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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 1981 - March 1982. 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.

The total number of people working in the Division at the end of
period was 96 in which regular members totalled to 85. Expenditures
during the period amounted to about 0.54 billion yen, without including
personnel expenses. In addition, a considerable 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 Physics. The Laboratories are

Reactor System Laboratory,

Fast Reactor Physics Laboratory,

Thermal Reactor Physics Laboratory,

Reactor Instrumentation Laboratory,
Reactor Contrel Laboratory,

Shielding Laboratory,

Fusion Reactor Physics Laboratory and
Reactor Physics Facility Operating Section.

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) FEngineering research of thermonuclear fusion reactor, and

(3) Development of liquid metal fast breeder reactor (LMFER).

As concerns research and development of VHTR, Doppler reactivity
coefficients were measured for onme fuel rod of coated particles heated
up to 800°C at a critical assembly SHE. The reconstruction program for
the SHE core was started to perform a detailed simulation experiment for
the Experimental VHIR by reviewing the safety aspects of the reconstruc-
tion. For developed high-temperature neutron detectors, a long-term

real-time operation test has been continued in JRR-4 for more than 3

Vil
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years to prove the high performance at 600°C. In addition, an irradia-
tion test in JMTR was completed for an advanced tungsten-rhenium
thermocouple without suffering significant changes in its performance.
Furthermore, the development of a computer code system has been proceeded
for the computer aided design to have the good control characteristics

of VHIR.

Concerning the fusion reactor physics, various reaction rate dis-
tributions, including the tritium production rate, were measured in a 20
cm thick lithium oxide sperical system with the graphite reflector by
using the FNS (Fusion Neutronics Source) facility. In addition, a large-
scale duct streaming experiment was carried out for fast neutrons and
gamma-rays by utilizing the access pathway shield structure of the FNS
target room.

As for the research and development of LMFBR, integral measurements
were completed for 7 FCA standard spectrum cores and the analyses have
been proceeded by using the AGLI-2 library. Furthermore, code systems
have been developed for analyzing fast reactor neutronics and for prd—
ducing the group constants. A series of integral experiments using the
FCA standard cores has been completed for the cross section evaluation
of actinides for burning them in fast reactors.

As concerns researches other than those related closely to the
projects, the development of a shield computer code system BERMUDA has
been proceeded for dealing with anisotropic transmission problems in
2-dimensional geometries. In addition, improvements have been made on
a standard computer code system SRAC for nuclear design calculations of
thermal reactors. The development of semiconductor detectors has
resulted in wvarious improvements of the characteristics and the theoret-
ical research has been advanced for diagnosis of nuclear reactor systems.
Futhermore, studies have been proceeded on various reactor physics pro-

blems by the Committee on Reactor Physics.

Takumi ASAOKA, Head

Division of Reactor Engineering

Vil
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T. Nuclear Data and Group Constants

1.1 Evaluation of Hafnium Neutron Cross Sections

K. Hida*, H. Takano, T. Yoshida*, 5. Iijima¥*, T. Asami

The neutron cross sections of the hafnium isctopes (A=174, 176180)
were evaluated for Japanese Evaluated Nuclear Data Library Version 2,
JENDL-2. Although hafnium has good'features as a reactivity control
material of nuclear reactors, evaluated neutron data are scarce and are
included neither in JENDL-1 nor in ENDF/B-IV.
1)

The resonance parameters were adopted from the Drake's evaluation
and from BNL 3252). Background cross sections were introduced into the
resonance region to reproduce the 2200 m/s values and to keep the con-
sistency with measured total cross section data. The unresolved resonance
region covers from the top of the resolved region up to 50 keV, the
lower-end of the smooth cross section region.

The smooth cross sections were calculated on the basis of the
statistical model with neutron penetration coefficient obtained by
optical models). The optical model parameters were determined so as to
reproduce the total cross section of natural hafnium. The parameters
are given in Table 1.1.1. The level density parameters for each isotope
were determined from the measured resonance level spacings and the low-
lying level scheme information. The value of the gamma strength Sy was
used as an adjustable parameter to obtain consistency with the measured
capture cross section. A difficulty encountered in this procedure is
that the abundance-weighted sum of the isotope-wise capture cross sec-—
4)

tions measured by Kapchigashev does not agree with the measured cross

section of natural hafniums). The first priority was given to the
consistency with natural hafnium cross sections. The adopted cross
section curves are shown in Fig. 1.1.1 along with the Drake's evaluation .
for ENDF/B-V.

The cross sections for processes (n,2n), (n,3n), (n,p) and (n,a)

6)

were calculated with GNASH code ° based upon the multi-step Hauser-

Feshbach theory.

%)} NALG Nuclear Research Laboratory, Nippon Atomic Industry Group Co., Ltd.

_1__..
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The 2200 m/s capture values and the resonance integrals of the

present evaluation are listed in Table 1.1.2 with other evaluation values.

References

1) Drake M.K., Sargis D.A., Maung T. : EPRI NP-250 (1976).

2) Mughabghab S.F., Garber D.I. : BNL 325, Third Edition (1972).

3) Igarasi S. : CASTHY code, private communication.

4) Kapchigashev 5.P. : Atomizdat, Moscow (1970}, numerical values taken
from the NESTOR data base.

5) for example, Kompe D. : Nucl. Phys., 4133, 513 (1969); Moxon M.C.,
et al., AERE-PR/NP21 p.4l (1974) UKAEA.

6) Young P.G., Arthur E.D. : "GNASH: A Preequilibrium, Statistical

Nuclear-Model Code for Calculation of Cross Sections and Emission

Spectra," LA 6947 (1977).
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Table 1.1.1 Optical Model Parameters and Strength Functions

Vy 5738.0,
R, = Rg = Rg
00 = Qso =
S = 2.0,

Wg=8.0+05 E, V=70

o = 1.32 fm
0,47 fm,
Sl = 1-1)

{all in MeV}
0g = 8,52 fm
Sy = 1.8, R =6.9fm

*) %107 for S, 5 and s,

Table 1.1.2 Capture cross section at 2200 m and resonance integral
Abund. 9 2200, Barn Res. Integral, barn
i A % present BNL-325 present BNL-325 Sal
174 0.16 350 390° % 50 476 465 L 50 446
176 5,2 38 18t s 357 700 £ 50 337
177 18.6 360 365 < 20 7230 7260 f200 7220
178 27.1 86 86 * 10 1918 1950 %100 1747
179 13.7 45 45 L 5 517 600 ¥ 60 451
180 35.2 12.6 12.6 ¥ .7 36 43 ¥ g 29
nat 103 102 £ 2 1972 2000 %100 1900
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Fig.11.1 Adopted capture cross sections of Hf isotopes
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1.2 Two-Dimensional Benchmark Tests of the JFS-3-J2 Set
H. Takane, Y. Ishiguro and H. Inoue*

Benchmark calculations of fast critical assemblies have been per- -

formed by using the JFS—3—J21) group constant set generated from the

3)

evaluated nuclear data compilations JENDL—lz) and -2. The assemblies

selected in this study are the clean physics mockup cores FCA-V-1,
FCA-V-2, FCA-VI-1, FCA-VI-2, ZPR-6-7, ZPR~6-6A, ZPPR-2 and ZPPR-9. The
FCA assembly V-1 is the first physics mockup for the core composition of
the JOYO (Japan Experimental Fast Reactor). The FCA-V-2 is the second

~ physics mockup, and the core composition is the same as the assembly V-3,
the engineering mockup experiment for the JOYO control rods. The assembly
Vi-1l is the outer-—core mockup of the prototype fast breeder reactor MONJU
and the assembly VI-2 is the second physics mockup for the MONJU inner-
core composition. The assemblies ZPPR-2 and ZPR-6~7 (Ref.) are similar
in composition to a large LMFBR, and especially ZPPR-2 is convenient to
study effect of two-core zones with a more realistic LMFBR height and
‘oxide blanket. The ZPR-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 parameters. The ZPPR assembly 9 is a clean
physics bencimark with a core volume of 4600 litres and is the first
assembly of the JUPITER (Japanese United States Program of Integral Tests
and Experimental Researches) program,

The physics parameters studied are criticality, central reaction
rate ratios, Doppler reactivity coefficients, sodium-void reactivities
and reaction rate distributions. All calculations were made using the
JFS-3-J2 set and the code system for two-dimensional benchmark calcula-
tions. The calculated results are discussed by comparing with the

experimental values as follows.

(1) Effective Multiplication Factors : Table 1.2.1

The effective multiplication factors calculated for the FCA assem-
blies which consist of the uranium and plutonium fuels are overestimated
by 0.20.5%, and they are underestimated by 0.7~ 0.9% for the assemblies
ZPPR-9, -2 and ZPR-6-7 with the plutonium fuel.

* Japan Information Service Co. Ltd. Tokyo

_75_



JAERI-M 82-114

(2)-Central Reaction Rate Ratios : Table 1.2.2

U-238(F)/U-235(F) : The calculated values overestimate the experi-
ments, though an exception is the result for ZPR-6-6A.

Pu-239(F)/U0-235(F) : All calculations underestimate‘the experiments
by 3v6Z%.

U-238(C)/Pu-239(F) : The result calculated for ZPR-6-7 is over-

estimated by "6Z.

(3) Doppler Reactivity coefficients for 238y ; Table 1.2.3

The calculated values underestimate the experiments by 10 ~ 257%.

{4) Sodium—-void Reactivities : Table 1.2.4
The calculations overestimate considerably the experiments depending

on the increase of sodium voided zone.

(5) Reaction Rate Distributionms : Figs. 1.2.171.2.4

The 23%Pu figsion reaction rates calculated for FCA-VI-2 are
overestimated in the vicinity of the boundary between the driver and
blanket regions, though the calculations for ZPPR-9 are in very good
agreement with the experiments.

The 238y capture reaction rates calculated for ZPPR-9 are in very
good agreement with the experiments, and they for ZPPR-2 are under-

estimated for the outer core and blanket regions.

From the results of benchmark calculations described above, the
reevaluations for 238U capture and 239Pu fission cross sections will be
requested, for instance, such as smaller capture cross section of 238y
and larger fission cross section of 23%y than the presently evaluated
data of JENDL-2.

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

Research Institute.

References

1) Takano H., "Production and Benchmark Tests of Fast Reactor Group
Constant Set JFS$-3-J2," to be published in JAERI-M report.

2) Igarasi S., et al. : "Japanese Evaluated Nuclear Data Library
Version~1, JENDL-1," JAERI-1261 (1979).

3) Igarasi 5., et al. : private communication.
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Table 1.2.1 Effective multiplication factor (k-eff)

R it R Fmmmm e — e m i m F e — el e it Fommmm e m +
| | | 1 CORRECTION FacToR (Z AK) 1 I I
I ASSEMBLY | EXPERIMENTS! CALCULATION#------—-mrmmmmm o m e m o = + CORRECTED | C 7/ E |
! { f IHETEROGENEITY! TRANSPORT ! | |
B it fmmm e Fmmm e mm bmmmm e Fmm e fmm +
t | I 1 1 I | I
1 FCA-V-1 ( 1.00000 | 0.99505 0.136 | 0.747 ! 1.00388 1 1.00388

1 1 I ] I 1 | i
I 1 i | I I | . !
| FCA-Y-2 I 1.00000 ! 0.99260 | 0.260 | 0.931 ( 1.00481 | 1,00481

| | | | ' T I !
l : 1 | ! i 1 | |
1 FCA-VI-1 ! 1.00000 t o.9g222 ! 0.432 1 0.595 1 1.00249  § 1.00249

i ! t 1 | | ! t
! | t 1 | | I '
I FCA-VI-2Z2 | 1.00000 0.99578 | 0.421 | 0.333 | 1.00332 ) 1.00332

| ! i | | | | {
] | t | I | | i
| IPPR-9 | 1.0000C !t 0.98017 |1 1.375 I 0.093 | 0.99285 | 0.9928%

! | i | | | i i
! ( ! I | | i t
| IPPR-2 | 1.00000 0.97786 | 1.140 ! 0.260 ! 0.99186 | 0.99186

] I 1 I 1 i | |
| | | ! ! ! I |
| ZPR-6-7 i 1.00000 | 0.97704 1.214 1 0.150 ] 0.990468 | 0.%90468

I {REF.) ( I ] | | | 1
I t | | | | I 1
|  IPR-6-7 | 1.00000 | 0.97732 | 1.256 I 0.116 1 0.2%9104 | 0.99104

I {(H24O) ! i I | | 1 1
| t I 1 | [ [ 1
| IPR-6-6&A 1 1.00000 | 0.96414 | 0.470 | 0.093 i 0.99%77 | 0.99%77

| ! | | I t ! }
== o m o mmm— o e e = = Fem e G m - +

o e B e o B L it o — e mm—— = Fo e
f I | i I CORRECTION § f
! ASSEMBLY | SPECTRAL INDIX | EXPERIMENTS! CALCULATIONL FACTOR i CORRECTED | €/ E
I I I (ERROR) ! I HETERO/HOMO! t
R ettt e — — o m e e m o = — brm e Fomm =
I FCA-V-1 IU-23B(F)/U~235(F} I n.0623 i 0.0447 I 1.005 I 0.045 ! 1.062
i I IoC 002> I I
| IPU-239CF)/U-235¢F) | 1.161 ! 1.078 I 1.010 I 1.088 I 0.938
! I ¢ 0.02y I I | f
fmmm e fomm e e - - dme o m o — - b mm— b e — bommm e
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T I N IS S I |
Fomm e m e e m e m R e P P - dammmmmmmm— dmm e e Fmm - m -
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I i b 0.03y ) I ' !
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I | ‘ ¢ o.e3y | f 1 '
Fmm For e m e — L ittt R ettt e P e m — R Fom e — - ——
I IPPR-9 IU-238(F)/U-235(F) | 0.0185 { 0.0207 } 0.976 1 0.020 I 1.092
! 1 I (0.0004) I ] I I
1 IPU-239CF)/U-235(F) ! 0.917 ! 0.903 I 0,9RS I 0.890 I 0.970
1 I 1 0.013) ! i ! |
- Fm—m Fommmm e —— LSS Lm Fomm e - tom e mmmm— e e tmm
! ZPR-6-7 1U-238¢LY/PU-239¢CF)Y | 0.1400 I 0.1526 | 0.974 ! 0.149 ! 1.062
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! 5 I IU-238CF)/PU-239(F) ! 0.023 | 0.025 1 1.012 ! 0.025 i 1.069
i | 1 1 ! 1 I I
f IU-235(F)/PU-239¢F) | 1.061 i 1.099 1 1.010 I 1.10% ] 1.046
! | : | I I | !
oo m - e e —— o mmmmm e o m e o o mm e o
1 IPR-6-7 1U-238(F)/PU-239(F) | 0.0235 I 0.025% | 1.010 t 0.026 I 1113
I (H240) ! ! I f ! i
I TU-235(F)/PU-239(F> | 1.031 I 1.087 ! t.010 i 1.098 t 1.065
I ! ! I f i 1
e m e e Fmm e mmm Fmm e Fommmm e m—— = Fomm e e
I IPR-6-4A 1U-238(CI/U-235(F) 1 0.0241 f 0.0234 ! 0.985 I 0.023 1 0.956
1 I I (0.0007) ! ] | I
! IU-238(F)/U-235(F) I 0.138 1 0.140 I 0.979 I 0.137 ' 0.995
' f | (0.0041) } I I I
i o femm e e o e Fomm e —m = e m i mm R et
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Table 1.2.3

Doppler reactivity

SAMPLE NAME ( NUO2 )

e Fom e T B e e o b m e — +
| § | REACTIVITY {-DK/K=1Q0E-6)1 CORRECTION I l

| ASSEMBLY 1 TEMPERATURE | EXPERIMENTS! CALCULATION! FACTOR ! CORRECTED ! C / E I
1 1 | CERROR) ! | HETERD/HOMOI | I
Fm—mm e — - Fm e m e — e — mmm— e o e R e R R ettt +
I FCA-¥-1  1300K - 573K I 4.6600 1 4.,0830 | 1.020 i 4.165 ! 0.8B94

i | 1 1 ! i i |
1 1300K - 823K i 7.1200 1 6.3150 I 1.022 | &_h54 ] 0.906

] | I I I | I i
' 1300K - 1073K ] 9.1800 I 7.3810 | 1.022 ! 8.054 | 0.877

1 I I | | i | t
Fmmmmm - o m e mmm o Fmm e o e — Femm e e e it e m— +
!OFCA-Y-2 1300K - 1073K I 10.6500 I 7.7972 [ 1.032 i B.OLT i 0.756

| i | | I i i !
e m e e mmm— e Fmm B ettt Frmm e — == e m +
! FCA-VI-1 1300K - 423K ! 5.1500 ] 43300 | 1.068 | L.624 I 0.891

f i ! | | | | |
! 1300K - 823K | 7.5100 I 6.0230 | 1.069 f 6.439 f 0.857

! | | I I | | I
] 1300K - 1073k i 9.3800 I 7.6610 ! 1.071 ( 8.184 1 0.872

t i 1 I I ! ! I
Fmmmm e e it L T o Fmm = Fomm o Fo e m Fom e = +
! FCA-VI-2 1300K - 623K | 6.8300 [ 5.5470 | 1.069 | 5.930 I 0.868

! ! ] I [ 1 | |
! 1300K - 823K t 8.7800 I 7.0840 | 1.071 | 7.587 I 0.864

! | ] | I ! I !
d e mm—— O o —— - L e o —— D e R b m e — o +
!  IPPR-9 1298K - 4&4B7.5K ! 1.0338 | 0.8066 | 1.120 | 0.903 ! 0.874

1 I 1otn.0299) | | ! ] ]
I 1298K - 664,.4K 1 1.6421 I 1.2896 | 1.122 t 1.447 ! 0.881

I ] 1 €0.029%) I | ! ! I
! 1298K -  794.0K | z2.1870 | 1.65%0 f 1.125 j 1.866 t 0.853

| i | (0.0299) | ' j ! I
1 1298K ~  935.4K | 2.4706 i 1.953% ] 1.127 I 2.202 f 0.891

| | I (0.0336) 1 1 ! i 1
I 1298K - 1087.0K | 2.8475 1 2.2266 I 1.129 ! ?.514 I 0.883

| I I (D.0299) 1 | I | }
o — dmmm e e b mm—mm e —— = = Fmmm e ——— = o —— Fmmm e — . m F et

Table 1.2.4 Sodium-void reactivity
———————————— T e i it St
! | REACTIVITY ( DK/K*10E-4)1 CORRECTION | !

ASSEMBLY | VOIDED REGION | EXPERIMENTS! CALCULATION! FACTOR | CORRECTEDR ! C !/ E
! I (ERROR) i I HET. EP. TRA. | !
———————————— i e e At dhsii b S
FCA-V-1 11 ¥ 1 DRAWER | -2.3900 ! -1.0060 I 1.347 1.000 1.0001 -1.355% 1 0.567
! oC 0.11) I 1 ]

I3 ¥ 3 DRAWERS I -20.0100 i -10.1700 I 1.316 1.000 1.0001 -13.38¢ 1 0.669
| ¢ 0.10) | I !
———————————— e e
FCA-VI-2 13 X 3 X & PACKS 2.1300 I 3.72772 | ©0.821 1.000 1.000! 2.691 l 1.263
| i ¢ 0.05y | ! ! I

IS X 5 ¥ & PACKS 1 5.5100 | B.5940 ! 0.813 1.000 1.000! 6.987 f 1.7268

i Po¢ 0.08Y 1 | 1 ;

IS5 X 5 X 6 PACKS | 7.6500 I 12.1830 I 0.804 1.000 1.000) 9.795 i 1.280

t ¢ 0.08) | | I 1

17 X 7 X & PACKS | 12.5300 b 21.6540 I 0.788 1.000 1.0001 17.043 | 1.362

| ¢ p.11) 1 ! | 1

17 X 7 X 8 PACKS | 16.6500 I 26.5540 1 0.774  1.000  1.0001 20.553 ! 1.403

! (G e B ! ! !

———————————— e et e et A e

IPPR-9 19 DRAWERS ! 1.0410 f 1.2790 I D.B45 1.026 1.018I 1.129 | 1.084

| I 0.017) § I I |

137 DRAWERS | 3.9720 1 5.2330 | 0.B44  1.037 1.0001 4,580 i 1.153

] 1T 0.014) 1 [ | |

197 DRAWERS i 10.0980 I 13.5900 | ©0.B39 1.052 0.968I 11.611 I 1.150

| I € 0.007) ! I !

197 DRAWERS | 12.8030 1 19.4340 I 0.781 1.0%1 ©.9841 16.294 i 1.273

| i 0.003) | | | 1

197 DRAWERS I 10.8850 I 1BR.B930 1 0.720 1.171 0.9901 15.0%6 f 1.387

} b 0.007y | ! | I

t97 DRAWERS 1 8.3980 | 17.8760 | 0.6%&4 1.136 1.002% 13.307 ] 1.%85

i I €. 0.010 I ] f I

———————————— T T S e e e
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1.3 TIMS-PGG: A Code System for Producting Group Constants
in Fast Neutron Energy Region

H. Takano, A. Hasegawa and K. Kaneko*

The code system TIMS-PGG has been developed to generate group
constant library by processing the evaluated nuclear data such as the
JENDL-1 and/or ENDF-B-IV compilations. This code system is constructed
by connecting functionaly the TIMS—ll), PROF.GROUCH.G.IT Rz), RESENDD3)
and several utility codes, and the flow chart is shown in Fig. 1.3.1.
The TIMS-1 and PROF.GROUCH.G.II R were developed for the generation of
the JAERI Fast Set wversion IIA) (JFS5-2).

