. 3.3.14 Prompt gamma-ray spectra at 76, 228, 380 and 532 mm

Gamma-Ray Energy [MeV]

from the front surface of the copper assembly measured

by the 40 mm diameter NE213 gamma-ray spectrometer.
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Range of Integration
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Time after Irradiation [min.]
Fig. 3.3.2.2 Integrated decay gamma-ray specira between 0.4 and
0.65 MeV as a function of cooling time.
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Fig. 3.3.2.3 Integrated decay gamma-ray spectra between 0.65 and

1.0 MeV as a funciion of cocling time.
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Fig. 3.3.2.5 Integrated decay gamma-ray spectra between 1.4 and
3.0 MeV as a function of cooling time.
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Appendix Example of Experimental Analysis

Since the experimental assembly has a cylindrical shape, the benchmark experiment
can be analyzed by using two-dimensional SN transport codes and, of course, three-dimensional
Monte Carlo codes. Two examples of input data for transport calculations, DOT and MCNP-4,
are presented in the Appendix.

An example of input data of GRTUNCL for DOT calculation is shown in Fig. A1
The GRTUNCL code calculate first collision sources to prevent the Ray-Effect. Figure A.2
is an input data for DOT calculation. Since some of measured data, that is, neutron spectra in
the energy region of keV, non-threshold reaction rates, prompt gamma-ray spectra and gamma-
ray heating rates, are influenced by the self-shielding effect of cross sections, multi-group
cross section libraries in which self-shielding correction factors are considered should be
used in analyses.

An input data for MCNP-4 calculation with neutron source is given in Fig. A3.
Since target gamma-rays are included in the measured prompt gamma-ray spectra, a calculation

with target gamma-ray source is needed. Figure A.4is an input data with target gamma-ray

source.
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' Run #4 Source MORSE(n) & MINP{Germa)

o]

188

o 5 2
4 5 169
42 2 1
1 o 18
1 1 1

2**

0.0 0.0 0.0 0.0

T
1**

F0.0
2**

110.0 6I2.0 16.0
54123.0 782.0 78.8 1I
3**

! NWCT 125-Group Neutron Source
0.0 0.0 D.0
4.0301-01 2.3565-01 3.0897-02
9.1020-04 4.6458-04 4,5938-04
4.1363-04 2.1025-04 1.6563-04
8.7841-05 8,8737-05 7.5567-05
8.2287-05 9.0768-05 3.5649-04
5.1710-04 6.2956-04 6.9228-04
8.8451-04 1.0018-03 1.0563-03
1.2861-03 1.4053-03 1.3518-02
1.4312-03 1.3820-03 1.3489-03
2.5945-03 2.8528-03 2.7699-03
2.5211-03 2.3040-03 2.2042-03
1.5803-03 1.3867-03 1.2232-03
7.0593-04 6.0762-04 5.3824-04
1.4874-04 1.2632-04 1.0531-04
6.9230-05 5.7202-05 5.0282-05
6.1572-05 4.6320-05 4.4237-05
1.7624-05 1.4791-05 1.6544-05
8.7622-06 7.2049-06 6.9372-06
2.9754-07 1.6817-07 1.3922-07
1.4264-08 7.4848-09 4.2225-08

