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Foreword

In the present report is given the annual research activity of
Division of Reactor Engineering, Japan Atomic Energy Research Institute,
for the period of April 1980 - March 1981, The research activity of
the Division extends to a broad area of reactor engineering. The major
fields are thermal and fast reactor physics, fusion reactor physics,
shielding, reactor instrumentation and control, and numerical analysis.

The total number of people working in the Division at the end of
period was 89 in which regular members totalled to 73. Expenditures
during the period amounted to about 0.47 billion yen, without including
personnel expenses. In addition, a cosiderable amount of expenditures
was covered under research contracts with outside organizations, among
which Power Reactor and Fuel Development Corporation {PNC) offered the
largest contribution,

The research activities were conducted in 8 Laboratories and the
Committee on Reactor Physies. The Laboratoroes are

Reactor System Laboratory,

Fast Reactor Physics Laboratory,
Thermal Reactor Physics Laboratory,
Reactor Instrumentation Laboratory,
Reactor Control Laboratory,

Shielding Laboratory,

Fusion Reactor Physics Laboratory and
Reactor Physics Experiment Laboratory.

The major research and development projects related closely to
research programs in the Division are

(1) Development of very high temperature gas cooled reactor (VHTR)

for multi-purpose use,

(2) Engineering research of thermonuclear fusion reactor, and

(3) Development of liquid metal fast breeder reactor (LMFBR}.

As concerns research and development of VHTR, reactivity worths of
control rods and burnable poison rods were measured on SHE and the results
were analyzed with the LAMP code system based on the collision probability
method. Long-term real-time operation tests for high-temperature neutron
detectors have been continued in JRR-4 for more than 2 years to prove
the high performance at 600°C. In addition, an irradiation test in JMIR

has been carried out for a tungsten-rhenium thermocouple manufactured

Vil
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experimentally and a trial production has been repeated for a platinum-
molybdenum thermocouple to get the stable performance at around 1000°C.
Furthermore, a dynamics simulator has been developed by using a hydrid
computer to investigate the control characteristics of VHTR.

Concerning the fusion reactor physics, the construction of acceler-
ator system for Fusion Neutronics Source {FNS) has been completed for
getting a high intensity 14 MeV neutron source. In addition, a computer
code has been developed to deal with one-dimensional neutron transport
in the blanket,

As for the research and development of LMFBR, an analysis has been
proceeded for the fuel slumping experiment performed on FCA. Several
improvements were made on computer codes for neutronics calculations as
well as multigroup constant productions. Furthermore, integral experi-
ments have been carried out on FCA for the cross section evaluation of
actinides for burning them in fast reactors. In addition, a simulation
study has been conducted on the detection of sodium boiling.

As concerns researches other than those related closely to the
projects, a shielding computer code has been developed for dealing with
anisotropic transmission problems by using the direct-integration discrete
ordinates method. The development of a standard computer code system
SRAC has been proceeded for nuclear design calculations of thermal reac-
tors. In additibn, improvements have been made on semiconductor detectors
and developments have been achieved on passive-gamma-ray type non-destruc-
tive assay techniques for nuclear materials. Furthermore, investigations
have been proceeded on the reactor physics by the Committee on Reactor

Physics.,

Takumi ASAOKA, Acting Head

Division of Reactor Engineering

viil
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Nuclear Data and Group Constants

1.1 Benchmark Tests Using Group Constant Set JFS-3-J2
H. Takano

Benchmark calculations of critical experiments were performed to
test the JFS-3-J2 group constant setl) which was produced with the pro-
cessing‘codes PROF-GROUCH-GIIRZ) and TIMSwlB) from the JENDL-2 compila-
tion, Four large critical assemblies with clean core were studied in
detail using one- and two-dimensional diffusion and transport theories,
The four assembliés'were the ZPPR assembly 2 and the ZPR-6 assemblies 7
(REF), 7 (H240) and 6A, The assemblies 7PPR-2 and ZPR-6-7 (REF) are
similar in composition to a large LMFBR, and especially the ZPPR-2 has
two—core zones of a more realistic LMFBR height and .oxide blanket. The
7PR-6 assembly 7 (H240) has the high-240 plutonium zone at the center of
assembly 7 (REF) to asses the effect of fuel burnup on the integral para-
meters. The assemblies 6A and 7 (REF) were designed to be identical
each other as possible, the only significant difference being the fuel
isotope, 235U in the assembly 6A and plutonium in the assembly 7 (REF).

The integral quantities calculated in this study were keqff, central
reaction-rate ratios, central sample worth and 238U Doppler coefficient.
In these calculations, one- to two-dimensional, diffusion to transport
and homogeneous to heterogeneous correction factors were studied by using
some well-known calculational codes, EXPANDA-GS, SLAROM&), CITATION,
ANISN and TWOTRAN-II.

(1) Effective Multiplication Factors : Table 1.1.1

The effective multiplication factors calculated are underestimated
by ~0.9% for three assemblies ZPPR-2, 7PR-6-7 (REF) and ZPR-6-7 (H240)
with the plutonium fuel, though for ZPR-6-6A with the uranium fuel kg.¢¢
is about unit., In this table, the correction factors calculated by using
three different group cross section sets are compared, Though the dif-
ferences in the transport effects between the two different sets or one-
and two-dimensional models are very small, the heterogeneity effects ére
considerably different between the results calculated with JFS-3 and

ENDF/B-IV or B-III.

(2 238y Doppler Reactivity Coefficients : Table 1.1.2
The 238U Doppler coefficient calculated for ZPR-6-6A with the uranium

_1_._
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fuel understimates the experimental value by 18% while the calculational
result are in very good agreement with the experiments in the plutonium

fuel assemblies. The heterogeneity effects are 6 v 12%.

(3) Central Reaction Rate Ratios : Table 1.1.3
The calculated central reaction rate ratios, 2350f/2390f, 23SUC/2390f
and 2380f/2390f overestimate the experimental values by 2+ 11%Z. The un-
estimate for k,gf and the overestimate for the reaction rate ratios may
be attributed to the fact that the fission cross sections of 239y are
underestimated in the JF$-3-J2 set. The correction factors are very
2365, /2355; and 240gg/235

small, except for the heterogeneity effect for Of

in ZPPR-Z,

(4) Central Sample Worths : Table 1.1.4

The calculational and experimental results are normalized to the Pu
sample worth to avoid the scaling problem caused by the errors in the
kinematic parameters. The calculated sample worths of Na and C are
overestimated considerably in the plutonium fuel assemblies, and the 198

worths are underestimated inversily.

The present work was performed under the contracts hetween Power
Reactor and Nuclear Fuel Development Corporation and Japan Atomic Energy

Research Institute,

References

1) Takano H., et al.: to be published in JAERI-M report
2) Takano H., Kaneko K.: to be published in JAERI-M report
3} Takano H., et al,: "TIMS-1 : A Processing Code for Production of
Group Constants of Heavy Resonant Nuclei', JAERI-1267 (1980)
4) Nakagawa M., Tsuchihashi K.: "SLAROM : A code for Calculation of
. Heterogeneous Core in Fast Reactor", JAERI-M 5916 (1974) (in Japanese)
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Table 1.1.2 The C/E -values and correction factors for Doppler

s . . 238
reactivity coefficients of U

Assembly T(K) correction factor C/E - volue

70G 2-D Hetera

e 15 Tomo 1-D{ 70G } Corrected
ZPPR-2 300-500 1.04 0.79 .06 b.16 6.97
ZPR-&-7 300-500 1.02 1.02 1.06 0.89 0.96
{ Ref. )
ZPRab-7 300-50C 1.02 .01 1.07 0.87 0.94
( H240 )
ZPR-6-8A a00-514 1.03 i.03 1.12 0.70 0.82

Table 1.1.3 The C/E - values and correction factors for central

reaction r

ate ratios

Correction factor C/E-value Correction factor C/E-value
2-D  Hetero Tro. 2-D  Hetero Tro.
1D Home it 1-D  Cerrected -0 FHoma DIF. 1«0  Correcied
ZPPR-2 ZPR-6-7( Ref.)
2By, g 1000 1.000 0999 0.978 0.978 | Fo /1100 0.974 1.00| 1.09 1.06
By 235 0.999 1.064 0.99) 0.993 1.045 | ¢ /%5 | 1.006 1.009 1.00| 105 1.07
25 1) B¢ 0.999 1.088 0,990 1.049 1.126 | 235g% /%% | 0,999 1.008 1.00| 1.04 1.05
2385/ g 0.998 1.008 0.9%0| 1.11 1,097
g s 2 1,000 1.007 0.998] 0.971 0.974
2066 s 26 0.999 0.952 0.992| 1.087 1.026
ZPR-6-7 { H240 ) ZPR-6-6A
2385 s 1,00 0.974 1,00 | — — 285/ %54 |1.009 0.985 1.00 | 0.961 0.955
o s P 1,00 1.006 1.00 |10 1.1} e/ P Do 0.979 1.00 { 1.0 0.989
Bt oy 1.00 1.006 1,00 |[1.05 1.06
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1.2 The Effect of REMD-Correction on Integral Quantities
H. Takano

Assumption of "1/E - spectrum’ overestimates the elastic removal
cross sections. The overestimate brings an inaccuracy in the calculation
of neutron flux. TIn order to correct the overestimate, the method called
"REMO—correction”l) is used here, that is, the group cross sections are
weighted by the collision density spectrum calculated for the core com-
position in a typical fast reactor. The two sets of group constants are
generated by weighting two different spectra of "collision density" and
"1/E" using the basic nuclear data of the JENDL-2 compilation, and they
are called the CDS- and SDS-sets respectively. The effects of the REMO-
correction on integral quantities (effective multiplication factors,
central reaction rate ratios, céntral sample worths, Doppler reactivity
coefficients, sodium void reactivity coefficients and control rod reac-
tivity worth) are studied by performing the benchmark calculations for

. 2 .
the critical assemblies ) used often for cross section test.

Effective Multiplication Factors : Figure 1.2.1

The percent deviations of keff calculated with the CDS-set from
those calculated with the S5DS-set are shown in Figure 1.2.1, The devia-

tions are not more than 0.35 percent.

Central Reaction Rate Ratios

The difference between the results calculated with the two sets are

small and ~1%.

Central Sample Worth of 10p ;" Figure 1.2,2

The sample worth of 10p ig sensitive teo the variation of neutron
spectrum, because of a typical “% cross section'. The results calculated
with the CDS-set increase the tendency of underestimate for the SDS-

results, and also for the dependence of the C/E-values on the core volume,

Doppler Reactivity Coefficients : Table 1.2.1

The Doppler reacfivity coefficient is very sensitive to the neutron
spectrum at core. The neutron spectra calculated with the SD3-set are
softened, because of the overestimate for the elastic removal cross sec-
tions. Hence, the Doppler coefficients calculated with the CDS-set are

reduced by 8~ 14% than the SDS-results as shown in Table 1.2.1.
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Radial Reaction Rates : Figure 1,2.3

In the ZPPR assembly 2, the reaction rates were calculated by using
the two sets. The deviations of the SDS-results from the CDS-results
are shown in Fig. 1.2.3. The differences between the two results are

geen in the blanket and reflector regions.

Control Rod Reactivity Worth

The control rod worth was calculated with two-dimensional diffusion
theory for the NEACRP IMFBR model. The result calculated with the C3D-
set becomes larger than the SDS-result, though the difference between

the two results is 2%,

Sodium-Vold Reactivity

The difference between the sodium-void reactivities calculated with
the two sets was very small, because of cancellation for the reactivity

differences between Ak by Zi+j and I,.

As the result in the present study, the REMO-correction should be
considered in the calculations for Doppler reactivity, sample worth of
108 and reaction rates in the blanket, which are very sesitive to the

neutron flux shape in the low energy region below 1 KeV,

References

1) Huschke H.: KFK770 (1968)
2) Takano H., et al.: "JAERI Fast Reactor Group Constants Set, Version

II", JAERI-1255 (1978)
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Table 1.2.1 Doppler reactivity coefficients (C/E-values) calculated
with the CDS and SDS-sets using one-dimensional
diffusion code

'.Iempe.rature C/E—value
Assembly : (°K) SDS/CDS
SDS CDS
SEFOR™ 677 ~ 1365 1.05 0.97 1.08
FCA-V-1** 300~ 573 0.97 0.86 1.13
(1.06) (0.94)
300 ~ 823 0.99 0.87 1.14
\ . (1.06) (0.93)
300 ~ 1073 0.96 .| 0.85 1.13
(1.03) (0.91)
FCA-V-2%%* 300 ~ 1073 0.82 0.72 1.14
FCA-VI-1** 300~ 623 0.99 0.88 1.13
(1.03) (0.92)
300 ~ 823 0.95 0.84 1.13
(0.99) (0.87)
300 ~ 1073 ©0.97 0.86 1.13
(1.01) (0.89)
FCA-VI-2** 300~ 823 0.91 0.81 1.12
(0.96) | (0.86)
300 ~ 1073 0.90 0.81 1.11
(0.95) (0.86)
ZPR-3-47** 300~ 500 0.98 0.90 1.09
300 ~ 800 0.95 0.86 1.10
300 ~ 1100 0.94 0.86 1.09
ZPPR-2** 300 ~ 500 1.00 0.90 1.11
(normall) (1.11) (1.00)
300 ~ 800 0.97 0.87 1.11
(1.08) (0.97)
300 ~ 1100 0.95 0.85 1.12
(1.05) (0.94)
ZPPR-2** 300~ 500 0.84 0.76 1.11
(Na-voided) (0.94) (0.85)
300 ~ 800 0.81 0.73 1.11
(0.92) (0.82)
300 ~ 1100 0.79 0.71 1.11
' (0.89) (0.80)

* WYhole core Doppler experiment

** Small sample Doppler experiments for natural UO:

The results corrected by the heterogeneity effect taken from
Ref.(2) are presented in the parentheses.

_8_
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1.3 Doppler Effect of Structural Materials in Fast Reactors

H, Takano and H. Inoue*

Temperature dependence of capture Cross sections for the sturctural
materials is mainly due to p-~wave neutron resonances and seen in the
energy range from 1 to 300 keV, where lies the important range of neutron
spectrum in fast reactor. However, the temperature dependence of the
cross sections has not been considered in the group constants library
such as JFS—II(l) and/or JENDL-ZB(Z), that is, the cross sections at the
zero temperature (T = 0°K) are used in fast reactor calculations. Bench-
mark tests of the group constants libraries have been performed(l)’(z)
by using the cross sections of the structural materials for T = 0°K.

In the present study, the structural material Doppler effects for
the temperature rize from O to 300°K are calculated for 23 fast critical
assemblies. The correction factors for the kypg-values in the benchmark
calculations are evaluated from the calculated depler effects, In order
to test the temperature dependence of the capture cross sectioms, fur-
thermore, the sample Doppler experiments in FCA assemblies are analysed
by using the nuclear data of JENDL-2 and ENDF/B-IV, For this purpose,
the temperature dependent self-shielding factors of iron, chromium and
nickél are calculated with the assumption of collision density constant

by using the PROF GROUCH G—IIR/code(3). The group constants are produced

with the seventy group structure of JFS—BI(4), in which the energy range
below 10 MeV is divided with an equal lethargy width 0.25.

The benchmark calculations for the 23 fast critical assemblies used
in the benchmark tests of JFS—II(l) were performed with one-dimensional
diffusion theory by using the group constants library generated from the
JENDL-2 compilation. The calculated effective multiplication factors
(kegg) are shown in Table 1.3.1. The kygf-values are corrected by the
necessary factors such as heterogeneity and transport effects taken from
Ref.(5). Table 1.3.1 shows also the structural material Doppler effect
for the temperature rise from 0 to 300°K, The magnitude of the Doppler
effects varies depending on the assemblies, i.e,, the core size, compo-
sitions and neutron spectra. Especially, the effects become larger for

the assemblies with large core volume such as MZB, ZPPR-2, ZPR-6-7 and

* Japan Information Service Co. Ltd., Tokyo.
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7PR-6-6A in which the concentration of the structural materials is com-—
paratively high., The Doppler effects on k gy are more than 0.2% for
these assemblies, and the effects are comparable to the transport cor-
rection factors(s).
In order to test the temperature dependence of cross sections of

Fe, Cr and Ni in JENDL-2 and ENDF/B-IV, we performed the analyses of the
sample Doppler experiments. The calculated results are shown in Figs,
1.3.1~ 3 including the experimental results. As seen from these figures,
the resulté calculated with the nuclear data of JENDL-2 considerably
overestimate the Doppler coefficients in FCA-V-1 and 2, while they give
a good estimate for FCA-VI-1 and 2. On the other hand, the results of
ENDF/B-IV are in good agreement with the experimental values in FCA-V-1
and 2, while they underestimate for FCA-VI-1 and 2. Very large discrep-
ancies are seen between the results for JENDL-2 and ENDF/B-IV and espe-
cially for the Doppler coefficient of natural iron. The main cause for
these discrepancies can be considered as follows: The neutron spectra
in cores of small assemblies FCA-V-1 and 2 are hérder than those of
FCA-VI-1 and 2. As seen from Fig. 1.3.4, furthermore, the capture cross
sections for iron of JENDL-2 are larger than those of ENDF/B-IV in the
high energy range, and smaller in lower energy side, especially for
resonance cross section at 1,15 keV.

- From these results, we can remark that the cross sections of the
structural materials should be calculated by considering the Doppler

effect, especially when we consider the géal accuracies (10.32(7) for
kagy and 17(6)fb15%(7) for Doppler effect) required from LMFBR design

study, Hence, the temperature dependent self-shielding factors for the

structural materials were taken into account in the JFS—D[(A) group con-
stants library produced recently at JAERI:
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Table 1.3.1 Doppler effect of structural materials on effective
multiplicatien factor for temperature change from
0 to 300°K. The calculations were performed with
one-dimensional diffusion theory using the group
constant library generated from JENDL-2

Assembly Ratio® keff DOP?%ezk7i§ECt
T=0 °K T=300 °K
VERA-11A 1.1 0.99452 0.99445 0.01
ZEBRA-3 - 0.2 0.99989 0.99988 0.0
SNEAK-7A 1.1 1.00688 1.00654 0.03
ZPR-3-54 2.3 0.95886 0.95742 0.15
ZPR-3-53 2.3 0.99651 0.99562 | 0.09
SNEAK-7B 0.8 1.00448 1.00410 0.04
ZPR-3-50 1.1 1.00342 1.00270 0.07
ZPR-3-48 1.5 1.00534 1.00449 0.08
ZPR-3-49 1.5 1.01011 1.00946 0.06
ZPR-3-56B | 2.2 0.99174 0.98969 0.21
ZPR-6-7 2.5 0.99741 0.99506 0.24
ZPPR-2 2.5 1.00417 1.00213 0.20
" SEFOR 2.3 1.00180 0.99971 0.21
MZA 2.5 0.99930 0.99774 0.16
MZB(1) 2.5 0.99630 0.99400 0.23
FCA-6-2 2.2 0.99872 0.99756 0.12
FCA-5-2 2.3 0.99178 0.99125 0.05
VERA-1B 1.1 1.00162 1.00151 0.01
ZPR-3-6F 0.7 1.01384 1.01379 0.0
ZPR-3-12 0.4 1.00767 1.00759 0.01
ZPR-3~11 0.2 1.00401 1.00402 0.0
ZEBRA-2 0.3 0.99567 0.99559 0.0
ZPR-6-64 2.5 1.01120 1.00879 0.24

* Atomic number density ratio of structural (Fe+Cr+Ni)

to fuel (U+Pu) materials in the core region

—14 -
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1.4 Effective Multiplication Factors and Reaction Rates Calculated by
Use of Fission Spectra of 235U, 238y and 233pu

H. Takano and K. Kaneko*

The effects of the difference among the fission spectra of 235

X
239y and 238y on effective multiplication factor and radial reaction
rate are calculated by using a one-dimensional diffusion code with the

(D

group ceonstants library JFS-ID-B4 which was generated by the process-
ing codes PROF-GROUCH-G—HZR(Z) and TIMS—1(3) from ENDF/B-IV nuclear data.
In the calculations, an average fission spectrum for an energy group (g)

in the fuel region is defined by

3
5. Waxs
~ i=1l "17°1,8
Xg = > Wy = 2Ny °f,1,8 %g , (1)

3
1Ly i

where ¢g is the neutron spectrum at core center in the prototype fast
reactor mockup assembly MZB, the subscript i means the nuclide of 235y,
238 and 23%pu, and N; the atomic number density in the core region,

In the blanket region, only.238x is used as it is.

. The effective multiplication factors were calculated for the fifteen
benchmark critical assemblies with the Pu-fueled cores(4)’(5). The
results calculated are shown in Table 1.4.1. The effective multiplica-
tion factors calculated with 23%y become smaller by 1.09% for ZEBRA-3
with the high concentration of 238y and about 0,6% for MZB, ZPR-3-48 and
ZPR-6-7 assemblies, that is the use of 235y for the Pu-fueled cores
produces considerably less reactivities as compared with the results
calculated with 239x. In the other hand, the use of only one fission
spectrum of 239y produces larger effective multiplication factors than
those calculated with the average fission spectrum of Eq.(1l).

The difference between the results calculated with the spectra 235X
and 239x is about 0.5% in FCA-5-2 which contains both the fuels of 23%py
and 23°U. Using the neutron spectrum at the core center in FCA-5-2, the

average fission spéctrum of Eq.(l) was calculated. A middle value between

the results calculated with 233y and 239x is obtained by using the average

* Japan Information service Co. Ltd., Tokyo.
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fission spectrum,
In FCA-6-2 assembly, the inner core is Pu-fueled zone and the outer
caore is the driver zone with U-fuel. Hence, the average fission spectrum

239y for

method results in the use of the region dependent spectra, i.e.,
the inner core, 235x for the outer core and 238X for the blanket region.
The use of this region dependent fission spectra affects the effective
multiplication factors by about 0,4%.

Figure 1.4.1 shows the deviations of the reaction rates calculated
with 235x and 239x from those calculated with X in the FCA-5-2 assembly.
In the blanket region, the fission reactlon rates calculated with 239y
are larger by about 4% for 238y and about 2% for 235U than those calcu-
lated with ¥, while the differences between the results calculated with
235y and ¥ are very small.

Figure 1.4.2 shows the deviations of the reaction rates calculated
with 232y from those calculated with the region dependent fission spectra
in FCA-6-2 assembly. The radial fission reaction rates of 238y calculated
with 239y are overestimated by about 8% in the blanket region.