The TIMS-1 calculates the infinitely dilute cross sections and
effective cross sections by solving exactly neutron slowing down equation.
With this approach, the mutual interference effects between resonances
of different nuclides and self-overlapping effects are accurately treated
and furthermore the elastic removal cross sections are acculately cal-
culated. The temperature and composition dependent resonance shielding
factors for heavy resonant nuclides are generated by using this TIMS-1
code.

The infinitely dilute cross sections, effective cross sections and
scattering matrices for light and medium weight nuclides and for smooth
cross sections of heavy nuclides are calculated with the PROF.GROUCH.G II R
code, In this code, two kinds of nmeutron spectra for the broad energy
behavior, "1/E + fission" and "collision density" spectra are prepared as
weighting spectrum. In fast reactor, neutron spectra are steeply reduced
in the low energy groups below 10 KeV. Hence, the assumption of "1/E -
spectrum" overestimates the elastic removal cross sections. To avoid
the overestimate, a collision density spectrum_calculated for the core
composition in a typical fast reactor is used, and this treatment is
called the REMO-correctionS) method. The self-shielding factors for
elastic removal cross section are calculated by using the collision
density spectrum shown in Fig. 1.3.2.

The results calculated with the TIMS-1 and PROF-GROUCH.G II R are
stored on the master file in the PDS format by XTABPDS. The SPEC code

% Japan Information Service Co. Ltd., Tokyo.
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calculates the group fission spectra from using the distribution given

in the ENDF/B-1V format. Finally, the group constants library for the
6

JFS or SRAC type ) is produced by using the LIBMAKE code.

References

1) Takano H., Matsui Y. and Ishiguro Y. : "TIMS-1 : A Processing Code
for Production of Group Constants of Heavy Resonant Nuclei,"
JAERI-1267 (1980).

2) This code is a modified version of PROF.GROUCH.G IT for Producing
the group constants of JFS-3 type.
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2. Theoretical Methods and Code Development
2.1 Development pf Code System for Analysis of Fast Reactor Neutronics
M. Nakagawa, H. Inoue*, W. Sato* and Y. Ishigure

A code system for analysis of fast reactor neutronics has been
being developed since 19791). This code system consists of three steps.
The first step is the production of the cross section library, which
generates the JAERI Fast Set type multi-group cross section library or
the ultrafine~group library, the second one calculates configuration,
composition and temperature dependent effective cross sections, and the
third is the calculation step of neutronics parameters and the various
edits. In fiscal 1981, the following programs have been incorpolated or
modified.

2) has been incorpoelated

1) Two dimensional burn-up calculation code PHENIX
into the system. This code treats xX-y, I—2 and -6 geometries. The
JFS type library and cross sections stored in the PDS file are
available.

2) Three dimensional burn-up calculation code 3DB3) has been incorpolated
into the system. This code treats x-y-z, r—0-z and triangular -z
geometries. It has been modified to reduce the computation time,

3) The JOINT code has been modified so as to be able to produce a micro-
scopic cross section library for the use in the multi-dimensional

diffusion code CITATION.4)

As a result, CITATION can be run basing
on both the macroscopic and the microscopic cross sections.

4) The SLAROMS) code has been extended so as to treat cluster geometries
such as square rods cluster and circular rods cluster.

5) Plotter routine PLOT-FBR6) has been modified to read the data from
the PDS file. This routine can plot neutrom spectrum, CTross section

of various types, reaction rate distribution and some other integral

quantities.

At the present stage, the following cross gection sets are available

7)

; JFS-v2'°, ENDF/B4, JFS—B—JZB), JENDL—ZB-?Og) with seventy group

* Vigiting researcher from Japan Information Service Co. Ltd.



JAERI-M 82-114

structure and JFS-V2 library, JENDL-ZBlO)

library for ultrafine group
structure. The anisotropic elastic scattering can be taken into account
up to the P3 order of Legendre expansion. Users can cbtain cell averaged
values of the Py components of elastic scattering matrix by the cell
calculation code SLAROM. The microscopic and macroscopic cross sections,
fission spectrum and buckling are stored in the PDS file with the unified
format. The interface program JOINT reads the cross sections from the
PDS file and the input data required in the neutronics calculations, and
prepares the input data files. Many subroutines have been developed for
the utility of the data in the PD5S file.

The present work was performed under the contract between Power

Reactor and Nuclear Fuel Development Corporation and Japan Atomic Energy

Research Institute.
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2.2 Development of EXPANDA-GENERAL: A One Dimensional Diffusion Code

for Fast Reactors

A, Hasegawa

Y

Generalized EXPANDA EXPANDA-Ceneral ; A one—-dimensional diffu-

sion criticality and perturbation code has been developed based on the

2)

code EXPANDA-7ODRA“’. The present code has the following characteristics:

(1

(2)

(3

(4)

(5)

(6)

(7

Variable dimensioned coding is adopted. Hence this code is com—
pletely free from dimensional restrictions encountering the fixed
dimensioned code. There are no limitations for number of energy
groups, regions, mesh points, etc.

Acceptable libraries ; JAERI-Fast setB), JENDL—la) and'25) set,
ENDF/B IV set.

Possibility of the exact perturbation calculation as well as first
order perturbation.

Semi-automatic preparation of input data for two or three dimensional
criticality calculation codes ; CITATION6) or EXTERMINATOR-27).
Semi-automatic preparation of input data for two- or three-dimensional

8) or PERKYg).

perturbation calculation codes ; CIPER
More accurate treatment of elastic removal effective cross sections
of light and medium weight nuclides in the resonance region using
the exact weighting fluxes obtained by the recurrence formulae
numerically2

Proper treatment for gross region heterogeneity due to the large
material-change at the interface of regions. 1In the EXPANDA series
developed up to now, effective cross sections used in the code are
defined as region dependent cross sections without taking into
account the adjacent regions. There were some problems in using
flat cross section in one region when analyzing the reaction rate
distributions near the region boundary whose materials are largely
different. In such regions actual cross sections near the boundary
region should contain the influence from adjacent region, that is,
the cross sections of this region are expressed as a combination of
the cross sections of the adjacent regions. The method predicting
the actual cross section in the sub-region near the interface due

to the gross region heterogeneity was developed by ISHIGUROlO).



(8)

(9
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We adopted his method.

More efficient and easy treatment for comparison of C/E (calculated
to experimental) values of typical integral data obtained by the
benchmark test in order to assess the applicability of the group
cross section libraries.

Adoption of self-explanation systems in the group cross section
library : General-Library, i.e. all of the informations defining the
library are contained in that library itself. Therefore, a structure
library containing any group number and any independent parameters

of self-shielding factor table and so on is accessible by the present

code.
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2.3 SRAC: A Standard Computer Code System for Lattice Cell and Core
Calculations on Reator Design and Analysis

—— Cell Burn-up Routine and Its Benchmark Calculations ——
K. Tsuchihashi, Y. Ishiguro, H. Takano, K. Horikami

In the course of our continuous effort to develop the SRAC, a cell
burn-up routine with its data library has been installed in the system.
This routine is called several times in a cell calculation to calculate
the changes of nuclide densities due to burn-up during an exposure step
under a given power level and fixed material temperatures.

The input requirements for cell burn-up are minimized to save the
elaborate work to organize the chain scheme, to prepare the fission
yields, the neutron cross sections, and the decay constants etc. for
each fission produced nuclide. All necessary information is stored in
a burn-up library so that the user can choose one of four F.P. chain

models which will be described below.

Analytical solution of the differential equations

We use explicit form for the solution of the equations as used in
the CITATION codel) to avoid accumulation of numerical error which
happens by improper selection of time mesh used in the numerical method
such as the Runge-Kutta-Gill method. The solution is based on the
assumption that the neutron flux is not time dependent. Throughout the
exposure calculations, reaction rates are based on the neutron flux
available at the start of an exposure time step.

On the other hand, the given condition 'fixed power' conflicts with
the above assumption on the flux level. To escape from the contradic-
tion, we subdivide an exposure step into several sub-steps so as to be
able to assume the neutron fluxes are time-independent. In each sub-
step the flux renormalization is done.

The nuclides under consideration are classified into 1) Heavy
nuclides which may induce fission, 2) Absorber nuclides, 3) Fission
produced nuclides. The first approach is to solve the heavy nuclide
chains. After finding the average flux and power level in a sub-step,
the remaining chains are solved under the fixed flux or reaction rates.

When more than ome spatial region contain any burnable nuclides,

the above process is repeated by region so that the renormalization



LT KR et i e e i - e

JAERI-M 82-114

covers all regions. The effective microscopic cross sections are
provided for each regiomn.
Now we shall describe about the chain schemes installed in the

burn-up library

Heavy nuclide chains

The routine is organized to process (n,2n) reaction. However it is
not so important in thermal reactors we neglect it in the present pre-

paration.

Th232 - U233 » U234 - U235 > U236
U238 - Pu239 +Pu240 ~Pu24l +Pu242

Absorber chains

We can consider the decrease of concentration of absorbing nuclides

contained in burnable poison or control rod.

B10

Gdl55 » Gd156 + Gd157

Agl07

Agl09

Inll3

Inll5

Cd113

Hf176 —~ Hf177 - HE178 - Hf179 ~ Hf180

F.P. chains
We have four possible options for F.P. chains

Garrison model

The model of Garrison and Roosz) consists of rapidly saturating,
slowly saturating, and non-saturating groups plus two explicit nuclides,
¥e-135 and Sm-149. Their neutron cross sections are taken from ENDF/B-1I.

Each is separately prepared for U-233, U235, and Pu-239 thermal fission.

Iijima model

Iijima et al.3) has proposed a model containing 45 explicit nuclides
and one pseudo nuclide as shown in Fig. 2.3.1 for BWR lattice calcula-
tion. We take their chain model and fission yields, but neutron cross
sections from ENDF/B-IV except for the pseudo nuclide. We have another

option to use fission yields taken from ENDF/B-IV which might be
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considered more systematic.

V.5.0.P. models

4)

The code system V.S5.0.P. has been employed in extensive calcula-
tions of fuel cycle and life history of pebble bed HTR in XKFA Jeulich.
It keeps four chain schemes. We have taken two of them; Chain 25 most
simple, and Chain 40 most precise which are shown in Fig. 2.3.2, Due to
the delay of transmission of the copy tape from NEA Data Bank {more than
9 months), we have not yet compiled the cross sections of their pseudo

nuclides.

Numerical test

Some numerical tests are achieved to verify the performance of the
routine and to compare the results of different models.

The first example shown in Table 2.3.1 is the Kinf values for the
pin rod cell which was proposed for the LWR benchmark problem with
adjacent poison fuel rods by NEACRP in 1981.

The second example shown in Table 2.3.2 is for the Kinf values of

the cell of a MTR type fuel plate of 20% enrichment proposed in the

'safety related benchmark calculations at the IAEA meeting for RERTR

program.

As shown in above examples the difference due to the model is quite
small and the user who does not trace burn-up process over so long fuel

life may not worry about the model, but use the simple Garrison model.
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Table 2.3.1 Change of Kinf during burn-up in LWR lattice
Days g. 17.0 421.7 827.2 1232. 1638.
GWD/t metal 0. . 340 8.31 16.2 24,2 32.2
*
U235 burnt 0. .00881 .219 L422 .610 .786
Garrison 1.3518 1.2969 1.1502 1.0410 0.9507 0.8596
Iijima 1.3518 1.2968 1.1395 1.0253 0.9316 0.8389
%k
VSOP25 1.3518 1.2966 1.1459  1.0369 0.9480 0.8587
*%
VSOP40 1.3518 1.2957 1.1381 1.0235 0.9297 0.8368
Nete * U235 burnt; ratio to the initial value of unity,

*#% The cross sections for pseude FP in VSOP models are temporary.

.Table 2.3.2 Change of Kinf during burn-up in a 10 MW MIR fuel
Days 0.0 36.6 73.4 187.2 226.0 305.4 387.5
®%
MWD 0. 363.5 730.9 1860.7  2247.4  3037. 3850
U235 burnt 0. .05 .10 .25 .30 40 .50
Garrison 1.5594  1.4728  1.4549  1.3972 1.3764  1.3287 1.2737
Iijima 1.5594  1.4748  1.4559 1.3933 1,371z 1.3204  1.2625
®
VSOP25 1.5594 1.4753 1.4571  1.3971 1.3760 1.3273 1.2715
*
VSOP40 1.5594  1.4743  1.4550 1.3914 1.3691 1.3179  1.2595
Note * The cross sections for pseudo FP's in VSOP models are temporary.

%% The discrepacy appearing between MWD and Days multiplied by the
fixed power of 10 MW is attributed to the deviatiom of flux
level during the sub-step where constant flux is assumed.
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2.4 Estimations of Non-linear Response of Neutron Flux to Reactivity
Noise, and of Reactivity Change by Displacement of Absober Plate

Y., Gotoh and H. Yasuda

The space-time dependent integral equation for neutron is developed
to study the reactor Kinetic problems which include the vibration of
absorber plate and the non-linear response effect to reactivity noise,
for examplel).

By using the diagrammatic technique of field theory, a modified
Green function of infinite system which has reactivity noise, has been
defined. The Green function of finite reactor can be obtained by the
image method. To analyze the covariance function of neutron flux, the
following assumptions are madel). The Green function should be dressed
with noise cloud. The ladder type diagrams only contribute to the
covariance function. The covariance function satisfies an integral
equation which leads to an Integral equation for cross power spectral
density. This equation is an extension of the one for point reactor
‘which was obtained previouslyz).

Applications of this integral equation to the variable strength
absorber problem and to the neutron noise field in BWR are made., To
take into accounts the local and global concept, the present method is
extended to two group theory as developed in linearized theory by Kosaly,
Behringer and others, to parametric excltation. Since the major contri-—
bution to noise comes from the fluctuation of the removal cross section,
the simple integral equations for CPSD of fast and thermal fluxes, are
obtained.

The contribution to neutron fluctuation by non-linear response is
evaluated numerically by using the point reactor model. A simple ex-
ponential cosine correlation function of reactivity noise was used in
the evaluation. The calculated results are shown in Table 2.4.1, where
A is the amplitude of noise, wy is the frequency of oscillatiom, < is
the correlation time of noise, lka] and Hks|[ are the norms of integral
kernel, and Ra is the ratio of the doubly integrated term of fourth power
of A to the integrated term of the square power. It can be seen that
for the noise whose correlation time is short, the correction to the

variance to mean squared ratiec of linear response is small, but for the

oscillatory noise of long correlation time, the correction is rather
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large, and that the power which is inversely proportional to (kc*—kc),
increases the correction grows.

To analyze the absorber plate vibration problem, the reactivity
change due to the displacement of absorber plate is evaluatedB). The
plate is assumed very thin, and Galanin's constant is adopted as the
absorber cross section multiplied by the width of plate. The integral
equations for CPSD to rod vibration problem are formulated, which are
complete provided that the reactivity change due to rod vibration is
precisely known.

It is found that the two group theory is required to improve the
description of flux depression around the plate. To extend the analysis

of vibrating absorber plate problem, a space-time dependent treatment is

now in progress.

References

1) Gotoh Y. : Progr., Nucl. Energy, 9, 303 (1981).

2) Gotoh Y. : Ann. Nucl. Energy, 2, 119 (1975).

3) Gotoh Y., Yasuda H. : Annual Meeting of the Atomic Energy Society of
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Table 2.4.1 Calculated results by integral equation of PSD
A We T Kc K-::e M Ka | R I Ksl
($)  (Hz) (sec) ($) ($)  mean squared ° ‘ ks
002 0 i ~0001 -00004 0.07 007 007 007
003 0O 05 -0002 -0.0009 0.04 004 004 004
002 3 5 -00005 -000038 0006 086 029 002
002 3 5 -00004 -000038 002 086 068 005
Foot note

Integral equation for P3D is

d{w)y = |(_}m(iw)121_)(m) + f_: Ka{w,w')d(w")du'

‘where Ka is an asymmetric kernel

Kaw,w') = |Cm{iw)]? D(w-w')/27

3’

Fourier transform of reactivity correlation function is given by

D(w) = !’_\.2[1/{1+T2(m+m0)2} + 1/{1+ Tz(w-wo)z}]

Variance to mean-squared ratio of power P is defined by

<(P

- <P>)25/<P>? = é%—f dw [am(im)|25(w)

Ratio of contribution of A% to that of A% is

Ilxs ||

Ra = [du [do' Ka(w,u") |Culin®)|? D(w") / [dw |Gp(iw) |? D{w)

I

Amplitude of noise,
Frequency of oscillation noise,
Correlation time of noise,

Excess reactivity in $,

Excess reactivity of critical state in §$,

Norm of asymmetric integral kernel,

Norm of symmetric integral kernel.
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2.5 Improvements of a Double Finite Element Method Program for Solving

Three-Dimensional Multi-Group Neutron Transport Equation
*
T. FUJIMURA, Y. NAKAHARA and M. MATSUMURA

From the necessity of safety assesments of irregular-shaped nuclear
fuel facilities, we have developed a three-dimensional multi-group neutron
transport code by means of the DFEM (Double Finite Element Method), in

1)2)

which both the space and angle finite elements are employed In the

algorithm, the g-th group flux U9 is approximated by

g I
P (r,0) = _f_z

g

where ¢,(r) and xj(ﬂ) are spatial and angular base functions, respectively.
We can obtain the I x6 algebraic equatioms for cgj by the Galerkin method

as

Agji'j' cg'j' = Dbjj (1)
which is solved applying the boundary conditions.

For simplicity, let us cosider the case where the front boundary is
vacuum. The condition is given by CgB=’O= where the C?a is the nodal
value for inward direction at the i-th point as shown in Fig. 2.5.1.

If the condition is reflective, it is given by c§3==cg5. The
((i-1) x I+3)-th equation in Eq. (1) is then replaced by either of these
equations.

Spatial nodes on a boundary edge and vertex, however, have two and
three normal directions, respectively. 1In the original scheme, priority
is given to one of the directions. On the other hand, all the normal
directions at the node on the edge or vertex are taken intoc consideration
in the second scheme. The effects of these schemes on the flux distribu-
tion are examined in sample calculation given later.

Acceleration method of outer iteration is similar to the extrapola-
tion method used in the GAUGE code developed by Wagner3), but some

improvements have been made. Let f be the fission operator defined as

*# 1.5.L. Co. Ltd., Tokyo
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_ ¢ g .9
£(Y) = g§1 vog ¢7(2)

where ¢g is the g-th group scalar flux. In the usual FDM calculationm,
element—averaged flux ¢g is used in place of ¢g. But the FEM performs

exact calculation by

g voff I b g
£ = Iy . iE1 %1 Cij

[ x;@an ¢,

Sample Calculation

In order to illustrate the above discussions, a cubic homogeneous
reactor is taken up and shown in Fig. 2.5.2. We have proposed two dif-
ferent treatments on the boundary conditions. As seen in Fig. 2.5.3,
the first group flux obtained by the original scheme is lower at the
center than in its neighborhood, but the modified scheme gives the
reasonable flux distribution near the boundary.

This model problem is used for source extrapolation. The iterations

wags performed to attain the accuracy
€6 = |Ag- Ag_ll/ Ag (2)

less than 10~°, where the Ap is the eigenvalue in the %-th outer itera-
tion. As shown in Fig. 2.5.4, about one-third iteration was saved by

the proposed method against no extrapolation.
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Fig. 2.5.1 Normal directions based on the original scheme for
a node arrangement. Dots show the nodes on the top
and bottom boundaries. Triangles and squares show
the nodes on the front and back boundaries,
respectively.

{ plotted the flux)

20cm

4

Fig. 2.5.2 A cubic homogeneous reactor which is used in
sample calculation.
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2.6 Evaluation of Computational Models for Spallation and Fission

Reactions
Y. Nakahara and T. Tsutsui

In order to prepare computational tools for the feasibility studies
of accelerator driven nuclear fuel producers and radiactive waste

L has been developed. The reliability

transmuters, a code system ACCEL
of the code system as a whole has been shown in reasonable agreements
between computed and mgasured neutron yields for various types of target/
blanket systemsz). But this does not necessarily guarantee the accuracy
of each of the various computational models employed in ACCEL. The most
important and foundamental physical processes in the target/blanket are
spallation and fission reactions. The spallation reaction, as progammed
in the NMIC codeB), is computed usually as a two step process of intra-
nuclear cascade and subsequent particle evaporation. The fission is
considered to occur in competition with the evaporation after the high
energy nucleon cascade through a nucleus. A computational model based

on the statistical model of fission has been incorporated by us in
NMTC/JAERIA).‘

The computational models for the spallation and fission reactions
have been evaluated by performing computations with NMIC/JAERI for thin
targets where multiple inter-nuclear collisions can be neglected. Non-
elastic and fission cress sections have been derived from counts of real
collisions and fission events recorded as the final results of the
NMT'C/JAERI computations.