NWCT 40-Group Gamma-Ray Source

0.0 1.8633E-04 2.4781E-04 2

1.2635E-03 1.5887E-03 2.2136E-03 2

5.05603E-03 6.1991E-023 6.8837E-03 3

§.1277E-03 2.9512E-03 1.0412E-02 1

6.8843E-03 §.5792E-03 6.3378E-03 2

B.5598E-03 1.2291E-02 5.8376E-03 4

1.9365F-04 2.8764E-04 5.0781E-05 O
4**

0.0 3I0.2 211.4 212

2I2%9.4 1130.9 31.5

6**

1.0
"'T**

1.0
855

41R1 14041
41R2 65041
955
-13 -19
1055
4713 18
4118 24 106
115%
BZ
6% 417 12
12**
6RO.0
&R0O.0 6RE.4627E-2
T

NNNNRWERWRPRPNONPRRANeEOHE VO

.0

-- with J88TDL Library

41 81
18 0
30000 10
0 0
O .
0.0
17.0 3I18.0
79.4 80.4
by MORSE-ID
0 1.4419-01
.1474-03 9.5007-04
L1771-04 7.8183-04
.5985-04 1.6798-04
.3708-05 9.1407-05
.1280-04 5.1007-04
.5872-04 7.9293-04
.1937-03 3.1711-G3
.4558-03 1.4329-03
.3270-03 1.4298-03
.5765-03 2.5872-03
.0805-03 1.8238-03
.0785-03 9,5392-04
.5933-04 3.7225-04
.7450-05 2.3190-05
.8831-05 5.3362-05
,7633-05  2.4899-05
.1820-05 1.4320-05
,2612-06  3.0541-06
.2450-07 1.8398-07
.2732-09 1.5142-07
by MCNP
.6304E-04 1.0130E-03
LB6026E-03 3.3959E-03
.016%E-03 5.4347E-03
.0790E-02 7.3378E-03
L4076E~03 2.8B15E-02
.5651E-03 1.3289%9E-03
.9 22I5.0

165
42

5I20.0

80.84

.2296-01
.6083-03
.4859-04
.1227-04
.2862-05
.0750-04
.9827-04
.2741-03
.3780-03
.3898-03
.5709-03
.6473-03
.0865-04
.7906-04
.0602-05
.7185-05
.8404-05
.8013-06
.B0&8-06
.3975-08

OWINWOROHRNRRRFE-JuOE-INN

.4278E-04
.2346E-03
.5820E-03
.8107E-03
.9451E-03
.3110E-04

WO U U e WD

1128.0

Fig. A.1 An example of input data of GRTUNCL for DOT

calculation.
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—— with JSSTDL Library

' Run #4 Source MORSE(n) & MONT (Gawma)
0
615%
0 5 2 41 81 165
4 5 169 18 by 0
42 1 160 1 1 0
0 0 1 10 15 4
5 2 0 0 g 0
0 0 0 0 2 0
0 0 0 0 3 0
0 0 0 0 0 0
0 0 2 1 1 0
0 0 0 0 0 g
0
6258
2 3 4 14 15 3
10 11 12 13 8 60
0 0
63**
0.0 1.000E-02 0.0 0.0 0.0 0.0
0.0 0.0 0.0 c.0 0.0 3.0
0.0 0.0 0.0 0.0 0.0 0.0
T
7**
-0.21082 -0.14507 1M1
-0.42164 -0.39441 -0.14507 1M2
-0.55777 -0.53748 -0.39441 -0.14907 1M3
-0.66667 -0.64979 -0.53748 -0.39441 -0.14907 114
-0.76012 -0.74536 -0.64379 -0.53748 -0.39441 -0.14907
1M5
-0.84327 -0.82999 -0.74536 -0.64579 -0.53748 -0.39%441
~0.14907 1M6
-0.91894 -0.90676 -0.829%9 -0.74536 -0.64579 -0.53748
~0.39441 -0.14907 1M7
-0.98883 -0.97753 -0.90676 -0.82593 -0.74536 -0.64979
-0.53748 -0.39441 -0.14907 1MB
1080
3R-0.97753 G5SR-D.90676 7R-0.82099 9R-0.74536 11R-0.6427% 13R-0.53748
15R-0.394241 17R-0.14907 3R0.37753  5R0.90676  7R0.82399 SR0.74536
11R0.645979 13R0.53748 15R0.39441 17RC.14507
6?*
.0 2R0.13586-1 0.0 4R0O.97681-2
0.0 0.54738-2  0.50390-2  ©.64738-2 IN3
0.0 0.64634-2 2R0.71124-2  0.64634-2 1N4
0.0 0.64634-2  0.14381-2  0.36342-2  0.14381-2  0.64834-2
1N5
0.0 0.64738-2  0.71l24-2  0.36342-2 IN3 106
0.0 0.976B1-2  0.50390-2  0.71124-2  0.14381-2  0.71124-2
0.50390-2  0.97681-2 1N7
0.0 0.13586-1  0.97681-2 2R0.64738-2 1N4 108 1080
3rs