For the cores with the high concentration of 238y guch as ZEBRA-3,
with the mixed fuels of U and Pu such as FCA-5-2 and with the driver zome
such as FCA-6-2, the use of one fission spectrum, for example, only 239y,
provides noﬁ-negligible errors for the effective multiplication factors

and radial fission reaction rates of 238y,
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Table 1.4.1 Effect of different fission spectra on effecttve
239

multiplication factor (Keff) , AK= KEfIf(_ K‘zggi x) x 100
eff 77X
assembly | TortHe fo g (3 | (PR | AKE)
VERA-11A - 0.05 0.9852 -0.40 -0.13
ZPR~3-53 1.6 0.9837 -0.31 ~-0.07
ZPR-3-54 1.6 0.9401 -0.10 -0.01
FCA-5-2 2.3 0.9845 -0.48 -0.31
SNEAK-7A 3.0 0.9940 —0.59 -0.12
MZA 3.5 0.9864 -0.48 -0.08
ZPR-3-48 4.5 0.9922 ~-0.66 -0.12
ZPR-3-49 4.5 0.9947 -0.71 -0.13
ZPR-3-50 4.5 0.9864 ~-0.64 -0.11
ZPR-3-56B 4.6 0.9807 -0.44 -0.06
- MZB 5.8 0.9836 -0.56 -0.11
ZPR-6-7 6.5 0.9854 -0.59 -0.11
ZPPR-2 6.5 0.9918 -0.52 -0.08
FCA-6-2 6.5 0.9837 -0.53 -0.37
SNEAK-7B 7.0 0.9914 -0.84 -0.25
ZEBRA-3 8.6 0.9922 -1.09 -0.31
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2. Theoretical Methods and Code Development

2.1 Fuel Pin and Subassembly Heterogeneity Effect in Fast Power Reactor

M. Nakagawa and H. Inoue*

The heterogeneity effect of fuel pin and subassembly is estimated
for criticality factor, Doppler effect, sodium void reactivity and reac-
tion rate distributions in the proto-type fast reactor. The core of the
power reactor under study consists of the hexagonal subassemblies with
169 and 61 pins for the core and the radial blanket, respectively. The
unit subassembly and fuel pin are illustlated in Fig. 2.1.1., The analy-

)

sys has been performed basing on the JAERT Fast set VZl with the seventy
group structure. The cell calculations were performed by SLAROMZ) which
was modified fér the application to the concentric hexagonal cell and

the clustered pin rods with annular tubeB). The cell averaged effective
cross sections were collapsed into the twenty five groups by weighting
with neutron flux obtained in one dimensicnal diffusion calculations.
The critiéality factors have been calculated by the r-z diffusion calcu-
lations and the reactivities by the perturbation methed.

At the present work, the investigation is made by using several
geometrical and calculational models. In the cell calculations, it is
important how to determine the appropiate admixture cross section oy of
the fuel element since the heterogeneity significantly affects on the
resonance shielding effects.

The model description is given below.

1. Model 1 (homogeneous model)

The admixture cross section is defined by

m b o) n T
= N N .
J0 o Ot /
2. Model 2
The unit pin cell consists of the fuel, cladding, sodium and wrapper

tube which has a equivalent velume per a single pin. The ag value is

defined by

* Japan Information Service Co. Ltd., Tokyo.
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Ot Sp (l—C)a

N iN" vp 14+(a-1)C

where C is Dancoff factor for an infinite regular array of pin and given
by the modified Bell approximation, and a, Bell factor. In this model,
the contribution from the wrapper tube to the op value is taken into

account equally for all the fuel pin in the subassembly.

3. Model 3
The unit pin cell consists of the fuel, cladding and sodium regions.
The definition of-oy is the same as that the model 2, but the contribu—

tion from the wrapper tube is not taken into account.

4, Model 4
The unit pin cell is the same as the model 3, however, the contribu-

tion to gy from the wrapper tube is considered as follows,

% 1'101'[ - w oW
B N sp (1-Na X DR P

N ™ vp 1+(a-1)T N

]
’ ™y oytp
n%m ,sz

where T is Dancoff factor of the cluster geometry and Pgp the collision
probability from the layer 1 te k, ¥, V¥ the total cross section and
volume of the wrapper tube. The collision probability is calculated for
the concentric héxagonal geometry where each pin layer 1is represented

as one region. The final cell averaged cross sections are obtained
through the two steps of cell calculations. The first ome is the unit
pin cell calculations by using the gp values mentioned above, The second
one is the concentric hexagonal cell calculation by using the cross sec-
tions obtained in the first step.

The criticality factors and the heterogeneity effects are summarized
in Table 2.1.1. The comparison of the criticality factors for the model
4 and 1 indicates the positive heterogeneity effect, 2k = 0.488%. The
Doppler reactivities are compared in Tahle 2.1.2 for the temperature
change, 1340°K~+1740°K, The heterogeneity effect increases the negative
Doppler reactivity by seven percents. The comparison of the sodium void
reactivities is shown in Table 2.1.3 which indicates a decrement of the
positive effect by 26 percents. The heterogeneity effect on the radial
reaction rate distribution is about 2 3% for the capture of 238y, and

less than 1% in the core and 0~ 6% in the blanket for the fission of 233py,
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Table 2.1.1 Heterogeneity effect on criticality factor

Model k off Heterogeneity effect ak (% )

Model 1 ( Homo ) 1.03287

Model 2 1.03678 0.371
Model 3 1.04005 0.718
Model 4 1.03775 0.488
Table 2,1.2 Heterogeneity effect on Doppler reactivity
(x 10732 k/k")
Model & k/k' (1340°k- 1740°k ) Hetero / Homo
Model 1 ( Homo ) -1.69
Model! 2 -1.79 1.06
Model 3 -1.86 1.10
Mode!l 4 -1.81 1.07
Toble 2.1.3 Heterogeneity effect on Sodium void reactivity
(x 10734 k/k')
Model 4 k/k! Hetero,/ Homo
Modell { Homo ) 8.56
Model 2 6.81 0.796
Model3 5.78 0.675
Model 4 6.33 0.739
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2.2 Burn-up Calculations Applied to the NEACRP Fast Breeder Benchmark

for International Comparison
M. Nakagawa, H. Yoshida and F. Ohta*

An international comparison calculation of a large (1250 MWe) LMFER
benchmark model was proposed at the annual NEACRP meeting in 1975, Ten
countries participated in the comparison and sixteen solutions were con-
tributed, The specialist's meeting was held in 1978 at ANL to discuss
the results, and the final report on the solutlons and the discussions
published In ANL-80-78, NEACRP—L—2431). According to what was decided
at the 22nd NEACRP meeting in 1979, a proposal was made for burn-up cal-
culations applied to the identical LMFBR benchmark model. The aim of
such an exercise is to provide a comparison of the multigroup data used
by various laboratories for what concerns isotopes specifically iﬁvolved
in fuel burn-up problems; fission products (F.P.) and actinides. The
following core characteristic parameters are investigated by comparing

the end-of-cycle values to the fresh core ones:

Reactivity loss per cycle

The internal and external breeding gains,

Radial and axial fissicn rate distributions,

Pu balance for the inmer and outer cores and for the axial and
radial blanket, and

Sodium void effect corresponding to the inner core voiding

For the previous intercomparisomn, three solutions were contributed

from Japan. Three were calculated basing on the JENDL-IZ), the JAERI

Fast 2 dataB) and the JAERI Fast V2 set with 25 group structurea).
Since the present proposal aims to compare the nuclear data of F.P. and.
actinides, these data are insufficient for such a purpose. The present
calculations have been performed basing on the JENDL-2. The parameter
of the fresh core have been recalculated in order to enable direct com-
parisons with those of the end-of-cycle core.

The effective microscopic cross sections for fresh core elements

5)

have been obtained with use of the ESELEMS code in 25 groups by weight-

ing with a fundamental mode fine spectrum. Those of F.P. and actinides

* Jépan Informaticn Service Co. Ltd., Tokyo.
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have been generated by using the PROF-GROUCH G2 code6) by weighting with

the 1/F and fission spectrum. The burn up calculations have been per-

7)

formed in R-Z geometry by the diffusion theory code PHENIX and the

irradiated fuel composition have been obtained at the end-of-cycle of
the inner core zone 1 by using the zero dimensional burn up code FPGS—BS).

The calculational model is almostly identical to the previous com-
parison, but the core and the blanket regions are divided into six inner
zones, four outer core zones, four radial blanket zons and ten axial
blanket zones. The calculational methods are also identical to those
used for the fresh core,

In the following, we show the parts of the solution. Table 2.2.1
compares the core parameters between the fresh-core and the end-of-cycle
core, 1In the previous calculations, the JENDL-1 gave 1.0066 of Koff and
0.0220 Ak/k for the inner core scdium void reactivity. Table 2.2.2 shows
the reactivity loss due to the one cycle burn up (The cycle length 360
full equivalent power days with a constant level of 3000 MWtk.). Table
2.2.3 shows the Pu balance for the inner core and the axial blanket.

The final results of all countries will be complied and published by

Hammer (France) in near future.
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Tabie 2.2.1 Comparison of core parameters befween fresh core

and end—of-cycle core

Parcmeter Fresh core End-of-cycle core
Koff T.0071 0.9923
Total B.R. 1.3605 1.319]
Total B.G. 0.3384 0.3216
I/C sodium void reactivity] 0.02710 0.03254
Central recction rate
Be /4% 0.1419 0.1612
28 s 49, 0.0238 0,0240
WAL 0.3228 0.3172
Takie 2.2.2 Reactivity loss per cycle *
ak
Global reactivity loss -0.0i147
Reactivity gain due to Pu build up
in blanket 0.0056
Recctivity loss due to F.P. build=-up | -0.0187
i}ecchvnfy loss due to core heavy -0.0007
isotope burn-up
P
It is assemed that all 23‘?Np decays to 239PU.
Table 2.2.3 Pu balance for inner core and axial blanket

{ wnit : 10 24 afom/cm3 }

Inner core Axial blanket
N {Fresh )| N {End) N { Fresh )| N (End)
238p, 0.0 3.811 -9 0.0 3.033 -10
239 0.0 1.915 -6 0.0 6.623 -7
239p, 7.704 -4* 8.08! -4 0.0 9.591 -5
240p,, 2.208 -4 2.530 -4 0.0 1.938 - 6
241, 1.165-4 8.809 -5 0.0 2.860 - 8
242, 2.79 -5 3.240 -5 0.0 2.461 -10

* Read as 7.704 x 1074
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2.3 Development of Interface Program JOINT for Fast Reactor Neutronics
Calculation Code System

M. Nakagawa and J. Abe*

In the course of analysis cf neutronics parameters in fast reactors
or fast critical assemblies, we rust use many codes handling various
type of data, Since the data formats of inmput and output are usually
not unified, we must convert them many times. Such works are laborious
and cause many troubles and errors for users. It is very effective to
unify the data format and to reduce the data handling of users In the
course of analysis. We are developing a code system for fast reactor
analysis since 1979. We intended at first to unify the format of cross
sections and to develop the interface program which links many codes.,

This code system consists of the following codes at present stage.

1. Ceneraticn code of multi-group data library
PROF-GROUCH-G2, TIMS1, JFSMAKE, PRESM, PRETIM

2. Lattice cell calculation codes (These produce geometry-, composition-
and temperature- dependent effective cross sections.)
SLAROM, ESELEMS, TIMS-2

3. Diffusion theory codes
EXPANDA-G (1D), CITATION-FBR (2, 3D)

4, Transport theory codes
ANTSN-JR, TWOTRAN2, MORSE

5. Perturbation codes
CIPER, PERKEY, SNPERT

6. Burn-up code
PHENIX (2D)

7. Interface and utility codes

JOINT, PDS utility, plotter utility codes

In the ccde system, cross sections, fission spectrum and buckling
produced are saved in the PDS file (partitioned data set £ile) with the
unified format together with the identification data. The data set of
macroscopic cross sections consist of the following quantities: 14, VIf,

Davs Dus Dty Zeps Zis Ef, Zgy Lggeis Zsg, g {elastic scattering matrix

* Japan Information Service GCo. Ltd. (Tckyo)
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of Py component) and that of microscopic cross sections have g,, Vvog,
Orps Ofs Ogs Tins On,2n,7» ODs Tggris Tsp,gsd for each energy group.
The undefined data are set to be 0. The interface program JOINT reads
cross sections from the PDS file and convert format to prepare the input
file of the neutronics calculation codes. The input data file for these
code are also prepared by the JOINT code, The flow of data and the
interrelations of the codes are shown in Fig, 2.3.1 The utility programs
have been developed to write, read, dump and delete the data in the PDS
file. The JOINT code is designed to be able to extent the function by
adding new subroutines when new codes are introduced into the system.
In essential, this code does not perform algebraic computations, sc the
CPU time is very short,

The present work was performed under the contracts between Power

Reactor and Nuclear Fuel Development Corporation and Japan Atomic Energy

Research Institute,
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2.4 SRAC : A Standard Computer Code System for Lattice Cell and Core
Calculations on Reactor Design and Analysis (II); Benchmark Test

K. Tsuchihashi, F. Akino, H. Nagaoka*, K. Horikami, H. Takano and

Y. Ishiguro

The SRAC system was completed excepting the part of fuel depletion
calculation in fiscal vear 1980, A series of Benchmark Tests had been
done for the Kgoff values of the various types of thermal reactor critical
assemblies. The assemblies adopted for these Benchmark Test are summalized
in Table 2.4.1. Here, the Benchmark problem for fast reactor was settled
to assess to accuracy of the library adopted in the fast energy region.

For thermal reactor problems, the effective macroscopic cross sec-
tions in the resonance energy region were calculated by using both the
IRA method and the ultrafine group code PEACO to check the applicability
of the former simple and time saving method. In the thermal energy
region, the cell calculations were made with the collision probability
method, and the effective cross sections were calculated by a cell-
homogenization procedure without collapsing the User Lib. energy group
The resulting macroscopic section sections were ccllapsed into few groups
constants by using the 1-d. diffusion code TUD to take account of their
spaée dependence, The overall K, ff calculations were carried out through
the diffusion code path with the 2~ or 3-d. option depending on the
geometry under study.

The results obtained are shown in Tables 2.4,2~2.4.7, 1t will be
seen that the Kgff values obtained from the SRAC system are generally in
an excellent agreement with experimental results. The values for the
fast-reactor Benchmark problems are however fairly underestimated. This
underestimate can be attributed to the well-known fact that a group
constant set based on the ENDF/B-4 nuclear data file gives lower Kgff
value,

A detailed description of these rescriptions, together with the

additional calculated results, will be published in near future.

* Division of JMTR, Oaral Research Establishment.
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Table 2.4.2 Calculated KeFF values for TCA
Core pattern Critical water K *
( VHzo/VU) level { e¢m ) eff
20 73.49 0.9960
(20 x 20 )
(1.50) (0.9926)**
24 53.12 0.9976
(22x22)
(1.50) ( 0.9915)
28 43,89 0.9985
(24 x 24)
(1.50) {0.9883)
1 131.%4 0.9975
(12x29)
(1.83)
Y 69.01 0.9998
(14 x 27 )
(1.83)
15 75.32 0.9983
(18 x18)
(1.83)
20 51.65 0.9992
(20 x 20)
(1.83)
5 20.75 1.0044
(15 x15)
(3.00)
18 41.54 1.0078
(19%x19)
(3.00)

* ) The exposed part of fuel pin above the water level was corrected by o simple

model based on the diffusion calculation.

** } The parentheses show the uncorrected value,
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Table 2.4.4 Calculated Kqrf values for DCA Initial Core

Conditions K ¢r D Kaff(
SRAC Standard¥ 1.0007 _—
7Y by summation 1.0008 0.01
S tr by consis‘gent transport correction 0.9997 -0.10
D by Isotropic Behrens Benoist 0.9896 -1.11
Resonance Integral by L.R. A 1. 0020 0.13
Rescnance Integral by Table-Look-Up 0. 9980 -0.27
LAMP-A (Ref. 8) 1.0113 1. 04

%) . Standard Specifications
Lattice Pitch
Critical Radius
Critical Height
Theoretical Critical Height
Core Radius
Gty Py Harmonic Average
T tr by B1 Apploximation

D by 1/ (3%,)

22.5
139.2
96.2
105.0

150. 0

cm square

cm (heavy water)

cm
cm (Bg’
cm

= ., 000895 ¢m~2)
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Table 2.4.5 Calculated effective multiplication factor K ¢ for SHE

Core configuration C/235U _ core radius (cm ) | caleulated values of K
SHE-5 5483 35.10 1.0015
SHE-4é . 4395 ' 33.17 1,0050
SHE-7 3359 31.04 1.0071
SHE-8 2316 28.71 1.0075
SHE-12 6785 37.28 1.0140 ( 1.0053 )*
SHE-13 15724 55.76 ' 1.0184 ( 1.0097 )*
SHE-14 7158 39.54 1.0127 (11,0040 )*

*)  Corrected values for neutron streaming and end cop effect.



Table 2.4.6-1

JAERT-M 6672

Comparison of SRAC-CELL ke with ANL results (T=300°K)

Enrichment
Burnup

(%) 93% 20%
ANL JAER# ANL JAERI*
| 0 1.73698 | 1.7451 | 1.65475 | 1.6473
| 5 1.63697 | "1.6531 | 1.56410 | 1.5725
10 1.61653 | 1.6415 | 1.54447 | 1.5621
25 1,54853 | 1.6009 | 1.47972 | 1.5255
30 1.52227 | 1.5846 | 1.45544 1.5109
45 1.42692 | 1.5217 | 1.37191 | 1.4574
50 1.38761 1.5024 | 1.33935 | 1.4362

%) The lumped fission products were not included.

Table 2.4.6-2

Control rod worths

Control Rods Control Rods
Core Fuel | Control Rodl Withdrawn Fully Inserted AL,
Ag/In/Cd 0.9360(0. 8787) 10.83(17.03)
HEU | BOL | B4C 1.0496 {1.0333)%{0.9582(0. 8438) 8. 70(21. 74)
Ag/in/Cd 1.0727(1.0337) 9.51(12.97)
HEU | Fresh| B4C 1.1855 (1.1937) |1.0825(0.9924) 8.68(17.00}
Ag/In/Cd 0.9410(0. 8915) 9.55(14.47)
HEU | BOL | B4C 1.0403 {1.02353)!0.9502(0. 8575) 8.67(18.91)
Ag/In/Cd 1.0557(1. 0305) 8.44(11.53)
HEU | Freshj B4C 1.1531 (1.1695) |1.0568(0.9911) 8.35(15.39)

%) The parentheses show ANL results.
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Tapble 2.4.7 Calculated Kofe values for Benchmark test problems

of fast reactors

JFS data |JENDL-IB ENDF/B-4 data
No. | Assembly | Fuel

EXPANDA code for fast reactor(Ref.9) SRAC
I |[VERA-11A | Py | 0.99240 0. 99236 0.9855 0. 9861
2 |VERA-1B | U 1,00360 0. 99537 0.9954 0. 9953
3 |ZPR-3-6F | U 1.01660 1. 01225 1. 0095 1. 0095
4 |ZEBRA-3 éU 0. 99797 0. 99825 0. 9917 0. 9850
5 |zPR-3-12 U 1.00697 1.00114 0. 9987 0. 9985
6 |SNEAK-7A | Py | 1.00508 1. 00135 0.9915 0. 9892
7 17ZPR-3-11 U 1. 00800 | 1.00211 1. 0050 1.0041
8 |ZPR-3-54 iPU 0. 95435 ; 0. 95443 0.9338 0. 9347
9 |ZPR-3-53 Py 0. 99650 o 99116 0.9777 0. 9747
10 ISNEAK-7B | Py 1.00436 0. 99852 0.9896 0. 9842
i1 |ZPR-3-50 Py | 0.99848 0. 99709 0.9817 0. 9747
12 \zPR-3-48 | Py 1.00306  1.00049 0. 9891 0. 9852
13 ZEBRA-2 U 0. 98523 0.98314 0. 9781 0. 9751
14 |ZPR-3-49 [Py 1.00416 | 1. 00546 0.9924 0.9882
15 [zPR-3-56B Py | 0.99668 | 0.98885 0. 9775 0.9750
16 | ZPR-6-7 Py 1.00332 0. 99368 0. 9816 0. 9736
17 |ZPR-6-6A | U 1.00191 | 0. 99884 0.9895 0. 9857
18 | ZPPR-2 Py 1.00874 1. 00037 0. 9887 0. 9789
19 \Mza P 1.00119 0. 99446 0.9842 0. 9904
20 |mMzB P 1.00129 0.99114 0. 9809 0. 9784
21 |Fca-v-2 | Py 00910 1. 00567 0.9787 0. 9797
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2.5 A Fortran Program CLUPH of Collision Probabilities for Hexagonal
Lattice and Its Application to VHIR

K. Tsuchihashi and Y. Gotoh

The design study of the multi-purpose very high temperature gas
cooled reactor has been advanced in JAERL. In the course of the study
it has been realized that the severe accuracy is required in the predic-
tion of the reactivity worth of the control rods in the safety aspect
and also of reactivity worth of the burnable poison rods in the fuel
management aspect,

To solve the cbscurity arising from asymmetric insertion of the
control rods or the burnable poison rods into the graphite block (Fig.
2.5.1), a geometric sub-program CLUPH is developed and added to the
program set LAMP—B(l) to complete the cell calculation by the collision
probability method. _

CLUPH(Z) has the fellowing function to analyze the fuel and control
rod block. Each rod may have the different diameter and composition,

The moderator region can be divided into the sectors by the lines radiated
from the center of the cell, The hexagonal block can be treated exactly.
Tn addition to the reflective condition on the boundary of cell, the
periodic and the rotational arrays of hexagonal blocks can be considered,
The block which is surrounded by the fuel and graphite blocks, can be
analyzed,

The program developed is applied to the analysis of Mk-III core of
VHTR. The difference are estimated between the hexagonal and the cylin-
drical cell analysis of fuel block, The average cross section of control
rod block are derived from the calculation of the.super cell shown in

Fig. 2.5.2.

References

1) Tsuchihashi K.: '"LAMP-B; A Fortran Program Set for the Lattice Cell
Analysis by Collision Probability Method", JAERT 1259 (1979).