Dependence of the non-elastic cross sections on the masses of target
nuclei are shown in Fig. 2.6.1 for neutrons with incident energy of 960
MeV in comparison with experimental values due to Shimmerling et 31.5).
Flags attached to computed values show examples of variances in the
Monte Carlo countings. Agreement is reasonable over a wide range of
nuclear masses. The discrepancy seen for light nucleus such as carbon
may be due to a failure of the models, especially of the statistical
model. As for the somewhat scattered values for heavy nuclei, intensive
computations with as many histories as possible are necessary to give
definite explanations. Energy dependence of the non-elastic cross
section for U-238 is shown in Fig. 2.6.2, together with the fission

. .. o .
cross section. The minimum seen for mnon-elastic around 200 MeV



JAERI-M 82-114

corresponds to that of the p-p total cross sections used in the cascade
calculation.

It has been shown in the parametric studies that the most crucial
parameters in computing the fission cross section are the level density
parameters in the statistical theory, i.e., af and ®%n appropriate to the
saddle point of fission and equilibrium deformation, respectively. The

best fit, as shown in Fig. 2.6.2, has been obtained with the expressions
ap = Af10
af/an = aE2 + bE + ¢,

where a=1.10107 x 10-7 (MeV)~2, b=-2.12189 x 10~%(MeV)~! and c=1.11208,
which were derived by fitting the parameters to the data due to I1l'inov

6)

et al. .
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2.7 Extension of the Nucleon Meson Transport Code NMTC/JAERI
for Actinide Transmutation Analysis

¥ .Nakahara and T.Tsutsui

A code system NMTC/JAERI has been developed for the
Monte Carlo simulations of spallation-fission reactions
and nucleon-meson transport processes in the energy range
higher than the cutoff which is usually taken to be 15 MeV1!
NMTC/JAERI has been successfully used in the feasibility
analyses of accelerator deriven nuclear fuel producers.

2), however, is limited

Its applicability, as well as NMTC
to the mass range of target nuclei up to 239. For the
purpose of transmutation analyses of actinide nuclei such
as Am-241 and Cm-242, NMTC/JAERI has been revised anew and
the mass range of target nuclei has been extended up to 250.
Foundamental nuclear parameters required in the simula-
tion calculations of nuclear reactions are nuclear structure
data such as nuclear radius, nucleon density distribution
and potential energy distribution for each nucleus.
Because nucleons in the nucleus are assumed to be degenerate
Fermions, potential energy is taken to be the Fermi enerqgy

plus the binding energy of the most loosely bound nucleon.

The internal region of a nucleus is divided by three concentric

spheres. The nucleon density in each region is set equal to
average value of the continuous distribution in that region.
The region boundaries are taken to be the same for neutrons
and protons. The Fermi energy in each region is the zero-
temperature Fermi energy of nucleons in that region. The
binding energy of the most loosely bouhd nucleon is taken

to be 7 MeV for all regions and for all nuclei.

Additional numerical values of the nuclear structure
data are summarized in Table 2.7.1, where three numerical
values for each parameter correspond to the central, middle
and outermost regions in a nucleus. The nucleon density
and the Fermi energy in each region are obtained in the code
from the values in the Table with the use of the following



relation
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the

the
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where 1

parameters given in the Table, respectively.

JAERI-M 82-114

I
neutron density , 93 = Di(A—Z),

proton density , pf = p.2

l r
neutron Fermi energy , E? = Ui(A-Z)2/3,
proton Fermi energy , EE = Ui22/3,

=1,2,3, N and Ui being density and potential

A-7Z and Z are

the number of neutrons and protons in a nucleus, respectively.
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1) Nakahara Y. and Tsutsui T. : to be published as JAERI-M
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Table 2.7.1 Supplemented nuclear structure data
Nuclear radii . Nucleon density Nucleon potential
A { 10-13cm ) parameters(1030/Cm)",.parameters { MeV )
240 5.456 7.413 9.166 7.434 4,137 4.611 1.631 1.103 .2553
24] 5.463 7.424 9.179 7.403 4.121 4.592 1.626 1.100 .2545
242 5.471 7.434 9.192 7.378 4.104 4.574 1,621 1,096 .2537
243 5.478 7.442 9,204 7.348 4.08B 4,556 1.617 1,094 .2531
244 5.486 7.455 9.217 7.319 4.072 4.538 1.613 1.09%1 .2525
245 5.493 7.464 9.229 7.289 4.055 4,319 1.608 1.087 .2517
246 5.501 7.475 §.242 7.260 4.039 4,501 1.604 1.085 .2511
247 5.509 7.485 9.255 7.230 4,022 4.483 1.600 1.082 .2504
248 5.516 7.495 9.267 7.202 4.006 4.465 1.595 1.079 .2497
249 5.523 7.506 9.280 7.173 3.990 4.447 1.591 1.076 .2490
250 5,531 7.515 9.292 7.144 3.974 4.429 1.587 1.073 .2484
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2.8 Effects of Chromatic Aberration of Objective Lens and Misorientation
of a Crystal on High Resolution Images of Simple Defects in Silicon

T. Nishida and X. Tzui

1),2) of our studies in

We have already reported some results
high resolution electron microscope images of a point defect
cluster by means of computer simulations based on the multi slice
method used for images of non-periodic objects, including a simple
defect?) For the existing instruments of an electron microscope,
it is impossible to remove completely distortions of lattice images
due to chromatic aberration of objective lens and slight misorient-
ation of a specimen%) Then, their effects on images of a defect
in a silicon crystal oriented in (110) are examined in the present
paper. On the other hand, perfect lattice images of silicon mis-
oriented slightly are computed by the matrix method>®) and multi
slice method, respectively, and compared with each other to confirm
the collimation of electron beams diversing along the crystal axis.

a) Effect of chromatic akerration

The distortion of images due to chromatic aberration may be
estimated with a function of the defocus fluctuation arising from
fluctuations in both electron energy and magetic lens current.
On the assumption of Gaussian distribution for the defocus fluctu-
ation, the image intensity of a crystal defect is also given as the
incoherent average over the defocus region around the imaging defocus,
that is, Scherzer focus of 510 A in the present work. Figure 2.8.1
shows images of a divacancy cluster [3P4V§ 3P](*) with relaxation
of atoms simulated for half-width increments of 40 A for the defocus
distribution. As seen in the achromatic image (h.w. = 0) of
Fig. 2.8.1 (a), the intensity for pairs of atomic rows including a
divacancy cluster 4V§ at the center position of the cell is obviocusly
weaker than that for other atom pairs. For values of half width

less than about 100 i, a clear representation of the form of

(*)This symbol denotes four slices containing a divacancy with
relaxation, sandwiched between three upper slices and three

lower slices of perfect lattice layer.
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divacancy is observed, whereas, for the larger values, all atom pairs
become one bright oval spots. Then, we find that Scherzer focus
images of a divacancy cluster are relatively stable to the dis-
turbance due to chromatic aberration.
b) Effect of slight misorientation of a crystal
When the axis of a crystal is slightly tilted from the direction
of incident beams, the wave function should be modified in the
procedure of the convolution integral which calculates the behavior
of an electron transmitting through a crystal before scattered
electron waves form an image through objective lens. The images
of a defect cluster tilted to the <220> direction with an angle
~3 X 10_3 rad are computed for two clusters with four and ten
slices of a divacancy in crystal thicknesses of ten and thirty
slices, respectively, as shown in Fig.2.8.2 (a)~(d). 1In the
formation of images of the thin cluster under ideal lens condition
(Af = Oi, CS= Omm) , they give good representations of divacancy
and perturbed lattice atoms around it with about 40 percent contrast.
For the thicker cluster, however, their contrasts reduce to about
10 percent as a result of crystal misorientation. From the
Scherzer focus image of the thin cluster in Fig.2.8.2 (c), we can
recognize the presence of divacancy but obtain no informations about
relaxation of atoms around it. As seen in Fig.2.8.2 (d), however,
ghost peaks appear in the interatomic space of the image formed
under aberration free defocus condition (Af = —68&, Cs= 0.7mm) ,
preventing the identification of tne original defect structure
model. It becomes evident that the adjustment of orientation of
a crystal with much higher accuracy is necessary for the case of 2
relative thick defect cluster to obtain its clear structural image.
“e) Estimation of behavior of scattered electrons by the matrix
-and multi slice methods |
Comparisons among the images calculated by both methods were
carried out for a silicon perfect crystal with thickness»»l30£,
in which the axis tilts slightly to the <004> direction (right
direction on the figure) from the beam direction. Figures 2.8.3
and 2.8.4 show the computed images with tilt angles 1.7 x 10“'3 .
2.3 x 10°° and 3.4 x 10~ > rad under conditions of ideal lens
(Af = 0, Cg= 0) and aberration free defocus (Af =-68£, CS= 0. 7wm) ,

respectively. The differences between contrasts of each atom in
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pairs and the distances between pair atoms represent good
agreements among the corresponding images of both calculations.
Tt can be concluded that the behavior of scattered electrons seen
in these images haé no appreciable difference, regardless of our
expectation that we can calculate more exactly the fine derail of
electron scattering by the matrix method than by the multi slice

method.

References

1) Nishida T., Izui K., Furuno S., Otsu H.:"High Resolution
Structure Images of a Simple Defect in a Silicon Crystal
Oriented in (110)" JAERI-M 9032, 39 (1980),

2) Nishida T., Izui K.:"High Resolution Electron Microscopy
of Simple Defects in a (110} Silicon Crystal," JAERI-M
9672, 59 (1981),

3) Field P.M., Cowley J.M.: Acta Cryst., A34,

103 (1978).

4) Nishida T.:"Electron Optical Conditions for the Formation
of Structure images of Silicon Oriented in (110)
Jpn. J. Appl. Phys., 19, 799 (1980).

5) Nishida T., Izui K.:"MSCOPE-I : A Program System for Analyzing
the Electron Microscope Images of Crystal Lattice Defects)

JAERI~-M 5441 {1973} (in Japanese),



JAERI-M 82-114

€)

E(af)

%)

oS (X))

2.8.1 a) .~d} are divacancy cluster images influenced by the
defocus fluctuation due to chromatic aberration with crystal
thicknessawf35§ under Scherzer focus condition (Af = 510&,

Cs= 0.7mm} at 100 KV, Ha%f—widthf of Gaufsian distribgtion,
h.w. are given toc be a) GCA, b) 404, c) 80A and d) 120A.
Profiles in e) and f) represent the corelation between the
distributions and real parts of lens transfer function for main

gcattered waves around Scherzer focus.
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(3P 47'3p] (10 10 [0P)

c) )

Fig. 2.8.2 Simulated images of divacancy clusters of [ 3P4V§ 3P ]
and [ 10P10V5 10P ] misoriented with the angle ~.3 x 1073 rad
under optical conditions,oa), k) Af = 0, CS= 0, cy Af = 5105
CS= 0.7mm and 4y Af = -68A, CS= 0.7mm.



2.8.3 Images of perfect lattice of silicon tilting to <Q0d>

3 3

Fig.
rad, b) 2.3 x 107" rad

axis with slight angles a) 1.7 x 10~
and <) 3.4 x 10_3 rad under the ideal lens condition { af = 0,

Fig. 2.8.4 Images of perfect lattice of silicon tilting to 004>
axis with slight angles a) 1.7 x 1073 rad, b} 2.3 x 1073 raa

-3
and ¢) 3.4 x 10 rad under an aberration free defocus condition

{ &f =-68A, C_= 0.7mm ).
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2.9 Analyses of Radiation Damages by Computer Simulation
Y. Taji

Charged atomic projectiles (ions) emerge in the structural materials
due to the knock-on reaction by fast neutrons or due to the direct
entrance of hot plasma ions. To estimate formation or growth of defects
induced by the energetic ioms it is very important to attack the trans-
port problem of ions in materials. In order to decrease the radiation
damages as low as possible it is desirable to disperse the energy of
ions spatially as extensively as possible in the form of inelastic loss.

Then we have simulated the spatial distributions of defects in depth
direction which are yielded by ions of carbon injected perpendicularly
to the surface of target. As the test material of target iron containing
carbon by 1% in atom number has been chosen to compare with the case of
pure iron (f.c.c. crystal). The impurity carbon have been located at
the lattice sites. Two methods are known to analyze the displacement
cascade of atoms, i.e., the method based on the LSS theory and the method
of computer simulation based on the mechanics of binary collision.
However, the former ome is difficult to give meanigful differences
between the two cases since the atomic masses are averaged uniformly.

Simulations have been performed by reorganizing the code system
CASCMARLl), which consists of MARLOWEz) for analysis of cascade, CLUSTERB)
for spontaneous recombination and DAIQUIRI3) for annealing calculation.
The Thomas-Fermi potential is used in the Moriere approximation. As the
electronic stopping power the Lindhard model is adopted. The ion of
carbon is injected with energy 1 MeV perpendicularly to the surface
(3,4,7). The total number 243 of lons are injected into both targets.

The displacement threshold energy Eq is 40 eV for ion and 3 eV for carbon
and the binding energy are set half of Eq's. The cut-off energy is 40 eV.
The results of cascade calculation for the pure iron and the iron

containing 1% carbon are surmarized briefly in Table 2.9.1, in which

the first column is the average rate of damage energy, the second ome
the average number of vacancy produced by an ion injection and the third
one the average depth of spatial distribution of vacancies. The gpatial
distributions of vacancies in depth direction for the pure iron and the
iron containing carbon are shown in Fig. 2.9.1 and Fig. 2,9.2, respec—

tively. The spatial distributions of rest positien of ions which are
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injected from the surface are shown in Fig. 2.9.3 and Fig. 2.9.4. The
calculation of spontaneous recombination and, furthermore, the annealing
calculation by 10 time steps are performed, which are summarized in
Table 2.9.2. We can conclude from these results that the mixture of
light atoms play the role of decreasing the formation of defects by
dispersing the energy of incident ions in a wider region. The remaining
problems are follows : The impurity carbons must be set at the inter-
stitial position though they have located at the lattice site in the
present calculation and the effect of heavy irradiation must be taken

into account.
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Table 2.9.1 Calculation results of cascade in the pure

iron and the ircon containing carbon

Q
No. of vac. Depth (A) | Damage Ene.
Pure iron 663 7028 7.61%
c1? iron 619 7550 6.96%

Table 2.9.2 Number of vacancies and interstitials per an ion
injection at each calculation steps of cascade,

spentanecus recombination and annealing of 10 time

steps
Pure iron o Clz- iron
! No.of vac. |No.of int. || No.of vac. |Ne.of int
Cagcade 663 664 619 620
Spont.Recomb. 271 272 253 254
Anneal 161 162 150 151
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2.10 Limitation of the Boltzmann Equation
Y. Taji

A new method for deriving the Boltzmann equation for dilute gases
from the basic Liouville equation has been proposedl), in which binary
collisions are assumed to occur in isotropic form and the technique of
time average is used, The most essential point in deriving the Boltzmann
equation is how to derive the macroscopic chaotic relation f(2)= f(l) f(l)
(f(n) denotes the n-particle distribution function) from the microscopic
relation of the classical mechanics, which determines completely the
behaviors of particles through the conservation law of energy, momentum
and angular momentum. That is, it is not expected at all that the chaotic
state f(2)= f(l) f(l) happens to grow in the course of time. However,
f(2)=.f(l) f(l) holds for mass-points having not any spatial extensions.
We now consider particles having spatial extension so that they encounter
with each other. When binary collisions occur in isotropic form, angular

momenta of two particles are canceled and vanish as the ensemble average.

The particles which have not angular momentum in collision can be regarded

@) _ (D 1)

as mass-points having not extension. Thus, we can arrive at £
The gases have been assumed to be dilute, in which binary collision

occurs isolated from other particles. However, in a system of dense gas

or a system of binary mixture (e.g. the system of neutrons and medium

nuclei in reactors) binary collisions occur sequentially, that is, the

first particle encounters with the second particle and furthermore the

first one, which has correlation with the second one, encounters with

the third particle. Such an effect of triple collision can be also taken

into account in the similar manner as the above. As far as the assump-

tion of isotropic collisions is satisfied, it will be shown that also

the Boltzmann equation holds for the dense gases or the mixtures. As

the practical problem we are concerned to deal with the case of an-.

isotropic collisions occurred in such dense systems. When anisotropy

exists in dilute gases, there are no motive forces for anisotropy to

approach to isotropy so that macroscopic equation cannot be expected.

In the case of dense gases where triple collisions are not mnegligible,

we can define an average force field for anisotropy to tend to isotTopy

as reported already in Ref.(2) though in intuitive form. Theoretical

derivation of a new kinetic equation with the average force field will
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be reported in future.

References

1) Taji Y. : Proc. Spring Meeting of Phy. Soc. Jpn., 31aR10 (1982).
2) Taji Y. : Phy. Soc. Jpn., 41, 2020 (1976).



JAERI-M 82-114

3. Integral Experiment and Analysis

3.1 Critical Experiments on Enriched Uranium Graphite Moderated Cores
Related to VHTR
F. Akino, K. Kitadate, M, Takeuchi, H, Yoshifuji,

T. Ono and Y. Kaneko

As core design for the Experimental High-Temperature Gas Cooled
Reactor (VHTR) progresses, evaluation of design precision has become
increasingly important. For a high precision design, adequate group
constants based on nuclear data and calculation method accurately
describing transport of neutrons are required.

We, therefore, assembled many cores using a graphite-moderated
20% enriched uranium Semi-Homogeneous Critical Facility (SHE), and
obtained experimental data useful in evaluating design precision.

Assembled cores are as follows

1) Homogeneous cores i SHE-5~- SHE-8,

2) Heterogeneous cores : SHE-12 and SHE-13,

3) Simulation cores for VHTR : SHE-14, SHE-Bl and SHE-BZ.

The features of the simulation cores for VHIR are simular to those of

VHTR with respect to the following aspects,

1) The configuration of the fuel rods in the column is simular to that
in VHTR,

2) C/235U atomic ratio in the column is about 7200 in the whole simulation
cores, which is close to that of VHIR

3) SHE-Bl and SHE-B2 core are loaded with one and two burnable poison rods
in the column, respectively, like in VHIR.

In Fig. 3.1.1, the measured critical masses of the 9 cores with the range of

C/235U atomic ratio being from 2320 to 15700 are plotted for comparsion

with the calculated values.
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Calculations of the group constants are made by the heterogeneous
model in which the lattice structure of the column is taken into account,
using SRAC code system.

Young- Koppel neutron scattering law was used for thermal neutron
scattering of graphite.

Effective multiplication factors are calculated by one-dimensional
61 group diffusion theory. Here, thermai groups are divided into 39
groups from 0.0 to 1.1254 ev, and fast grdups are divided into 22 groups
from 1.1254 ev to 10 Mev.

From Fig. 3.1.1, agreement between experiment and calculation is

cy . 235 o
within 0.75% for Keff and 3% for U ecritical mass.
10— hemogeneous tore
SHE-5
| SHE-6
9 - SHE-B2 SHE-7
N SHE-8
a8 SHE-8 heterogeneous core
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6 SHE-BI
f SHE-B2
-
=]
w 9 [ SHE-14
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Fig. 3.1.1 Critical mass of 20% enriched uranium graphite

moderated and reflected cores of SHE



JAERI-M 82-~114

3.2 Reconstruction Program of SHE for Experimental VHTR

Y. Kaneko, F. Yoshihara, H. Yasuda, F. Akino, K. Tsuchihashi,
T. Ikushima and M. Hishida

Present status

Reconstruction program of SHE, Semi-Homogeneous Experimental Criti-
cal Facility, was approved by Japanese government early in 1981. The
object of the program is to obtain Experimental verification for the
design accuracy of Experimental VHTR fueled with low enriched uranium.
Basic design of the reconstructed SHE facility was completed as illus=
trated in Fig. 3.2.1. Safety analysis was performgd with respect to the
following major aspects;

{1) Design basis accident
(2) Aseismic design

(3) Core heating by use of electric heaters

Specification of reconstruction

Core geometry : horizomtal half machine type hexagonal prism in
shape height and length, 2.4 m 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 to 800°C

Fuel : 2, 4 and 6 w/o enriched uranium, 260 kgU in total coated

particle fuel compacts of the same size of Experimental VHTR

BISO or TRISO

Schedule

After safety examination by government, the reconstructed core will

he assembled in 1984.
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3.3 Actinide Integral Experiments at FCA:

— Selection of Standard Cores and Their Characteristics —
M.Nakano, K.Koyama, T.Koakutsu, 5.0kajima and H.Kuroi

Actinide integral experiments have been made on FCA IX assemblies, which
were selected to provide FCA spectrum standard cores with appropriate variety
of neutron spectra. FCA Assembly IX consists of seven different wversions of
cores (Assembly IX-1 n IX-7) to cover a wide range of neutron spectra. The
core composition of these cores are given in Table 3.3.1.

In Assembly IX-1 to IX-6, only 93% enriched uranium wasused as core fuel
and each one of graphite or stainless steel wasused as a diluent material.
Neutron spectrum at the cere center becomes soft from Assembly IX-6 to IX-1,
systematically. The mean energies of the 10 (n,a) reaction rate werecalcu-
lated to be about 2keV, 40keV and 150keV for Assembly IX-1, IX-3 and IX-6,
respectively. The core of Assembly IX-7 is composed of only 20%Z enriched
uranium and structural material of the FCA matrix and drawer. All the core
were constructed to be cylindrical geometry of L/D=1, which were surrounded by
the depleted uranium blanket about 35cm thick.