FO.0

T
1**

F0.0
2**

1I0.0 612.0 16.0 17.0 3T18.0 5120.0
54I123.0 78.0 78.8 1179.4 80.4 80.84
4**

0.0 310.2 271.4 212.9 2215.0 1128.0
212%.4 1130.9 31.5
5**
F1.0
85%
41R1 14041
41R2 65041
955
-13 -19
1055
47113 18
4T19 24 106
1156
67
67 4T7 12
12*t
5R0.0
ERC.C BRS.4AG27TE-2
T
Fig. A.2 An example of input data for DOT calculation.
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analysis of cylindrical copper asserbly {63 diam. x 61 thick) 1993.12.%
C

***********f*******************i****t*

c * cell card *
c *:\'*‘k***iii-k*************ii************
1 2 4.9210-5 1 -2 =22
2 2 4.%210-5 2 -3 =22
3 1 8.4627-2 3 -4 -ZZ
4 1 8.4627-2 4 -5 =22
5 1 8.4627-2 5 -6 =22
[ 1 8.4627-2 & -7 -22
7 1 8.4627-2 7 -8 -22
8 1 B.4627-2 2 -9 =22
g 1 8.4627-2 3 -10 -22
10 1 8.4627-2 10 -11 -22
11 1 B.4627-2 i1 -12 =22
12 1 B.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 i5 -16 -22
16 1 8.4627-2 16 -17 =22
17 1 8.4627-2 17 -18 -22
18 1 8.4827-2 18 -19% -22
19 2 4.9210-5 19 -20 =22
20 0 -1 : 20 : 22
fod d ok Kk ok ok ke blan_k delin'u'.ter F*ddkok ok ok k
o} **********‘k***************************
c * surface card *
ol *i********************************i***
C  memmmmem———mm—mm——m oo —— s < surfaces normal to z-axis »-—-—
1 pZ -21.00
2 Pz -1.00 $ n & gamna spectrum
3 pz 0.00 s foil & tld
4 Pz 5.77 $ tld
5 pz 7.605 $ n & gamma spectrum
6 Pz 10.11 5§ foil
7 Dz 15.00 ¢ change cell impertance
8 jor4 20.37 $ foil
9 jo¥4 20.98 $ tld
10 Dz 22.815 ¢ n & garma spectrum
11 pz 30.00 ¢ change cell importance
12 pz 35.61 $ foil
13 jora 36.19 s tla
14 js¥4 38.025 $ n & gamma spectrum
15 pz 45.00 ¢ change cell importance
16 Pz 50.85 s foil
17 pz 51.40 $ tid
18 je¥4 53.235 $ n & gamma spectrum
19 jo¥4 60.84 ¢ foll & tid
20 jor4 £1.84 $ n & gama spectrum
& mmmmmmmmm—m—m——e———————m— s < cylinders centered on z-axis »—-
21 cz 3.00
22 cz 31.50
C Foa ok kok ok k blank delimiter Tk kKKK
[l i***************i******ii****i**itt***
c * mode card - neutron & photen *
ol i**********t**************************
mode np
el ******************ttt*****i***********
c * cell importance card *
o] i*********************t***********i***
imp:in 1 1 1 1 1 1 2 2 2 2
4 4 4 4 8 g 8 23 8 0
impsp 1 1 1 i 1 1 2 2 2 2
4 4 4 4 8 8 8 8 8 0
pwt 0.1 0.1 0.1 0.10.10.1 0.1 0.1 0.10.1
0.1 0.10.10.10¢.20.10.10.10.1 0
ol **i**********************r*****************#********
c * source specificatio cards *
c * si(eng.} and splprob.) are taken from 125 group *
jod * spectrum of 1tr new water cooled target *
el ******************t**********i**t*******************

scl fns ltr new water cocled target (125-g; by morce-dd
sdef erg=dl dir=d2 vec=0 0 1 pos=0 0 -20 wgt=l.1261
sb2 -31 4.0
sil 1.0010-11 3.2241-07
5.3156-07 §.7640-07 1.4443-06 2.3823-06 3.9278-06
£.4758-06 1.0877-05 1.7603-05 2.9023-05 4.7850-03
7.8891-05 1.3007-04 2.1445-04 3.5357-04 5.8293-D4