2) Tsuchihashi X, and GCotoh Y.: '"CLUPH; A Fortran Program of Collision
Probabilities for Hexagonal Lattice and its Application to VHTR."

JAERT-M 9301 (1981).
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2.6 A Code Development for Calculation of Double Differential Cross
Section

Y. Ishiguro

A revised version of SUPERTOG code, PROF-GROUCH-GII, has been
modified to generate a group constants library of the neutron production
double differential cross section o(up; E'»E), where ug is the neutron
scattering angle in the laboratory system. This library aims to be used
in a neutronics code for shielding and/or fusion reactor blanket physis
problems. By the use of the library, the neutron slowing down source in

a neutron transport code can be directly calculated by the relation

v = u' + Y(1=p?) (1-u'9) cos (¢-¢") ,

where the gy - values can be tabulated for the discrete values of u, u'
and ($-4'). The library can be also applicable to a transport code based
on the li-methodl).

This modified code can treat a nuclear data file in the ENDF/B
Formatz). For the present, the exact treatment for angular-energy cor-
relation is avaiable only for elastic scattering and discrete (n, n')y
reaction, but the neutrons produced by the other reactions are assumed
to be isotropically distributed in the laboratory system. The other
approximations assumed to reduce the core and/or disk memories are as

follows:

a) The ratic Ryy = my<oyx>g/<0Opr>g is let be zero when Rygse, where my is
the neutron multiplicity, <oy>g and <opy>p is, respectively, the
group cross section for the reaction x and for the total neutron
production.

b) The group cross section, <ojip j%g, is set to zero for the energy group
where the threshold energy, Etp = Qi4/(A+l), exists.

¢) The maximum number of energy groups is restricted to be 100.
The expressions used in the present code are as follows:

mx<dx>g

<O'pr>g = }Z{ mx<ox>g, Rxg = <Opr>g

o{Hok; Eg‘+Eg) = <OprZg

Wea
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= <Oprg T(Moks Eg‘+Eg)

Ex(Egr,He (g'-g)) Mok
m (1-vy) Bxg' Eg!

if uo(g',8) Edugy,

It

Iy Cugks Eg"*Eg)

0 otherwise

Qx
Bxg‘ = l - _E-_!
g
1 <0x (Eg|+Eg)>
I, (Moks Eg'+E ) = o org

References

1) Takahashi A. and Dusch D.: KFK 2832/1 (1979).
2) Data Formats and Procedures for the ENDF Neutron Cross Section Library

ed. by Drake M.K., BNL 50274 (T-601) ENDF 102 Vol.1l
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2.7 A Program Package for the Solution of Linear, Integer, Quadratic
and Nonlinear Programing Problems

K. Horikami, T. Fujimura and Y. Nakahara

In many fields, it is often faced that one wishes to maximize or
minimize some function in order to optimize complex arrangement of equip-
ments, operations, Or Processes.

For the solution of several kinds of mathematical programing problems
twentyfour computer programs have been prepared and these programs are
at present on FACOM M20C computer as a member of JSSL {JAERI Scientific
Subroutine Library). A set of auxiliary programs has also equipped to
facilitate the use of this program pabkage, with the main stress on the
reduction of users' effort for the preparation of their main program.

For Linear programing problems, five programs havé been made, one
of which is specially designed to solve large scale provlems by using
decomposition algorithm, Two programs for quadratic programing problems,
one for integer programing problems, twelve for nenlinear programing
problems without constraint and four programs for nonlinear programing
problems with constraints have been created. The formulation together
with associated constraint type, the explanation on the calculational
procedure, the meaning of the arguments in the calling sequence cof each
program and the instructions about input data requirements of each
auxiliary program have been given in the referencesl)’z)’B).

In the following, all programs with brief comment on the method are
listed, The programs in the parenthesis show the auxiliary programs

concerned.

Programs for linear programing problems

SIMPLX (SIMPLM) : simplex methed

DUSEX (DUSEXM) : dual simplex method
RESEX (RESEXM) : revised simplex method
DUOPLX (DUOPLM) : duoplex method

DEPRI (DEPRIM) : decomposition principle

Programs for quadratic programing problems

BEALE (BEALEM) : Beale's algorithm
WOLFE (WOLFEM) : Wolfe's algorithm
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Program for Integer programing problems

GOMORY (GOMORM) : Gomory's algorithm

Programs for nonlinear programing problems without constraint

ALCODR (ALCODM) : direct search method by Powell

ALPS (ALPSM) : direct search method by Hooke and Jeeves

ALSTM (ALSIMM) : direct search method by Nelder and Mead

DSC (DSCM) : direct search method by Davies, Swann and Compey
ROTAX (ROTAXM) : direct search method by Rosenbrock

ALPART (ALPARM) : pararell trangent method

BROYDN (BROYDNM) : variable metric method by Broyden

CGD (CGDM) :' conjugate gradient method by Flecher and Reeves
FPD (FPDM) : variable metric method by Davidon, Fletcher and Powell
PRINEW (PRJINEM) : projected Newton method

MINIM (MINIMM) : Neuton method mixed with steep descent method
NEWION (NEWTOM) : Newton methed

Programs for nonlinear programing problems with constraints

COMPLX (COMPLM) : random method by Box

CORASE (CORASM) : random methed by Price

FLXPLX (FLXPLM) : flexible telerance method

KEELE (KEELEM) : Murtagh and Sargent method
References

1) Horikami K., Fujimura T. and Nakahara Y.: "A Program Package for
Solving Linear Optimization Problems: User's Manual', JAERI-M 90438
(1980).

?) Horikami K., et al.: "A Program Package for Solving Nonlinear Opti-'
mization Problems: User's Manual', JAERI-M 9154 (1980).
3) Fujimura T., Horikami K. and Nakahara Y.: "DEPRI, DEPRIM: FPrograms

for Solving Large Linear Optimization Problems by Decomposition

Principle", JAERI-M 9315 (1981).
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2.8 Development of a Double Finite Element Method Program for Solving
Three-Dimensional Multi-Group Neutron Transport Equation

Y. Nakahara, T. Fujimura and M. Matsumura*

Following the successes in structural analysis, the finite element
method (FEM) has been recently applied to radiation transport problems.
But 4in the three-dimensional multi-group neutron transport problem, com—
puter codes based on the Monte Carlo and S, methods have been mainly used
as yet., The Monte Carlec computation is expensive and it does not give
the deterministic sclutions. The diamond difference S, method lacks in
the geometric flexibility and has inherent difficulty in giving a reason-
able angular distribution due to the ray effects.

With the intention of overcoming these difficulties, we have been
developing a double FEM.code, in which the space and angle finite eléments
are applied. At first, we tried to use the Vlasimirov-Ritz-Galerkin
method in formulating the solution algorithm, but the methed was found
later not to be appropriate to the anisotropic scattering problem. Now
the simple Galerkin method is employed in out algorithm, main features

of which are as follows:

(1) The whele, a quarter or a cne-eighth of multilateral prism—shaped
(parallel with z-axls) reactor system is consideredl).

(2) The boundary conditions are assumed to be vacuum or reflective.

(3) The system is divided into a number of (x, y) planar layers.

(4) FEach layer is divided into a number of prism or box-shaped elements,

(5) Six directions that are perpendicular each other are defined in the
angular domain.

(6) Angular flux of each group is approximated by the bilinear function
of the space and angle basesz).

(7) Order of anisotropy of scattering cross sections are assumed at most
P3. Thus, the scattering source can be anisctropic.

(8) The system equation is obtained by adopting Galerkin procedure for
the residual.

(9) The equation is solved by applying point SOR successively to (x, v)

planes. In the inner iterations, coarse mesh rebalance technique is

* 1.8.L, Co. Ltd., Tokyo
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used and the cuter iterations are accelerated by source extrapolation,

These algorithms have been incorporated in a new computer code

FEMTRAN-3D and the test calculations for model problems are in progress.

References

1) Ise T., Yamazaki T, and Nakahara Y.: "FEM-BABEL A Computer Program
for Solving Three-Dimensional Neutron Duffusion Equation by the
Finite Element Methed", JAERI 1256 (1978).

2) Kaper H.G., Leaf G.K. AND Lindeman A.J.: "Applications of Finite
Element Methods in Reactor Mathematics., Numerical Solution of the

Neutron Transport Equation", ANL-8126 (1974).
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2.9 ACCEL : A Computer Code System for Analyzing Nuclear Characteris-
tics of Proton Accelerator Target/Blanket Assembly

Y. Nakahara, T. Tsutsui and Y. Taji

A Computer code system ACCEL has been prepared for analyzing nuclear
characteristics of target/blanket assemblies of a proton accelerator.
ACCEL is used to perform feasibility studies of accelerator breeding and
transmutation concepts. Interrelations of computer codes and flow of
calculations are shown in Fig. 2.9.1, The design concept of the code
system is based on the BNL code systeml) prepared for the analysis of
Light Water Reactor Fuel Enricher/Regeneratorz).

Main outputs from ACCEL are the followings:

(a) neutron vield, neutron flux distribution and spectrum,

(b) distributions of primary and secondary protons, spectrum of secondary
protons,

(c) mass and charge distributions of spallation and fission preducts,

(d) reaction rates distributions, etc.

The first stage of nuclear reactions (cascade, evaporation and
fission) and nucleon transport processes, initiated by incident protons
from a linear accelerator, is simulated by the Monte Carlo code NMTC/
JAERI3), which is a new version of NMTCA) modified at JAERT to include
the high energy fission in competition with the evaporation. The outline
of our fission model and the scheme of how to perform the Monte Carlo
simulation of the fission process is described in Section 2.10 of this
report,

The cascade cut-off energies for neutrons and protons are taken to
he 15 MeV., The neutron cross sections used in the neutron transport
calculations in the energy range below 15 MeV are based on the ENDF/B-4
nuclear data file. The fine energy group cross sections with the GAM-TI
100 group structure are obtained for each nuclide by processing the

ENDF/B-4 data with SUPERTOG—JRSB). The 100 group cross section set with

5)

up to the P3 component are combined by TAPEMAKER into a single file,

TOTAL COUPLE and GROUP INDEPENDENTS) are used to convert the format to

that of one dimensional neutron transport S, code ANISN6). The 100 group
data are collapsed to the 10 group data with ANISN for use as input data

to the two dimensional neutron transport S, code TWOTRAN—II7).
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A collision event file prepared during a NMIC/JAERI calculation is
analyzed with the HIST3D/A and HISTSD/BS)
distribution files to be used as inputs to ANISN and TWOTRAN-II, respec-—

codes to make neutron source

tively.

The final neutron transport calculations in the energy range below
15 MeV are performed with TWOTRAN-II. The total neutron yield in the
whole energy range (1000~ 0 MeV) is obtained from the results of MNTC/
JAERI and TWOTRAN-IT calculations.

Mass and charge distributions of spallation and high energy fission
products are obtained by analyzing a reaction event file prepared during
the NMTC/JAERI calculation with use of NMTAQ).

Acknowledgements are much due te Dr. H., Takahashi (BNL) for his

aides to the present work.
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 Fig.2.9.1 Flow of neutronics calculations

The base of NMTC / JAERI is the NMTC version
revisecj at LASL and BNL.
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2.10 Computational Studies of High Energy Spallation and Fission

Reactions
Y. Nakahara and T. Tsutsui

In the feasibility studies of accelerator driven nuclear fuel breed-
ers and the designs of intense spallation neutron sources, the first
stage of nuclear reactions and nucleon transport processes has been sim-

D and HETCZ). It was reperted,

ulated by the Monte Carlc codes NMTC
however, that these codes underestimate the average number of neutrons
produced in a target/blanket system per incident proton by several tens

3),4)

% in comparison with experiments In this regard, the importance

to include the fission reactions was pointed out by several persons.

5)

Atchison and Takahashi6) tried to improve HETC and NMTC to include the

fission process,. respectively., It also has been included in the calcula-
tions by Barashenkow et al7).

Our method to treat the fission process is close to the Atchison's,
but more consistent with the Cameron's mass formula used in NMIC, into
which out scheme has been incorporated, The computational flow in our
NMIC/JAERT is illustrated in Fig. 2.10.1. The possibility of fission is
considered only for nuclides with 7z2/A > 29 and nuclear excitation energy
> 6 ﬁeV, where 7 and A are the charge and mass number, respectively.

The fission occurs in competition with the evaporation after the high
energy nucleon cascade through a nucleus. At the fission the nucleus
splits into two fragments, from which particles would or would not evap-
orate further. The fission probability has been calculated by the use
of the statistical thecry of fission.

The most difficult problem is how to select masses of fission frag-
ments. For actinides it is well known that when the excitation enefgy
of the fissioning neuleus is high, the fission is symmetric, but changes
gradually to asymmetric as the excitation energy decreases. To simulate
this situation, a normal and folded normal distributions are employed
selectively depending on the excitation energy.

Charges of fission fragments have been sampled from the normal dis-
tribution with the Pik-Pichak and Strutinskii's expressions for the most
probable charge and the fluctuation.

In Table 2.10.1 compafisons are made between our calculations and

. . 8 . ,
Vasil'kov et al.'s experiments ) on a natural uranium target of relatively
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great bulk, About 36% increase is seen in the value of N obtained by
NMTG/JAERI in comparison with those by NMIC in the case of E, = 660 MeV,
A good agreement in seen between computed and measured values of Np for
By = 660 Mev ).

In Figs. 2.10.2 and 2.10.3 are shown the mass distributions of
spallation and spallation-fission products in an effectively infinite
target of a molten salt LiF-UFy. The characteristic features of spalla-
tion and fission reactions are clearly seen in these figures, In this
case the value of N increases by 18% from 28.1i 2.8 to 33.2+2,6 due to
the high energy fission,

Valuable discussions with Dr. H. Takahashi (BNL) and Prof. K. Tsukaka

(Nihon Univ.) are greatly acknowledged.
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Table 2.10.1 Analysis of number of neutrons captured

by 238U per primary proton

Target Ep N N Exper. Ne

i+
=

(a) 31.1 3.5 44.9 = 5,
660 MeV 46.
() 22.9 % 2.1 33.1

14+
I+
w
(]
1+
il

Nat. U
(a) 11.81 % 3.44 15.96 + 4.65

400 MeV 22.1
(b)Y 9.95 % 0.60 13.44 % 0.81

I+

2.4

1+
+

E. = energy of proton beam,

N = average number of meutrons per one primary proton,
produced by reactions in the nucleon energy range above

15 MeV.
(a) cascade-evaporation-fission (NMTC/JAERI),

(b) cascade-evaporationa) (NMTC),

Ne = number of neutrons captured by 238y per one primary
proton (NMTC + TWOTRAN-IT results},

Exper. Np = experimental Ng due to Vasil'kov et al.

High energy intronuclear cascade

rnuclide Jznucieon

Residucl nuclide at Prompt emission
the excited state |of partictes

)

No ZZ/A?.ZS‘ Yes Interpucieur
cascode

No J?

Fragment 1} |Frogment 2

L L

nuclide

F

No Yes

nucteon

Residual
nuclide

Delayed emission of partictes

¢

Fig.2.10.1 Computational scheme of the competition of evaporation ond

fission processes
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2.11 Neutronics Analyses of Accelerator Molten Salt Target/Blanket
Assembly

¥. Nakahara and T. Tsutsui

The knowledge about the neutronic characteristics of Pb, U, Th and
other heavy metals as the targets of proton accelerators has been accu-—
mulated owing to the enduring research efforts at several Laboratories.
But little has been, known about the neutronic characteristics of molten
salt targets. We find only the unfavourable description that the cal-
culated productidn of 233U for the molten salt target/blanket concept is
relatively lowl). To reexamine this statement and to get more definite
view of target/blanket concepts, calculations have been performed about
the molten salt target/blanket assemblies by the use of a computer code
system ACCEL, the description of which is given in Section 2.9 in this
report,

A computational model of the melten salt target/blanket assembly is
an effectively almost infinite homogeneous cylinder with the diameter
and the depth of 6 m each. The defocussed proton beam of 1 GeV enters
the assembly from the top, where the beam radius is assumed to be 0,75
mz)t

The spatial distributions in the beam directicn of primary and total
protons are shown in Fig. 2.11.1 for the case of 7Lif—UF4. From the
figure the mean free path of the primary proton is estimated to be 39 cm.
Tn the figure also are shown the distributions of total neutrons in the
energy range above the cascade cut-off (15 MeV). It is seen that the
maximum of the neutron distribution appears at 60 cm from the surface of
salt. Some irregularities seen in the figure are probably due to the

insufficient number of samplings in the Monte Carlo calculations.

The group flux spectrum defined as

bg = IAEg¢dE

for the neutrons in the energy range below 15 MeV is shown in Fig. 2.11.2
for a region in ‘Lif-BeF,-UF,, where spatial neutron distribution is
maximum.

Some computational results of the neutron yield (the average number

of neutrons produced per cne incident proton) are summarized in Table
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2.11.1, blank spaces in which mean that our calculations have not been
done. Little difference is seen between the neutron yields from the
cascade-evaporation processes in 7LiF-Tth {Case c) and 7LiF—UF4 {Case
e), TFrom the example for 7LiF—UFL} it is seen that the inclusion of high
energy fissicn makes a gain of 18% in the neutron yield. Comparison of
Cases b and d gives an estimate of the effects of the low energy fissicn.
The increase in the neutron yield due to fissions of Th in the energy
range below 15 MeV is conly 3%, while for U it is 23%.

It should be noticed that the contribution of the Be (n, 2n) reac-
tion 1s not taken into consideration correctly. The values of the neu-
tron yield for the salts including Be can be expected to get a gain
further, if the Be (n, 2n) contribution is estimated properly.

The effect of 2337 enrichment on the neutron yield was estimated
for Case a and the results are shown in Fig. 2.11.3,

Our computational results are not soc pocr as were imagined, but
give a promising prospect of the molten salt target/blanket concept.

Acknowledgements are due to Prof. K. Tsukada (Nihon Univ.) and Dr.

K. Furukawa for stimulating discussions.
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f neutron yields per incident 1 GeV proton

Table 2.1i1.1 Comparlson o
for some salt trangets including Th and U
molten salt cascode + cascade + whole energy
evaporation evaporation + range ( 1000 ~
(> 15 MeV } flssion (2 15MeV)| 0 MeV )**
o )| TLiF-BeF - ThF N . .
(71-9-20 26.1 = 2.1 29.6- 2.1 3.7 2.2
b )|7LiF-BeF p-ThF ,
(64-18-18) 27.0%2.0 27.8%2.3
c )| LiF-The, . .
(71-29) 27.3%2.2 33.04% 1.9
7LiFa -
d I L BeFZUF4 22t .
(61-21-18 ) £ - 2.4 38.4- 3.0
7is
e ) L;F-UF4 .
2817° *
L (71-29 ) 2.8 33.2 - 2.6

* 1 Numbers in parentheses indicate mole % of each fluoride.

**} |neluding fission in the energy range both above and below 15 MeV.
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To i ne

Particles / (em?, sec) Primary Proton
[+,

fisslon is

Inctuded }

-

5 - !\\\\\ Neutrons .
n
Incidant | Total Pﬁ'ofons\-& i
= S
: !
|O-3 1 [ 1 | 1 o | 1 Y

o €60 120 |80 240 300 360 420

“Z (em)

Fig.2.11.1  Spatial distributions of primary and total protons, neutrons in the

beam direction and in the energy range above 15 MeV.
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2.12 High Resolution Electron Microscopy of Simple Defects in a (110)
Silicon Crystal

7. Nishida and K. Izui

For high resolution electron microscopy we have undertaken the
calculations of atomic images for a simple vacancy cluster included in
a silicon crystal oriented in (110). The preliminary researches were
performed about physical and electron optical parameters of crystal
thickness and defect size, and aperture radius and defocus of objective
lens teo find a good representation of the cluster. The multislice formu-
lation of the dynamical theory of electron diffraction could be also used
on a superlattice structure extended for containing a defec by assuming
the periodic continuation at its boundaries in the lateral dimensionl)’z).
We had already described the outlines of the formulation of a divacancy
cluster model without relaxation and the application of the multislice
method to defect imaging calculations, presenting some simulated images

In the present paper the imaging conditions for gaining high resolution

images of the atomic defect are investigated in further detail, taking

into accounts the influences of relaxation of neighbouring atoms, the

accelerating potential and the number of a defect layer,

a) Divacancy cluster images with relaxation of neighbouring atoms

It is well known that the lattice atoms in the neighbourhood of a
defect should be displaced due to the relaxation motion. Then on our
detect model the nearest neighbouring atoms around a divacancy which is
at the center of (3 x3) supercell are slightly meved to the directiom of
the divacancy within the slice on which the crystal potential is projected.
Fig. 2.12.1 shows the divacancy cluster images with and without relaxa-
tion in the thickness of ten slices under two optical conditions of ideal
lens (Af=0, Cs=0) and Scherzer focus (Af=500§, Cg=0.7mm) at 100 KV, where
Af and Cs denote the amount of defccus and the spherical aberration coef-
fioient. TFrom the good agreement among these figures it is considered
that Scherzer focus gives the clear images of the vacancy cluster with
relaxation. The relaxed atoms in Fig., 2.12.1 (d) have the slight dis-
placements toward a divacancy similar to that of the defect medel., Their
peak intensities are reduced to the lower values than ones of the peak

intensity on the normal lattice because there are a little discrepancies
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between the positions of lattice atoms and relaxed atoms on each slice

which is superposed in the depth direction.

b) Effects of the accelerating potential on the defect image

The images of four slices of divacancy (4V2R) in a crystal of ten
slices are examined at 100 KV with Cg=0.7 mm and at 500 KV and 1 MV
with Co=1 mm for Scherzer focus defined at each potential as shown in
Fig. 2.12.2 (a) v {(c). At 500 KV and 1 MV the vacancy cluster images
have higher contrasts 227 and 287 respectively than the contrast 15% at
100 KV although the resolution of host lattice become poor with increas-
ing the potential. The position and the contrast reduction of relaxed

atoms are sufficiently recognized on the images at higher potentials also.

c) Dependence of'image contrast on the number of a defect layer

The amcunts of decreases in the image intensity at the position of
divacancy are calculated for the images of the clusters with several
slices including the defect for Scherzer foci 377 R and 295 A at 500 KV
and 1 MV respectively. As seen in Fig. 2,12.3 (a) the contrasts at the
divacancy position are 9, 22 and 32% for 2, 4 and 8 slices of divacancy
layer at 500 KV. This rapid increase of the contrast seems to be less
marked with increasing the accelerating potential to 1 MV as illustrated
in Fig. 2.12.3 (b). As the detectable limitation of the contrast is
comtonly about 5%, ”2V2R” cluster may be reccgnized by direct observation
at 500 KV but could not be observed at 1 MV. 1In the images of "4V2R"
and ”8V2R" clusters at both potentials the relaxed atoms in the nearest
neighbouring of divacancy'are more clearly distinguished than host lattice
atoms.,

Further researches of defect images due to the effects of both

chromatic aberration of objective lens and slight misorientation of the

specimen will be discussed in the near future.
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Simulated images of a vacancy cluster of four defect
slices in a crystal thickness of 10 slices at 100 KV
under the conditions (a) ideal lens {(Af=0, Cg=0)

and (b) Scherzer focus (Af=500§, {g=0.7mm) without
relaxation, and (c¢) ideal lens and (d) Scherzer focus

with relaxation.
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¥ig. 2.12.2  Varidation of "4V,R" cluster image at the accelerating
potentials (a) 100 KV, (b) 500 KV and (c) 1 MV for
Scherzer foci 500&, 3774 and 2954 respectively. In
the lower part of each figure, the image intensity
profile along the line passing on a divacancy and the

value of the defect contrast are showm.
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Effect of the number of divacancy layer on the defect
image contrast. The clusters are imaged for Scherzer
focus at (a) 500 KV and (b) 1 MV and contain 2, 4 and
8§ slices of divacancy layer in a crystal of ten slices
respectively from the left figure to the right one.
The percentage value given below each figure denotes

the contrast of the cluster,
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3. Integral Experiment and Analysis

3.1 Measurement of Reactivity Worths of Control Rods in Enriched
Uranium Graphite Moderated Core Related to VHTR

F. Akino, M. Takeuchi, K. Kitadate, H. Yoshifuji and Y. Kaneko

As core design for the Experimental Very High Temperature Gas Cooled
Reactor (VHTR) progresses, evaluation of design precision has become
increasingly important. For a high precision design, required are ade-
quate group constants based on accurate nuclear data, as well as calcu-
lation method. We, therefore, assembled SHE-14 and SHE-B2 cores, which
are simulation cores for VHTR(l), using a graphite-moderated 20%-enriched
uranium Semi-Homogeneous Experimental Critical Facility(z) (SHE), and
obtained experimental data useful in evaluating design precision. The
VHTR is designed to accommodate burnable poison and control rods for
reactivity compensation for fuel burn-up. Accordingly, the experimental
control rods which are similar to those to be used in VHIR were prepared,
and their reactivity values were measured in SHE-14, and SHE-BZ2 cores,
The experimental control rods were made by filling an aluminium tube,

1 mm thick and about 1150 mm long, with neutron absorbing pellets of 50
mm in outer diameter, 30 mm in inner diameter and 50 mm in hedight.