Criticality and basic parameters of the core including fission rate ratios
and sample reactivity worths of standard materials have been measured on FCA
Assembly IX. The measured value of k f¢ for the cylindricalized model with
no gap between the FCA half machines was determined within *0.08% for each as-
sembly.

Fission rates of 238U, 235y, 239Pu and 237Np at the core center have been
measured by using the absolute micro-fission chambers of natural U, enriched U,
Pu and Np. These chambers are of a cylindrical geometry, 6mm diameter and 32mm
effective length. Measurements were carried out in the experimental hole 20mm
in diameter made vertically to the cell plates. Sample worths of standard ma-
terials were measured in the central cell of each core. Plate samples used
include Pu, enriched and natural uranium, B4C and graphite. The sample plate
was substituted for the appropriate spacer loaded in the core cell. Reactivity
change was determined from the calibrated control-rod positions. Fission rate
ratios of 238U/235y and 239pu/23%U and sample worth ratic of natural B4C/937%
enriched uranium measured at the center of each core are shown in Fig.3.3.1,

which well demonstrates the spectrum shift between the selected cores.
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The analysis was made by using the DOYC computer code system and the ad-
justed data with 1950 group structure AGLI—Z%) The code SP~20002) was utilized
to generate 20 group effective cross sections with diagonal Py components from
the fundamental mode cell calculation for each cell. Using these group constants,
RZ calculation was made by the transport theory with S;4 or S5g approximation. The
calculated values of keff are compared with the measured ones in Table 3.3.2.

The calculation with S, approximation overestimates the criticality by about 0.2%
compared with Sg. The Sg calculation predicts the measured criticality within
%1% for all the cores except Assembly IX-4 and Assembly IX-5, which are stain-
less steel diluent cores.

The measured and calculated fission rate ratics of 238U/235U and 239Pu/235U
are compared in Fig, 3.3.2, To calculate the cell averaged fission rate, ef-
fective fission cross sections for the uniformly distributed detector in the
cell were prepared for each cell. Agreement is fairly well between the meas-
ured and calculated fission rate ratios, although a little discrepancy can be
seen in the C/E values for Assembly IX-4 (a stainless steel core) and Assembly
IX-7. The analysis of the reactivity worth of standard materials is now in
progress. Preliminary results indicate that the calculated ratios of the
sample worths of 93% EU/Pu and Nat. B,C/Pu agree fairly well with the experi-

ments for all assemblies.

Refererences
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Table 3.3.1 Core composition of FCA IX assemblies (v/o)

Assembly I%-1 IX-2 IX-3 1IX-4 IX-5 IX~-6 TIX-7

93%EU 5.3 10.6 15.9 10.6 15.9 15.9 —
20%EU — — — — — —  84.7
C 79.4 74.1 68.8 — — — —
5US. 10.8 10.8 10.8 84.9 79.6 27.9 10.8
Void 4.5 4.5 4.5 4.5 4.5 56.7 4.5

Table 3.3.2 Measured and calculated values of keff
of FCA Asseuwbly IX

Assembly Experiment gzlculatigg ) %ég
IX-1 1.0077 = 0,07% 1.0051 1.0033 0.9956
IX-2 1.0107 £ 0.08% 1.0134  1.0114 1.0006
IX-3 1.0086 = 0.08% 1.0117 1.0051 1.0005
IX-4 1.0075 = 0.07% 1.0192 1.0174 1.0098
IX-5 1.0096 = 0.06% 1.0252 1.0227 1.0130
IX-6 1.0082 + (.06% 1.0162 1.0140 1.0038
IX-7 1.0095 * 0.06% 1.0102 1.0079 0.9984
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3.4 Actinide Integral Experiments at FCA

~—— Actinide Sample Worth Measurements ——
T. Mukaiyama, S. Okajima, T. Koakutsu and H. Kuroi

Objectives of Integral Experiments

The assessment of the actinide transmutation concepts requires the
reliable fission and capture cross sections of actinide elements over
the whole neutron energy of potential transmutation system. 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)
For the evaluation and the modification of these data, the integral
measurements have been performed at FCA. The realistic integral measure-

ments at fast critical facility like FCA are the measurements of the

small sample reactivity worth and the fission rate ratios.

Sample Worth Measurements

The actinide production and transmutation study of the Actinide
Burning Fast Reactor "ABFR" shows that 237Np, 238pu, 240py, 2%lam, 2%3Am,
and 2%%Cm are the ruling nuclides in the transmutation system. The
samples of 15-20 g of isolated isotopes of above mentioned actinides
except 2%%Cm were prepared at Oak Ridge National Laboratory. Oxide
actinide powder is encapsulated into double concentric stainless-steel
4)

capsule. Data of atomic composition of samples were provided by ORNL

and these are shown in Table 3.4.1.

Seven cores were set up at FCA to provide the different neutron
spectrum fields where sample worth measurements were performed. FCA
IX-1 - IX-7 are the FCA standard neutron spectrum series of coress)
which caver the as wide variety of neutron spectra as possible which can
be established with this kind of a fast criticél assembly. A sample is
handled with the automatic handling system which picks up a selected
sample from the container and places it at a desired position in the
critical assembly. Actinide oxide powder worth was measured by the
criticality method and the criticality of the system was decided within
+0.02 mm error of a control rod position which is roughly equivalent to
less than 5 x 1077 Ak/k.

The corrections to the observed value includes worths of impurites,

oxygen worth and the spatial distribution of worth along the sample axis.
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The final value of an isolated element worth was determined within
+1 x 1076 Ak/k accuracy for 15- 20 g of a sample, however this does not
include the impurity uncertainty.

The preliminary result of sample worth measurements is shown in
Fig. 3.4.1 as the worth ratio to 23%Pu worth. 239y sample worth is

n
measured for 2”>K2”><l— plate sample, Sample geometry difference effect

16
between actinide samples and the 23%Py sample, and also some of factors
are not corrected for the value shown in Fig. 3.4.1 but these corrections
are minor omnes.

2) and ENDF/B-V set

Preliminary results of analysis using ENDL set
show relatively large discrepancy from the measured result. TFor 237Np,
worth ratio to 23%Pu calculated using ENDL set agrees well with the
measured value for most of cores, whereas the discrepancy of worth ratio
between the values calculated using ENDF/B-V and the measured values is
more than 30%. For 238Pu, C/E value of worth ratio is 1- 1.4 for both
sets. For 249Pu, C/E value of worth ratio ranges from 0.7 to 0.9 for
both sets. For 2"lAm, C/E value of worth ratio ranges from 0.7 to 1.5
when ENDF/B-V set is used, whereas the discrepancy between calculated
values and measured values is more than 30% when ENDL set is used. TFor
243am, the discrepancy of worth ratio between the calculated values and
the meagured values is larger than 30% for both sets., Detailed analysis

is under way and the next integral measurement is planned for the dif-

ferent actinides.
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Facility FCA — Selection of Standard Cores and their Characteris-.

ties —," Section 3.3 in this report.

Table 3.4.1 Atomic Composition of Actinide Samples

Sample Principle Elemeat Impurities
Name gram Oxide(w/o) (w/o)
Np-237 20.0 99.2 Th-232 Fe,Ni etc.

0.5 total 0.3

Pu-238 13.3 87.6 U-234 Pg—239 Pu-240 Fe, Ni etc. Th-232,NP-237,Pu-241
3.9 7.3 0.6 total 0.2 less than 0.1% each

Pu-240 14.8 98.5 Pu-239 Pu-241 Pu-242
0.6 0.6 0.3

Am-241  19.9  97.5 Fe,Ni etc. Th-232,Np-237,Pu-239
total 2.4 less than 0.1% each

Am-243 20.0 99.4 Pu-240 Cm-244 Fe,Ni etc.
0.2 0.4 total 0.04
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3.5 Actinide Integral Experiments at FCA

—— A Measurement of Actinide Fission Rate Ratios ——
M. 6bu, S. Okajima, T. Koakutsu and H. Kuroi

Integral experiments for evaluating actinide cross section data

have been made in the cores of FCA Assembly IX-1 ~ IX-?l)

whose neutron
spectra were changed from soft to hard. These experiments include two
measurements for obtaining important physics parameters, one is the
measurement of small sample reactivity worths of actinide nuclides,z)
the other is that of actinide fission rate ratios by the fission chamber
technique. In this report, the results of the measurement of fission
rate ratios for typical seven actinide nuclides, 237Np, 23SPu, 239Pu,
242py, 24lam, 2%3am and 2%%Cm to 235U are described.

The fission chambers used in FCA are a parallel-plate type made of
thin stainless steel.B) Dimensions of the chamber head are 37.8 mm outer
diameter and 13.4 mm length. The amounts of fissle masses deposited.in
the chamber are absolutely determined by a-spectrometry. Weights depos-
ited are in the range of 4090 ug, mostly. However, for the nuclides
with very high a-specific activity éuch as 2"'cm, 23%pu, and 2%lAm, the
weights are limited to less than 10 ug to improve a-to-fission fragment
signal ratio.

The measurements of fission rates are made at the center in each
core. The chamber is located at that place by setting 2" x2" x 1" cavity.
The reactor is usually operated in 10~ 40W power in response to the
chamber sensitivities, and fission pulses of 1.5 x 10% n 1.0 x 10° counts
are accumulated. For 2J“L“Cm, however, 200W operation was made in the
measurement to reduce back ground from 244 om spontaneous fission. The
cavity effect was estimated from additional experiment by using cylindri-
cal micre fission chamber with aluminum wall. This effect is of the
order of 2% for 237Np.

Experimental fission rate ratios of several nuclides are shown in
Fig. 3.5.1. The spectrum dependence of the fission rate ratios are
clearly observed between different cores. The experimental fission rate
ratios are compared with calculated results4) by transport theory with
S4Py, approximation. ENDF/B-V data were used. Table 3.5.1 is the lists
of experimental fission rate ratios and the C/E.

It is revealed from C/E evaluation that the results of present

_60_..
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caleulations are about 4~ 17% higher than the experimental fission rate
ratios, in most case. However, for the ratio 238py /235y, the calculated
results are considerably underestimated, and are about 25% lower than
the experimental values. It is pointed out that the fission cross sec-—
tion data for 238pu include large uncertainties especially which should

be adjusted.
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Table 3.5.1 Central Fission rate ratiocs of actinide nuclides

| 287np(n, £)/2320(n, F) 24 am(n,7)723%0(n,f)
Assembly
1 Exp. C/E EXp. C/E
I¥-1  10.2000 + 1.9% 1.046 0.1915 + 2.2% 1.072
1X-2 | 0.3304 + 2.4% 1.033 0.3229 + 2.4%  1.023
IX-3 | 0.4269 + 2.2% 1.019 0.4092 + 2.29 1.027
I1X-4 !0.4037 +1.9%  1.117 0.3443 + 2.1%  1.106
IX-5 1 0.491 1+ 2.1% 1.08) 0.4319 + 2.2% 1.077
IX-6 0.599 =+ 2.1%  1.033 0.554 + 2.1%  1.036
1X-7 0.4228 + 2.1%  1.085 0.3603 + 2.1%  1.075
283pm(n,f)/235%0(n,f) 248¢m(n,£)/2350(n,f)
Assembly
EXp. C/E Exp. C/E
IX-1 0.1473 = 2.1% 1.088 0.2516 + 3.8% 1.047
I1X-2 0.2463 + 2.3%  1.071 0.393 + 4.0% 1.062
IX-3 0.3140 + 2.2% 1.075 0.491 =+ 4.1% 1.075
IX-4 0.2591 + 2.1% 1.174 0.467 =+ 4.1%2 1.166
1X-5 0.3255 + 2.1%  1.145 0.558 + 4.3% 1.144
I1X-6 0.4232 + 2.1% 1.091 0.670 + £.6% 1.108
1X-7 0.2662 + 2.1% 1.166 0.483 = 4.8% 1.143
2394 (n,£)/23%0(n, ) 238py(n,1)/23%(n, )
Assembly . :
Exp. C/E Exp. C/t
I1X-1 0.957 + 1.7%  1.034 0.790 = 2.2%  0.737
1X-2 1.030 + 2.2%  1.027 0.969 + 2.9%  0.803
IX-3 1.113 + 2.1%  1.026 1.238 + 2.2%  0.732
1X-4 1.174 + 1.6%  1.048 1.316 + 2.2%  0.752
1X-5 1.233 + 2.0%  1.036 1.460 + 2.2%  0.738
IX-6 1.282 + 2.1%  1.028 1.606 + 2.2%  0.727
IX-7 1.215 + 2.0%  1.037 1.375 + 2.1%  0.738
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3.6 Operation Report of SHE

F. Yoshihara, K. Kitadate, M. Takeuchi, T. Ono and H. Yoshifuji

In the most recent fiscal year, SHE achieved operation of 186 hrs
and 57 watt-hours in total power.

During the operation, the following experiments were done on SHE-B2
core, which is a simulation core for Experimental Very High Temperature
Reactor ;

i) Change of reactivity worth of a single coated particles fuel rod

from room temperature to 800°C,
ii) Reactivity effect of gap between the two half assemblies separated
each other,
"iii) Reactivity worth of the end caps for the matrix tubes,

iv) Reactivity worths of burnable poison rods.

The critical fuel loading pattern of SHE-B2 core was shown in Fig.
3.6.1. In case of the reactivity change measurement for a single coated
particles fuel rod, heating apparatus was reconstructed to get 800°C

heating temperature. The reconstruction was licensed by Science and

Technology Agency.

Reflector
{graphite)

{ Fixed haif )

Fig. 3.6.1 Cross section of SHE-B2 core in critical fuel loading pattern
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3.7 Operation Report of FCA

H. Watanabe, H. Ogawa, 5. Fujisaki, and K. Yamagishi

Operating activities for the Fast Critical Assembly (FCA) including
operation and maintenance of the facility, fuel managewment and technical
support for experiments were continued as scheduled and performed without
any major trouble which had disturbed the research activities. The facility
was operated on the FCA-1X, a set of éores, consisting of the FCA-IX-1
through the FCA-IX-7,

During this fiscal year, 126 days were devoted for operation of the
seven cores of the FCA-IX to carry out the characteristic tests and the
experiments. The operating time was 725 hours and the integral power for
the operations was 5, 159 WH. Among 160 operations, 4 were shut down by
scram action. The total numbers of criticality of the FCA reached at 3279
at the end of the fiscal year 1981.

The facility was examined for maintenance monthly {2 days/month) and
vearly ( 3 weeks in October) according to the operational instruction, and
received the annual authorization of operétion dated 10th of November after the
reguratory inspection from 4th to 6th of November. The major maintenance works
were the overhaul of the FCA table drive mechanism,-the renewal of the
thermocouples in the core matrix and of the temperature recorder, the exchange
of the filters of core cooling system, and the adjustement of the position
sensor indicating contact condition of the half machines.

The TAEA safeguards inspection on the nuclear fuels of the FCA were
usually carried out every two weeks. The Physical Inventory Takings (PIT)
of the fuels were performed at July 1981 and February 1982 by TAEA and STA
under the reguration. No anomaly was indicated. To improve the book keeping
works on the fuel manageméﬁi;“é computer-code was déveloped. The handling
labor for the records on the sealed fuels has been much saved by the code,

The defects of thin surface coating on the enriched uranium fuel were repaired
for more than 3000 coupons by spraying colloidal solution of flucrocarbon.

As for the safeguards purposes, the following developmental works were
made,

A nondestructive passive gamma assay system consisting of a multichannel
analyzer and & minicomputer was completed and had been used for the PIT.
Development of a core inventory monitor was tried to inspect the loading of
a core by measuring gamma activities of indium foils, and a support was devoted

to the phase-TII field test of the portal monitor.
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4. Shielding

4.1 Benchmark Experiment on D-T Neutrons and Secondary Gamma Rays
Streaming through a Concrete Bent Duct

$. Tanaka, Y. Oyama, N. Sasamoto and T. Nakamura

In a2 Tokamak Type fusion reactor, many types of opening in blanket
and shield are said to be required. The radiation streaming through the
openings may cause undesirable radiation damage and radiation heating in
the superconducting magnet and other components surrounding the plasma
region. In particular the fast neutrons and the secondary gamma rays
induced by the neutrons through such large openings as the Neutral Beam
Injector port and as the evacuation duct of cryopump can present some
difficulities to the reactor design. Hence it is important to have a
reliable data and method by which the streaming radiatiomns could be
evaluated accurately. Thus, a streaming benchmark experiment on D-T
neutrons and secondary gamma rays induced by the neutrons was carried
out at the personnel passageway in FNS5 of JAERI.

The first leg of the passage wéy is 254 cm in length and the second
one 204 cm. A temporary shield was set up to minimize the effect of
parasitic D-D neutrons from the accelerator beam line components to the
entrance by stacking polyethylene blocks 30 cm thick. The layout and
the neutron source pesition is shown in Fig. 4.1.1.

Fast neutron and gamma-ray energy spectra were measured by using
NE213 scintillator sets 5.08 cm in diam. x 5.08 cm high at the four posi-
tions along the center axis of the passageway whose cross section
measures 96 cm wide and 200 cm high. In Fig. 4.1.2 the fast neutron
spectra measured at the four positioms are shown, where the distances
are equal to ones from the inlet of the passageway. Neutron and gamma-
ray dose distributions along the axis were alse measured by a Studsvik
Model 2202D rem-counter, by pairs of PLiF and ’LiF TLDs and by CaSOy(Tm)
TLD, respectively. In Fig. 4.1.3 the measured dose distributions are
represented as an example.

In the present experiment the detailed informations essential for
the analysis of the measured results have been obtained in addition to
the measurements of the streaming neutrons and gamma rays. Hence it is

expected that this work will be applicable to the verifications of the
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4.2 Experiments on Neutron Transport through Annular Duct
of Large Radius

* * *%
T. Miura , T. Fuse , N. Yamano and T. Suzuki

There exist anmular ducts of many types in reactor shields and the

effective countermeasure is required for the radiation streaming through
these ducts. Especially, an annular duct which exists between the
pressure vessel and the primary shield is one of the most important
object in reactor shielding designs, since a large amount of radiation
leaks through this air gap and it affects overall shielding designs.
In order to provide experimental data for the assessment of shielding
calculations for the problem of this type, measurements were performed
in a pool of JRR-4, a swimming pool type research reactor installed at
Japan Atomic Energy Research Institute.

The reactor core surrounded with rectangular graphite-reflectors is
contained in the aluminum tank. The annular duct surrounds the reactor
core simulating the air gap between the pressure vessel and the primary
shield. A sketch of the duct is shown in Fig. 4.2.1. As the gap width,
10 and 20 cm were taken. Activation-detectors and proton recoil spheri-
cal proportional counters were used to measure the reaction rates and
the spectra of neutrons. Twentyfive kinds of activation detectors were
obtained from the combination of thirteen kinds of activation foils and
three kinds of detector covers. The thirteen activation foils consist
of five for slow neutrons and eight for fast neutrons. Cadmium cases
1 mm thick and boromn covers of two types were used as the detector covers.
The reaction rates were obtained within an accuracy of 28%Z. Neutron
spectra in the energy range from thermal to fast were obtained from the
measured reaction rates by means of the SAND-II code. Two activation
cross section files were prepared for this unfolding by taking cross
sections mainly from the ENDF/B-IV dosimetry file and SAND-II library.
Neutron attenuation factors in boron covers were calculated with a one-
dimensional discrete ordinates code ANISN and a simple absorption

calculation. Through the check calculations on SAND-II unfolding, it

* Ship Research Institute

%% Div. Reactor Safety Evaluation



Fig. 4.2.1

JAERI-M 82-114

was concluded that the spectra obtained by the activation method were
reliable except in the energy range of 10 keVwv 1l MeV where those obtained
by the counter measurement were supplied.

As an assessment of the shielding calculation, the measured values
were compared with P3-Sg calculations made by a two-dimensional transport
code DOT-I1I in 30-energy groups. Comparisons are shown in Fig. 4.2.2
for the case of 10 cm gap width. Underestimation is found in the cal-
culations. It is larger for the case of the narrower air gap and it
increases with distances from the source. For the 10 cm gap, the dis-
crepancy between the measurement and the calculation becomes a factor of
8. As one of the main causes of these discrepancies, the insufficient

angular mesh points toward the duct axis is considered.

Reference

1) Miura T., Fuse T., and Yamano N. : J. Nucl. Sci. Technol., 18 [5]
369 (1981).
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4.3 Analysis of PCA Benchmark Experiment with Three-Dimensional
Transport Code PALLAS-XYZ

*
N. Sasamoto and K. Takeuchi

A Pressure Vessel Wall Benchmark Facility was established at the
Pool Critical Assembly (PCA) of ORNL to test and validate reactor physics
calculations in a simple geometry simulating a commercial power plant.

In order to assess state—of-the-art neutronics methodology relative to
reactor surveillance, the United States Nuclear Regulatory Commision
(USNRC) conducted a computational Blind Test based on the PCA experiment,
in which we participated with the PALLAS~-XYZ calculation.