Fig. A.3 An example of input data for MCNP-4 calculation
with neutron source.
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$.6110-04 1.2341-03 1.5846-03 2.0346-03 2.6125-03
3.3546-03 4.3073-03 5.5207-03 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 3.6085-02 4.0867-02 4.6308-02
5.2474-02 5.9461-02 6.7378-02 7.6349-02 8.6515-02
9.8035-02 1.110%-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 4.3935-01L 4.9786-01 5.6415-01
6.3927-01 7.2438-01 B.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 2.09%61+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 5.8978+00 6.0652+00 6.4564+00
6.8728+00 7.3161+00 7.7879+00 8.2%02+00 8.8248+00
9.3940+00 ©.9999+00 1.0157+401 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 1.2248+01
1.3456+01 1.3668+01 1,3883+01 1.4102+01 1.4324+01
1.4550+0L 1.4779+01 1.5012+401 1.5248+01 1.35488+01

spl 0.0 1.5142-07
2.27312-09 4.2225-09 7.4848-09 1.4264-08 8.2975-08
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 4.9833-04 5.3824-04 6.07562-04
7.0593-04 8.0965-04 9.53%2-04 1.0785-03 1.2232-03
1.3857-03 1.5803-03 1.6473-03 1.8238-03 2.08605-03
>.2042-03 2.3040-03 2.5211-03 2.5709-02 2.5872-03
2.5765-03 2.7695-03 2,8528-03 2.5%45-03 1.3898-03
1.4298-03 1.3270-03 1.348%-03 1.3820-03 1.4312-Q3
1.3760-03  1.4329-03 1.4558-03 1.3518-03 1.4053-Q2
1.2861-03 1.2741-032 1,1711-03 1.1937-03 1.0563-03
1.0018-03 8.8451-04 7.9827-04 7.9293-04 7.5872-04
5.9228-04 6.2955-04 5.1710-04 5.0750~-04 5.1007-04
4.1280-04 3.5649-04 9.0768-05 8.2287-03 9.2862-05
o.1407-05 ©.3708-05 7.9367-05 8.8737-05 8.7841-05
1.1227-04 1.6798-04 1.5985-04 1.6563-04 2.1023-04
4.13632-04 7.4899-04 7.8183-04 5.1771-04 4.5538-04
4.6458-04 ©.1020-04 2.86083-03 9.5007-04 5.1474-03
2.08%7-02 2.3565-01 4.0901-01 2.2296-01 1.4419-01

(o] ********i*i*****i********************i’*******

o * material specification cards -

ot *********f*****i***********i’***************!’*

C  m e mm e — s m—— < copper »>--

ml 25000.41c 1.0

P et < air »--

m2 7014.34c  3.8810-5 8016.34c 1.0400-5

€ mmm e m e mmm e m e < materials for reaction rate>--

m3 5010.03y 1.0 $ B-i0 (n,a)

md 13027.03y 1.0 s Al-27 (n,a)

mS 22000.03y 1.0 s Ti-0 (n,x)8c-46 (n,x)Sc-47 {(n,X)Sc-48

mé 25055.03y 1.0 5 Mn-55 (n,qg)

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

me 26056.03y 1.0 $ Fa-56 {(n, o)

ma 27059.34¢c 1.0 5 Ce-59 (n.2n} (n,g} (n.,a)l (n.p}

mi¢ 28058.03y 1.0 $ Ni-58 (n,2n) {n,p)

mll 29063.34c 1.0 $ Cu-63 (n,2n} (n,g) (n,a)

ml2 29065.34c 1.0 $ Cu-65 {n,z2n) (n,g)

mi3 30064.03y 1.0 5 Zn-64 (n,p)