The absorbing pellets were made by sintering B,C powder with natural
graphite powders; their gross density and boron content are 1.42 g/cm3
and 30 w/o or 10 w/o, respectively.

Measurements were made for various configurations of experimental
contrel rods; for example, a configuration of simulating the typical
case considered in VHTR design is shown in Fig. 3.1.1. Reactivity worths
were measured by Revised King-Simmons' pulsed neutron method(3).

Theoretical analysis was performed according te two-dimensional
diffusion theory for two groups and two regions. In calculating the
control rod reactivity worths, we employed either of the following two

methods:

1, a method using differential-logarithmic boundary conditions for the
control rod surface or
2. an absorbing area method calculating the group constants of the

(4)

control-rod containing cell using LAMP code system for both thermal
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and fast neutron groups

The measured values and the calculated ones by the two methods
agree with each ancther within 61 9%, Further, it was clearly indicated
that the experimental control rods in the central column interact each

other so as to increase the reactivity worths.
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3.2 Reconstruction Program of SHE for Experimental VHTR
Y. Kaneko, Y. Gotoh and T. Asaoka

1. Object

Reconstruction program of SHE, Semi-Homogeneous Experimental Criti-
cal Facility, was approved by Japanese government. The object of the
program is to obtain experimental verification for the design accuracy
of Experimental VHTR fueled with low enriched uranium. Nuclear safety
aspect is required te be solved from view point of operation licence
before the start up of Experimental VHTR will be initiated. Therefore,
reactivity worths of control rods or burnable poison rods as well as the
critical mass of the simulation core of Experimental VHTR and its other
important core physics parameters will be measured using the reconstructed
SHE facility. Measurements of the reactivity temperature coefficients

are also to be made.

2. Specification of reconstruction
Core geometry : horizontal half machine type
hexagonal prism in shape
height and length, 2.4 m for each
. Core lattice : pin in block type same as Experimental VHTR
Core temperature : room temperature to 200°C throughout the whole
core including reflector
Single fuel rod will be heated up te 800°C
Fuel : 2, 4 and 6 w/o enriched uranium, 275 kgU in total
coated particle fuel compacts as the same size of Experimen-—
tal VHTR
BISC or TRISO

3. Schedule
Design of the reconstructed SHE facility has started from spring of
this year. After safety examination by government, the reconstructed

core will be assembled in 1984.
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3.3 Heating Apparatus for Measurement of Reactivity Temperature
Coefficient in SHE

H. Yasuda, K. Kitadate and M. Takeuchi

A core heating apparatus has been equipped in the SHE, and used
for measurement of reactivity temperature coefficient of the SHE in the
range from room temperature up to 100°C.

The heating apparatus consists of 30 KW power source, 38 electric
heaters of nickel-chrome, 20 thermo-couples, temperature regulator,
voltage controller and air cooler. The heater is a cartridge type with
9.5 mm dia. and 1200 mm long, and has a capacity of 500 W. The heaters
are inserted in the SHE along the axis. Two of them are positioned at
the center of the core, and the rest 36 elements are located in the
inner part of the reflector region coverded by the peripheral heat insu-
lator. Maximum electric capacity is 20 KW, and it is centrolled by the
voltage controller. The lower part of the reflector adjacent to the
table of the movable bed of the SHE is cooled by compressed air to pre-
vent heat transfer from the core to the bed. Experimental arrangement
of SHE core are shown in Fig. 1. It took about two days to raise the
core temperature from room temperature to 100°C. The temperature rising
chafacteristics are shown in Fig. 2, and the temperature distribution
in core radial direction is shown in Fig. 3. Temperature slightly
decreases in lower region of the core due tc the effect of cooling air,

but in core region, fairly flat temperature distribution is obtained.
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3.4 Analysis of Fuel Slumping Experiment on FCA Assembly VIII-Z
M. Nakano and H. Tsunoda*

Analysis has been made of the reactivity change due to fuel slumping
in the central region of FCA Assembly VIITI-2. The assembly consisted of
a central test region simulating the prototype FBR "MONJU" in axial
dimensions and compositicn, and a uranium driver regionl . Axially
symmetric and asymmetric displacements of fuel were made in the central
3 x 3 drawers (equivalent radius 9.3 cm) with sodium expelled. Four con-
figurations studied are illustrated in Fig. 3.4.1. The compacted fuel
is formed by removal of stainless steel spacers resulting in the increase
of fuel density by a factor of two, while the ﬁoid region consists of
the stainless steel spacers. For each configuraticn, axial fisgsion rate
distributions of 238U and 235U were measured by traversing micro fission
chambers of depleted and enriched uranium in the center drawer and off-
center one adjacent to the slumping region (r = 15.6 cm).

The analysis was made using JAERI-Fast Set Version IIZ). In order
to examine the adoptability of ecalculational methods used in analysing
core disruptive accident, RZ calculation was carried out with the trans-
port (Sn), conventional and medified diffusion methods, using the cell
averaged 25 group cross sections prepared by the collision probability

method.

The calculated reactivity change for the respective fuel displace-
ment is compared with the experiment in Table 3.4.1. The prediction
with the conventional diffusion calculation is quite poor when neutron
streaming effect is large. Considerable improvement is achieved by

3)

applying the modified diffusion coefficient derived by J. Rowlands for
the void region. The transport caleculation with S,4Pp approximation
predicts the reactivity change fairly well, the C/E value being about
0.8 even in the case of A3 configuration. However, there still remains
the trend of underestimation which increases with extention of the fuel
slumping rvegion to the core edge.

Reactivity components calculated with the exact perturbation theoxry

are shown in Fig. 3.4.2. The use of the modified diffusion coefficient

reduces the leakage component nearly half for the A2 and A3 configura-

* Mitsubishi Research Institute, Inc,
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tions, and it gives almost the same results as those obtained with the
SiPy transport calculation. However, the prediction of the non-leakage
component is not improved by the modified diffusion calculation.

The axial distributions of 235U and ?3°U fission rate measured in
each assembly are compared with the calculation. Agreement is good for
235 fission rate distribution, although a little discrepancy is observed
in the fuel slumping region. The conventicnal diffusion theory does not
represent the measured 238y fission rates both in the fuel compacted and
voided region. No significant improvement is achieved by the use of the
modified diffusion method, although it considerably improves the predic-
tion of reactivity change. The results obtained by the transport theory

with 5,Py approximation fairly well agree with the measured ones,

References

1} Nakano M., Tsunoda H. and Hirota J.: Reactor Engineering Bivision
Annual Report, 47-49, JAERT-M 9032 (1980).

2) Takano H., et al.: JAERI Fast Reactor Group Constants Set, Version
1T, JAERT 1255 (1978).
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Table 3.4.1 Calculated and experimental reactivity changes for the fuel

slumping
Calculation (107%3k/k) Experiment C - E (107%2k/k)
Pattern
Conv. D| Mod. D | SyPg (107 %Ak/k) |Conv. D | Mod. D | SyuPp
Al 3.3 3.6 4.5 5.3 + 0.3 ~2.0 -1.7 -0.8
A2 6.1 8.5 10.5 12.6 = 0.4 -6.3 4.1 -2.1
A3 1.4 9.0 11.9 15.2 + 0.4 |-13.8 -6.2 -3.2
S 6.4 -6.4 -3.9 4.1 * 0.3 -2.3 -2.3 +0.2
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3.5 Integral Experiments for Actinides Cross Section Evaluation (I)
T. Mukaiyama, M. Obu and H. Kuroi

Actinide transmutation study using fast critical assembly FCA

One of the major problems which may govern the very future of the
nuclear power is the risks from the high-level, long-lived radiocactive
wastes. Among the radiocactive wastes, most of fission products decay to
innocuous levels in a relatively short time span of about 500 years,
whereas the radiological hazards of actinides continue for a hundred
thousands years. 1In order to alleviate the long-term radiological hazard
of actinide nuclides, it has been proposed to recycle actinides in a
suitable system to transmute them into fission products which are a
shorter—-term hazard., From the neutron economy point of view, the actinide
recycle concept may be acceptable especially with the fast reactors
because the most of actinide isotopes possess appreciable fission cross
sections in the high energy region,.

The study of the transmutation physics at JAERI is concentrated
mainly on the following three fields, 1) Optimization of the transmutaticn
system, 2) Evaluation of actinide elements nuclear cross section data
by the integral experiments at FCA and 3) Risk-benefits-cost analysis of

the partitioning-transmutation system,

Evaluation of actinide elements nuclear cross section data by the

1)

integral experiments

The assessment of the actinide recycle concepts requires the reli-
able fission and capture cross sections of actinides over the whole
energy spectrum of potential recycling systems.

The status of the cross section data is much less satisfactory.

Some of the major actinide cross section data possess the uncertainty

up to 50%1)’2). Nuclear cross section data can be evaluated by the
integral data using the method based on the least square fitting of the
integral dataB). The realistic integral data for the evaluation of

actinide cross sections are the small sample reactivity worth and the
fission rate ratios because of the high radioactivity of actinides and
the difficulty of obtaining pure samples.

The actinide production and transmutation study of the Actinide

Burning Reactor "ABR" shows that 237yp, 238py, 240py, 2%1am, 2%3Am and
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24bcm are the ruling nuclides in the "ABR"'4) .,
The integral measurements are under way at the Fast Critical Assem-
bly FCA. These measurements will be performed In six to seven standard

5)

core configurations which cover the wide variaty of neutron spectra.

Actinide samples for worth measurements

Oxide actinide powder is encapsulated into double concentric stain-
less steel capsules shown in Fig. 3.5.1. '

The small sample reactivity worth is to be measured for 237Np, 238py,
Z”OPu, 251am and 243Am samples. The quantity of each nuclide is 15420 g.
The isoteopic content of the sample element is 99.2% for 237Np, 91% for
238py, 98% for 240Pu, 977 for 2%1am and 100% for “%2am. “2%3Am isotope
is extremely expensive (2 million U.S5. $ for 20 g). However U.S. Depart-
ment c¢f Energy, taking note of the importance of this experiment, agreed
to loan this sample to JAERI with the conditien that the information

resulting from the use of this sample would be provided to DOE.

Actinide Fission Chamber

Fission chambers of parallel-plate type are provided to measure the
central fission rates of 237Np, 238py, 239py, 24%2pyu, 2%lam, 2%3am and
244%0m relative to fission in 2°°U. The chamber consists of the body of
a thin stainless steel wall, the cellector of a circular disk and the
polished platinum disk of 0.2 mm thick and 36 mm diameter, which is
deposited with the fissile material in a circular area of 25 mm diameter,
as shown in Fig. 3.5.2. The gas filled in the chamber is a mixture of
97% Ar and 3% N» at 1 atmesphere pressure.

The fissile masses in deposit are absolutely determined by a-
spectrometry. For most of nuclides, weights deposited are adjusted in
the range cf about 40~ 90 pg to make the accurate determination cof o-
assay and to hold a suitable flux level for fission rate measurements.
However, for the nuclides with much higher o« specific activities, e.g.
255 Cm, 238py and 2%lam, the masses of deposit are limited to less than
10 ug to reduce a-background.

The typical pulse height distribution of ““"Cm obtained in IX-I
coreS) is shown in Fig. 3.5.3. Characteristics cf low o pile-up are
chtained for all chambers prepared. Errors of fission pulée rates
introduced by those chambers are assigned from the uncertainties of a-
assay, fissile impurities in the deposits, an individuality of the cham-

bers and counting statistics measured in suitable power levels., It is
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shown from the preliminary experiment that the actinide fission rates

can be measured within errcrs of £2~ 4%,

References

1)

2)

3)
4)

5)

Mukaiyama T. et al.: "Evaluation of Actinide Cross Sections by
Integral Experiments in Fast Critical Assembly FCA", Proceedings of
International Cenference on Nuclear Cross Sections for Technology

(Knoxville, 1979), p.552, NBS SP594 (1980).

Mukaiyama T., Koyama K. and Kuroi H.: "Generaticn of Actinide Isotopes
Cross Section Set for Fast Reactor Calculations using Data from ENDL
and ENDF/B-IV", JAERI-M 8310 (1979).

Mitani H. and Kuroi H.: J. Nucl., Sci. Technol, 9, 388 (1972}.

Mitani H., Koyama K. and Kuroi H.: '"Sensitivity Analysis for Actinide
Production and Depletion in Fast Reactors', JAERI-M 8133 (1979).
Nakanc M., Koyama K. and Kuroi H,: Section 3.7 of this report.



JAERI-M 9672

BuLpiap

1UBWBANSESW YIAoM J0) aldwes SpLulldy

1"g'¢ *bid

( uay uL 3Lun )

bnid pus 43uu] AHHv

Bnid pua 431n) AHHv

(2°0 F °8LL = ¢71 ) @aLnsded Jauu] AHHV

(2°0 7 v°8zL = 171} 9lLnsded uang AHHV

3

0 c
ST Z5 &5

N

buipam

WA AV ST A A A A A

AV A S

Fd L '

K1
V1

o
’

DA A S N S P S S S 4 WA S A S A S A S S S A SN RS A A

\ N NU//[ Ol— N
N 43phod apLui3oe morxo . ,/MM N A%.uw 3
/ \n\\\N v , \\ > \.\.\.\Wulw.h/% oy
\AK.\\\i\ﬁ.\\i \\\\/\\ \h.\\ AV L Ll

1

Py

ol




JAERI-M 9672

- . Chamber bed
Foil with actinide amber body
Extension tube coating \ .
Anode electrod 0'[
Connector 26 dia. e\ﬁ s B
o N . B
= - || 5 @
I
Pumping stem y 8
11403
126.4

Dimensions in mm

Fig.3.5.2 Configuration of fission chamber

104.[5 T 1 T T T T T T T T T T 3
F 234Cm fission chamber 3
i operating voltage ]
16; Z&DV?
@ - ]
c L -
j et - .
(o]
_CC-) e -
- 102_‘— —
@ = 7
(&% - ]
s B i
= i 4
=3
Q
S 10t 4
O 1 1 1 I ! 1 1 I I 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Channel number
Fig.3.5.3 Fission pulse height distribution of 2440m



JAERI-M 9672

3.6 Integral Experiments for Actinides Cross Section Evaluation {II)
FCA Standard Cores

M. Nakano, K. Koyama and H. Kuroi

Recently, reliable cross section data of actinide elements are
getting more widely needed for evaluating problems relating on fuel cycle
and waste disporsal alternatives. The improvement of cross section data
is achieved by collaborating differential and integral measurements.

The small perturbation and the fission rate ratio are the realistic
integral data of the actinide elements because of the high radio activity
of actinides, In contrast with the differentiazl measurements, the inte-
gral measurements are very accurate, but the information with respect to
the energy dependency is not so straightforward. Therefore, the choice
of appropriate variety of neutron spectra where integral measurements
are taken place is most important to obtain a successful result for
improving the cross section data. |

A series of integral experiments for evaluating actinide cross sec-—
tion data is now in progress on FCA Assembly IX. The assembly IX con-
sists of six different version of cores to cover a wide range of meutron
spectra. The core composition of these six cores given in Table 3.6.1

have been selected considering the following factors:

a) Each configuration of core should be simple in its composition and
geometry for making analysis reliable,

b) Available amount cof actinide sample for perturbaticn measurements I1s
limited up to 20 gr. Therefore, core configdrations are selected so
as to be its critical mass less than 200 kg of fissile material.

c¢) In order to minimize temperature drift during the perturbation mea-
surements plutonium is not used as core fuel. Only 937 enriched
uranium metal fuel is used and each one of graphite or stainless steel
is used as a diluent material for shifting neutron spectrum appropri-

ately,

Typical results of calculated fission rate ratic to be measured in
these cores are given in Table 3,6.1, As seen in the Table, measured
data will well represent neutron spectrum dependency.

Before starting integral measurements of actinide elements, basic

parameters of the core including criticality and fission rates and sample



|

JAERI-M 9672

reactivity worths of standard materials have been measured on the selected

cores of FCA IX. The C/E values of criticality are given in Table 3.6.2.

The calculation was made by the transpert theory with S;4P] approximation

using the group constants generated from 1950 group library AGLI-Z for

each core. The calculation predicts the measured criticality within 217,
Integral measurements of actinide elements are now in progress.

The experiment using fission chambers and sample materials of the sepa-

rated isotopel) will be finished in December 1981.

Reference

1) Mukaiyama T., Obu M. and Kurci H.: 3.5 of this report.

Table 3.6.1 Core composition and calculated fission Tate ratio
at the center of FCA Assembly 1X

Assenbly IX-1 IX-2 IX-3 IxX-4 IX-5 IX-6

Core ccmposition (v/o)

93% EU 5.3 10.6 15.9 10.6 15.9 15.9

c 79.4 74.1 68.8 0.0 0.0 0.0
Stainless Steel 10.8 10.8 10.8 84.5 79.6 27.9
’ Void 4.5 4.5 4.5 4.5 4.5 56.2

Fission Ttate ratio

NpZ37/U235 0.23 0.36 0.45 0.40 0.48 0.5%
Pu239/U235 1.06 1.08 1.14 1.15 1.22 1.27
FuZ3B/UZ235 0.67 0.88 1.00 1.00 1.10 1.20
Am241 /U235 0.2% 0.38 0.43 0.31 0.38 0.48
Awm243/U235 0.18 0.28 0.3% 0.27 0.34 0.43

Table 3.6.2 C/E value of the criticality of
FCA Assembly IX

Assembly C/E
I%-1 0.992
IX-3 0.G69¢%
I1X-4 1.007
IX-6 1.005
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4. Shielding

4.1 PALLAS-TS : A One-Dimensional Neutron Transport Code for
1)

Analyzing Fusion Blenket Neutronics
T. Suzuki, Y. Ishigurc and Y. matsui*

The code PALLAS-TS has been developed for analyzing fusion blanket
2)

experiments. A 120-group libfary of neutron group constants was pre-
pared from the ENDF/B-IV nuclear data file using the process ccde PROF-
GROUCHMGDZ3). The energy range is from 16.487 MeV to 0.32241 eV, and

the data of 29 nuclides were processed. Elastic eand inelastic (discrete
levels) scatterings were treated in anisotropic model, while inelastic
scattering in the continuum level region and (n, 2n) and/or (n, 3n) reac-—
tions were assumed to be isctropic in the laboratory system., For the
121st (thermal) group, the constants needed are to be prepared for each

4)

problem by a cell calculation code like SRAC and are input by cards.
The time independent transport equation is solved for one—-dimension-
al, plane or spherical, multi-regional geometry. Specizl implementation

can be summarized in the following three points:

(1) Elastic and inelastic (discrete levels) scatterings are treated in
Janisotropic model without Legendre's polynomial expansion, that is,
the group-to-group transference kernels are exactly obtained by
direct numerical integration of the double-differential cross

sections,s)

(2) Spatial and angular distribution of neutron flux in each group is
obtained by integrating directly the transport equation along the
path traveled by neutrons. As the directions of these paths at each
spatial mesh point, the Gaussian guadrature set for 20 points are
used.6)

(3) A usual multigroup model is adopted in calculatlon of spatial and
angular flux distribution so as to make it possible to use iteration

technique with neutron rebalancing in each group at each iteration

stage.