The PCA Benchmark Facility consists of the PCA reactor core of
60 x 38 x 40 cm rectangular geometry and the ex-core components that are
used to mock up pressure vessel surveillance configurations for light
water reactors. The whole configuration immersed in the pool water is
shown in Fig. 4.3.1. Dosimetry integral and differential experiments
were performed for two different PCA configuratioms, X/Y=8/7 and X/Y=
12/13, designated as PCA(8/7) and PCA(12/13), respectively. Here, the
X/Y refers to the water gaps (in cm)‘from the core edge to the thermal
shield/the thermal shield to the pressure vessel.

The calculational model is given in Fig. 4.3.2. Here, a one-eighth
configuration of the actual experimental setup was taken for the calcula-
tion because of symmetrical conditioms with respect to x-, y- and z-axes.
The calculation of the fixed source type was carried out with 21 energy
meshes above 78 keV, yielding for the equivalent fission fluxes the
reaction rates of fast neutron threshold reactions, the damage exposure
parameter dpa, the the integral fluxes in the energy regions greater
than 1.0 MeV and greater than 0.1 MeV.

The PALLAS-XYZ calculation was compared with the experiment and
with other transport calculations using Sp codes and Monte Carlo codes,
in collaboration with the Blind Test. As a result, the PALLAS-XYZ
calculation without any geometrical leakage correction was found to
provide a good agreement with the experiment within an error of 30% and

to be as accurate as or more accurate than the calculations with the

% Ship Research Institute



]

JAERI-M 82-114

Monte Carlo and the S, codes in the two-dimensional (x,y) geometry with
three—dimensional leakage corrections. As an example of the comparison,
the C/E ratios of the damage exposure parameter dpa within the pressure
vessel simulator are presented in Table 4.3.1. The difference between

the PALLAS-XYZ calculations for the PCA(8/7) and PCA(12/13) configurations
are due to the fact that the PCA(8/7) includes thinner water gaps than

the PCA(12/13), resulting in more steeply varying neutron spectrum above
1.0 MeV in the pressure vessel simulator, which cannot be calculated
accurately using PALLAS-XYZ relatively coarse energy mesh intervals of

0.2 or 0.4 lethargy.

Reference

1) McElroy W. M., et al. : "LWR Pressure Vessel Surveillamnce Dosimetry
Improvement Program : PCA Experiments and Blind Test," NUREG/CR-1861
(HEDL-TME 80-87, R53) (1981).

Table 4.3.1 C/E ratios of damage exposure parameter
based on equivalent fission fluxes

7 Location in PCA(8/7)|Location in PCA(12/13}
code!! A4 A5 A6 A4 A5 A6
PAL3 0.90 0.90 0.89 | 1.07  1.10  1.13

c1 0.77 0.73 0.69 | 0.77  0.74  0.73
c2 1.10 1,03 0.97 | 1.13  1.14  1.10
c3 1.05 1,01 0.99 | 1.17 1,13  1.10
c4 | o0.81 o0.80 0.78 | 0.91  0.91  0.92
cs 6.58 0.51 0.41 | 0.81  0.77  0.73
c6 0.89 ©0.84 0.81 | 0.84  0.82 0.8l
c7 0.76 0.70 0.67 | 0.71  ©0.6%  0.68
cs 0.84 0.80 0.75 | 0.86  0.84  0.80
ca 0.93 0.88 0.83 | 1.01. 0.99  0.95
c10 0.91 0.80 0.83 [ 0.93  0.90  0,gg

1) Code PAL3 indicates the PALLAS-XYZ calculation, while
Codes Cl through Cl0 indicate the calculations with
S, codes and Monte Carlo codes.

2) Locations A4, A5 and A6 are at 1/4, 2/4 and 3/4 of
thickness of pressure vessel simulators, respectively.
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4.4 BERMUDA-ZDN: A Two-Dimensional Neutron Transport Code for
Analyzing Fusion Blanket Neutronics

T. Suzuki and A. Hasegawa

On the basis of PALLAS-TS (BERMUDA—lDN)l), a two-dimensional
neutron transport calculation code, BERMUDA-2DN, has been developed.
The main purpose of the new code is to analyze the fusion blanket neu-
tronics experiments for plane or cylindrical assemblies, into which
d~T neutrons are injected from the outside along the z-axis.

A 46-group cross-section library has been prepared for this code

L of PALLAS-TS. Furthermore, the

by collapsing the 120-group library
both libraries have been equipped with the resonance self-shielding
factors for °Li, ’Li, C, 0, Cr, Fe and Ni, and the fission cross section
of 237Np as a detector material. The uppermost twenty groups are the

same in the two libraries. The succeeding twenty groups in the 120-

group library have been collapsed into ten groups in the 46-group library,

and the remaining eighty groups into sixteen groups. The weighting
spectrum was set to 1/E in the collapsing procedure.

For more consistent scheme of génerating group constant library,
we are developing a code system, PROF—GROUCH—G/BZ), coupled with the
EDFSRS systemB%or anuclear data file. For the 47th (thermal) group,
the necessary constants are to be given as card input for each problem
after a preliminary calculation using a thermal spectrum ccde.

The time-independent transport equation is solved for twe-dimen-
sional, cylindrical, multi-regional geometry using the direct-integra-
tion method and the usual multigroup model in the same way as in
PALLAS-TS.

The special features of the present code may be summarized in

the following two points:

(1) For angular discrete ordinates, a set of fourty points are selected
over the hemisphere made by unit direction vectors. Not only lati-
tudes but also longitudes are taken into account in calculating the
weight (AY) of azimuthal angle of scattering. The table of Ay

Gﬁ'-# ﬁ, £) has been obtained, making 5] fixed on its ordinate point

over the unit sphere, for eighty values of § (the cosine of scattering
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angle Cﬁ';ﬁ)), that is, the ranges over E[-1, -0.9], [-0.9, 0],
[0, 0.9] and [0.9, 1] are divided into twenty intervals of equal
length, respectively. Thus the table of Ay consists of 40x40x80
data.

(2} For the outer point source which is located on the z-axis of cylin-
der or on the extension of the z—-axis, the direct beam flux is ini-
tially obtained at each (r,z) mesh point using the point kernel
wodel, accounting both cptical and actual distances between the
source point and the mesh point. Next, the first collision source
distribution with angular dependence is determined by this direct
beam flux. The transport equation,corresponding to this distribu-
tion of first collision source plus slowing down source from upper
groups, is solved using iteration technique and neutron rebalancing
sheme. After convergence of pointwise angular flux due to the first
collision plus slowing down sources, the actual flux distributioen

is obtained as the sum of the direct beam flux and the solution of

the transport equation.

The result of test calculation shows fairly good agreement between
the BERMUDA-2DN fluxes and the PALLAS-TS fluxes applied to a cylinder
and a sphere having similar composition and configuration, respectively.
Coﬁparisons of the BERMUDA-2DN calculations with experiments at Fusion

Reactor Physics Laboratory are going to be performed.

References

1) Suzuki T., Ishiguro Y., Matsui Y.: "PALLAS-TS: A One-Dimensional
Neutron Transport Code for Analyzing Fusion Blanket Neutronics, '
JAERI-M 9492 (1981) (in Japanese).

2) A. Hasegawa: unpublished.

3) A. Hasegawa: unpublished.
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5. 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 ionisation chambers were developed to use as in-vessel
neutron sensors for VHTR, HTGR and large scale LMFBR.

Accelerated neutron irradiation life tests at 600°C for the fission
counter-chambers were carried out from 1975 to 1977 in the material testing
reactor JMTR and research reactor JRR—3.1) Simulating a reactor accident
arisen in the end of mission time of the neutron detector being used,
over—heat operating tests at temperature up to 800°C were carried out
previously for the same type fission chamber FX-3 in JRR-3 and thermal pile
in the Reactor Instrument Laboratory.z) Long-term real-time in-reactor
operating reliability tests were curried out for the same type fission
chambers FX-2A and FX-3 in the research reacter JRR-4 from December 1978 to

February 1981.3)'4)

As concerns the high-temperature éamma—compensated ionisation chamber
(CIC), the accelerated irradiation life tests for two CICs(#12, #16), (the
electrodes of CICH#12 and #16 were made of nickel base super alloy and
titanium respectively), were continued in the research reactor JRR-4 since
October 1980. The tests were carried out under the condition of the
operating temperature between room temperature and 400°C, neutron flux
density of 2x10ll nv and gamma-ray fluence rate 9x106 R/hr.

At the end of January 1982, the total test period for these chambers
in the reactor and the high-temperature operating time at 400°C reached to
472 days and 6,048 hours(252 days), and total irradiation of neutron
fluence and gamma-ray fluence reached to 4x1017.nvt and 5x109 R. Detailed
performance inspections for these chambers were carried out four times in
this irradiation period and no change of operating characteristics notable

has been observed in these inspections. The fourth inspection was carried

*Mitsubishi Electric Corporation
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out at the end of January 1982 and the results of the inspection are shown
in Figure 5.1.1 to 5.1.3. Figures 5.1.1 and 5.1.2 show results of plateau
curve measurements of these CICs as a function of neutron-signal-current at
25 °Cc and 400 °C. Figure 5.1.3 shows results of the output linearity
measurements for the CICs at 25°C and 400°C for the neutron flux density

2
range of 10 to 2xlOll nv.

References
i Wakayama N., Yamagishi H., Tomoda T., Kawashima K.: "Development of
Fissicn Chambers for High-Temperature Reactors) Symposium proceed-

ings on Nuclear Power Plant Control and Instrumentation, Vol.II,

IAEA-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. 1879)" JAERI-M 8393, 77
(1980).

3) Wakayama N., Yamagishi H., Itoh H., Tomoda T., Fukakusa §.: "Reactor

Eng. Div. Annual Report (Apr. 1979 - Mar. 1980)" JAERI-M 9302, 98

{1979), )
4) Wakayama N., Yamagishi H., Itoh H., Tomoda T., Fukakusa S.: "Reactor

Eng. Div. Annual Report (Apr. 1980 - Mar. 1981))" JAERI-M 9672, 90

(1981).
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5.2 Development of High-Temperature Thermocouples for VHIR
K. Ara, M. Yamada, K. Shimizu and N. Wakayama

As a part of development of high-temperature thermocouples fér
measurement of helium-gas temperature at the outlet of fuel region in the
multi-purpose VHTR, trial fabrications and tests of W-Re alloy and Pt-Mo
alloy thermocouples are progressed.

The W-Re thermocouple consists of stranded W-26Re/W-5Re elements
(0.076 mm x 7 - 21), double sheaths and alumina insulators. The elements
are connected to the double CA elements at the point of around 600 °C to
minimize the necessary length of the W-Re elements. The inner sheath
serves not only as a mechanical protector of the elements but also for
gettering impurity gases contained in the filled helium gas and liberated
from the insulator, and the outer sheath as a mechanical and chemical
protector of the inner sheath against the in-core atmosphere containing
somewhat reducing impurities under normal reactor conditions and oxidising
impurities under accident conditions.

After trial fabrications of about fifteen thermocouples, out-pile
high-temperature tests (1) and in-pile high-temperature ifradiation tests
were carried out. The in-pile tests were made at about 1400 °C for
TZM/Nb-1%2r sheath 21 stranded thermocouples. The results of this test are
shown in Fig. 5.2.1. The EMF drifts due to irradiation were about 2% for
the thermal neutron fluence of about 5 x 1020 n cm-z. Further, the post
irradiation examinations showed no existences of reactions, the insulators
and the elements; but small cracks were found in the thermocouple elements
as shown in Photo. 5.2.1.

As for the Pt-Mo alloy thermocouples, the bare element wires of Pt-5Mo
and Pt-0.lMo were tested previously in the atmospheres of commercial-grade
pure argon, argon containing about 100 ppm O2 or 100 ppm H2, and of the
vacuum, at 1000 - 1400 °=C () (3). Severe corrosions due to selective
oxidisation of Mo were observed on Pt-5%Mo element in every cases except in
the c¢ase of vacuum atmosphere. This means that a perfectly clean
atmosphere is needed for the elements. Enclosing the elements with a
getter for impurity gases seems to be the best method to keep clean the

atmosphere around them. In order to confirm this effectiveness Ta-sheathed
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Pt-5Mo/Pt-0.1Mo thermocouples with alumina insulator were tested at 1200°C.
The diameter and the thickness of the sheath is 6.4 mm and 1.0 mm
respectively, and the diameter of the element is 0.5 mm. The thermocouples
were heated for 3000 hours, while the changes of EMF, mechanical strengths
and metallographical structures were measured. Some of these results are
shown in Fig. 5.2.2 and Photo. 5.2.2. It is seen that the EMFs showed
positive drift of less than 0.6%. Although the magnitude of the EMF drifts
is about three times larger than those recorded for the bare elements in
high temperature vacuum, there is no problem in practical applications.
Most EMF drifts were caused within 800 hours, and subseguently the EMFs
became somewhat stable. The main reason is probably that it might take a
time for the Ta-sheath to absorb completely impurities, contained in the
filled helium-gas and released from the alumina insulator. Photograph
5.2.2 shows the metallographical structures of the elements after heating
at 1200 °Cc for 3000 hours; any corrosion cannot be seen. From these

results, the effectiveness of the adopting getter sheath was confirmed.

References

(1) Ara K., Yamada M., Wakayama N.: JAERI-M 9672, pp. 95-97{1981),
(2) Ara K., Wakayama N., Yamada M.: JAERI-M 8393, pp. 88-91(1979),
(3) Ara K., Wakayama N., Yamada M.: JAERI-M 9032, pp. 100-102(1980),
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5.3 Development of Fuel Failure Detection System for the
Coated Particle Fuel for VHIR

H. Terada, M. Katagiri and N. Wakayama

Fuel failure detection for the coated particle fuel {CPF) is extremely
difficult as compared with that for the ceonventional metal cladding fuel.
In general, the CPF releases fission products little by little .to the
primary coolant even during the normal operation condition of HTIGR.
Therefore, the radiation background level due to FP nuclides in the primary
coolant is rather higher than those in conventicnal type reactors using
metal cladding Tfuels. Moreover, as widely known, the background level
changes ccensiderably depending on the fuel temperature, reactor power,
burn-up rate, and others. These facts make it difficult very much to
detect the small increase of FP level due to. fuel failure of the CPF.

Supposing that the ordinary fuel fallure detection system for the con-
ventional GORs would be applied to the EVHTR znd the total activities in the
primary coclant would be monitored including piled-up long-life nuclides, it
is estimated that the system can only distinguish the abnormality in a short
time when the CPFs of 8 to 11 % exsisting in the monitoring regicn would
have failed even under the rated power and constant temperature operating
condition. Such scale of the fuel failure is not so small from the reactor
cperation and core management peoint of view.

In order to solve this problem, development of high sensitive fuel
failure detection system for the CPF has been started on the basis of
following considerations:

1} In order to reduce the effect of long-life FP-nuclides =ccumulated
in the primary ccolant and to make the measurement of newly born FP-nuclides
easy, short-life FP-nuclides are monitored selectively.

2) A state equation is established on the concentratlion of the
short-life FP-nuclides in the primary coclant. This is intreduced into the
FFD in order to distinguish the small change of concentrations of the
short-life FP-nuclides, caused by CPF failures, from the variation of the
concentration of the same sort of nuclides, caused by the change of the
reactor operating state parameters such as fuel temperature and local power
density.

The state equation in the normal cperation can be represented as
follows;

G = F(T,P,B,F,Q, - - = )s
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where G: concentration of short-life nuclides
or its measured value,

fuel temperature,

: reactor power,

burn-up ratio of the CPF,

flow rate of the primary coolant helium,

o ™ owm U el

a measure of fuel guality obtained at
sampling batch test of the fuel production.

Then the failure of the CPF can be detected by means of judging whether
the behaviour of the short-life background measured in a certain reactor
operating conditioin is deviating from a certain range given by the state
equation or not.

As the first step of the development, a selective detection system for
short~life FP-nuclides was made up combining a multi-interval counting
system and a wire precipitator. This detection system was connected to the
primary circuit of an CPF-irradiation rig under sweeping gas, named FGS, in
the JMTR as shown in Fig. 5.3.1. The irradiation rig supplies sample gas
containing FP-nuclides released from CPFs to the precipitator. This
irradiation rig was originally prepared for the CPF research and has an
ability to irradiate several fuel saﬁples and to contrel the irradiation
condition, such as irradiation temperature and gas flow, individually for
each fuel, and has FP-gas analysing system including a gamma-ray spectro-
meter. Consequentry, it is relatively easy to investigate the quantitative
relationship between the irradiation condition of CPF and the counting rate
of the precipitator to obtain the state esquations for the FP monitoring.

The FFD experimental device system has been installed at the site of
the JMIR and the experiment has been started at the end of 188l1.

Figure 5.3.2 shows a typical measured data by this system during a
start-up period of the JMIR. In this experiment, it is expected to detect
short-life FP-nuclides, for example Kr—89(3.18m); Kr-90(32.3s) and Xe-139(39
7s) . Up to now, however, as the irradiated CPF samples have had only low
failure rates, detected FP-nuclides are mainly of moderate-life; e.g.,
Xe-138(14.1m) and Kr-88(2.84h).

This experiment using FGS will be proceeded until the end of 1985 and
it is expected to obtain the precise state eguation for the high sensitive

fuel failure detection system.



JAERI-M 82-114

Helium Gas Sweep Irradiation Rig
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5.4 JRR-3 Cover Gas Experiment on Various Types of Fuel Failure

Detection Systems for LMFBR's
FE. Sakai and H. Yosghida

In order to obtain basic data on the use of fuel failure detection

systems to be used in the experimental LMFBR 'JOYO" and for designing

those systems for the prototype LMFBR "MONJU', experiments have been

continued using the Cover Gas Monitor Test Facility located in JRR-3

nuclear reactor.

1)-3) The main results obtained are as follows:

(1) The temperature dependence of the breakthrough curves, breakthrough

(2)

(3)

(4)

(5}

times and static adsorption coefficients of charcoal {5g TSURUMICOAL
2GM in 10 cm3 chamber) for 5000 ppm and 100 ppm Kr or Xe in He or Ar
carrier gas at 1 liter/min flow was measured at 50°C, 30°C, 0°C,
-40°C and -70°C. The effects of the charcoal temperature and the
concentration of Kr or Xe became clear.

The gamma-ray spectroscopy of the charcoal chamber at various tem-
peratures and the charcoal outlet chamber was made using JRR-3 He
cover gas which included radicactive Kr and Xe as well as Ar-41,

The long-term performance of a fixed—wire type precipitator system
was tested using JRR-3 cover gas.

The gamma-ray spectra of JRR-3 cover gas were measured using a room
temperature semiconductor detector made of Hgl,.

A survey of fuel failure detection systems for LMFBR's was made
including the attendance at IAEA/IWGFR Specialists' Meeting on Fuel

Failure Detection and Localization at Karlsruhe on 11 - 14 May 1981.4)

The cooperation of Messrs. K. Kubo and Y. Kobayashi, Toshiba

Corporation, is deeply acknowledged.
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JAERI-M 82-114

5.5 Temperature Dependence of Thermal Neutron Detection Performance of
BF; Proportional Counters
& * *
E. Sakai, Shuzo Usui , Hideo Ohkado , Yoshimitsu Hayashi and

*
Hideo Nakatani

No paper was found which described temperature dependence of thermal
neutron pulse height distributions obtained from BFjy proportional counters.
We have tested several BF3 counters of 1" diameter of Japanese made, 1.e.,
(1) Mistubishi Electric ND-8537-90 (Al cathode, 90 cmHg, 17 cps/nv),

(2) Mitsubishi Electric ND-8537-55W (Al cathode, 55 cmig, 13 cps/nv) and
(3) Hitachi Ltd. EB-125-7 (Cu cathode, 70 cmHg) at temperatures up to
200°c.

All the detectors tested showed a decrease in the pulse height and
a broadening of the peak width for thermal neutrons. Figure 5.5.1 shows
the pulse height distributions, thermal neutron counts, peak pulse heights
and peak widths observed in the counter (1) at various temperatures.

The counts stayed constant up to 150°C and decreased above 150°C. The
counter (2) showed almost the same performance as the counter (1) although
the counts increased above 150°C. The counter {3) showed an increase in
the counts above 100°C.

The decrease in the pulse heights at higher temperatures is in
contrast with the increase in the pulse heights observed in He-3 propor-
tional countersl) and seems to be caused by some impurities desorbed from

the counter walls at higher temperatures.

Reference

1) Sakai E., et al., : IEEE Trans., Nucl. Sci., NS-27, No.l, 776 (1980).

* Faculty of Engineering, Toyama University, 1-1, Nakagawasonomachi,

Takaoka, 933, Japan.
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5.6 Development of Cable Insulators and Cables for LMFBR Instrumentation

T. Kakuta, K. Ara and N. Wakayama

Several mineral-insulated cables were developed in corder to be used in

high-temperature and high-radiation environments around the primary
circuits of LMFBR. Their performances were tested under simulated FER
conditions.

The 600-V power cables, type FML-600P and GSB, were designed to have
enough flexibklity, as shown in Fig. 5.6.1; and they were gamma~irradiated
up to 1 x lOlO R. The results are shown in Fig. 5.6.2. Both the cables
showed good electrical performances. The organic sheath material was,
however, deteriorated by the irradiation near to 10lo R, causing a slight
corrosion of the conductor and armour material. One needs some care in
their use in high-radiation environments.