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

ml5 41093.03y 1.0 S Nb-83 (n,2n)Nb-%2m

mi6 49115.03y 1.0 $ In-115 {(n,n')In-115m

ml7 79197.03y 1.0 $ Au-197 {n.qg)

ml8 §2235.03y 1.0 5 U-235 n, )

t*t*t*******************i&*i******************

¢

c * tally specification cards *
c ***'&*************************i******t*t*******
fc2 ~=  neutren spectrum surface ---------

t2:n 2 3 4 5 & 7 8 g 10 11
12 13 14 15 1 17 18 1% 20
fs2 -21

fc12 -- neutron reaction rate surface ---------

fi2:n 2 3 4 5 & 7 8 g 10 1l
12 13 14 15 1 17 18 1% 20

Fig. A3 Continued
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fmlz (1 1 102) (1 3 107}
(1 5 212y {1 6 102
(1 9 102) (1 9 103)
(1 11 16) {1 11 102
(1 13 103) (1 14 186}
{1 18 18)

fsl2 -21

el2 15.488

fqgiz s & £ m

fc22 -- neutron e-dependent

f22:n 3 6 8 1z 16

fm22 (1) (1 1 2)
{1 12 2) (1 12 102;

fs22 -21

fc32 -- gama-ray spectrum

£32:p 2 3 4 5 6 7

1z 13 14 15 16 17

fg32 -21

e32 1.0000-02 2.0000-02 3
8.0000-02 1.0000-01 1
4.0000-01 5.0000-01 5
8.0000-01 9.0000-01 1
1.3800+00 1.5000+00 1.
2.5000+00 32.0000+00 3
5.0000+00 5.5000+00 &
7.5000+00 B8.0000+00 9
1.4000+01

fab s m e f

20 1.0010-11 3.2241-07
5,3156-07 8.7640-07 1
6.4758-06 1.0677-05 1
7.8891-05 1.3007-04 2
9.6110-04 1.2341-03 1
3.3546-03 4.3073-03 5
1.1709-02 1.5034-02 1
2.8087-02 3.1827-02 3
5.2474-02 5.9461-02 6
9.8035-02 1.,1109-01 1
1.8315-01 2.07B84-01 2
3.4217-01 3.8774-01 4
6.3927-01 7.2438-01 8
1,1943+00 1.3533+00 1
1.9691+00 2.0861+C0 2
2.6914+00 2.8650+00 32
3.6787+00 3.9160+00 4
5.0282+00 5.3525+00 5
6.8728+00 7.3161+00 7
9.3540+00 9.9929+00 1
1.0645+01 1.0812+401 1
1.1510+01 1.1691+01 1
1.2445+01 1.2641+01 1
1.3456+401 1.2668+01 1
1.4550+01 1.4779+01 1

c

c * problem cutoff cards

reacticn rate

(1 1 102}
(1 3 107

surface

8 9
ig 1%

.0000~02
.5000-01
.2000-C1
.0000+CC

7500+00

.5000+00C
.0000+00
.0C00+00

.444%-06
.7603-05
.1445-04
.5846-03
.5307-03
.9304-02
.6065-02
.7378-02
.2588-01
.3517-01
.3936-C1
.2084-01
.5335400
.2313+00
.0498+00
.1686+00
.6978+00
,7879+00
L0157+01
.0883+01
,1875+01
.2840+01
,3883+01
.5012+01