Results of test calculation for a 4-region system consisting of

iithium and carbon (Table 4.1.1) were compared with the experimental

* Japan Infermation Service Co., Ltd., Tokyo
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values7) with a 300 kv Cockcroft-Walton accelerator (PNS) (Table 4,1.2).
The overestimate of the fission rate distribution of 23°U in the region
of carbon may be attributed to the thorough neglect of the resonance
self-shielding factors. The underestimate of the fission rate distribu-
tions of 23“Th and 2387 4in the same region can be attributéd to the fact
that the data concerned with the anisotropic scatterings of Lj are insuf-
ficient in the ENDF/B-IV nuclear data file especially in the high energy
region near 14 MeV,

The. present code is the [irst trial of incorporating the multigroup
model to the direct integraticn method for solving the transport equation.
Tt is cbserved that computing time by this code is shorter than that of
Sy method (Table 4.1.3). Therefore, it is expected for this code to be
extended to deal with 2- and 3-dimensional geometries, and to be equipped
with the gamma rays transport calculations, and thus, to form a general
purpose radiation transport oY radiation shielding code system (the

BERMUDA code system).
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Table 4.1.1
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Composition and outer radius of each region

reglion 1 2 3 4
. Ty |
nuclide 10.00cm 34.14cm 55.29cm 70.00cm
"L 0. 2.507-3 0. 0.
7Li 0. 3.128-2 0. 0.
c 0. 0. 7.345-2 0.
Cr 1.827-3 3.165-3 1.827-3 1.224-3
Fe 6.652-2 1.117-2 6.652-2 4.457-3
N, 7.964-4 1.449-3 7.964-4 5.336-4

Table 4.,1.2

Comparison between calculated values

by PALLAS-TS and experimental values (E) at PNS

(C) of fission rate distributien

0; 2320y, 2385 238y

r{cm) C E C/E C E C/E C E C/E
4.6 1.434-3 1.66-3 0.864 1.001-2 1.29-2 0.776 .588-3 5.93-3 0.774

10.1 3.109-4 2,85-4 1.091 3,159-3 3.04-3 1.039 .018-3 1.01-3 1.008
15.6 1.105-4 1.16-4 0.953 1.818-3 1.72-3 1.057 .719-4 3.85-4 0.966

Li 21.1 5.694-5 5.62-5 1.013 1.432-3 1.27-3 1,128 .950-4 1.88B-4 1.037
26,6 2,933-5 3.23-5 0.908 1.308-3 1.13-3 1.158 .022-4 1.67-4 0.955
32.2 1.824~5 1.95-5 0.935 1.513-3 1.18-3 1.282 .442-5 6.,20-5 1.039
37.7 1.039-5 1.35-5 0.770 4.523-3 2.31-3 1.958 .703-5 4.,20-5 O0.882

C 43.3 5,.707-6 7.66-6 0,734 4.968-3 2.80-3 1.774 .046-% 2.38-5 0.860
48.8 3.445-6 4.72-6 0.730 3,783-3 2.18-3 1.735 .237-5 1,33-5 0.930
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Table 4.1.3 Comparison of CPU time between PALLAS-TS and ANISN on FACOM/M2Q0

PALLAS-TS ANTISN
kernel and flux| kernel only | flux only case 1 case 2
groups 119 119 119 100 4
nixtures 4 4 4 1 1
. . infinite .
gecmerty sphere —_ sphere .. sphere
cylinder
nesa intervels 32 _— 32 10 50
1 QL 3n 20 20 20 5 12
L of P3 w ® o 3 @
£(3) (pointwisa) 107" — 1073 107H ?
sourcs proo. ? ves — ves ves Jes
CPU(sec) 345.8 325.0 331.9 101.9 55.0¢
core(XB) 1584 1584 1612 ? 7
Linag ) 16629 343 13833 2 2
3
/0 access' 11131 4302 14311 : ?

(#) These are dependent on times of usage of the restart option in case of
FALLAS-TS, :



JAERI-M 9672

4.2 PALLAS-2DCY : A Code for Direct Integration of Transport Equation
in Two-Dimensional (R, Z) Geometry

€. Takeuchi* and N. Sasamoto

The PALLAS-2DCY computer programme solves the energy and angular
dependent Boltzmann transport equation with general anisotropic scatter-
ing in cylindrical geometry. Principal applications are to neutron or
gamma-ray transport problems in forward mode. The code is particularly
designed and suited to the sclution of deep penetration radiation trans-
port problems with extermal source.

The code has been designated based on a method of direct integration
of the transport equationl)z), in which the equaticn is solved by inte-
grating along a flight path of radiation in the direction of motion at
each discrete ordinates angles. The specific features of this methed
are that (1) the radiation flux is calculated at each energy mesh (n/cm?-
secs (sr)-MeV) without using any comventional iterative technique used
widely in Sn method for cbtaining group flux at each energy group, and
(2) the scattering calculations are made directly using the differential
scattering cross section for neutron and the Klein-Nishina formula for
gamma raysg). Thus a Legendre polynomial expansion approximation used
widély in Sn method is not applied to the calculation of radiation
scattering. As a result PALLAS-2ZDCY can provide always positive and
physically meaningful angular and scalar fluxes. Besides, (3) no sup-
plementary difference equations are required to obtain a solution to the
flux, which makes users free from bothering about cheoice of such modes
as "diamond difference', '"step function" and 'weighted difference"”
equations. By virtue of no use of average flux, PALLAS-2DCY can be
applied to even such problems as violently varied angular and gpatial
distributions of radiation fluxﬁ). In contrast, two-dimensional Sn codes
calculate the transport equation based on the average flux for a cell
with each pair of associated cell face fluxes in the five-dimensional
finite cells defined in terms of locaticn, directionm, and energy phase
space variables.

The weak points in the present PALLAS-2DCY code are that (1) it has

been written in the fixed dimensioning, which restricts the numbars of

* Ship Research Institute
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energy meshes, material regions, nuclides, angular meshes, spatial meshes
to be input, and that (2) it is inadequate to deal with a coupled neutron-
gamma nuclear data in the present PALLAS library: The present code can
deal with only a neutron or a gamma-ray transport problem. Besides, (3)
a subroutine for calculation of neutron monoenergy source problems has
not been completed, though gamma-ray monoenergy source problems can be
calculated. Since the PALLAS-2DCY calculates the radiation flux based
on an assumption of continuous source energy, a mOTNoenergy source must
be dealt with in a special routine, Finally, (4) the present PALLAS-
2DCY program is not completed for general use, and for this reason con-—
siderable effort should be made for this purpose.

The neutron cross sections required by PALLAS-2DCY are taken from
the PALLAS library. On the other hand the gamma-ray cross sections must
be prepared by users, in which only linear attenuation coefficients and
pair production cross sections may be prepared at all the energy meshes
specified by users and gamma-ray scattering cross sections are mnot
required by virtue of direct use of the Klein-Nishina formula,

An analytic first collision source option is not available in the
present code, Analytic first collision source options will be available
in the PALLAS-2DCY-FC code under development for a variety of source
geometries such as a point, line, disk and cylindrical volume sources.
The original PALLAS-2DCY code was written for CDC-6600 computer in 19735)
to calculate fast neutron transport in shields. Revisions have been
made to the old version so as te calculate thermal neutron and gamma ray
transport in shields and also to deal with not only a cylindrical volume

source but also various boundary source problems.
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4.3 Transport Calculation of Gamma Rays Including Bremsstrahlung by
the Discrete Ordinates Code PALLAS

K. Takeuchi*, S. Tanaka and M, Kinno**

For the transport calculation of gamma rays including bremsstrahlung,
an improvement is made in the PALLAS-PL, SP discrete ordinates direct-
}

: . 1
integration code to enable evaluation of bremsstrahlung The electrons

resulting from Compton scattering, pair production, and photoelectric
effect are individually evaluated based on the primary gamma-ray flux
calculated with the code. Bremsstrahlung production is then calculated
by applying the continuous slowing down model., For this purpose, both
the electron stopping power and the differential cross section for
bremsstrahlung production are evaluated.

Comparisons of PALLAS calculations with experiments are made to
test the validity of this code and method. As a result, the fellowing

facts were concluded:

1. The fairly good agreement obtained between PALLAS calculations and
experiments, as evidenced in Fig. 4.3.1. These results justifies
(a) the accurate treatment of transport calculation of gamma rays,
(b)Y the techniques introduced for calculating the electron stopping
power and the differential cross section of bremsstrahlung production,
and (c) the continuocus slowing down medel applied to the electron
flux calculation.

2. Tt is essential for the accuracy of the tramsport calculation of
bremsstrahlung to take into account the energy distribution of the
pair—pfoduced electrons as well as the bremsstrahlung.

3. In the case of transport of higher energy gamma rays in heavy mate-
rials, such as lead and tungusten, it has been confirmed that the
contribution of bremsstrahlung photons to buildup factors is too

large to disregard.

* Ship Research Institute

o Fujita Corporation
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a 6.2 MeV plane isotropic scurce transmitted through
5-, 10-, and 15-cm thick lead layer calculated by
the PALLAS code with experiment
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4.4 EELOSS : A Program for Calculation of Electron Energy LOss
Data

S. Tanaka
A computer code EELOSSl) has been developed to obtain the
electron energy loss data reguired for shielding and dosimetry
of beta- and gamma rays in nuclear plants. With this code, the
following data are obtainable for any energy from 0.01 to 15
MeV in any medium (metal, insulator, gas, compound, or mixture)
composed of any choice of 69 elements with atomic number 1 -
94 )

a) Collision stopping power,

b} Restricted collision stopping power,

c) Bremsstrahlung production cross section.

The influence of variance of physical data values used in
code for the calculations of collision energy loss was examined
in a series of calculations, and it is confirmed that the density
effect is strongly influenced by the ionization potential, atomic
energy level of orbital electrons, and oscillator strength, but
the uncertainty in the collision stopping power is within a few
percent. Larger uncertainty is attributed to the bremsstrahlung
nroduction cross sectlons in the energy region below 2 MeV
because of the large error in the semi-empirical correction
factor to the screening cffect in the Born approximation in
that energy region. However, the influence of this correctlon
factor is much smaller in the energy region above 2 MeV, and
consequently the uncertainty in the bremsstrahlung production
cross sections also decreases. Fig.4.4.1 shows the comparison
between the present calculations and experiments of the brems-
strahlung production cross section of 2.5 MeV electrons. The
availability of bremsstrahlung production cross section data
and stopping power data cbtained by the EELOSS code is demonstrated
by the comparison of calculated gamma-ray spectrum with measured
one in Pb layer, where electron-photon cascade is included
implicity. As a result, it is concluded that the uncertainty
in the bremsstrahlung production cross sections is negligible
in the practical shielding calculations of energy less than 15

MeV, since the bremsstrahlung production cross secticns increase
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with the electron energy and the uncertainty for them decreases
with increasing the electron energy. Furthermore, the accuracy
of output data of the EELOSS code 1is evaluated in comparison

with experimental data, and as seen in Table 4.4.1 satisfactory

agreements are observed concerning the stopping power.

Reference

1) Tanaka 8. : "EELOSS
Energy Loss Data'’, JAERI-M 9151 (1980).

The Program for Calculation of Electron

Table 4.4.1 Comparison of total stopping power
for electrons

~F ey . MY fg-cr?

To Medium
( MeV ) Exp. Berger.s Present
2.81008  Be 1.45 +0.06 1.51 1.50
C  1.53 £0.08 1.68 1.64
Fe 1.43 $0.10 1.51 1.47
Pb .32 *+0.10 1.44 t.39
H:0  1.83 $0.10 .92 1.89
4.7+0.14 Be .73 $0.12 1.56 1.56
c 1.89 +0.16 1.75 72
Fe 1.94 +0.19 1.66 1.63
Pb 204 +0.22 1.73 {.68
H0 243 +0.20 2.00 1.97
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Fig.4.4.1 Comparison of bremsstrahlung production

cross section between the present calcula-
tions and measurements for 2.5 MeV
electrons in Al and Au
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Reactor and Nuclear Instrumentation

5.1 Development of High-Temperature Neutron Detectors
N. Wakayama, H. Yamagishi, H. Itoh, T. Tomoda* and S. Fukakusa*

High-performance and high-temperature fission counter-chambers and
gamma-compensated ionization chambers were developed to be used as in-
vessel neutron sensors for VHTR, HTGR and large scale LMFER, and accel-
erated neutron irradiation life tests were carried out at 600°C for the
fission counter-chambers in 1975 to 1977 in the material testing reactor
JMTR and research reactor JRR—3.1) Following these tests, a long-term
real-time in-reactor operating reliability test was started for the same
type fission chambers FX-2A and FX-3 in research reactor JRR-4 in December
1978, %)

At the beginning of February 1981, the total test period for these
chambers in the reactor and the high-temperature operating time at 600°C
reached to 774 days and 9697 hours (404 days) respectively, Detailed
performance inspections for these chambers were carried out four times
during this period and no notable change of operating characteristics
has been found in these inspections. Figure 5.1.1 shows the stability
of the integral bias curves of a fission counter-chamber FX-3 under the
test in this period.

Simulating a reactor accident arisen in the end period of mission
time.of the neutron detector being used, over-heat operating test has
been carried out previously for a fissicn chamber FX-3 after its irradia-
tion life test.S) As the next over-heat operating test, a new chamber
just manufactured has been tested with same manner assuming the reactor
accident arisen in the beginning period of the use of the chamber,

An FX-3 chamber was used for this test and the chamber was operated
about 510 hours at 700°C and 92 hours at 800°C. Yo change of performance
of the chamber was observed through this test even in the operating
characteristics of the chamber at 800°C. Figures 5.1.2 and 5.1.3 show
the pulse height distribution and integral bias curves of the chamber

measured at the operating temperature of 25°C, 600°C, 700°C and 800°C,

As concerns the high-temperature gamma-compensated ionization cham-

* Mitsubishi HElectric Corporation
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ber (CIC), accelerated irradiation life test for two CICs manufactured

as experimental basis has been initiated in the reactor JRR-4 under the
test condition of temperature of 400°C and neutron flux density of around
1.5x 10! n/em?s. TFigure 5.1.4 shows a result of the output lineality
measurement for these CICs at 25°C and 400°C for the neutron flux density

range of 102 to 1.6 x 1011 n/em?s.

References

1) Wakayama N., Yamagishi H., Tomoda Y., Kawashima K.: "Development of
Fission Chambers for High-Temperature Reactors', Symposium proceedings
on Nuclear poﬁer Plant Control and Instrumentation, Vol.II,
TAEA-SN-226/32, 243 (1978) IAEA.

2) Wakayama N., Yamagishi H., Itoh H., Tomoda T., Fukakusa S.: "Reactor
Eng. Div. Annual Report (Apr. 1978 - Mar. 1980) ", JAERI-M 9032, 98
{1980).

3) Wakayama N., Yamagishi H., Itoh H., Tomoda T., Fukakusa S.: "Reactor
Eng. Div. Annual Report (Apr. 1978 - Mar. 1979)", JAERTI-M 8393, 77
(1979).
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5.2 Development of High-temperature Thermocouples for VHTR

K. Ara, M. Yamada and N. Wakayama

As a part of development of high-temperature thermocouples for
measurement of helium-gas temperature at the outlet of fuel region in the
multi-purpose VHTR, the CA composite-type stranded W-Re alloy thermoccuples
were fabricated and tested. Figure 5.2.1 shows the general concept of the
thermocouple structurel}. The couple of stranded WRe5-26 wire elements 1s
adopted to make itself flexible for adapting to the difference of thermal
expansion between the wire and the AIZO3 insulator. The double-sheath
structure is also one of important points of this thermocouple. The inner
sheath is made of & getter material and works as a chemical protector for
the element wires against active impurity gases being contained in the
charged helium gas and librerated from the insulator. The outer sheath
is a mechanical and chemical protector for the inner sheath against the
incore environment of high-temperature helium gas containing somewhat
reducing impurities.

The fabrication of three thermocouples were carried out, and one of
the finished TCs is shown in Photo. 5.2.1. They have the double sheath of
Mo (cuter) and Ta(inner), and the stranded WRe5-26 element of dia. 0.076 mm
x 7 wires; the outer diameter is 4.8 mm and the length of WRe/TC part is
500 mm. These TCs were tested in the electric furnace, shown in Photo.
5.2.2, where the inside of furnace core was filled with helium gas. The
hof-junctions were heated up to 1000 °C and the compensating-junctions
to 600 °C. This conditions were kept for about 3000 hours, and the
electromotive forces were recorded into a data processor and converted to
temperature indications. Then, the temperature indications were compared
with that of the reference PtRh/TC.‘All TCs showed very stable emf
characteristics and kept good insulations between the element and the
sheath., One of the results is shown in Fig. 5.2.2. At the next stage of

development program, the performances of these TCs will be examined at

more elevated temperatures.

Reference
1) Ara K., Wakavama N.: JAERI-M 7844, pp.137-140 (1978).
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Photo. 5.2.1 Fabricated thermecouple

Photo. 5.2.2 Electric furnace for heating test of

high-temperature thermocouple
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5.3 Development of Cable Insulator and Cables for LMFBR Instrumentation

T. Kakuta, K. Ara and N. Wakayama

Two types of new tri-axial cableé have been developed for small-signal
transmission in high-temperature and high-radiation envircnments around the
primary circuit of LMFBR. One is the instrumentation cable having enough
flexibility, and the other is the metal-sheathed MI-cable to be used as a
cable of high-temperature neutron detector.

These cables were tested under high-temperature and high gamma-
radiation environments, and fundamental data were obtained to evaluate
their performances. Figure 5.3.1 shows the structure of the flexible tri-
axial instrumentation cable, and Table 5.3.1 the used materials. The cables
showed excellent insulation characteristics under gamma-irradiation of
1.1 x 10" j

performances. It was also shown, through the flame resisting and vertical-

R, retaining good transmission characteristics and electrical

tray flame test, that the cables can keep their functions during a fire
for enough time. The results are shown in Fig. 5.3.Z.

The MI-cable having the structure shown in Fig. 5.3.3 was made of the
materials in Table 5.3.2. Its insulation resistances were examined under
high-temperature and gamma-irradiation. The results are shown in Fig. 5.3.4.
Also, it was confirmed that the breakdown-pulse-noise inceptin voltage is
over 600 V even at 550 °C, The transmission characteristic changes very
little with temperature up to 550 °C and is very uniform at every part of
the cable. The cable can be applied to transmission of small signals in

nuclear instrumentation.
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Table 5.3.1 Materials of the flexible tri-axial
: instrumentation cable
Materials Size
79-01 | 79-02 | 79— 03 2

Inner Poly imide snamelled Ag- plated .

conductor Ag-pioted Cu wire Cu wirg | 02 mm Dia.
Glass fiber winding and braid
. (Poly imide ! ) )

Tnner ,,,;mgmm | ( Nor impregnate ) 5.0mm C.D.
i : 2.0mm Thick]
insulator Glass fiber tope

Glass fiber braid

Quter Ag-plated Cu wire braid : 0.14mm Dia.
conductor Ag-plated Cu tape ! 0.1 mm Thick,

Quter ! Glass fiber tape .
insuiator | Glass fiber braid OAmm Thick.

Armour SUS wire braoid 0.32mm Dia.

Digmetar — _ ! —_ gmm 0.0

Waight T150kg/km | 140 kg/km | 140 kg/km —
Table 5.3.2 Materials of the MI cable

M ial .Stze (mm)
cleria 0. 0. | Thick,
Center conductor Oxgen free Cu 0.95
[nner insulator Si0z - flber 2.99 098
Inner sheath 15 Cu 3.80 Q50
Cutar insulator Si0z2 ~ fiber 5.40 Q75
Quter sheath 25 5Us - 304 6.40 050
Insulation density =60 % _—
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Fig. 5.3.1 Structure of the flexible tri-axial
instrumentation cable
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Quter shecth
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Center conductor
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Fig. 5.3.3 Structure of the MI cable
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Fig. 5.3.4 Insulation resistances of the MI cable under high-temperature
and gamma-radiation environments.
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5.4 Development of Fuel Failure Detection System
M. Katagiri, H. Terada and N. Wakayama

In the very high temprature gas-cooled reactor(VHTR) using c.p-f.
fuels, a sensitive fuel failure detection system is required to prevent
immediately the increase of fuel failure in the anomaly of the reactor
core. However, there are several difficult problems which should be
solved. One problem is that there exists considerable high background-
count due to long life FP-nuclides in the primary He-coolant. The other
problem is that the amount of FP-nuclides in the He-gas changes depending
on fuel temperature, reactor power, fuel burn-up and so forth. Because of
those problems, the conventional FFD-system which is generally wused in
ordinary GCR is not available to detect the fuel failure in VHTR. In case
the conventional FFD-system is used in VHTR, it is estimated that the
detection limit of fuel failure is not lower than around ten percent of all
fuel elements in the monitoring region. '

Following ideas are considered to solve the problems:

1) Selective detection of short life FP-nuclides,

2) Regional monitoring of the primary He-coolant gas,

3) Diagnosis of fuel failure by means of criterion for state equation
répresenting FP-release from the particle fuels.

A new FFD-sysytem was designed on the basis of these ideas; and it is
expected that detection limit of fuel failure for the VHTR will be improved
up to one percent failure of the inventor at least. The new FFD-system 1is
mainly consist of a filter, time-delay pipings and a wire precipitator. It
is planned to examine the feasibility and performance of this FFD-system,
coupling to sampling lines of the gas-sweep capsule which is a kind of an
irradiation facility for c¢.p.f. fuels in JMTR. Figure 5.4.1 shows the
system construction of the fuel detection experiment.

The purpose of the experiment is to determine the state equation for
the FP-release as functions of fuei temperature, reactor power, burn-up
rate of the fuels and so forth, and to find the method to judge the fuel
failure.

Up to the present step, the each component and system assembly have
been already completed, and now the FFD-system is running in test operation
at the laberatory. The FFD-system will be connected with the gas-sweep
capsule of JMTR in the next July (1981) and then the experiment will Dbe
started.

- 102 —
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5.5 Development and Test of Cover-gas On-line Gamma-ray Monitors

E.Sakai, K.Kubo*and H.Yoshida

In order to obtain basic data for the use of fuel failure detection
systems to be used in the experimental FBR "JOYO" and for designing those
systems for the prototype FBR "MONJU", the experiments have been continued
using the Cover-Gas Monitor Test Facility located in JRR-3 nuclear reactor
1)2). The performance of a Ge(Li) on-line gamma-ray spectrometer system
conbined with a cover—gas reservoir or a room temperature charcoal chamber
and a fixed-wire type precipitator system were tested using the helium
cover-gas of JRR-3 which contained gaseous fission products of 1071 to 1073
pCi/cm3 concentraticns as well as 4lAr.