The structure of contrel cables, type 78-01 and 78-02, are shown in
Fig. 5.6.3. They were tested under simulated accident conditions; namely,
the cables were heated up to 360 °C twice and then maitained at 270 °C for
100 hours. In this test, A.C. 100 V and 12 A were applied to the cables for
observation of electrical performances. Cables showed excellent electrical
performances. Further, their dielectric breakdown strengths were examined
after the tests and enough strengths were recorded. It was concluded that
the cables could demonstrate the whole of their cable functions even under
FER-conditions. The results are shown in Fig. 5.6.4.

The Si02—insu1ated metal-sheathed tri-axial cables, RR-TRIAX-50, are
shown in Fig. 5.6.5. They have been developed for nuclear instrumentaticn.
For the tests, the cables were connected with the N-type connectors which
were machined of the end seals sent from DCE, (see Fig. 5.6.6). Their total
performances were examined from an applicative point of view. The test
results showed their excellent performances, B.P.N. characteristies, and

insulation resistances, up to the temperature of 550 °C. The results are

shown in Fig. 5.6.7 and Fig. 5.6.8
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T Inner insulator
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Fig. 5.6.5 SiOZ insulated tri-axial cable (RR-TRIAX-50)

Fig. 5.6.6 <{able end seals for tri-axial cable
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5.7 Development of Pressure Sensor for Measurement of Fuel-pin
Inner Pressure

K. Ara, M. Yamada, K. Shimizu and N. Wakayama

A pressure sensor using a bellows and a differential transformer was

developed for the purpose of measuring the internal pressure of reactor

fuel rod. It was designed under performance requirements as follows : (1)

operating temperature , 300 °C ; (2) measuring range of pressure , 0 - 150
2

kg/em™ ; (3) environment, high~temperature and high-pressure water of

3z20°C - 170 kg/cm2 in a reactor core.

Figure 5.7.1 shows the structure of the hellows assembly. The bellows
is made of Inconei 718 and has twenty threads. 1Its spring medulus is about
9 kg/mm and effective area is 0.166 cmz. - The spring is used for keeping
balance in order that the bellows may contract 1 mm when the assembly 1is
pressurized to 150 kg/cm2. The spring, being made of Inconel X750, has the
rmodulus of about 16 kg/mm.

Figure 5.7.2 shows the structure of the differential transformer
developed as a secondary sensor. Both the primary coil and the secondary
coil are in the cylindrical yoke whosé cross section looks like a letter E.
The yoke is made of ferromagnetic stainless steel SUS403, and the coils are
of ceramic-coated heat-resistant wire with the diameter of C.15 mm. A
cylindrical magnetic core (SUS403, 3 mmOD x 2.15 mml) which is set up at
the edge of the extension bar of bellows assembly, moves inside the coil
along the axial direction. The area of a gap of magnetic circuilt,
therefore, changes as the core moves. Bobin is made of SUS316, and coated
with alumina. Its thickness is about 150 am.

The bellows assembly and the differential transformer were combined by
welding to be a pressure senscr. It was tested for calibration under the
helium-gas pressure of 0 - 10C kg/cmz. The test was carried out at
R.T.{about 20 °C}, 100 °c, 200 °C, and 300 °C. The results of these tests
are shown in Fig. 5.7.3. Each shows little hysteresis and good linearity.
However both the zero peint and the sensitivity change with temperature
linearly. The change of the zero point is caused by a thermal expansion of
the bellows assembly, and that of the sensitivity by the change of the

permiability of the ferromagnetic material used 1in the differential
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transformer. Here, two secondary outputs of differential transformer, El
and E2, are treated to compensate for the sensitivity change in some
degree; namely, the differential output (E1-E2) is normalized by the summed
cutput (E1+E2). .

From the results shown in Fig. 5.7.3, it was found that the
relationship between the output of the sensor, Eps, and the pfessure P is
expressed as a linear function, Eps=A+BP; where both A and B are given by
linear functions with temperature T as follows; A=-0.ll495(1+0.165x10—3T),
B=O.001039(l+0.565x10_3T}. Therefore, if only the temperature T can be
known by any method, temperature compensation would be possible by using a
micfoprocessor. Here, the summed output of the differential transforemer
was used for this compensation also. Figure 5.7.4 shows the variation of
the summed output Es with temperature within the measuring range of
pressure. A primary regression straight line for T and Es was obtained as
T=-1218.6+769.9Es. A simple calculation using the above equations was
tried to estimate the compensation accuracy. The results are shown in Fig.
5.7.5. The compensation can be made within the errors of 1%. 1In a
practical system, two ocutputs of the differential transformer are amplified
and rectified separately, and converted to digital signals and computed on

time by the microprocessor.

SPRING BELLOWS
(INCONEL X750) (INCONEL 718)

Fig. 5.7.1 Bellows assembly

secondary secondary

coil primary coil

coil

Fig. 5.7.2 Differential transformer
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5.8 Development of Nitrogen Gas-cooled Ge(I) Gamma-ray Detector System
M. Katagiri, H. Terada, S. Matsunaga, H. Nakatsuka and N. Wakayama

Evaluation of the amount of radio-activities accumulated in pipings
and machineries in the nuclear power plant is very important for planning
of plant maintenance, safety evaluation of maintenence work and for dis-
assembling and repairment of plant components. For such purposes, the
gamma-ray spectroscopy has been applied. The ordinary semi-conductor
gamma-ray detectors, however, need liquid-nitrogen cooling. This makes
sometimes troubles and causes limitation of their application in the
plant. Therefore, the detector system without liquid-nitrogen cooling
is required today, and also the small detector size is preferred since
shielding of the detector from the background gamma-rays is needed in
many cases. This motivated the development of a nitrogen gas—cooled
Ge(I) detector system,

The developed nitrogen gas-cooled Ge(I) detector system utilizes a
Joule-Thomson refrigerator being driven with nitrogen gas. Figure 5.8.1
shows schematically the structure of the detector system. The planar
Ge (1) detector of the volume 5 cm3 (3.3 em? x 1.5 cm) and molecular sieves
are mounted on the cooling part. The size of the detector system includ-
ing the refrigerator is 50 mmx 170 mm and the weight 900 g. The nitrogen
gas is supplied to the gas inlet port from a high pressure gas bottle
through a 1/4 inch flexible nylon pipe.

The cooldown time to 90 K is about 20 minutes in conditions of gas
pressure, 109 kg/cm?, and gas flow rate, 20 litters/min. The conditions
for keeping the temperature 90 K are: gas pressure, 65 kg/cmz, and gas
flow rate, 12 litters/min. In these conditions, the duration time is
about 5 hours when a bottle of 47 litters-150 kg/cm2 nitrogen gas is
used. Figure 5.8.2 shows a pulse height distribution of 0co gamma-rays
measured by the detector with the nitrogen gas flowing. The FWHM energy
resolution for 1.33 MeV gamma-rays is 2.8 keV under the condition where
there exist considerable microphonic noises due to nitrogen gas flow.

The absolute detection efficiency for 1.33 MeV gamma-rays is 3 X 10-6
when the source-to-detector distance is 25 cm.

It has made clear by this experiment that the nitrogen gas—cecoled
Ge(I) detector has enough performances. Hereafter some effort should
be inclinded to increase the duration time and to reduce the microphonic

noises for the improvement of energy resolution.
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Fig. 5.8.1 The schematic structure of the nitrogen

gas-cooled Ge(I} gamma-ray detector
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Fig. 5.8.2 The pulse height distribution of 60¢o gamma-ray measured by the

developed nitrogen gas-cooled Ge(I) detector
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5.9 Improvement of a High-purity Germanium Detector System Coupled to
a Closed-cycie Cryogenic Refrigerator

* % * *
E. Sakai, Y. Hayashi , S. Usui , H. Ohkado and H. Nakatani

Germanium gamma-ray detectors have been usually operatéd in the

cryostats cooled by liquid nitrogen, and produced sometimes maintenance
problems related to supplying liquid nitrogen. Recently, the requirement
of maintenance-free germanium gamma-ray spectrometers arises, especially
in gamma-ray spectrometry application in nuclear industry. We reported
our experience on the use of a closed-cycle cryogenic refrigerator (Lake
Shore Cryotronics, Inc. Model 21, down to 15K, 2ZW at 20K, #0,5K) for
cooling a small high-purity germanium detector (APTEC Ltd., Model 05005B,
50 mm2 x 5 mm planar charged-particle detector, 10-1VA at 600V at 77K)
in Annual Report last year (JAERI-M 9672, pp.111-115 (Sept. 1981)).
The present report describes the results of the fourth experiment which
used two bellows for reducing the effect of vibration of the cold head
of the refrigerator on the detector output. The first stage FET of the
preamplifier was cocled in the cryostat.

The vibration noises reduced significantly to an almost negligible
amount with this anti-vibration mount while the noise pulse height
corresponded to about 1/4 the 1.3 MeV gamma-ray pulses were observed
otherwise. Figure 5.9.1 shows gamma-ray pulse height distributions
obtained with the bellows for Am-241 X-rays and gamma-rays in the left
figure and for background gamma-rays in the second figure which had been
taken with 2 us shaping time of the main amplifier. The symmetric pulser
peak distributions mean very little effect of vibration. The counts
seen below 300 channel seems to be caused by hum. The 539.5 keV gamma-
ray peak FWHM of 0.93 keV is expected to be improved by FET selection
and adjustment. Table 5.9.1 summarizes the results of the lst to the

1)

4th experiments.

Reference

1) Sakai E., Murakami Y. and Nakatani H. : IEEE Trans. on Nucl. Sci.,

NS-29, pp. No.1l, pp.760-763 (1982).

* Faculty of Engineering, Toyama University, 1-1, Nakagawasonomachi,

Takaoka, 933, Japan.
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fran a small high-purity germanium detector mounted on an anti-vibration

mount using two bellows for noise reduction. The shaping time of the

main amplifier was Z2us.

Table 5.9.1 OcrrparlsOn of FwHM'

s of 60keV and 1333keV gamma-ray peaks

cbtained in various experiments using a closed—-cycle cryogenic refri-
gerator Lake Shore Cryotronics Model 21

CI 2010 Spectr.

60keV gamma-rays 1313keV gamma-rays

Experiment Cryocatat FPreamplifiar Amp.SYM [I Uni FWlM FWIM FUWIH FWTH
Shaping time{ua) {(ke¥) {ke¥) (kev) {keV)
lac Standard CI 2001 0.25 1.90 3.52 2.60 5.52
universal 1 - 4,31 11.5
ssmple 2 4.13 1.2
chamber 4 10.5
Photo 1
2nd Ordinaty CI 2001 0.2% 4,32 3.6 6.96
end-cup
Photo 3
Jrd Ordinary Cl 970G 0,25 1.717 .n 5.06
end-cap (cooled 1 3.26 3.72 8.74
Photo 3 FET in- 2 4,38 §.31 7.92
aide the 4 6.23 3.04 6.59
cryostat '
kth Anti- CI 970C 0.25 1.47 1.82
vibration {cooled 1 0.84 1.64-
mount FET in- 2 0.93 1.78
Phota 3 side the & 1.06 2.02
sryostat
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5.10 Application of a Portable High-purity Germanium Detector to In-situ
Environmental Gamma-ray Spectrometry

* * *k %k

E. Sakai, M. Honda , M. Yokoyama , H. Ohkade , 5. Usui ,

kK Rk
Y. Hayashi and H. Nakatani

Portable high-purity germanium detectors as shown in Fig. 5.10.1
become commercially available recently from several manufacturers and
are expected to be used in various fields applying gamma-ray spectromefry.
We had an experience on applying our home-made Ge(lLi) detectors of upward-
looking as well as downward-looking dipstick types to in-situ environmental

gamma-ray spectrometryl)’z) originally developed by H.L. Beck, et al. at

HASL3). The present paper will describe the use of a portable high-
purity germanium detector (ORTEC, 10%, 1.90 keV, 38.6:1, crystal diameter
45 mm, length 41 mm) in in-situ environmental gamma-ray spectrometry.

The detector weighs 3 kg and 3.5 kg without and with liquid nitrogen,
respectively. The detector can be used as a high-resolution spectroﬁeter
with +3000V bias 2 hours after liquid nitrogen cooling started. Liquid
nitrogen lasts about 8 hours and the detector can be used about 9 to 9.5
hours when the detector was fully filled with liquid nitrogen.

The handle of the detector was removed to fix on a tripod as shown
in Fig. 5.10.2. Angular dependence of gamma-ray peak detection efficiency
of the detector was measured using an Eu-152 source at 'a distance of 100
cm and is shown in Fig. 5.10.3. When angle 6 was taken as 0° for the
180° for the upward direction,

1+0.05 at 6 = 0°-120° for

source down below the detector and as ©

the angular dependence is given by R(ei
gamma-rays of energies above 120 keV and R(6) is less than 1 at gamma-
rays of energies larger than 120 keV. Therefore, the correction of
angular dependence is found not necessary for gamma-rays above 120 keV
at 0°<£6<90°. Figure 5.10.4 shows the peak count rate Ngp{cps) per unit
gamma-ray flux ¢(photons/cm’s) at § = 0°.

This type of portable high-purity germanium detectors are found to

* Japan Nuclear Ship Research and Development Corporation, 1-15-16,
Torancmen, Minatoku, Tokyo, 105, Japan.
*% Faculty of Engineering, Toyama University, 1-1, Nakagawasonomachi,

Takaoka, 933, Japan.
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be used very conveniently and will become into popular use for in-situ
gamma-ray spectrometry with suitable 4000 channel analyzers. We are
using one of NAIG Model E-560 MCA at various locations. One example
shows that Cs-137 fallout could not be detected on the sand of the
seashore although it was found everywhere else such as on the lawn and

in the forest.

References

1) Sakai E., et al. : IEEE Trans. Nucl. Seci., NS-23, No.1, 726 (1976).
2) Sakai E., et al. : ibid., NS-25, No.1l, 404 (1978).
3) Beck H.L., et al. : HASL-258 (1972).
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Fig.5.10.1 Portable high-purity
detector

Fig.5.10.2 Portable high-purity germanium
detector system fixed on a tripod
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5,11 Program Development for Environmental Gamma-ray Measurement with
CANBERRA 8100/QUANTA System

BH. Yoshida and E. Sakai

The programs which collect and analyze the data of gamma-ray spectra
automatically by Canberra Industries 8100/Quanta System consisting of
Canberra 8100 multichannel pulse height analyzer (MCA) and DEC PDP-11/05
minicomputer were prepared and developed by the proper programming lan-
guage "CLASS" (= Canberra Laboratory Automation Software System).l)’z)
From the source programs described above, those which collect and analyze
the dafa of environmental gamma-ray spectra obtained by semiconductor
detectors were developed; the main parts of data process are as follows.

Tf the counting rate of a photopeak of a specific nuclide and energy

obtained by a semiconductor detector supported at a constant height

(ordinary 1 meter) above the ground is Nf(dps), then

counting rate per unit radioactivity Ng/$S (Eéﬁ%;;)
(* mCi/km? unit is used for fallout nuclides as csld?y
counting rate per unit exposure rate Ng/T (i%?i)

3).4)

are the proper values to this detector under the specific cendition;
these values are able to be derived from the theory and the experimental
Values.s) In practice, the values of Ng/S and Ng/I, names of nuclides,
and values of photopeak energy are stored in the data library on the
disk: the data stored in the memory of MCA are analyzed with the same

7 programs to detect photopeaks and

algorithm as GAMMAJﬁ) and GAMMAK
their counting rates are calculated; the values of N¢/S and Ng/I with
energies equivalent to those of photopeaks are picked out from the
library, then dividing the counting rates by these Galues, the objects
are obtained.
The main programs are as fcllows;
(1) GAMMAE program: it analyzes the data in the memory of MCA directly,
performs the procedures described above, and prints the list of
resultant data.

(2) GAMMAF pregram: it analyzes the data of MCA stored in the files on

the disk, performs the same procedures as GAMMAE. The resultant
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data are printed and stored on the disk.

(3) ENVLST program: it prints the list of resultant data which are

stored on the disk by the GAMMAF program.

References
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6)
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Yoshida H., Kubo K. : Programming of Canberra Industries 8100/Quanta
System - Program Development with "CLASS," JAERI-M 8694 (March 1980)
(in Japanese).

Yoshida H., Kubo K., Sakai E. : "Programs for the Automatic Gamma-Ray
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Environmental Gamma-Rays by Portable Ge(Li) Detectors,” JAERI-M 6498
(March 1976) {(in Japanese).

Reference4), Chapter 2, pp.4-1L.
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5.12 Development of Mercuric lodide Nuclear Radiation Detectors

5 E.Sakai, H.Ohkado* and H.Nakatani®*

| We reported last year ( Ennual Report, JAERI-M 9672, pp.116 — 117(Sept.
1981) that we had grown one Hglp crystal of about 30g, 30mm diameter x 25mm
height in a rotating vertical ampoule with temperature oscillation method
although the crystal consisted of one single crystal region surrounded by poly-
crystal regions. This crystal was cut with a wire-saw made by ourselves as

shown in Fig.5.12.1, polished on emery papers and etched in KI selution. The

: crystals were mounted in the detector cases as shown in Fig.5.12.2 after
painted with aquadag to make electrodes. Six detectors were made. The largest
detector had a dimension of 5mm x lémm x 0.4mm (J-1).

The ganma-ray detection performance of these detectors'was tested with
f 5.5MeV alpha—particles and 60keV gamma-rays using Am—-241 sources. The detect-
| ors showed output pulses all right, but with no 60keV gamma-ray peaks even at
1000V bias. This means that the charge collection in the crystal was very r.

We are planning to grow next crystals.
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Faculty of Engineering, Toyama University, 1-1, Nakagawasonomachi, Takaoka,

933, Japan.
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5.13 Induced Radioactivities in Various Materials for Solid-State Physics
Research Irradiated by High- Energy Heavy Ions

E.Sakai

Various kinds of experiments using high-energy heavy ions accelerated
by 20MeV Tandem Accelerator started in Tokai Research Establishment, JAERT,
In order to investigate radiation damage in various materials, single crys-
tals of 8i, Aly03, graphlte, amorphous PdggSi2g, stainless steel had been
irradiated with 100Mev 18, 128Mev 1%, 1124ev 0" and BaMev 1¥in a li-
quid nitrogen cooled irradiation chamber. The oconstruction materials of the
chamber such as Cu, Ni, Al, SiO; had also been irradiated. After the irra-
diation, gamma-ray spectra from these irradiated materials were measured
using a high-purity germanium detector of relative detection efficiency of
10% in a lead shield to obtain residual nuclides, their radioactivities,
their mmbers of atams and their production cross sections. Table 5.13.1
shows the results obtained. It was found that Cl and O beams produced radio-
activities by nuclear fusion reactions which introduced new nuclides as well
a5 radiation damage although very little radicactivities were made with 80
Mev 17, For examples, Co-56( Ty /o=78.8d), Co~57( 269.8d ) and Co-58( 70.8
4 ) were introduced in Si irradiated by 100Mev C1%%and 128MeV c1?, there-
fore, an increase in background counts is expected in irradiated Si detec—
tors in addition to a degradation of their performance due to radiation da-

mage.