*********i**********************i***k******i’***
*

10
20

RPIPREHERRPOORWRECE NSNS WRN

o ***********************************************

phys:m 20 ©
phys:p 20 1 0
phys:e 20 1 1 1 1 1 1 1 1

cut:n 0 0.0 -0.5 -0.25 0

cut:p 0 0.9%99-02 -0.5 ~-0.25 0

nps 2500000

ctme 1000000000

c **iitir**t*********t*************************k***
c * peripheral cards *

t****t******************tit******************izi

c
pramp 1000000 1000000 1 1

lost 10 10
print
[l *rxxx*r* 1]ank terminator *Fxx***

Fig. A.3 Centinued

(1 5 210) (1 5 211}
(1 8 103) (1 9 16}
{1 1¢ 1&) {1 10 103
(1 12 1s8) (1 12 102}
(116 51} ({1 17 102)
surface -—----—---————-----—
(111 2) {1 11 102)
(1L 6 102) {1 18 18)
11
.5000-02 &.0000-02
.0000-01 3.0000-01
.0000-01 7.0000-01
.1300+00 1.2500+00
.000C+00 2.2500+00
.C000+00 4.5000+00
.5000+00 7.0000+00
.0000+01  1.2000+01
.3823-06 3.8278-06
.5023-05 4.7850-05
.5357-04 5.8293-04
.0346-03 2.6125-03
.1016-03  9.1186-03
.1874-02 2.4787-02
.0867~02 4.6308-02
.6349-02 8.8515-02
.4264-01 1.6163-01
.6649-01 3.0187-01
.9786-01 5.6415-01
.3013-01 1.0540+00
.7377+00  1.8498+00
.3752+00  2.5284+00
.2465+00 3.45592+00
.4374400 4.7236+00
.0652+00 6.4564+00
.2902+0C 8.8249+00
.0317+01 1.0480+01
.1156+01  1.1331+01
.2062+01  1.2252+01
.3042+01 1.3248+01
L4102+01  1.4324+01
.5248+01 1.5488+01
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analysis of cylindrical copper assembly [target gamma-ray only) 1992.11.30

C I E R E R R R R SRS E R RS S AL E RS AR S S B R N
c * cell card *
c LR R AL SRS SR ESERFEEEEE S S SRR SR SRS LR T EEE T
1 2 4.9210-5 1 -2 =22
2 z 4.9210-5 2 -3 -22
3 1 8.4627-2 3 -4 22
2 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 8.4827-2 7 -8 -22
8 1 8.4627-2 8 -9 -22
S 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 i 8.4627-2 13 -14 =22
14 1 §.4827-2 14 -15 -22 .
15 1 8.4627-2 15 -1s =-22
16 1 8.4627-2 16 -1i7 -22
17 1 8.4627-2 17 -i8 -~22
18 1 8.4627-2 18 -19 -22
19 2 4.9210-5 15 -20 ~22
20 0 -1 : 20 @ 22
s} *oa ok k ok k% blank delimiter Kk ok k kok
ol FEETEEREIS RS S SRS ES SR RS L R FE SR R AR AR R & & &R
c * surface card *
o} Ak krkh kb kkok ok kkk kT kb kkkkkkhkhok kK
€ mmmm e < surfaces normal to z-axis >--
1 jo¥4 -21.00 .
2 Pz -1.00 $ n & gammna spectrum
3 ¥4 0.00 $ foil & tld
4 Pz 5.77 ¢ tld
5 Pz 7.605 $ n & gamma spectrum
& Pz 10.11 s foil
7 Dz 15.00 $ change cell importance
8 Dz 20.37 s foil
9 Pz 20.98 $ tlid
10 Dz 22.815 $ n & gamma spectrum
11 joy4 30.00 $ change cell importance
12 Dz 35,61 4 foil
13 Pz 36.12 $ tld
14 o4 38.025 S n & gama spectrum
15 pz 45.00 $ change cell impeortance
16 pz 50.85 $ foil
17 js¥4 51.40 $ tld
18 pz 53.235 $ n & gamma spectrum
19 Pz 60.84 $ foil & tld
20 pz 6].84 $ n & gamma spectrum
€ mmememem e e < cylinders centered on z-axis >--
21 cz 3.00
22 cZ 31.50
[ kok o ow ok kK blarlk dellmter * Ak k Kk hkXk
C IR FEEEETEIEE ST SRS SRS S AR RS 2R &R A0 AR Rt 8
c * mode card - neutron & photon *
[t TSI A LSS EEEZE RS RSR RS R EE S 2 8 5 0 8 R R AR LA
mede
[o} Kk kI kkkkhhk ARk hhdkkkbhkkhhhkhrrdrhbxhhdd
c * cell importance card *
C IR E T EEETETE SIS EL SRR S S 82 2 R 8 8 a8 b b i b