The main results cobtained are as follows:
(1) Each of CRT terminal and dot printer were added to the on-line gamma-
ray spectrometer system. Some of the programs necessary to the experiments
were newly developed3) and some of the problems associated with the present
system were analyzed. '
(2) The static adsorption coefficients of Kr at 25°C, 20°C, 10°C ang 0°C
were measured as 54cm3/g, ll5cm3/g, l67cm3/g and 248cm3/g, respectively,
for 5000ppm Kr in He standard gas flowed through 50g of charcoal TSURUMI
CORL 24 packed in a lOOc:m3 chamber.
(3) The saturated enrichment factors of 41Ar, 88Kr and 135Xe were found to
be about 8, 48 and 800, respectively, for cover gas flowed through the room
temperature charcoal. chamber (50g TSURUMI COAL 2GM in 100cm3) installed in
the CGMIF. Thus, the ratios of Kr-88/Ar-41 and Xe-135/Ar-41 improved by 6
times and 100 times, respectively.
(4) The output counting rates from the fixed-wire type precipitator system
showed a very good response to the rare-gas fission products in JRR-3 cover-—

gas. Some improvements necessary to the system of pratical use were suggest-—

ed.
The details of the experiments were described in a report4).

References

1) Sakai,E., Kubo,K.: Development and test of cover-gas on-line gamma-ray
monitor (I), SJ 250 79-06, (April 1979) (in Japanese).

2) Sakai,E., Kubo,K., Yoshida,Y.: Development of cover—gas on-line gamma-
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* Visiting engineer, on leave from Toshiba Corporation
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5.6 Performance of an Anticoincidence-shielded High-purity Ge

Gamma-ray Spectrometer System

E.Sakai

An anticoincidence-shielded high-purity germanium gamma-ray spectro-
meter was built combining a 10"dia. x 10" long NaI(T1) scintillation annulus
( Horiba Model 440AH U6MP s/n 30623, 10.7% energy resolution for 661.7keV
gamma-rays ) having a 70mm dia. through hole, a 2.5"dia. x 3" long Nal(T1)
scintillation plug, and a closed—end high-purity Ge detector( PGT 45 x 45
s/n 340, 1.78keV FWHM, 11.5% relative peak detection efficiency, 44:]1 peak-
to-Compton ratio for 1332.5keV gamma-rays ) in a 15cm thick lead shield as
shown in Fig.5.6.1. This system can be used to analyze gamma-ray beam inci-
dent fram the sources placed at the outside of the shield as well as to
analyze the sources placed at the inside of the shield. The performance of
various types of the spectrometers was investigated. Some of the results
were as follows.
(1) The performance of the spectrometers of the three configurations for

measuring gamma-ray beams is summarized in the fellowing table.

Cama~-ray energy

Configuration
661 .7keV 834 .8keV 1274 .5keV
Zeezzfes 41,50 dia. FEM(keV) 1.40 1.50 1.80
Ll (CES -5 15-5 1g~5
@_,_,__ cd | PUDLESS8.0x10 §.8x10 4.5%10
e it D/Cy 540 560 580
T 68—
oo el L 9 Ad s FWEM (keV) 1.4S 1.52 1.70
] o] |
’ ____’/ A’////ﬂ/r pm.z.(cf—f-% 4.2x10-5 3.5%x1073 2.5%10-3
3 G ?/Cmn 950 1019 900
77’///’ ’ 7 68m:n __;4 B
@/ 17 AR T FWEM (keV) 1.47 1.60 .17
/}f,’-.f ot 488m p.n.x.(%s-—) 1.00%10™5 8.5x10-% 5.25x10-6
— . Pfq 1024 960 1110

Figures 5.6.2, 5.6.3 and 5.6.4 show the examples of the pulse height dis-
tributions of gamma-rays obtained with normal and anticoincidence modes.
In Fig.5.6.2 which obtained from a 834.8keV ganma-ray beam from >4
through the 2Imm dia. collimator hole, the peak-to—Compton minimum ratio
improved to 1019 while the Compton edge is noticeable. Figure 5.6.3 was

obtained from a 661.7keV gamma-ray beam incident from the side through
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the 9.2mm dia. hole and exhibited little Compton edge with a peak-to-
Compton minimum ratio of 1024 although the gamma-ray peak detection effici-
ency decreased to one fourth of that obtained from the beam through the
21mm dia. hole. The peak-to-Comton ratios of about 1000 obtained by this
spectrometer are almost comparable to those reported by Campl) and Aarts et
alz). Figure 5.6.4 shows the pulse height distributions of 152Eu( + 154Eu )
garma-rays through the 2lmm dia. hole. A comparison of the figure of Herit3)
measuraments using anticoincidence mode under 22Na gamma-ray background for
the three different diameter holes gave the best value for 41.5mm hole and
the worst for 9.2mm hole even though the peak-to-Compton ratio was the
worst for the 45mm hole since the peak detection efficiency played an im-
portant role for the figure of merit.

(2} The perfermance of the anticoincidence spectrameter for low level acti-
vity measurements was also tested by placing gamma-ray SOUrces in a space
between the Ge detector and the NaI(Tl) plug. The peak-to—Compton ratios
were 609 and 636 for 661.7keV and 834.8keV gamma-rays from l37(38 and SQMn,
respectively; the peak detection efficiencies were 1.2 x 10"2 and 1.0 x

1072 counts/garma. The detection Limit?) of +37

Cs for 1000min counting was
0.720C1(3 sigma) for a point source and 1.9pCi(3 sigma) for a 13670m3
volume source of O.344g/cm3 density as shown in the next table.

MINIMUM DETECTABLE DISINTEGRATION RATE, Dp(dps)

Am Am? Am
Bn(E) = —— - ([26R(ET) (BoglE)) + BR(ET)) + —1'/% + =)
(E1jf)t 4 2
b=2 for FWTM
1375, E1=661.660keV, £120.853, R{E7)=1.59keV
t=6 x 10%5=1000min, Bg2({E1)=0
e{E7) Eﬁff?} Minimum detectable disintegration rate
5 ts/keV
ource cts/y ke in An=1(100% error) Ap=3 Ag=10
Normal 1.72x10°¢ 25 1.5x10-2dps  4.8x10-2dps  2.11x10-Tdps
(0.40pCi) {1.3pCi) (5.7pCi)
Point
Anticoinci-  1.72x107° 6 7.6x10"3dps  2.7x10"2dps 1.47x10"Tdps
dence {0.21pCi) {0.72pC1)} {4.0pCi)
Normal 6.4x1073 25 4.0x10"2dps  1.3x10"'dps 5.67x107 dps
Yolume (1.1pCi} (3.5pC1) (15.3pCi)
{PL-50A S »
Anticoinci-  6.4x10 6 2.0x10-%dps 7.2x10"%dps  3.95x10" Tdps
dence (0.55pCi) {1.9pCi} (10.68pC7)

The spectrometer performance, especially very high peak—to—-Compton

ratio is very attractive in various types of measurements.
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5.7 Performance of a High-purity Ge Gamma-ray Spectrometer System

Using a Closed-cycle Cryogenic Refrigerator

E.Sakai, Y.Murakami* and H.Nakatani*

Germanium garma-ray detectors have been normally operated in the cryo-
stats cooled by liquid nitrogen, and produced sometimes maintenance problems
related to supplying liquid nitrogen. Recently, the requirement of mainte-
nance free Ge spectrometer systems arises, especially in gamma-ray spectro-
metry application in nuclear industry. This report describes our experience
on the use of a closed-cycle cryogenic refrigerator ( Lake Shore Cryotronics,
Inc. Model 21, down to 15K, 2W at 20K, + 0.5K ) for cooling a small high-
purity Ge detector{ APTEC, Ltd., Model No.05005B, 50mm2x 5mm planar charged
particle detector, lO_lOA at 600V at 77K ). The refrigerator and the detec-
tor were chosen simply by the fact that they were there at hand although
Marler, et al.l) found that one type of the refrigerators manufactured by
Air Products & Chemicals, Inc. was the most suitable cooler for this appli-
cation.

First experiment was performed using a standard universal sample cham-
ber supplied with the refrigerator as shown in Photo 5.7.1 in which the
compressor unit( 200VAC, 15A )} énd the thermometer/controller( Model DRC
70C ) are seen at the right. The detector was mounted on a cold finger
placed on the second stage cold station. One of the four glass windows was
replaéed by an aluminum piate having two feedthroughs for comnecting the
detector to a room temperature preamplifier( Canberra Industries, Model
2001 ) and a nultichannel analyzer({ Canberra Industries, Model 8100 ). It
took about one hour to cool down to 77K. The observed energy resolutions
degraded due to the periodic noises caused by the 167 cycles/min vibration
of the cold head. The FWHM for a 1.3MeV gamma-ray peak was 10.5keV at an
amplifier shaping time of 4us although the FWiM of 3.2keV was observed
during a shut down period of the cold head operation. The FWHM improved
to 2.6keV at 0.25us as the amplifier shaping time was reduced although this
short shaping time is not appropriate for longer risetimes of the pulses
generated by larger volume detectors. The FWHM for 60keV gamma-rays was 1.9
kev at 0.25us.

Second experiment was carried out using an ordinary design of an end
cap—flange combination with the same room temperature preamplifier as shown
in Photo 5.7.2. The contribution of the cold head vibration became more
significant than that in the first experiment.

* Faculty of Engineering, Toyama University, 1-1, Nakagawasonomachi ,
Takacka, Japan 933.
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Third experiment was made with a coocled-FET preamplifier ( Canberra
Industries, Model 970C ) using the same chamber as in the second experiment.
The vibration effect was reduced to give 3.0keV FWHM for 1.3MeV gamma-rays
at 4ps shaping while the vibration noises were still observed as sliown in
Figs.5.7.1, 5.7.2 and 5.7.3. The FWHM of 2.8keV was obtained at 0.25us
shaping as shown in Fig.5.7.4. The WM for 60keV gamma-rays was 3.3keV
even at 0.25us shaping time since the vibration effect enhanced at the
higher gain setting of the amplifier used.

Possible methods to reduce the effects of vibration are as follows;

a) Use of a pileup rejector to reject piled-up pulses.

b) Use of a gating circuit in order to close the maltichannel analyzer syn-
chronously with vibration~induced noises.

c) Recording gamma-ray pulses only at temporary shut down periocds of the
cold head operation.

d) Use of an anti-vibration mount.

One design of anti-vibration mount was prepared, but the experiment is

not yet performed.

Cooperation of Katsumi Kubo, Toshiba Corporation, is deeply acknow-
ledged.

Reference
1) Marler,J.M., Gelezunas,V.L.: IEEE Trans.,Vol.NS-20, No.l, 522(1973).
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1981/1/26 Run 26 APTEC planar HPGe -600V 77K Al end cap
5| Lake Shore Cryotronics Model 21 cryogenic refrigerator

107 | Compressor on, Cold head on, Preamp CI970C (cooled FET)

Spectroscopy amp CI12010, 4us, SYM HI

Co-60 4.5uCi on end cap, Count time 500s
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Fig.5.7.1 Pulse height distribution of 60Co gamma-rays cbserved from a 50mm®
x5mm planar high-purity Ge detector with a cooled-FET preamplifier.
The detector was cooled by a closed-cycle cryogenic refrigerator.

The shaping time of the amplifier was 4

us.
108 - , : .
1981/1/26 Run 30 APTEC planar HPGe -600Y 77K Al end cap
5 Lake Share Cryotronics Medel 21 cryogenic refrigerator
10°} Compressor on, Cold head on, Preamp CI970C {cooled FET) .
Spectroscopy amp CI2010, 4us, SYM HI
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Fig.5.7.2 Background pulse height distribution cbs
tions as in Fig.5.7.1 The effect of the

erved from the same conc_:'li~
vibration is still noticeable

at the lower pulse height and the pulser peak.
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Fig.5.7.3 Noises cbserved at Canberra Industries Model 2010 spectroscopy ampli~
fier{ 4us, SYM, HI, Unipolar ) output. Vertical and horizontal scales
are 2V/aa and 100ms/cm, , respectively. Gamma-ray pulses of 1.3MeV
correspond to an amplitude of about 8V .

10 r T T

1981/1/26 Run 23 APTEC planar HPGe -600V 77X Al end cap

Lake Shore Cryotronics Model 21 cryogenic refrigerator

| Compressor on, Cold head on, Preamp C1970C {cooled FET) ]
Spectroscopy amp CI2070, 0.25us, SYM HI
Co-60 4.5uCi on end cap, Count. time 500s
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Fig.5.7.4 Pulse height distribution of 69Co gamma-rays cbserved from the
scme detector with 0.25us shaping time of the amplifier. The
effect of the vibration reduced as compared with that in Fig.5.7.1
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Photo 5.7.1 High-purity Ge gamma-ray spectrometer system cooled by closed-
cycle cryogenic refrigerator, Lake Shore Cryotronics, Inc.,
Model 21. The detector was temporarily mounted in the standard
universal sample chamber supplied with the refrigerator.

Photo 5.7.2 Refrigerator cold head
with an ordinary design
of aluminum end cap.
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5.8 Fabrication of HgI2 Nuclear Radiation Detectors

E.Sakai, T.Okubo*, K. Ichinose** and E.Nakatani**

We have beenﬁfabrlcated mercuric iodide ( HgI2 ) nuclear radiation
detectors by puttlng aquadag electrodes to both sides of about 0.5mm thick
crystals grown by a simple vapor transport method. The crystals were grown
in a evacuated. Pyrex ampoule in a two-temperature-region furnace. The cry-

stals were cut w1th a lazer edge and etched in KI solutlonl)

shows a X- and garma-ray pulse height distribution of 241Am.obtained from
one HgI detector( #1-3, 1lmm x 1.6mm x 0.5mm, Humiseal 1B12 coated ) two
years and four months after the detector fabrication, The FWEM of 59.5keV

garma-ray peak‘ls_4kev, compared with 5.8keV on the day of the detector

. Figqure 5.8.1

fabrication.

This simple crystal growth method produces only small crystals with
different characteristics, and large crystals are difficult to be grown.
Also it is dlfflcult to. find the relation between the detector performance
-and. the crystal growth condltlon Thus, we decided to try the temperature

). The growth apparatus was

oscillation method using a vertical ampoule
built. The first crystal growth using 50g material started the end of
December 1980 and after one month an about 30g crystal of 30mm diameter
with 25mm height was grown. The crystal was not a single crystal, but it
had a single crystal in the center. The C-face of the crystal was determin-
ed by neutron dlffractlon to be slanting. The crystal is not yet tried as

detectors

HgIZ{Toyama 1x1.6x0.5ﬁm3) 1981/2/23
-1000V

Preamp JAERI 125

Spectroscopy amp £12010

300x590,4us ,ASYM,LO

MCA 618100(1024channe1 LLD=028)
Am-241 12.04yci at Zmm from front
Count. time 500s $_59 Ekay

gamma-rays

Counts per channel

FWHM=
3.94key
(6.61%)

¢ Pulse height{channel number) 1024

Fig.5.8.1 Pulse height distribution of 241Am.X— and gammas

* Reactor School student, on leave from Japan Nuclear Ship Development

Corporation.
**Faculty of Engineering, Toyama University.
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5.9 Fablication of Low Temperature Cryostats for Tandem Heavy-ion

Accelerator

E.Sakal and Y.Kazumata*

Two cryostats were designed and fabricated for studying radiation
damage behavior or doping behavior of metals, ceramics and semiconductors
under irradiation of various heavy-ions accelerated by the newly built JAERT
tandem accelerator.

One of the cryostats, type A, as shown in Photo 5.9.1, was designed
for irradiation of samples at controlled temperatures between -196°C and
+100°C. The sample holder has eight faces, each of which can be set at the
irradiation position by rotating the inner assembly with a pulse motor,
thus eight samples can be irradiated without breaking vacuum. All the
flanges are of ICF conflat types. Two inner assemblies were prepared in
order to facilitate a short time of changing samples although the outer
assembly is fixed in the accelerator beam-line. In the acceptance test,
one charge of liquid nitrogen lasted more than 24nrs and the vacuum reached
less than 10 torr at -200°C and 10 "torr at +90°C.

The other types of the cryostats, type B, as shown in Photo 5.9.2, was
designed for irradiating at temperatures controlled between 4K and 373K.
The sample holder and the inner assembly rotating mechanism are the same
as those of type A cryoétat although the type B cryostat has its own 100
litefs/s turbo-molecular pump, gate valve and double dewars. The type B
cryostat can be used in long-term experiments such as annealing measure-
ments after disconnecting from the accelerator beam-line. The acceptance
test showed that one charge of liquid helium lasted 7 hrs although 20hrs
are expected if the windows of the thermal shield are closed. The vacuum
reached less than 107°
size, sample condition or vacuum gaze.

These cryostats will be used by various research groups in JAERI.

torr. A television camera can be used to see beam

* Solid State Physics I Laboratory, JAERI.
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Photo 5.9.1

Type A cryostat for heavy-ion
irradiation at temperatures
between -196°C and + 100°C

Photo 5.9.2

Type B cryostat for heavy-ion
irradiation at temperatures
between 4K and +100°C. Vacuum
gauge, temperature controller,
inmer assembly rotation control-
ler and automatic liquid nitrogen
filler are seen in the left hand
rack
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5.10 Program Development for Canberra Industries 8100/Quanta System

H. Yoshida, K. Kubo* and E. Sakai

1}2)

The previous reports described the hardware construction and
principal programs constructed with programming language 'CLASS' (Canberra

)

Laboratery Automation Software System)3 to collect and analyze gamma
spectra data.

This report describes the programs which are revised or developed
after the previous reports were published.

(1) Second revision of "COLECT" program: as described in the previous
report,z) this program accumulates the ﬁulse height distribution of gamma-
spectra in the memory of MCA (multi-channel pulse height analyzer), copies
those data on the disk, analyzes them. and writes the resultant data of
analysis on the disk. The main parts of the secend revision are addition
of the functions in which the value of time when each accumulation of gamma
spectra stopped, and total counts of #1 to #4095 channel are also recorded
on the disk. The content of #0 channel is excluded from totalizing because
i+ stores duration time of data accumulation. The function of recording
the start time of each daté.accumulation ig originally adapted.

(2) Development of ”CLTO" program: this program prints the list of
start time, stop.ﬁime of data accumulation and total counts recorded on
the disk by the program ”COLECT””above mentioned.

(3) Developmeﬁt of "COMPRT”.program: when A, Bi ajd C, are assumed
as the values of i-th channel counts of MCA data [A], [B] and {C] written
on the disk respectively, this program calculates

C.=(a, /B (/1))
and writes the resultant data as [C] on the disk, where ty and ty are
collect time of data [A] and [B] respectively. 1f Bi < 0, Ci is set zero
always. This program is used to calculate Compton reduction ratios of
whole channels between data [A] which is accumﬁlated in the normal mode
and data [B] which is accumulated in the anticoincidence mode.

(4) Development of '"CMPLST" program: this program prints the results

of the program''COMPRI" above mentioned recorded on the dick for desired run

*Visiting engineer, on leave from Tokyo Shibaura Electriec Corporation.
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numbers and desire@ region of channels recorded on the disk. The time
required for the printing of a 4096 channel data set is about 35 minutes.

(5) Development of "MIDSK" program: one of two MCA's of the System
is sometimes used for off-line measurements and the data are recorded on the
magnetic tapes(M.T.) only. This program ig for transferring those data on
the M.T. to a disk file in the form of those written by the program
MCOLECT".  The user must type in data identification messages, the start
time and stop time of each data accumulation because the data of M.T.
contain only the counts of each channels.

(6) Development of "EFPLCT" program and revision of "CALIB" pregram:
PEFPLOT" program draws a continous curve of gamma-ray energy vs. photopeak
detection efficiency chracteristics which is calculated by the parameters
obtained by "CALIB' program using the digital plotter. ¥{energy})—axis and
Y(detecrion efficiency)-axis are expressed on a log scale. The points used
to calibrate detection efficiency are plotted with combined triangle marks
" X’” (see Fig. 5.10.1). "CALIB" program is revised to store the data of
detection efficiency calibration points (up te 15 points) on the disk.

(7) Development of program "SPLST2": this program prints the list of

every channel count of MCA recorded on the disk for desired run numbers

and desired region of channels. The results of isotope analysis which are
estimated by the program "COLECT" or ”GAMMAY”Z) are also printed if they
are recorded on the disk. The time required for the printing a 4096

channel data set is about 37 minutes.
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5.11 Uncertainty Induced by Count Statistics in Enrichment Measurement

with SAM-2 (II}
H., Gotoh

Suppose the case where a SAM-2 is calibrated against n ( 22 ) physical
standards, a uranium sample is counted with the SAM-2 and the enrichment and
its variance of the sample are derived. Assume that uncertainties in the
enrichment of standards and in counting times are both negligible and that
counts in channel 1 and 2 contain uncertainties.