Table 5.13.1 Residual nuclides, their radicactivities, nurbers of atams
and production cross sections found in various materials
irradiated by high-energy heavy ions

Heavy ions Nurbers of Irradiated Residual Radiocacti- Mumbers Cross sec—
vy particles material nuclide vity{uCi) of atams tion{mb)

lomev C12* 1.18F15  p-type Si Co-56(78.8d) 7.3E-3  2.65E9 9.7
Co-57(269.83)8.2E-3  1.02E10 37.3
Co-58(70.8d) 2.2E~3  2.2E8 2.6
12emMev c1®t 2.90E14 AL Mr-54(312.33)9.2E-5  1.32E8 1.8
Co-56(78.8d) 4.4E-3  1.59E9 29.2
Co-57(269.8d)1.05E~3 1.30E9 18.1
Co-58(70.84) 7.15E-2 2.33E9 32.4
12amev 1t 4.4m13 Al503 v-48(15.98d) 7.41E-3 5.5E8

Co-56(78.8d) 2.4E~4 8.7E7
Co-57(269.8d)4.6E-5 5.7E7
Co-58(70.8d) 4.4E-4 1.44E8
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128Mev C1™F 6.66E14 Ni Zr-88(83.4d) 2.92E-4 1.12E8 0.78
v-88 (106. 6d)

10mev c1®F 2.51E14 ¢ Sc-46(83.8d) 2.3E-5 8.9E6 0.65
V-48(15.98d} 1.0E-4 7.5E6 0.54

100mev 1% 2.28m15 Al Co-56(78.88) 1.168-3°  4.258 0.59
Co-57(269.8d) 8.05E-5 1.0E8 0.14
Co-58({70.84) 1.19E-3 3.9E8 - 0.55

100Mev c18% 3.74R14 P-si-1 V-48(15.98d)3.5E~4 2.55E7 1.39
Co-56(79.8d) 5.3E-4 1.9€8 10.6
Co-57(269.8d) 2.14E-3 2.66E9 145
Co-58{70.84) 2.26E-4 8.54E7 4.7

100mev c1%% 3.00E14 p-Si-2 v-48(15.98d)3.4E-4 2.5E7 2.1
Co~56(78.8d) 7.148-4 2.6E8 21..9
Co-57(269.8d) 2.SE-3 3.14E9 265
Co-58(70.8d) - 3.6E-4 1.18E8 9.98

10aMev c18% 3.92815 cu v-48(15.983) 2.09E-4 1.5417 0.002

128Mev 12" 3.19F14 PdggSing Co-57(269.84)2.21E-4 2.75E8
Ro-83(86.2d) 5.36-4  2.1EB
7b-88(83.4d) 4.376-3  1.68E9

' v-8B(106.64)

100Mev 18" unknown Si0p V-48(15.984) 2.42E-2  1.78E9

' Co-56(78.8d) 2.66E-4  9.68E7
Co-57 (269.8d) 5. 0E-4 6.22E8
Co-58(70.8d) 7.0B-5  2.3E7

8oMev I 2.93E14 n-Si None

BMev I'T  1.65E14 Cu None

112Mev 0’ 2.9816 Cu Mn-54(312.38d)5.5E-2  7.86E10 4.8

Co-56(78.76d) 7.3E-4  2.64E8 0.016
Co-58(70.8d)

Zn-65(243.5d) 6.0E~3 6.77E9 0.41
Cu-67(61.9h) 2.04E-1  2.43E9 0.15
or

Ga-67(78.26h) 1.66E-1  2.50E9 0.15
Ge-69(39.05h) 8.00E-1  6.0E9 0.36
As-71(6lh)  7.65E-1  9.0E9 0.54
Se-72(8.40d) ,

- As-72(26.0h) %3 9-7E9 0.38
As-74(17.79h) 6.3E-3  5.2E8 0.03
Se-75(118.45d)5.58-2  3.CELO 0.18
Rr-76(14.82h) 1.84 5.24E9 0.32
Br-76(16.6h) 4.83 1.5810 0.9

Br-77(57.0h) 6.7E-1  7.4E9 0.44
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5.14 Effective Aperture Area of Gamma-ray Collimator

H. Gotoh and K. Teranishi¥

Gamma-ray collimators are fregquently used in passive gamma assay
of uranium samples in order to define the field viewed by the gamma-
ray detector. Within the authors’ knowledge, no cne has been aware of
the evictence of exact analytic expressions to estimate the number
of 18& keV gamma-raye passing through a gamma-ray collimator.

fiz the half-thickness of lead against 186 keV gamma-ray is so
thin as 0.5 mm, the number of the gamma-rays passing through a
callimator is determined by the geometrical shape and the size of the
collimator hole, if the size is ten times as large as the hal -~
thickness. The uncollided gamma-ray flux emitted from an infinitely
thick uniform radicactive material is, as well-known, equivalent to
that produced by a uniform cosine surface source lying on the surface
of the material. Then, if a uranium sample covers the entrance of the
hole and if a gamma-ray detector covers the exit of the hole, the
number of 186 keV gamma-rays incident on the detector passing through
the hele in unit time is represented as

2 Py My
no=7.2 % 105E-C 1+ —— 7 haa (1)
Pu My
where E = the enrichment of the wranium sample (£1),
Py Py = the densities of wranium and of the i-th matrix element
{in g-cm's),

and K, ,¥; = the mass attenuation coefficients of uranium and of the

i-th matris element against 186 keV gamma-rays (in cm-i).
The effective aperture area Rggy 1S generally given by
A : f dA I garS058C05e (2)
P et v ——-—-—--1—--—-——' )
eff n entrance exit - !

surface surface

where dA and dA° are respectively the surface elements of the
entrance surface and the exit surface of the collimator hole, and r
is the distance between the elements. Angles e and e’ are
respectively angles between the normals to the surface elements and

the line segment connecting df and dA7.

¥ Hitachi Ibaraki Technical College, Hitachi Ltd.
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The equation (2) is the same mathematical expression with the
configuration factor or the shape factor used in the field of

radiation heat transfer except for the multiplication factor. And we

can look for formulas useful to us in the list of shape factars!)

Three formulas are deeply related to gamma—ray cellimators, Here we

show them in the style of effective aperture area.

11} Right circular cylindrical bole

2 1t o . 1 9,2 1/2
Poge = {14 ST - LU 4 2 BE - b (3

4 “

Nyt

where r it the radiuse of the hole and t is the thickness of the

collimator.

{2y FRectangular slit

2t2 01 (e®) (1+y®) 5 oy Y
A = { In £ YL +YE) s Tan
eff ) o3 2
no b2 1+x2ey2 J(14%7)
2 -1 X | -1
+ ¥y e Tan f———/— = Y:Tan °Y - X-Tan °X }! 4)
4 {1+Y=)

where ¥=a/t and Y=b/t: a and b are lengths of the two sides of

rectangular hole, and t is the thickness of the collimator.

(3) Collimator with a truncated right circular cone-shaped hole

n = ~ - = ’ noa = 2o
Pogg = T { ri*trE+ts - Liri+ 5+ t97 - arfers1l/F], )

-~

where ry and ro are radii of the upper and lower faces of the
truncated right circular cone, and t 1is the thickness of the

collimator.

Reference

1) F. Siegel and J. F. Howell, Appendix B in Thermal Radiation Heat
Transfer, McGraw-Hill Book Company(1972);
E. M. Sparrow and R. D. Cess, Radiation Heat Transfer, McGraw—Hill

Book Company{1978)
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5.15 An Algorithm for the Determination of Peak Area

H. Gotoh, H. Yagi and K. Teranishi*

The method for peak area determination has a vital importance
i passive gamma assay of npuclear materials., The present authors
invented a method to calculate the area with high stability for a
well-reeolved total energy absorption peak in gamma-ray spectra. The
method uses a step function for the background curve as shown in Fig.
5.1%.1. The function fits the pulse height distribution at the lower-—
and the upper-plateau regions and has a step at a pulse height named
the peal position near the center of the peak. The peak area is
defined ac the sum of counts which exceed the background function in
the peak region.

Mathematical expressions for the peak position E and the pesak

o

area 5 are represented as

- 1
p = — (o + x1), i1}

e -
-

1
= AQ + 93 + Cp - —;—(m - L)(al + a4)

-

33}y
t

and

+ —E—(a4 - al)(xz A L-m+ 1), (2}

where k = the starting channel number of the lower plateau region,
L = the starting channel number of the peak region,
m = the starting channel number of the upper plateau region,
n = the final channel number of the upper plateau region,
n = the channel number with the highest count,

C. = the count of the i-th channel {i = k to n),

-1 p_l m-1 n
i=k i=l i=p+i i=m
Ay Ay .
a = ? a = L] \
S 47 pepet]
QE - ayip - L}
Ko = P — (:),5 - . (5)
Cp - al

¥ Hitachi Ibaraki Technical College, Hitachi Ltd
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Az — aglm - p - I
¥ = p o+ 0,5 + . 7.3
o —
Cp 54

Geometrical meaning of some of paramgtera are illustrated in Fig. -
5.15.1.

RBiases induced by the +Finite width of channels and by the
amplifier gain shift were investigated. And statistical variances of

5 and g, U(E) and V(g), were tormulated. Results are as follows:

+ [8~ + ( AI}
(C, ~ ay)? Ld
i m - "3 - 0.5 -
f o Ay ¢ 12-a41}, (7
- < - n - M
(C, - ag)
. ag — &85 P - o~ O3 o= p o~ LG "
vid) = {1 - — L - J}L-Cp
2 Cp - ay Cp = a8,
C - :'.'14
+ { 3 —L-m- a g = L + 0.3
2010 - k) Cp - oay
C. - a
1 1

+im -y - 0.2 I}A + (L -m -

= Z2in+ 1 - m Cp ~ ag
ctm - xg - 0.5) 4+ o = L+ 0,5)]}2-ﬁ4

17 8 5 T8 4
I %Ay + [ - 1Ay, (8

"(Cp - E{i) ..'.(Cp - 34)
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Lower Peak reglon Upper
plateau plateau
reglon reglicon

Counts/channel

A B Lk

Pulse Height (channel)

Fig. 5.15.1 A pulse height distribution
showing region setup
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5.16 Development of Portal Monitor at FCA for IAEA Safeguards

T. Mukaiyama and H. Kuroi

Design Philosophy of Portal Menitor

As an acceptable international safeguards system, a portal monitor must

demonstrate the capability of meeting a number of basic functional requirements

and conditions including the followings:

(1) High confidence in detecting diversion,

(2) Timely detection of diversion,

{(3) Low false alarm rate,

(4) Unattended operation capability for a certain period of time,

(5) Tamper resistance,

{6) Timely report of detection of illicit activities,

(7) High reliability and low maintenance,

(8) Acceptably low level of interference with facility operations, and

(9) Acceptable cost.

A number of these requirements tend to be mutually exclusive, From the

facility operator point of view, the requirements Ne.3, 8 and 9 are a primary
matter of concern.

1)

FCA Portal Monitor

As the TAEA safeguards equipments, the portal monitor must meet the
requirements and conditions described in the previous section. After the
basic requirements and conditions are satisfied, the acceptability of the
portal monitor installation to the facility should be pursued. This feature
of portal monitor will be easily achieved when the system is designed by
a facility operator.

The design features of the portal monitor system developed at FCA are
following

(1) Walk-through metal detector for detection of diversion,

(2) Visual surveillance to secure the unattended operation using closed
circuit TV (CCTV) and VTR,

(3) Tamper indication system to secure the unattended operation and tamper
resistance using different kinds of sensors and techniques,

(4) Compatibility with RECOVERZ) (Remote Continual Verification) system
for the timely report of the status of the portal,

(5) Recording system for anormalies or status of the system using VIR and
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hard-copy.

The illustration of FCA portal monitor developed is shown in Fig.l.

Field test of FCA portal monitor system

The very comprehensive evaluatien of the system is essential so that the
system is accepted as the international safeguards equipménts.

In accordance with the research agreement between the IAEA and FCA/JAERI,
the Phase I field test of the portal monitor installed at FCA was successfully
conducted under the collaboration of the IAEA and FCA, The purpose of this
test was to evaluate the various features and performance of the system.
Several system modifications were agreed prior to start of the Phase II test.
The separation of the portal monitor from any facility interface, the door
lock up to prevent anomaly situations, the availability of the performance/
state-of-health data of the portal monitor to facility personnel and so forth
were discussed.

The purpose of the Phase II test is to evaluate the performance of the
portal monitor under the normal facility operating circumstances. Emphasis
will be placed on the metal detection capability, tamper indicating performance,
false alarm rates, overall system reliability and impact on facility operatiomn.
The Phase II test has been commenced on March 1982 for the expected period of
6 — 9 months.

The purpose of the Phase III test is to eﬁaluate the potential appli-
cability of the FCA portal monitor to international safeguards. Independent
verification of all system components and interconnections by the IAFA is

essential during the Phase ITI test.

Conclusion

Under the strong collaboration between the IAEA and FCA/JAERI for research
and development for the advanced C/S measures, the efforts will be concentrated
to make this portal momitor system more reliable and acceptable.

The further modifications will be made after the Phase II field test activities
so that this system is accepted as the IAEA equipment not only at FCA but

also at other nuclear facilities.
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References
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Mukaiyama T. and Kuroi H.: "The Expected Performance and Benefits of
an Advanced Containment and Surveillance System at the Fast Critical
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Fig. 5.16.1 FCA Portal Monitor System
MD 1 shows the main Metal Detector

TVC shows CCTV camera
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6. Reactor Control and Diagnosis;

6.1‘ A CAD System for Control System Design and Evaluation

J.Shimazaki, H.Usui and Y.Shinohara

A CAD ( Computer Aided Designl) ) system has been developed to do
control design work effectively. This is an interactive design system
utilizing time sharing option on FACOM M200 computer. In the design of
control system, there exists a lot of works which consist of description
of dynamic model of an objective plant, analysis of inherent
charateristics of the model, determination of a goal and objectives of
control, construction of a better control system, and simulation analysis
for various kinds of disturbance and different plant parameters. A chain
of the work is carried out within a short time using the CAD system. And
the control designer can concentrate his efforts on the evaluation of
simulation results and the construction of a better control system.

The CAD sytem was made in consideration of new techniques which were
applied to the generation of a total system from its subsystems including
a control system, effective coﬁputation of dynamic simulation, graphic
display of the simulation results, and iterative computer use. The system
consists of seven subprograms 2) shown in Figure 6.1.1. These subprograms
are independently executable and described as follows:

(1) Description of a Subsystem and Calculation of Discrete-Time Model
(SSD)

The plant is divided into its subsystems from a dynamic point of
view. A subsystem is described in the form of state variable
representation, and transformed to its dicrete—time model using the Pade
and extention methods already developed.3)

(2) Description of Control System (CSD)

A control system is described by a discrete-time model and transfered
so as to have a good characteristics of contrel by adjusting control
parameters and changing control structure,.

(3) Description of User Functiomns (UFD)

Typical functions are used for simulation of input disturbance and

nonlinear elements, and sixteen functions are available.
(4) Total System Connection (TSC)
The total system is constructed by conecting the subsystems, the

control system, and the user functions defined in plant dynamics.
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(5) Dynamic Simulation (SIM)

Dynamic simulation is executed by use of four files prepared for data
of the subsystems, the control system and the total system connection.
The results of simulation stored in a file are used for data in graphic
display to evaluate the response curves to various types of disturbance.
(6) Stability Test of Subsystems (SST)

All eigenvalues of a subsystem are calculated and plotted in Gaussian
plané to evaluate its stability. Stability of total system can be
estimated not in the same way but through dynamic simulation because of
the nonlinearity included.

(7} Edition of Simulation Results and Output Selection (OSEL)

Time series data prepared for control system design are selected from
the dynamic simulation results and output to printer, graphic display, or
plotter. This subprogram provides a designer to evaluate a control system
easily by comparing the response curves in graphic display.

The CAD system was tested for the evaluation of pressure control of
a BWR plant and for the dynamics analysis of VHTR primary loop system. As
the results of these test cases, it was shown that the system is
promising for wide use in for contrel system design and evaluation of

nuclear plant.

References

1) Furuta K., Kajiwara H.: '""CAD for Control System] Jounal of the
Society of Instrumentation and Control Engineers,Vel.l19,No.9,55 (1979)
[in Japanese].

2) Shimazaki J., Usui H., Shinohara Y.: "Development of CAD System for
Design Analysis of Contol System of Nuclear Plant" Fall Meeting of the
Atomic Energy Society of Japan,C32 (1981) [in Japanese].

3) Shimazaki J.: "Computer Programs for Dynamic Analysis and Control of a
Large Scale Dynamical System " The 4-th System Symposium, Kyoto,315
(1978) [in Japanesel], '
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Fig.6.1.1 Structure of CAD system for control system and
evaluation
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6.2 Simulation Study of Boiling Detection Methods

J. Shimazaki, Y. Fujii and Y. Shinohara

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 abnormal reactivity and coolant boiling detection by
computer simulation and in-pile experiment. The objective of the study is
to obtain basic information useful for developing an effective method of
signal processing suitable for boiling detection.

In computer simulation, neutronic and acoustic signals as well as
background noises are simulated on a hybrid computer using a magnetic
data recorder as a multichannel noise generator. The void patterns used for
generating reactivity and acoustic signals are chosen from typical void
formation patterns experimentally observed and are generated using a function
generator. It has been shown that cross-spectral and coherence analyses
between neutronic and acoustic signals are effective methods for detecting
boiling when the signal-to-neoise ratio is small,

In order to confirm the results of computer simulation by experiment,
an in-pile water loop for boiling detection experiment has been constructed
and installed at the tank-type thermal crtical assembly TCA. The in~-pile
boiling test section consists of coaxial aluminum tubes which form the
coolant channel and an electrically heated pin which simulates the fuel rod
and is inserted in the central part of the core. The coolant enters the
test section downward through the gap between the outer and inner tubes
and flows upwards through the gap between te inner tube and the heater pin.
The heater section which is 50 cm long is located at lower one third part
of the core height. The performance test of the loop has been completed.

In order to check the boiling condition by visual observatiom, an out-of-pile
test section is also being constructed. The boiling detection experiment

will be conducted in later half of 1982.

Reference
Shimazaki, J., Fujii, Y., Shinohara, Y. and Araki, H.: Simulation Study of

Neutronic and Acoustic Methods of Boiling Detection,”PNC N941 81-116 (1981)
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6.3 A New Method of Coherence Analysis for Systems with Feedback and Its
Application to Reactor Noise Investigation

R, Oguma

Coherence analysis has been one of the most fundamental tools in
various studies associated with reactor noise. However, the conventidnal
coherence analysis has some difficulties when'aﬁplied to systems with
feedback. 1In order to enable coherence analysis even for systems with
feedback, we introduce a new method that we perform the analysis through
comparison of the ordinary coherence(OCH) function and the noise power
contribution(NPC) function derived from a two variable autoregressive(AR)
model. Through the coherence analysis for noise data from JPDR-II(Japan
Power Demonstratidn Reactor-II), the method presented here is shown to be

effective for investigation of power reactor noise.

Coherence Analysis for Two Variable System

Consider a two variable linear dynamic system as shown in Fig. 6.3.1.
Using a z transform, the system equation can be described by
xl(z) = Glz(z)xz(z) + nl(z), xz(z) = GZl(Z)Xl(Z) + nz(z), (1)
where X and X, are measurement variables, ny and n, are noise sources
that are mutually independent, and Glz(z) and G21(z) are transfer functions
from x. to x, and from Xq to x,, respectively. With a minor calculatiomn

2 1 2
using Eq. (1), we obtaine power spectral densities for Xy and x_, and

cross-power spectral density between them as shown in Fig. 6.3.3.
Then the OCH between Xl and xz, and the NPC ratio for these two variables
are derived, as also indicated in Fig. 6.3.2, in terms of the spectral density
functions. Through comparison between the OCH and NPC functioms, it can
be shown that they have the following intimate relations:
(a) if there is no dynamic relation between xl and x, and hence
Gy, (E) = G, (£) = 0, then Y3, () = T () =T, (£) =0,
where Yiz denotes the OCH between Xy and X,s le the NPC ratio from %,

to x. and T2 the NPC ratio from X to x,, respectively.

1 1
(b) if the system is of an open loop structure as X, being the input and Xy
being the output i. e.
= 2 = < =
G21(f) 0, then 0 < le(f) Flz(f) 1 and T21(f) 0.
Same argument holds for the case where GlZ(f) = 0,
(¢) if the system constitutes a closed-loop, then

2 2 2
le(f) # le(f), le(f) # T21(f), and 0 < le(f), le(f), TZl(f) < 1.
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Therefore, using these relations between the OCH and NPC functions, we can
identify the causal structure of the system as well as detect feedback, if
it exists. Furthermore, it can be shown that for a system with low pass
characteristic comparison of the OCH and NPC functions by an equation

Y(E) = ¥ (D) = ( T () + Ty (), (2)
provides information on the property of the feedback; ¥(f) < 0, if the
feedback effect is positive and vice versa. Hence, Eq.(2) may be a useful
index to evaluate the property of the feedback effect. We call the
coherence analysis carried out through comparison of the OCH and NPC

functions as "OCH-NPC comparison approach'.

Application to JPDR-11 Noise Data

The new coherence analysis method, OCH-NPC comparison approach, was
applied to JPDR-IT noise data which had been collected in the reactor
dynamics experiment using pseudo—randomnbinary~sequence(PRBS) disturbance
signals at power level of 45 MWt. In the experiment, mutually independent
PRBS signals were applied at two terminals, i. e., one at the bypass
pressure regulator(BPR) valve and the other at the master controller (MC)
set point of forced circulation pumps. Shown in Fig. 6.3.3 is a schematic
diagram of the JPDR-II plant and signals' measurement points.

Figure 6.3.4 shows results of the OCH and NPC calculations based upon
the AR model identified for neutron and pressure signals. The difference
between the OCH and the NPC ratic for either direction is clearly observed
in frequencies lower than 0.04 Hz., Moreover, the OCH far exceeds the sum
of the two NPC ratios in that frequency range. Hence, the present analysis
suggests that a positive feedback effect plays an important recle in
determining dynamic characteristics of the neutron and pressure. The
result of the present analysis indicates that the OCH-NPC comparison
approach can be a useful tool to investigate feedback effect active in the

system under evaluation.

References

(1) Oguma R.: Nucl. Sci. Technol., 18, pp.835-844 (1981).