imp:p 1 1 1 1 1 1 2 2 2 2
4 ¢ 4 4 & B8 8 8 8 0

dkkk ko k kg k ok ok d ok ok Ak K ko drddok k% dok de v ek de de o de ok ok kg ek ok ok

c

c * source specificatio cards *
c * sifeng.) and sp{prcob.) are taken from 125 group *
= * spectrum of ltr new water cooled target *
c I R R AR e R L2 SRR SRS R R A R R R RS AR RS R LSS ERE]

Fig. A4 An example of input data for MCNP-4 calculation
with gamma-ray source.



JAERI-M 94038

scl fns 1tr new water cooled target (40-g} by menp

sdef erg=dl dir=d2 wvec=0D 0 1 pos=0 0 -20 wgt=0.
sp2 -31 4.0
51l 0.01 0.02 0.03 0.045 0.06 0.08 0.1
0.20 0.30 0.40 0.50 0.52 0.60 0.7
0.9¢ 1.00 1.13 1.25 1.38 1.50 1.7
2.25 2.50 3.00 3.50 4.00 4.50 5.0
6.00 &.50 7.00 7.50 2.00 9,00 10.0
14.00
spl 0.0 0.0013 0.0042 0.0250 0.0696 0.2318 0.5
3.4125 7.2808 5.7247 3.731% 1.8434 2.0816 4.7
5.3656 3.1294 4.6562 £.1254 5.3671 2.3627 4.8
2.4592 2.2063 4.1378 3.7776 3.2119 2.6481 2.0
1.2038 1.0247 0.7557 0.5420 0.3557 0.4102 0.2
0.0054
ol ****i-ir***irir**************'ﬁ***********iiii****
c * material specification cards *
c t********i**************j*i************i*****
€ e m < copper »>--
ml 29000 1.0
T memmmm e m—— e —— e < air »--
2 7014. 3.8810-5 8016. 1.0400-5
c ***i*ti**************************t**t*********
c * tally specification cards *
c ir******itx************************************
fe32 - gamma-ray spectrum surface ---—--+=-
fi2:p 2 3 4 5 & 7 8 9 10 11
12 13 14 15 16 17 18 1% 20
£532 -21
e32 1.0000-02 2.0000-02 3.0000-02 4.5000-02 6
8.0000-02 1.0000-01 1.5000-01 2.0000-01 3
4.0000-01 S5.0000-01 5.2000-01 6.0000-01 7
2.0000-01 9.0000-01 1.0000+00 1.1300+0C 1
1.3800+00 1.5000+00 1.7500+00 2.0000+00 2
2.5000+00 3.0000+00 3.5000+00 4.0000+00 4
5.0000+00 5.5000+00 6.0000+00 6.5000+00 7
7.5000+00 8.0000+00 5.CC000+00 1.0000+01 1
1.4000+01

fg32 5 m e £

C *******************X****i******************k**i’

od * oroblem cutoff cards *
************&*****tt*********w********it*******

c

phys:p 20 1 0

rhys:e 20 1 1 1 1 1 1 1 1
cut:p 0 ©.8%%-02 -0.5 ~0.25 0

nes 100000000

chme 10

C *****i*************i***i***************t****&ii
c * peripheral cards *
o *!rir*1\‘1\‘**********************i’**i***********i***
pramp 999595998 999292399 11

lost 10 10

print

c xxxx*x* hlank terminator *******

Fig. A4 Continued

1637

W
NN OO
o
=]

007
853
is81
481
306

L5609
L7954
L1193
.5872
.1075

Or WLl

.0000-02
.0000-01
.0000-01
.2500+00
.2500+00
.5000+00
.0000+C0
.2000+01