Symbols Clj

cbtained against the j-th standard during an equal counting time Tj. The

and C2j respectively stand for counts of channel 1 and 2

deviation of count Cij from the corresponding true count rij is assumed to
obey the normal distribution with zero mean and with variance Gij {i=1,2;
j=1,+++,mn). Symbols C1 and C2 respectively dencte counts of channel 1 and 2
against the sample during an equal counting time T, Deviations of Cl and C2
from the corresponding true counts Fl and Tz are respectively assumed to
obey the normal distribution with zero means and with variances Ui and Og.
Furthermore we assume the existence of two coefficients a and B and that

the following relations are satisfied

E.oT. = gl . - BT

., j=1,+*+,n
J ] 13 2] /

(1)
E T = u-Fl - B-Fz .
N . . ..l
The indirect least squares procedure with constraints can be applied ).
To obtain the most probable values a and b for & and R, we have to adopt an
iterative method. A better approximate set of coefficients al-and b1 can be

derived from an approximate set of 2, and bO:
2

n C.. n C,.*E.-T.

a :"_ﬁl..l{[z 2] ]'(I ].J J J }
17BN DT L 0202 N a2l pleg?
J 0% " P92 0 915 0 "2j

C . .. ..T‘
B ]
j=1 a2-0 + b2-o i=1 a *07, + bZ'U2
0 °1j 0 %5 7 0 °1j 0 °2j
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1 n Clj-C2j n Clj-Ej-Tj
b1=A'{[.z 23 7 (L =5 (2)
0 % j=1 30-02. + b0°02] j=1 ao-cl. + bO.GZj
n Cz. n C ."E,*T.
1j 2] 1 3]
G (1 2170}
j=1 a Oyt b0'02 j=1 8570 ; + bO‘UZJ
where
n Ci. n C2. n C1.°C2. ‘ 2
Ao‘LE 2 2 J2 7 (I = : - (1 = 2J Jz 5
i=1 ao-olj + bO'UZj j=1 ao-clj + bO'GZj j=1 aO'Olj + bO.UZj

Variances Gi and 02 of a and b and the covariance Yab between them are

b
given by
2
Zee (]t
& AO j=1 a 'Uz + b2-02 ’
J= 17 23
2 n Ci.
of = —{} ] ), {3
b 0 j=1a '62 + b2-0
J 1j 2j
and
=] ‘15 C2j2
ab b 2, 2 L2
1 J=1a glj + b sz

The most probable enrichment of the sample is given by
£ =Li(ac, - bec) | (4)
T 1 277

and its variance by

2 _ 1, 2, 2 2, 2 2,
Op = T2 { a Gl + b 02 + C1 o]

2 2 2
2t C2 Oy - 2 Cl C2 Yo ) . (5)
The sum of the first two terms in eq.(5) represents the random error and

that of the last three terms corresponds to the systematic error.
Reference

1) S. Brandt: Statistical and Computational Methods in Data Analysis (North-
Holland Publishing Company, Amsterdam and London, 1970) Chap.9.
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Reactor Control and Diagnosis

6.1 Simulation Study of Sodium Boiling Detection Methods
J. Shimazaki, Y. Fujii and Y. Shinchara

As a part of the work on the development of a diagnostic system for
detecting anomalies in the core of an operating reactor, a study is being
made on the methods of detecting abnormal reactivity and coolant boiling
on the basis of computer simulation. The objective of the study is to
obtain some basic information useful for developing sensitive methods of
signal processing suitable for boiling detection.

Neutronic, acoustic and measurement noises are simulated on a hybrid
computer using source noise data recorded on a multichannel magnetic data
tape and a multivariable function generator which is used for generating
basic void patterns. The function generator is driven by randem signals
in order to simulate the randomness in the time of bubble formation and
also in size. The void patterns are chosen from experimentally observed
bubble formation patterns.

The neutronic signal is pgenerated using a reactor simulator, to the
input of which is applied the reactivity caused by bubbles through the
void coefficient of reactivity. At the output of the reactor gimulator
is added the measurement noise,

The acoustic signal is generated based on the second time derivative
of the void signal. At the output of the acoustic signal simulation
block is added a random signal which simulates the background noise
including the measurement noise,

From the simulation results which were obtained parametrically for
various noise conditions using correlation, spectral and ccherence analy-
ses, it has been confirmed that the cross—spectral and coherence analyses
between neutronic and acoustic signals are effective methods for detect-
ing boiling even when the signal-to-noise ratic is small provided that
the void coefficient of reactivity is not practically zero. It has alsc
been shown that detection capability can be improved to a certain extent

by applying some nonlinear preprocessing of the measured signals.
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6.2 Dynamic Model of the VHTR Plant for Analyzing Its Control System
J. Shimazaki, H. Usui and Y. Shinohara

The dynamic model of the Multi-Purpose Very High Temperature Gas-
Cooled Reactor (VHTR) has been made to design and evaluate the control
system efficiently, For the analysis of the VHTR dynamics and the design
of the control system, it is needed to develop the dynamic model and the
simulation method to reduce the computation time of the dynamic simula-
tion under various kinds of disturbances and plant parameter changes.

It takes about 10 minutes for one case of the VHTR dynamic simulation to
use the plant simulation digital codel) (ICARUS~-ITa) and about the same
to the hybrid computer simulationz). However the dynamic model developed
can be used to one simulation within 10 sec CPU time on FACOM-M200 com-
puter. And this model 1s applicable to the control design and evaluatiom
through comparing and examining a lot of dynamic simulation results,

The VHTR plant consists of reactor core, reactor structure, inter-
mediate heat exchanger (IHX), steam generator, thermochemical process,
high temperature coaxial double piping and so on in order to analyze the
VHTR dynamics. The dynamic model is made of the primary system of the
VHTR plant in the form of state variable representation. As & one-
dimensional distributed parameter medel is needed for reactor heat trans-
fer and IHX, the number of nodes in nodal approximation is determined
though the simulation results of different nodes and of the centinucus-
space-discrete-time method using a hybrid computer. The model shown in
Fig. 6.2.1 has four subsystems which are neutron kinetics part, reactor
heat transfer part and two THXs, A subsystem is in general represented
by introducing state variable X{, control variable uj, output variable
y4i, system matrix Aj, control transfer matrix B; and output matrix Cj.
The four subsystems are comletely determined by defining the varigbies
mentioned on the computer code which generates the matrices Aj, By & Cj.
The dynamic simulation of the total system can be done after making the
discrete—time model and connecting the subsystems.

One of the dynamic simulation results is shown in Fig. 6.2.2 when
10¢ in reactivity is applied. In this simulation, the discrete time
interval is 5 sec and the simulation time 2000 sec. It takes about 2
sec of CPU time for one dynamic simulation to a given disturbance. The

responses in Fig. 6.2.2 are consistent with the result on the hybrid
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computer simulation. The new model and the simulation method developed
have been shown to be useful for optimal parameter setting of a control

system and for the design of control systems structure,

References

1) Esaki M., et al.: "ICARUS.l, A Computer Code for Transient Analysis
of the Multi-Purpose High-Temperature Reactor Plant Performance",
JAERT-M 5058 (1972).

2) Usui H., Kudo K.: '"Hybrid Computer Simulation of the Dynamics of the
Primary System of Experimental Multi-Purpose Gas-Cooled Reactor",

JAERTI-M 8974 (1980).
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6.3 Reactor Water Level Estimator of a BWR plant
J. Shimazaki and M. Yokobayashi

The reactor water level of a BWR plant is an important variable to
be continually monitored for the safety of the reactor core. However
the actual water level (mixture level) shows the different behaviorl)
with the measured water level especially in the case of large core flow
change or pressure decrease. And it is necessary to estimate the actual
water level from the measurement data of the reactor plant.z) The water
level in the reactor has been analyzed by using the water level estimator.
Tt is also shown that the conventional level meter installed in the
reactor plant has the dynamics of a dead time and first order time delay.

The dynamic model of water level estimation is made of seven dimen-
sional state variables and seven input variables from fifteen dimensional
state variable model already developed. The state variables are the
reactor thermal power Q, the core average void fraction Rg, the core
outlet quality Xg, the riser average void fraction Ror, the riser outlet
quality X,., the reactor pressure P and the actual water level H.. The
input variables are the neutron flux N, the turbine steam flow Wgy, the
dump condenser steam flow Wgd, the recirculation flow W, and the core

inlet temperature T The measured water level (meter level) Hy is not

in®
included in the state variables because it shows the dynamic response of
the measurement device.

The water level estimator is designed by applying Kalmaﬁ—Bucy fil-
tering to the above-mentioned dynamic model. In the estimator, the
measurement variable to be fed to the state variable model is the pres-
sure only and the covariances of state and measurement variables are
assumed to be 1-2% of their steady state values at nomal power. In order
to estimate the dynamics of the level meter, the water level correspond-
ing to the meter level is calculated from the mixture level of the water
level estimator, considering the pressure drop effect and the dynamic
model of the level meter of e '°/(1+Ts) type,

Using the actual data obtained from JPDR-II dynamic experiments at
50% power, the characteristics of the water level estimator are analyzed
as well as identifying the dynamics of the level meter. The input vari-
ables are shown in Fig., 6,3.1 when the setting value of the master con--

troller of recirculation pump is changed as rectangular form. Fig. 6.3.2
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shows the responses of the estimator. Ajusting the parameters of e-TS/
(1+Ts), the dynamics of the level meter is identified as T = 2 sec and
T = 0.5 sec. The estimated water level given in Fig. 6.3.3 represents
good consistence with the measured water level from the conventional
level meter. This type of estimator has good characteristics of stabil-
ity and response, comparing with the estimator designed by input varia-
bles without pressure feedback. As the experimental data used are from
amall disturbance (within 10% power change), the dynamic model is suffi-
cient to be linear. TFurther work is still remained to develop a non-
linear dynamic model for estimating the reactor water level correspond-

ing to the large disturbances.

References

1) Shimazaki J., Yokobayashi M.: 'Reactor Eng. Div. Annual Report (Apr.
1978 - Mar. 1979)", JAERI-M 9032, pp.135-137 (1979).
2) Shimazaki J., Yokobayashi M.: "Reactor Water Level Estimator of a

BWR Plant', Annual Meeting of the Atomic Energy Scoiety of Japan, D4l,
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6.4 A New Method for Leak Detection in OWL-1 Loop Based on Time Series
Analysis of Dewpoint Signals
R. Oguma, K. Hayashi and T. Kitajima*

Introduction

The problem of early detection of abnormal water leakége from nuclear
reactor plants is particularly important from the standpoint of reducing a
release of fission products and the resultant contamination.

The present study is concerned with a new method aiming at the development
of an on-line computer-based leak monitoring system.for the OWL-1 (Oarai Water
Loop No.l). The OWL-1 loop is an in—pile water loop of JMTR(Japan Materials
Testing Reactor) used as an irradiation facility for testing materials.

Most equipments of the OWL~1 loop system are contained in the loop cubicle

of a volume about 115 m3. The cubicle is segregated by a thick concrete wall
and is ventilated. A considerable amount of experience on leak monitoring
has been accumulated at JMTR up to now through the tests carried out on
different methods, in which the use of dewmeters is thought to be promissing.l)
In order to obtain a sensitive indication of leaks, here, time series analysis
based on ARX(autoregressive model with exogenous variable) modelingz) is
applied to information processing of the signals from the dewmeters. The
method is based upon the ability of the identified ARX model to estimate the
current state on the ambient humidity, i. e., the change in the humidity
causea by the water leakage would lead to deviation of the measured humidity
from the estimation by the ARX model, thus detecting the leakage.

A simple digital filter composed of the identified ARX model and a

3}

Butterworth filter was designed as an attempt to develop an efficient
leak monitor, which was then applied to dewpoint recordings collected during
the 43rd cycle of the JMIR operation.

In the present study, the ARX modeling was applied as a method for
information processing to enhance the detection sensitivity to the change

in physical state of interest.

Brief Description of the OWL-1 Cubicle and the Dewpoint Measurement

Figure 1 illustrates the air flow path to and out of the cubicle together
with the location of the dewmeters. The dewmeters used here for measuring
humidity of the supply and the exhaust air in the ventilation system is a
Dewcel meter with assured measurement range of -10 v 50 °C. The signal's
outputs of the dewmeters are sampled every 10 sec and are recorded on a

chart recorder.

% Division of JMTR, Oarai Research Establishment
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Method of Data Analysis

Given a set of sample records with sample size of N on the supply and
exhaust dewpoint signals, {To(k)7 Ti(k); k=1, 2, ..., N}, the ARX modeling
technique can be conveniently applied to identify the dynamics model relating
To(k) and Ti(k)' The ARX model for these two variables at time k can be

represented by
M M
T (k) =% a(@T (k-m) + Z b(m)T. (k-m) + e(k). (1)
° m=1 @ m=1 +

Once the ARX model was obtained, the exhaust dewpoint at time k can be
estimated by inputing the supply dewpoint signals to the identified ARX

model, i. e.,
~ M ~ M
T (k) = £ a(mT (k-m) + Z b(m)T, (k-m), (2)
o 0 i
m=1 m=1

where %O(k) denotes the estimate of To(k). If a leak has occurred, the
estimates of the exhaust dewpeint would deviate from the measurement

value. Hence, monitoring the time behavior of the difference {To(k)-%o(k)}
would lead to efficient leak detection. The ARX modeling of Eq.(1l) for a
set of measurement dewpoint data can be achieved by applying the least
gquares fitting method.

Results of the Analysys

Figure 2 shows an example of the exhaust dewpoint estimation based on
Eq.(?) for the normal data without leaks from the OWL-1 loop. The estimated
values follow quite well the original measurement data in a sense of mean
value, indicating the validity of the identified model.

A computer algorithm for an on-line leak monitor was developed on the
basis of the model identification. This leak monitor consists of two steps
of dataAprocessing; the first step for evaluating the difference signal
{To(k)—To(k)} which includes the identified model, and the second for
smoothing the difference signal. The latter is composed of Butterworth
lowpass filter of the third order, with which cne can cut off the signal’'s
high frequency components not needed fpr leak monitor.

This leak monitor was applied to analyze the data collected when
abnormal water leakage occurred at the OWL-1 loop. In Fig.3 the results
of the leak monitoring are summarized together with the events observed
during the loop operation. From the figure the followings can be pointed out;

i) It is inferred that the leak from the loop became evident about one
hour after starting the OWL-1 loop heating up (14 o'clock on March 12th).

ii) Reaching steady condition of the loop operation, the leak rate estimated
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also became steady.

iii) Almost at the same time when the operator started to decrease the
temperature and pressure of the loop, the estimated leak rate also
began to decrease.

iv)}) There is not much discrepancy between the confirmed and estimated
time of the end of leak.

Especially iii} and iv) among these four features indicate the present
analysis to be fairly reliable.

Considering the time history of the leak estimated by the leak monitor
applied here, it is conjectured that the leak could have been detected by
the present method, at least, when the loop operation attained P—mode*
stationary condition.

The results obtained in the present analysis indicate the potential
usefulness of the method developed here for an early detection of water

leakage.

References

1. "Operational Report on JMTR Irradiation Facilities in 43rd Cycle",
Irradiation Section II, (1979)

2. Akaike H., Nakagawa T.: Statistical Analysis and Control of Dynamic
Systems, (1972), Saiensu-sha

3. Rabiner L. R., Gold B.: Theory and Application of Digital Signal Processing,
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* P-mode; coolant condition of pressurized water reactor
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7. Fusion Reactor Technology

7.1 Construction of Accelerator System for Fusion Neutronics
Source (FNS) --- Installation ---

J. Kusano, H. Maekawa, S. Sato*, T. Sakase*, C. Kutsukake,
S. Tanaka, Y. Oyama, Y. Ikeda and T. Nakamura

The FNS is a powerful 14 MeV neutron generator used for the fusion
reactor blanket and shielding experiments. The installation of the ac-
celerator system of the FNS began in early April of 1980. As the first
step, alignment lines of the beam transport were determined and benchmarks
were set on the walls and floors in the accelerator and target rooms.
The packages of the accelerator components arrived at the JAERI site at
the end of April. Immediately finishing the unpackage and the inspection
of the contents, the assembling was started. The mechanical assembling
and associated wiring proceeded fairly smoothly through May to June.

The first high veoltage test was done successfully at the end of May.
The beam tests was started at the middle of June using high current ion -
source 740A and beam current of 5 mA was obtained immediately.

Then the works for increasing the current in both of the two beam
lines followed, but the results were not so satisfactory as expected due
to poor beam transmission to the target position. Small modifications
and reassembling on the beam pulsing system and control console wiring
were made from July to August and beam tests were started again, 1In
spite of long time and careful adjustment, currents obtained were only
60 ~ 70% of the specified values i.e., 20 mA for 0° beam line and 3 mA
for 80° one, respectively. Major cause of the results was guessed to be
attributable to a larger emittance of the ion sources than that had been
used in the original ion path calculations and it seemed no way to in-
crease the beam without changing or adding optical components.,

The installation schedule was revised in the middle of September
.and intensive beam diagnosis was performed by setting a view chamber
and observing the beam shape and size at various positions between the
acceleration tube and the target for different component arrangements.

As a result, it was concluded that an additional quadrupole lens was

* Daini-Seikosha Co. Ltd.
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needed for each line.

With the rearrangement of the beam transport system including the
addition of lenses, the rated values of DC d+ beams for 0° and 80° beam
lines were finally achieved at the end of December, 1980 and at the
middle of January, 1981, respectively. Successively, the pulsed beam
adjustments began with the improved pulsing circuits that has been modi-
fied during DC beam tests.

The final acceptance tests was started from early March and was
finished at the end of the month with successful results, which is

degscribed in section 7.2.
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Photo 7.1.1 Diagrammatical display and control console

Photo 7.1.2 80 degree beam line in the first target room
Fast Faraday cup is mounted at the end of it to make
the test of pulsed beam.

Photo 7.7.3 Overview of the high voltage area
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7.2 Construction of Accelerator System for Fusion Neutronics
Source {FNS) --- Performance Test ---

H. Maekawa, Y. Oyama, Y. Ikeda, J. Kusano, C. Kutsukake,
S. Takana, S. Sato*, T. Sakase* and T. Nakamura

After the installation of accelerator system for FNS had been com-
pleted, the performance test was started to corroborate its ability.
All rated values of beam specifications had been determined at the pre-
scribed target positions using D" ion beam. The beam sizes of them had
also been defined within 15 mm¢ at the target. They were confirmed by
a collimater for a rotating neutron target (RNT) of O degree beam line
and by anaperture for a dummy target and a fast Faraday cup {FFC) of 80
degree beam line, The sizes of collimater and aperture were 15 rmd.

Method and results of pefformance test are discribed briefly as

follows.

DC Beam Test

The beam currents at the target were measured by a calibrated amme-
ter. Layout of target systems are shown in Figs., 7.2.1 and 7.2.2, 1If
the collimater of rotating target was biased, some beam hit it and secon-
dary electrons are emitted to the target. - Therefore, it was not biased
in the test of O degree DC beam to obtain reasonable beam current. The
dummy target assembly was used at the end of 80 degree beam line. The
bias voltage of electron suppressor was 200 V. This value was determined
to be enough to suppress the secondary electrons from the target. The
beam current was also measured by a calorimetric method. The beam

current 1 is given,

~ F.AT
I = 4.186 —~
where I : beam current (mA),

AT : temperature difference between outlet and inlet,
cooling water (°C), '
flow rate of cooling water (cm®/s),

V : acceleration voltage (KV).

* Daini-Seikosha Co. Ltd.
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The results are summalized in Table 7.2.1 with the rated specifica-
tions. The values of electrical and calorimetric methods agree well

each other within the experimental errors.

Pulsed Beam Test

Pulse width and peak current of sweep pulse mode were measured by
a oscilloscope to observe the pulse shape from a Fast Faraday Cup (FFC)
that was mounted at the end of 80 degree beam line. In case of bunched
pulse mode, pulse width was obtained from the time distribution of D-D
neutrons that were generated at FFC, i.e., self-target. Typical result
is shown in Fig. 7.2.3. The peak current was evaluated from the pulse
shape measured by the oscilloscope assuming the area, i.e., (pulse hight)
x (FWHM), was equal to that of the time distributionm.

The ON/OFF ratios were also measured by detecting D~} neutrons from
a Ti-D target that was mounted on a air-cooled target assembly in stead

of the FFC. Results of pulsed beam test are summalized in Table 7.2.3.

The performance test shows that FNS Accelerator System has achieved

the expected beam specifications.

Table 7.2.1 Results of DC beam test

- Beam current at the target
Beam-line Ion source Rated value Measured value
’ Ammeter Calorimeter
0 degree T40A 20 mA 23.4 mA 22.0 mA
80 degree 740A 10 mA 10.7 mA 11.0 mA
80 degree 820 3 mA 3.18 mA 3.21 mA
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Table 7.2.2 Results of pulsed beam test
Pulse width Peak current On/0ff ratio
Mode
Rated Measured Rated Measured Rated Measured
Bunch 2ns 1.55ns | 25 mA  45.4 mA 105 4,1 x10°
 Sweep 30 ns 22 ns 3 mA 3.0 mA 104 1,9x10°
(min. width)
{>50 ns) 50 ns  Same as 3ma 3.0 10* 6.1 % 10°
A8 s rated 3.4 mA
values
; Beam Duct Rotating Target
d’ Beam T———
Collimater
Fig.7.2.1 Rotating target used for the DC beam test

on 0 degree beam-line
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Fig.7.2.2

—

Dummy target used for the DC beam test on 80

degree beam-line
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7.3 Parasitic D-D Neutron Production by Self-Target Reaction in FNS

Y. Oyama, Y.‘Ikeda, H. Maekawa, S. Tanaka, J. Kusano, C. Kutsukake,
S. Tanaka and T. Nakamura

In the Fusion Neutronics Source (FNS), 14 MeV neutrons are produced
by D-T reaction with a 400 KV deuteron accelerator., Parasitic neutrons
with 2.5 MeV as mean energy are simultaneously generated at a target
disc and beam line components, e.g., an aperture, by D-D reaction with
D atoms implanted on them. The character of these parasitic neutrons is
important not onIy on the shielding problem near the beam lines, but
also on the background estimation is neutron experiments.

Neutron yields, angular distribution and time dependencies of neu-=
tron production rate were measured by a 50.8 mmé x 50.8 mmt NE 213 liquid
scintillation counter as a neutron detecter beforehand the tritium target
was used, The neutron yield has been considered to be in proportion to
beam current and the number of D atoms in a target metal. In the equi-
librium state, the number of D atoms 1s dependent on target surface
temperaturel). In Fig. 7.3.1 and Fig. 7.3.2, the changes of neutron
yield with implantation of D atoms in a new copper target and with the
release of D atoms from the saturated target due to temperature rise are
shown, respectively,

The neutron production rates of copper and titanium plated on copper
targets were about 1.1 % 10% neutrons/s.mA and about 4.5 x 10°? neutrons/s.mA
at the saturated state, respectively. The absorption capacity of D atoms
in the titanium layer was about 40 times as much as that in copper.

When a Ti-T target is used, the fraction of D-D neutrons to D-T neutrons,
whose production rate is expected to be about 2.5x% 101 neutrons/s.ma,

will be about 2% at the saturated state.

References

1) Hilton J.L., Kim J. and Hendry G.0.: Proc. of the Workshop on High
Intensity Neutron Generaters, las Vegas, Nevada, U.S.A. (1972)
pp.194-207.
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7.4 Surface Temperature and Beam Profile Monitor for Metal Target of
FNS

T. Nakamura and H. Maekawa

Tritium metal target releases absorbed gas rapidly when it is heated
up to 200°C, Therefore in operating a neutron generator like FNS which
delivers high intensity deuteron beam and uses a large quantity of trit-
ium, it is highly desirable to observe continuously the target surface
under bombardment and to control beam focus, keeping the temperature
below the safety level for the purpose of getting long target lifetime
and low tritium concentration at the vacuum exhaust as possible. To
meet this requirement a monitor system was developed and equipped in the
80 degree beam line of FNS,

The composition of the device is shown in Fig. 7.4.1., Basically
it is a sort of scanning infra-red ray telescope camara. Infra-red
radiation originated from the bombarded target surface is taken out by
means of a mirror and a sapphire window to the outside of the accelerater
vacuum beam duct. The object image is magnified by a set of lénses and
is introduced into a infra-red image analyzer. As the beam duct cross
sectional size is limitted to 35 mm square by experimental requirements,
the mirror is so arranged as to cover the whole sectional area except a
25 mm¢ hole bored at the center of it to let the beam pass through. The
optically polished stainless steel mirror is protecfed by a water cooled
aperture lest the spilled beam should hit and heat it up, and the mirror
itself is cooled as well. _

The thermal image is transformed by the analyzer to a train of
electrical signals and transmitted to a digital processor in the control
room.  After necessary data processing the object thermal image is recon-
structed and displayed on the TV monitor screen in 16 colors temperature
range scale, A commercial model "Thermal Imager Probe Eye 1400" was
chosen as the infra-red image analyzer and processor, and several modifi-
cations were applied to satisfy our requirement.

The whole system was tested in the temperature range between 50 to
500°C after installed in the beam line by using a reference source which
was calibrated with a standard black-body heat source, Iﬁ the beam run,
it showed good and reliable performance, and has been used in beam adjust-
ment and various target tests. An example of deuteron beam spot on a

Ti-D metal target is shown in Fig. 7.4.2.
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7.5 Modification of Tritium Monitoring System for Tritium Adsorption
Plant {TAP)

Y. Ikeda, S. Tanaka, Y. Oyama, H. Maekawa and T. Nakamura

In the Fusion Neutronics Source Facility (FNS), the tritium adsorp-
tion plant (TAP) is equipped to collect the exhaust gas from each vacuum
lines and to remove the tritium, when the concentration is high, before
it is released to the atmosphere. 1In the original TAP system, the
tritium monitoring was performed using an effluent ionization chamber in
each line of the monitor and storage tanks.

However it is expected from the preliminary test that once the
exhaust gas having a large amount of tritium comes into the jonization
chamber, the severe contamination occurs and no more monitoring in the
lower range is possible. In order to avoid this situation, a new tritium
monitoring system for TAP was designed and reinmstalled. The new tritium
monitoring lines including two types of effluenﬁ ionization chambers,
i.e., one is used for high level and the other for low level are shown
in Fig. 7.5.1. The high level ionization chamber (HTM) having small
volume of about 100 cm® covers the range of 1072~ 107 uCi/cm® and the
low level chamber (LTM) which has the wvolume of about 1 liter covers the
ranée of 107% 100 yci/em?.

In a usual operation mode where the tritium concentration is not so
high, the gas passes through the both chambers in series. Once the high
concentration tritium gas that exceeds the present level comes into the
HTM, the valve NV-1 in Fig. 7.5.1 closes immediately and the valve NV-3
open to purge the possible contamination in the LTM by dry air. When
the tritium concentration of the HTM is reduced under the level after
the processing, the system returns to the usual operation.

As the result of this modification, a reliable tritium monitoring
is now possible in the FNS where total amount of 10,000 Ci per year of

tritium metal target is treated,
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7.6 Studies of Tritium Adsorption and Desorption in Ionization Chamber
for the Tritium Effluent Monitor

Y. Ikeda, S. Tanaka, Y. Oyama, H. Maekawa and T. Nakamura

It has been considered that as high concentration tritium gas passes

temporarily through the ionization chamber, the probability of the adsorp-
tion of tritium onto the chamber wall surface increases. The accurate
measurement of the tritium concentration is no more possible to continue
because the background of monitor rises by the desorbed tritium from the
chamber wall. This is one of the most serious problems concerning with
the continuous tritium monitoring of gaseous effluent at the facilities
where a large amount of tritium is handled. Therefore it is necessary

to make clear the relation of the tritium concentration to the amount of
the adsorption and desorption, so that we can design a new process
monitor to measure the concentration of tritium effectively. On this
point of view the adsorption and desorption properties of tritium in two
types of ionization chambers, i.e. RIC-510 and SC (sampling chamber)

have been studied using standard tritium gases of 6.6 x 10~% pcifem?,

5% 1072 uCi/em® and 4.16 x 1072 yCi/em®. In Fig. 7.6.1, the schematic
arrangement of this experiment is shown.

' The experiment consisted of two parts of measurements. The first
one was perfbrmed as follows. The standard tritium gas was sealed in
the ionization chamber for certain time. Then the tritium gas in the
chamber was purged by dry air of which the flow rate was constant in
each run. During these processes, a continuous measurement of tritium
concentration was carried out using an electrometer. Observed decay
curves of the tritium concentration are shown in Fig. 7.6.2. After
background was subtracted from each curve, not only fast decay components
which was caused by the ventilation, but also slow decay components
clearly exist in these curves. These slow components could be explained
by a consideration that as the balance of the adsorption and desorption
varied during the air purging, the adsorbed tritium on the chamber wall
desorbed into the sensitive volume of the chamber. These curves could
be fitted to exponential functions. And an amount of the tritium ad-
sorbed initially on the chamber wall could be deduced. The surface con-
centration of tritium after sealing the standard tritium gas of 4.16 x

10~2 yCi/cm® was estimated about 1074 uCi/cmZ.
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The second part of measurements was performed successively follow-
ing the first measurement., Just after the purging, the ionization cham-
ber was closed. The tritium concentration was continuously measured so
far as ifs concentration had been saturated. The observed curves are
shown in Fig. 7.6.3. The curves indicate that the tritium concentration
in the chamber is increasing rapidly at the beginning of the measurement
and gradually saturates. This phenomenon can be explained by the same
consideration as in the first measurement, It is also considered that
the increasing rate of the concentration relates to the balance of ad-
sorption and desorption at the surface of chamber wall. Then the surface
concentration of the adsorbed tritium after sealing the standard tritium
gas for a certain time could be deduced to be about 1074 uCi/em?. This
value is consistent with the value deduced in the first measurement.

As the conclusion in these measurements, it is said that when the
tritium gas of about 1072 uCi/cm3'is filled in the ionization chamber,

the amount of adsorbed tritium on the chamber wall become about 10~

pCi/em?.
Glove Box
:"’ ““““““““““ iy |
: Ys Vis L
= Q{FMF® | Q-
i
™
Dry Air I =
V" Vg | V:

Fig. 7.6.1 Schematic arrangement of this experiment
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7.7 Neutron Dosimetry by the Spectrum Weighting Function Method with
a NE-213 Liquid Scintillator

Y. Oyama and S. Tanaka

We are planning to study the shielding effect and the skyshine
phenomenon using the FNS. The spectrum weighting function method with
a 50.8 mm¢ x 50.8 mm NE 213 liquid scintillator will be adopted to measure
a neutron dose equivalent. This method has usually been applied te a
low level radiation fieldl). A computer code was prepared to obtain a
spectrum weighting function from the neutron response matrix of NE 213
liquid scintillator.

The spectrum weighting function, named G(Ep) function, is an opera-
tor which converts absorbed energy spectrum N(E,) into a dose equivalent

rate at the detector position. The G(Ey) functiom is defined as follows?

thmax

D= N(Eh)G(Eh)dEh ’

Ehmin

where Ep, N(Eh) and D are absorbed energy of recoil proton in the detec-
tor, absorbed energy spectrum and dose equivalent rate at the detector
position, respectively. To obtain the G(E,), the calculation was iterated
until the result of operating it to mono-enargy neutron responses con-
verged to Flux-Dose Conversion Factors. The G{Fp) function obtained by
this calculation and the energy response of this method are shown in

Fig, 7.7.1 and Fig. 7.7.2, respectively.

The result of this method was compared with a standard dose equiva-
lent rate dbtained by the unfolding method at the same neutron fields of
Am—Bé and 2%2¢f, To obtain the dose equivalent directly in the same
principle, a DBM (Diserimination Bias Modulation) circuitl) that converts
electrically detector pulses to it was also used. The results of each
method are summarized in Table 7.7.1. The differences between the G(Ep)
function method and the unfolding method and between the DBM method and
the unfolding method are within 7% and 18%, respectively. These discrep-
ancies will be improved by giving a proper discrimination parameter in
the calculation of G(Eh)‘ The sensitivity of the G(Ep) function method
for Am-Be neutrons was estimated to be 0.24 mrem/hr/cps using the solid

line in Fig. 7.7.1, and it became clear that this methed was useful to

— 154 —



JAERI-M 9672

apply to low level neutron fields.

Reference

1) Moriuchi S.: "A Dosimetric Instrument Based on the Spectrum Weight-
ing Function Method for Environmental Radiation Méasurements",

JAERI-M 7066 (1977) (in Japanese).

Table 7.7.1 Comparison between the results of each method
Am-Be Cf-252
Method
Result Ratic Result Ratio
Unfolding 2.72x 1077 1 1.27 x 1072 1
G-function 2.51 %1073 0.93 1.29x 107 1.02
(-7%) (+22)
DBM 2,34 x1073 0.86 1.04 % 1072 0.82
(-14%) (-18%)
(rem/hr)
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7.8 Depth Distribution of Defects by Ion Bombardment
Y. Taji

Charged atomic projectiles (ions) emerge in the structural materials
due to the Knock-on reaction by the fast neutrons emitted by the fission
or fusibn reactions, or due to the direct entrance of the hot plasma ions.
The ions with energies of 10 KeV or 1 MeV penetrate the material from a
few hundred A (for heavier ions) up to a few microns (for lighter ions)
and produce the structural defects. It is essential to know accurately
the spatial distribution of these defects for the estimation of the
growth of the defects.

When the carbon ions with the energy of 1 MeV are injected perpen-
dicularly to the surface of iron (f.c.c. ecrystal}, the distribution of
the defects in the depth from the surface has been simulated by making
use of the code system CASCMARLl) (= MARLOWEZ) + CLUSTER3) +‘DA1QUIR14)).
A primary ion starts from the randomly selected surface point and repeats
the binary collisions with the target atoms until the energy of ion
hecomes smaller than the cutoff energy or the displacement threshold
energy. The vacancies and interstitials yielded in the target are stored
(MARLOWE) . The defects are classified into the various size of cluster
and the Frenkel pairs involved in the range of the spontaneous recombina-
tion are deleted (CLUSTER). The single interstitials and single vacan-
cies are randomly walked to simulate the thermal annealing ( DAIQUIRI).
About 80 primary ions are injected and the resulted defects mentioned
above have been simply superposed. The simulation scheme of heavy irra-
diationsl) could not be utilized by the restriction of the memory size.
The depth distributions of the vacancy clusters are shown in Fig. 7.8.1 and
Fig. 7.8.2, at the stage of the spontanecus recombination and at the stage
of the annealation of the single interstitials and vacancies, respectively,
As the interatomic potential the Thomas-Fermi screening function has been
used in the Moliere approximation. The inelastic energy loss has been
taken into account by the Lindhard modell), The maximum collision impact
parameter has been set as 0.45 in the unit of the lattice constant. The
efficiency for the incident energy to be expensive for producing the
damages has amounted to 7.9%.

Another estimation of the defect distribution p (x) has been studied

through the spatial distrubution of the energy deposited in the target
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S (%) as p (x) = (k/2Eg) S (x), where Eq is the displacement threshold
energy and k is a constant of the order of 0.8, The distribution of the
desposite energy § (x) is obtainable by using the codes of Brices) based
on the LSS theoryﬁ). Because the treatment of the cross sections in the
method of binary collision is different from that in the LSS theory, the
direct comparison between the results from CASMARL and the 1SS theory is
rather difficult. However, in the LSS theory, the spatial distribution
in the long range becomes flatter than the result of CASCMARL as seen
from Fig. 7.8.3, which is a significant difference from the physical point
of view. The energy efficiency for the damages has amounted only to

5.9% in this theory.

References

1) Asacka T., et al.: JAERI-M 8178 (1979).

2) Robinson M,T. and Torrens I.M.: Phy. Rev. gg_(5008) 1974.

3) Besco G.D. and Baunmgardt N.R.: GEMP-356 (1965).

4) Besco D.G.: GEMP-644 (1967). |

5) Brice D.K.: SAND 75-0622 (1975).

6) Lindhard J., et al.: Kgl. Danske Vid. Sel. m.-f. Med., 33, No.l4
(1963).
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7.9 Development of Thin Film Germanium Bolometer for Plasma Radiation Loss

Measurement
M. Katagiri and M. Maeno

In Tokamak, plasma radiation loss measurement is very important to
observe and study the instability of the plasma. In this measurement, infrared
Tays spectrometer or thermister elements have been employed, but they have
the slow response time and cannot measure the absolute total absorption of
plasma radiation loss. Also, a thin nickel film bolometer was developed to
resolve these problems, but this bolometer has a low sensitivity. 1

Therefore, we developed a new type bolometer with a high sensitivity
and a small response time using thin germanium film thermister element. 2)
This bolometer is shown in Fig. 7.9.1 . The backing metal which absorhs
plasma radiation loss was the thin stainless-steel of 28 mm in diameter and
of 0.05 mm in thickness. Silicon moncoxide was deposited in vaccum onto the
stainless-steel plate and thin germanium layer wds deposited in high vaccum

-7 cqs . .
( 107" Torr )} onto the silicon moncoxide. Then, aluminium electrodes were

depositted so as to form the pattern shown in Fig. 7.9.1. The temperature
coefficient was from 2 % to 3.5 % at room temperature.

Figure 7.9.2 shows the typical time behavior of radiation power loss
measured with this bolometer in JFT-2, referring to the plasma current. The
S/N ratio was about 40 db during discharge and this value was twenty times
higher than that of the nickel bolometer. The performances of this boleometer
are as follows

1} The response time is short ( 0.3 msec )

2) The fall time is 2.2 msec

3} The heat capacity is well defined and the absorption coefficient is
unity

4} The sensitivity is very high and the detection power density is of

the order of 5 mW/cm2

References
1) Kawamura H. et al : J. Nucl. Sci § Technol. 16 (1979} 847.

2) Maeno M., Katagiri M. : Jnn. J. Appl. Phys. Vol. 19 (1980) , No.7 ,
1433,
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8. Activities of the Committees

8.1 Activities Related to the NEA Committee on Reactor Physics
J. Hirota

During this one year period, the Committee on Reactor Physics held the
meeting three times, keeping the close relation with the NEA Committee om
Reactor Physics (NEACRP). For the 3rd Specialists' Meeting on Reactor Noise
{SMORN-III) to be held in Tokyo in 1981, the Preparatory Committee continued
work under the Committee until the Japanese Organizing Committee for SMORN-
I1T was set up in December,

The Committee on Reactor Physics held the 36th meeting in April: The
plan of the Committee in this fiscal year was discussed with relation to the
NEA Data Bank ANL Semincr, 23rd meeting of the NEACRP, Specialisits’ Meeting
on Nuclear Data and Benchmarks for Reactor Shielding, and SMORN-IIT. A
brief summary of the NEACRP Specialist's Meeting on Calculation of 3 - Dimen-
siocnal Rating Distribution was also reported. Then, problems in analyses and
experiments of fusion reactor neutronics were intensively discussed.

The Committee held the 37th meeting in August, mainly for making the
preparation to the 23rd meeting of the NEACRP. The research activities in
Japan. during the period from October 1979 to August 1980 were discussed to
prepare the review—paperl). For contributions from Japan to the topics of
the meeting, five papers were presented and discussed, which were as follows;

"Fuel Pin and Subassembly Heterogeneity Effect on Neutronics Properties

of a Fast Power Reacter'", "Utilization of Information from Operating
Reactor JOYQ'", "A study on the Potential Safety Advantage of Heterogeneous
LMFBRs (II)", "Validation of KENO-II, ANISN and Hansen-Roach Cross-Section

Set on Plutonium Solution Svstems" and '"Calculational Investigations on
Designing Method of Fuel Thickness of Annular Tanks for Plutonium Solutions.”
Then, an outline of the Benchmark Expercises on Criticality Safety of Spent
Fuel Transport Casks proposed by the Committee on Safety of Nuclear Instal-
lation (CSNI) was reported. It was recommended that the Committee on Reactor
Physics should pay attention to the progress of the Benchmark Exercises.

The Committee held the 38th meeting in February 1981: The plan of the
Committee in the next fiscal year, progress of the preparation for SMORN-IIT
and proposal of the 6th International Conference on Reactor Shielding to be

held in Tokyo in 1983 were discussed. The summary record of the 23rd meeting
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of the NEACRP was distributed and it was stressed that a closer co-operation
with the Japanese Nuclear Data Committee would be needed for the Europe-
Japan Evaluation Co-ordination Program proposed at the 23rd meeting., Contri-
butions from Japan to the topics of the 24th meeting were also briefly
discussed. Then, results of the benchmark calculations carried out in Japan
were reported and discussed, which concerned reactivity effect of steam
ingress into the core of a gas—cooled fast reactor, criticality safety of
spent fuel transport casks and burn-up characteristics of the NEACRP Fast

Breeder Benchmark.
Reference

1) Hirota J.: "Reactor Physics Activities in Japan - Cctober 1979 to August
24

1980", NEACRP-L-244 (Japan)
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8.2 Activities of the Subcommittees on Reactor Physics

J. Hirota

The Subcommittee on Reactor System, Fusion Reactor and Shielding held
the meeting two, three and three times respectively during this one year
period, discussing topics of relevance to each field.

The Subcommittee on Reactor System held the 3rd meeting in June: sum-
maries of the Workshop in NFA Data Bank Software held at ANL in May and the
NEACRP Specialist's Meeting on Calculation of 3 - Dimensional Rating Distri-
butions in Operating Reactors held at OECD Headquarters in November 1979 were
reported. Then, main papers presented at the Specialist's Meeting were
reviewed and discussed. The Subcommittee held the 4th meeting in October,
mainly to review the papers distributed during the 23rd meeting of the NEACRP
held in September: The papers concerned the following topics; structual
materials, reactivity effects and activation, pressurized transient studies,
problems in the interpretation and analysis of critical experiments, methods
of utilization of information from operating reactors, heterogeneocus cores
and blanket studies.

The Subcommittee on Fusion Reactor held the 3rd meeting in June: After
a visit to Fusion Neutronics Source (FNS), present status of accelerators for
fusion neutronics research in U.S.A. and neutronics calculations related to
the International Tokamak Reactor (INTOR) were reported and discussed. The
Subcommittee held the 4th meeting in October: Exchange of the information
on fusion neutronics research between Japan and U.S.A. was made by discussions
with Mrs. Maskewitz of ORNL. The Subcommittee held the 5th meeting in
December: Shielding studies related to fusion reactors in U.S.A. was reported
by Dr. Santoro of ORNL. Members of the Subcommittee on Shielding also joined
in this meeting.

The Subcommittee on Shielding held the 9th meeting in June: Two papers
to be contributed from Japan to the NEACRP Specialist's Meeting on Nuclear
Data and Benchmarks for Reactor Shielding were presented and discussed.
Activities of the Working Group on Sensitivity and Uncertainty Analysis were
reported and the plan of the Working Group on Shielding Analysis Method in
this fiscal year was discussed. The Subcommittee held the discussion meeting
on shielding research with Mrs. Maskewitz when she visited JAERI Tokai Re-
search Establishment in October. The Subcommittee held the 10th meeting in

December: Main papers presented at the 1980 ANS Topical Meeting on Reactor
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Physics and Shielding in September were reviewed and discussed, which con-
cerned topics such as present status of shielding research in U.S.A.,
evaluation of radiation damage and analysis of radiation streaming. In
addition, a brief summary of the NEACRP Specialist's Meeting on Nuclear Data
and Benchmarks for Reactor Shielding held in October was reported. The sub-
committee held the 1lth meeting in March 1981: It was discussed how to carry
out the Benchmark Exercises proposed at the NEACRP Specialist’s Meeting.

The activities of the two Working Groups in this fiscal year were reported
and the plans in the next fiscal year were discussed. A draft proposal of

the 6th International Conference on Reactor Shielding was also discussed.
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8.3 Activities of the Japanese Organizing Committee for SMORN-III

J. Hirota and Y. Shinohara

In order to hold the 3rd Specialist's Meeting on Reactor Noise (SMORN-IIT)
in Tokyo in October 1981, the Japanese Organizing Committee has been set up
in December 1980, The work of the Preparatory Committee for SMORN-III is
continued by the Technical Program Committee organized under the Committee.

The Preparatory Committee held the 6th meeting in April mainly to make
the plan in this fiscal year, and the 7th meeting in May to hear the discus-
sions made at the méeting of the International Organizing Committee held in
Paris. The Committee held the 8th meeting in June to promote the preparation
of the artificial noise data to be used in the Reactor Noise Analysis Bench-
mark Test and it was decided to carry out the work in August. The Committee
held the 9th meeting in September to discuss the test results of the artifi-
cial noise data and to prepare the proposal of the Benchmark Test which
includes not only the artificial noise data but also the real noise data
measured in Borselle reactor. The Committee held the 10th meeting in October
to hear the discussions made at the 23rd meeting of the NEACRP and it was
decided to add the Phenix data to the Benchmark Test according to the recom-
mendation of the NEACRP.

The Japanese Organizing Committee held the 1st meeting in December: The
process and cutline of SMORN-III were reported distributing the Information
Sheet and Call for Papers (NEACRP-A-404). The outline of the Reactor Noise
Analysis Benchmark Test was also reported distributing the document {NEACRP-
A-436). Then, several items such as the meeting place, registration fee,
participants from Japan and technical visits were discussed.

The Technical Program Committee held the lst meeting in December mainly
to promote the preparation of the Benchmark Test specifications. However,
it was obliged to postpone the distribution of the test data tape to the
applicants until April 1981, owing to the delay in receiving the Phenix data.
The Committee held the 2nd meeting in January 1981 to discuss a draft pro-
posal of the Benchmark'Test and it was decided to send this draft to the
members of the International Organizing Committee for comments. The Committee
held the 3rd meeting in March to select the papers to be presented from Japan.
The comments made by the members of the International Organizing Committee on
the draft proposal of the Benchmark Test were reported and it was decided to

modify the draft taking these comments into account and to present the final
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