(2) Oguma R.: "A New Method for Coherence Analysis of Systems with Feedback
Effect Based on Autoregressive Modeling," JAERI-M 9756, (1981).
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Fig. 6.3.1 Block diagram of a two variable system with feedback

Py (F) = 116, ()70, (F) + 0y (A,

Pyp(F) = —hm (16,0 (1) 120, (F) + Qp(F)),
S

Po0F) =~ £ 63 (£)0y(F) + 635(F0p50,

8= 11 - 6,(NE, (1)

165, (F)0 (F146,, (0, ()1

13, (f) =
1207 7 6, (1)1 20,0040y (PG5 (1) 70y (£)40,5(F))
164,01 120,,(0)
Tyo(f) = 7
16,,(F) 12055 (F) + 0y (F)
2
G, (F}1°Q;, ()
Ty (f) = ALY

2
167 (F)1%47(F) + Q)

P11(f) : Power spectral density of x,

Pzz(f) : Power spectral density of Xo

P12(f) : Cross-power spectral density between x, and x,
Y%z(f) : Ordinary coherence between x; and x,

r12{f) : Noise power contribution ratic from Xo to Xy
rzi(f) : Noise power contributionrratio from Xy to Xy

Fig. 6.3.2 Power spectral density, cross-power spectral density, ordinary
coherence and noise power contribution ratio for the system

shown in Fig. 6.3.1
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Fig. 6.3.4 Results of the comparison between the ordinary coherence and
the noise power contribution functions for neutron(¥N) and
pressure{P) signals collected from JPDR-II
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6.4 Development of Computer Code - STAR - for Dynamics Analysis and
Diagnosis of Nuclear Reactor systems

K. Hayashi, R. Oguma and K. Watanabe

The computer code "STAR : Statistical Analysis of Random Data' has
been developed for a hybrid computer for dynamics analysis and diagnosis
of nuclear reacteor systems using reactor noise.l)—B)

This code performs system dynamics analysis in both time and
frequency domain based on time series analysis using autoregressive (AR)
modeling.A) This code can also perform spectral analysis by Blackman-
Tukey method which is mainly used for checking the wvalidity of the
jdentified AR model. The various diagnostic studies are possible by use
of this code.

In order to facilitate handling of analog data measured on a system
in operation, the hybrid computer system is used, Furthermore, this code
includes various routines necessary for the analysis works, 1i.e. those
for data acquisition, preprocessing, data management by use of the
magnetic tape and disk system, display of the obtained results on the
graphic display and so forth.

The code consists of following seven independent programs.

(1) STAR11l ... Data acquisition, preparation of temporary files,
data management, modification and test

(2) STAR22? ... Multivariate correlation and spectral analysis

(3) STAR33 ... Identification of Multivariate AR model, predicticn
and state estimatien

(4) STAR4L ... Analysis in time domain based on MAR model

(5) STAR55 ... Analysis in frequency domain based on MAR model

(6) STAR66 ... Spectral analysis hased on MAR model

(7) STAR67 ... Identification of univariate AR model and its

applications

These programs have a mutual relation as shown in Figure 6.4.1. The
detailed descriptions about the functions of these programs are listed in

Table 6.4.1.

The feature of this code are such that it includes the programs for
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control of the linkage part which combines analog part with digital part,

uses the overlay programming method, and executes the data processing and
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the analysis through communications between man and machine.

This code has been developed for the hybrid computer EAI PACER-600

system. The most part of the code is programmed in FORTRAN-IV

part by assembler language on PACER-600 operating system.

Referemnces

D

2)

3)

4)

Hayashi K., Oguma R, and Watanabe K.: 'Computer Code - STAR :
Statistical Analysis of Random Data - for Dynamics Analysis
and Diagnosis of Nuclear Reactor Systems,'' JAERI-M 9761 (1981)
(in Japanese).

Oguma R., Fujii Y. and Watanabe K.: "Computer Code DYSAC for
Identification and Dynamics Analysis of Multivable Systems
Based on the Autoregressive Model," JAERI-M 6897 (1977)
(in Japanese). '

Oguma R., Fujii Y., Usui H. and Watanabe K. : "Computer Code

MLCOSP for Multiple-Correlation and Spectrum Analysis with a

Hybrid Computer," JAERI-M 6252 (1975) (in Japanese).
Akaike H., Nakagawa T.: ''Statistical Analysis and Control of

Dynamics Systems," Saiensu-sha (1971) (in Japanese).

- 132 -



JAERI-M 82-114

9pod YyIS Jo wexdeIp moTI T°%'9 2ian8Tg

gysdTeuy STSATRUY
Tealvadgy UOTIEBT31100%
L98VLS ¢2UVLS
sTsiTeuy I3POW ¥V Jo
1B1129dSy UOTIBOTITIUSPIx
9guvis (€ £EUVLS
GGUvLS AR LARS
sTsATeuy sisATeuy

uremog Aouenbaijy

urewoq SWFLy

adeg,
Te31T31Q

Z/1°0N
Azowdy MSTQ

389%L Jusuadeu
Te2T3ISTIBIS, eTTd '3

g

TTHVLS <

B
By

19]18AUO)

a/v

WIISAG

JUulWaINSEIW

9STON 10312E9Y

ade],
BoTeuy

19p102a1 ele(

— 133 -



JAERI-M 82-114

uayleariss Ia1ea§ (IT)

uotaotpaad daas sup  (¥)
magoeds Adoxjue wnmTxER (T) tepdetp pue uworioTpead ‘uoTiEWMTIS? 33wls {Z)
AeTdstp pue mniioads reaod oine Jo vorIEmrasy (€) 10p10 Tepom jJo UOTIBUTMIAAGG (TTT)
uogie21200 pajefedeaixg (1) FOUBTIEAOD [ENPISII puUP
feTdsTp pu¥ uNIIDUNI UOTIETSIICD OINE JO LOTIPWIIST (T) : .munwﬂuwmuwou gy jo uoyaenoTE)  (TT)
iapio [spou jo uolleuTmaelag (ITT) XTI7ew UOTTETS1A0D JO WOTITWIISE  (T)
§IUBTLTIFIOD WV I°pom ¥y SIVLIBATITNE JO UCTIBDTITIURP] (T)} €EAVIS
uc paseq UOTIDUNT UOTIBTIAIOL OINE JO UCTIRTNITE] (11)
SOURTAEAOD TENPISAL PuUR SIUITITIIP0D WY JO VOTIBINITED (T}
poyism s,31ng 10 pouimu asusiayon aTATITR (TTT)
13YTEM-STN} UC PRSEq [2PPOW ¥V SIBTIBATUR JO UOTIBITITIUP] (T)§ L9¥V1S aoupiayod TEIIIEZ (¥T1)
ssuodsaa Aouanbaiy TeUOTITPUOD (1)
£eTdsTp pue mais4s jndano oTRurs anduy »fdIiTnm jo sTsATEUY (¥)
{ (%) zgdvls @9s ) apuaiayod LIeurpap (¥T)
wagsks andane e78urs /Indup STdrarnm yo sysATEUY (Y} ssuodsea Aousnbaig (T)
( (£) TTEVLS 395 ) feTdsTp pue wajysis mmdino =78urs /andur °78uts jo STsATRUY (L)
ma1ss Jndne a78urs /andur 27BUTS Jo sTsATEUY {f) ) wniisads 1emod ssoa) (TT)
wniioads aamod ss01) (TT) mnazoeds 1ssod oany (1)
wnizoads 1amod einy (1) ®11o9ds jo AeTdsTp pue uoTiE®IISE ()
Aedstp pur mioy 103204 uoTiaum] VOTIBTHILI0D §5013 (IT)
01 WOTSAPAUCD PUE XTIIEW AITSUSP TRIIORdS Fo uerIEmIISE (7) uoyIduUNy TOTIETIXIOS 0INY ()
XTIIEW JUDTOTIFR02 Wy JO uOTITWIofsuely 1afaned (T) 99AVLS SUOTIOURY UOTIBTR1ICD JO AwTdsTp pue uojaewIisy {(I)| ZTHVLS
woTaosuny isgsuei] (FY) Ino 3ufag (11)
woTiouny ssuodssa Lausnbaiai (1) I 01/mo13 £doy  (T)
£erdsyp pue 8TTJ BIRD JO uswalwvuey (%)
we3sAs ¥oeqpes] 10 meisis dooT uedo jo sIsATRue soTwemAq (g} £3TrEUOTIEIS (TT)
QT3BI TVOTINGTIIuUCY iomod SEFOU JO uUOIIEWTISE (IT) AyTTemzoN  {T)
{sdvy @01Inos ISTOU 10 UOTIPWIISE (F) 3183 TEBOTISLIEIS ()
AeTdsTp puER 3LINOS BSTOU 103 STSATEUY (7) uo132aT2s EIed (p)
XTIIPW JUSIOLIFVOD YV JO UCTIeWIoIsuerl iatanog ()| SEUVIS unIIBRIQITED (D)
Teaomal puai], (4q)
uoTlBUTAIT® 2s8Tou aTdg (®)
uoytIdUNg SHTISTARIVRITYD IPOoR (IT) guyseazoadeag {(TT)
uotiouny asuedsax deig (1) sTeudts Bofeuy (q)
AeTdsTp pue weisis joeqpas] o sysAfrue svymeeidd () sp1ed (¥)
uoTIPUNI EDTISTIIORITYD Spoy (IT) plEp $9T196 2mT) Jo UoTITsInboy (1)
uoTzouny asuodsea dazg (T) o713 ®3ep Teuldrac 3o Buryen (7)
AetdsIp pue maisds uado Jo STSATEUR SaTEUAI (T)| HYEVLIS saTf3 Aieiodwal jo uwoTIeZTTRIITUI (T)| TTIVIS
SUOTIDUN g wexdoig suoTioung wmeaBoigd

apod YVIS Jo suoridung T°#°9 2T9R]

— 134 —



JAERI-M 82-114

6.5 Application of Burg's MEM to Diagnosis of Nuclear Reactorl)

K. Hayashi and R. Oguma

The present study is concerned with experimental evaluations of

2)

autoregressive modeling based on Burg algorithm,” the so-called maximum
entropy method (MEM), and its application to reactor noise analysis.

Generally speaking, in order to obtain certain results from the
analysis using statistical method for random processes, most conventional
methods require long encugh sampled data. However, such situations often
occur that the measurement time of data is insufficient or the stationary
part in the measured data is very short. As a way to analyze such short
data, autoregressive modeling based on Burg's algorithm is thought to be
effective. But,it is known that the spectral sift problem occurs when
sampled data are extremely short?)

With a view to analyze short data recordings, the Burg algorithm was
evaluated in comparison with that based on Yule-Walker method, through
model fitting to simulation data using sinusoidal signal with and without
additive white noise. The influence of the model order, the number of
sampled data and the initial phase of data are considered in these
evaluations.

As a typical example, Figure 6.4.1 shows a case which used only a
5-points data set sampled with a time interval of 0.061 sec from a
sinusoid with the frequency 1.5 Hz. The data length of 5-points sampled
is equal to about 0,37 times the period of the sinusoid.

In order to evaluate the influence of the initial phase of data, the
behaviors of the identified AR parameters and the frequency of peak in
the estimated spectra were examined. In this case, the spectral shift
problem occurred. It should be noted that the AR coefficients and
residual covariance of the identified model seem to depend on the
estimated covariance of the data.

Figure 6.4.2 shows a case in which a 12-points data sets sampled
from the same sinuscid is used. The data length of 12-points covers about
one period of the sinusocid. In this case, the estimate of the covariance
of the data was relatively good. The behavior of each AR parameters seem
to be constant. And the estimated frequency of the spectrum indicated the

correct value of 1.5 Hz. The result stated above suggest that the
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spectral shift problem is occurred by the incorrect estimate of the
variance of the data.

This method was applied to the neutron noise data sampled from a
power reacter. It dis known that the neutron noise of this reactor has

two remarked spectral peaks at about 0.04 Hz and 0.7 Hz?)

~The spectral
analysis was performed for individual short data recordings with an equal
length of a 300-points data set obtained by dividing an original long
data recordings of a 3300-points data set. The time history of frequency
points of the two peaks on the estimated spectra is shown in Figure
6.4.3. The result suggests that the present method is capable of

detecting time dependent variation of spectral peaks, if they exist.
References

1) Hayashi K. and Oguma R.: "Identification of Autoregressive
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7. Fusion Reactor Technology

7.1 Tritium Production-Rate Distribution in a Li,0-C Assembly
—— Measured by Li,COg Pellets ——

* : *
T. Iguchi , H. Maekawa, Y. Seki, Y. Ilkeda, Y. Oyama, M. Nakazawa

and T. Nakamura

As one of the fusion blanket neutronic experiments at FNS, the
direct measurement of tritium production-rate in a pseudo-spherical
lithium-oxide assembly with graphite reflector has been carried out by

D

Dierckx's method using LipCO3 pellets. In order to provide the good
data for benchmark, the present experiment emphasizes not only on
obtaining the data as accurate as possible but also on determining the
confidence limit of results through the quantitative uncertainty analysis.

The LipC03; pellets (10 mm¢ x5 mm, 0.7 g) of natural abundance and
enriched 7Li (99.952 atom %) were set in the Li;0 blocks having a hole
of 16.6 x 16.6 mm?, and arranged as shown in Fig. 7.1.1. After the
irradiation of 4.5 x 1015 neutroms, the samples were chemically treated
and measured by the liquid scintillation technique.

The cross section of ‘Li(n,n'a)T reaction at ~v14.9 MeV has been
also measured to back up this experiment. Two kinds of Li;CO3 pellets
put between activation foils (Al,Ni,Au) were set in front of the target
and simultanecusly irradiated. The cross section was estimated by the
ratio of tritium production to activity of foils.

The estimated uncertainty in each parameter used to calculate the
absolute value of tritium production-rate is summarized and classified
into random and systematic components in Table 7.1.1. Considering that
random components can be further reduced by repeating the measurements,
it is evident that systematic errors of the source neutron yield and
standard HTO have great influence on the total accuracy, partlculary in
this case of intense irradiation.

Results of tritium production-rate distribution in the assembly
separated into 61,1 (n,a)T and “Li{n,n'a)T components are shown in Fig.

7.1.2 with the results of preliminary analyses. Further analysis will

* University of Tokyo
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be done using a more accurate model, especially for the target regiom.
The estimated tritium production cross sectioms of Li are summa-
rized in Table 7.1.2. They are within a reasonable range comparing with
evaluated data in the past.
Judging from these results of tritium production-rate distribution
and activation foils having higher threshold energy, it seéms to be
advisable to reduce the cross section of 7Li(n,n'oc)T reaction in current

use for the calculations.

Reference

1) Dierckx, R. : Nucl. Inst. Meth., 107, 397 (1973).
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7.2 Tritium Production-Rate Distribution in a Li,0-C Assembly
— Measured by Self-Irradiation Method of LiF TLD's ~— -

H. Maekawa

Seven years ago, a self-irradiation method using LiF TLD was
proposed as a new method to measure the tritium production-rate distri-
bution in a simulated fusion blanket assembly and was shown to be

1

feasible by a experiment using FCA VI-3 core assembly. As a intense
neutron source, FNS, was complete in March 1981, it was the first time
to apply this method to the fusion blanket experiment.

The system for this experiment was the pseudo-spherical lithium-
oxide assembly with graphite reflector (Li,0-C). It was just the same
assembly as that to measure the absolute fission-rate distribution in
the previous experiment performed with the PNS-A neutron source.z) The
sizes of central cavity, Li,0 and graphite regions are 3.3, 22.4 and
46.8 cm, respectively, in the effective outer radius. The homogenized
nuclide densities of respective regions are given in Table 7.2.1.

The powder of TLD-600 (°Li : 95.62 atom %) and TLD-700 (7Li : 99,993
atom %) manufactured by Harshaw Chemical Co. Ltd. was sealed in 2 mmg$ x
12 mm glass ampoules. Two pairs of TLD-600 and -700 were set along both
0° and 90° directions to the incident d+ beam (See Fig. 7.2.1). Li»CO3
pellets discribed in 7.1 of this report were set simul taneously along to
the 0° direction. For thirteen days after neutron irradiation to wait
the full decay of activated nuclei except for tritium, the TLD's were
annealed twice in the condition of 400°C and one hour. After then, they
were stored in a special-ordered low background steorage for 2215 hours
(about three months). The thermoluminescence caused by the self-
irradiation of B-rays from tritium during the keeping were measured by
a TLD Reader. The data were processed considering the atomic densities
of °Li and 7Li in the TLD's. Measured tritium production-rate distribu-
tions of total, 51,1 (n,a) 3T and 7Li(n,n'u)3T were shown in Fig. 7.2.2
with the results of preliminary analyses. The experimental values were
normalized to the result of Li,CO3 pellet at 5.3 cm. The data of TLD"
and Li,C03 pellet agree well each other.

It can be proved that the self-irradiation method of LiF TLD's is
practical and useful for the measurement of tritium production-rate in

the fusion blanket benchmark experiments.
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References
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Table 7.2.1 Nuclide densities in individual regiomns

Nuclide density (1024 atoms/cm3)

Nuclide
Void Liy0 Graphite Lattice
bLi 3.355 %1073
7Li 4.1855x1072
0 2.2605x1072
c 6.9298x1072

cr. 1.751x10-3 1.935x10"3 1.751x107% 1.161x1073
Mn 8.185 x10°5 9.632x 10”5 8.185x107° 5.632x107°
Fe 6.349 x 1073 7.030 x107%  6.349 x107%  4.159 x 107°
Ni 7.303x10~%  8.106 x107%  7.303x107%  4.821x107"

% This table is a revised version of Table 2 in the reference 2).
Please don't use the old table from this time omn.
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The tritium production rates were calculated by ANISN
with P5~S;q using the cross section set, GICXFNS, that
was obtained from ENDF/B-IV except C and 7Li data. The
data of ¢ and ‘Li were refered from ENDF/B-V and P.G.
Young (Tras. Am, Nucl. Soc., 39, 272 (1981)),
respectively.
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7.3 FissiontRate Distribution in a Li,0-C Assembly Measured by Solid
State Track Recorder

% * *
T, Nakamura, H. Maekawa, F. Fujita , M. Narita and Y. Miyazaki

Distinctive features of solid state track recorder (SSTR) applied

in the reactor physics experiments are small detector size and high

detection sensitivity. The former ensures good spatial resolution as
well as minimum disturbance in the measuring field and the latter facili-
tates a measurement in a weak neutron flux environment.

Fission-rate distributions for U-238 and Th-232 were measured by
the SSTR method in the Li,0-C spherical assembly described in 7.1 and
7.2. Detectors, each composed of a fission foil radiator and a poly-
carbonate (Teijin Takirom PC-1600) film, were inserted in the media
along the lines at the angles of 0° and 90° to the incident deuteron
beam. The effective detection efficiencies were determined seperately
in a 14 MeV neutron irradiation where the absolute yield was obtained
by the associated particle method.

After the irradiation, the films were etched with 30% KOH aqueous
solution for 30 minutes at 60°C. To get the most favorable etched track
density for observation, the irradiation time was adjusted to keep the
track density within the range between 10% to 10° /cm2 for the films at
different locations. The etch-pits were counted by using an optical
microscope and an automatic counting system (LUZEX-450).

The data on the effective detection efficiency are summarized in
Table 7.3.1 and the measured fission distributions are shown in Fig.
7.3.1 with micro fission chamber results and the calculated values by
ANISN. The agreement is reasonably good, indicating that the SSTR

method is a useful tool in the field of fusion neutronics.

References
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Table 7.3.1 Parameters for sensitivity measurement
SSTR Th + Polycarbonate D.U. + Polycarbonate
No. A-1 A-2 B-1 B-2
Irradiation time 3600 1800 3600 1800
T (sec)
Total neutron yield | 8.43 x 1013 4.00 x 1013 | 8.43 x 1013 4.00 x 1013
S
Distance from target 20 20 30 30
r (cm)
Total neutron fluence | 1.66 x 101° 7.96 x 107 7.38 x 109 3.54 x 1072
nvt (cm‘z)
Etchpit density (7.17+0.19) (3.81:0.11) | (7.8320.23)  (4.23#0.13)
P (cm™1) x 10% x 10% x 10% x 10%
Effective semsitivity | (4.3210.11) (4.7910.14) (1.0640.031) (1.1920.036)
K x 1076 x 107 x 1077 x 1076
Prime sensitivity (1.046+0.027) (1.150.033)| (0.835%0.025) (0.93740.029)
k (cm™%) x 1019 x 1019 x 1019 x 1019
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Fig. 7.3.1 Absolute fissign-rate distributions in Li20-C assembly
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7.4 Feasibility Test of SUS316 Stainless-Steel as a Neutron Dosimeter
for Fusion Reactor Dosimetry

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

The need for experiments to aid fusion reactor dosimefry is recog-
nized as the important part of Controlled Thermo-Nuclear Reactor (CTR)
development. In order to make diagnosis on the neutron field in these
experiments, the activation method can be used to determine the fast
neutron spectra produced by interaction of the 14 MeV D-T fusion source
neutrons with the structural materials. Stainless-steel, SUS316, which
are comprehensively considered as the structural materials of CIR,
consists of several kind of elements, for example, Fe, Ni and Cr and
each has some isotopes. They are activated by various types of reactions
in the intense fast neutron field. Some of these reaction cross sections
are well studied. Then, it is able to deduce the neutron spectra and
the reaction rate distribution by selecting an adequate reaction set in
the same manner as the method of multi-foils activation. From this point
of view, a feasibility test of SUS316 as a neutron dosimeter has been
performed using FNS (fusion neutronics source) .

SUS316 disks (each 10¢ x 2 mm) were irradiated at several positions
in the Li,0-C fusion blanket assembly in which the D-T neutron source
was located. The positions are schematically shown in Fig. 7.4.1.

After irradiation for eight hours, activities were measured using a 60
cm? Ge(Li) detector and each reaction rates were deduced by performing
several corrections. Reactions such as 56Fe(n,p)56Mn, SL'Fe(n,p)S“Mn,
58Ni(n,p)5SCo and 58Ni(n,2n)%’Ni were selected in order that those
threshold values cover the range from 1 MeV to 12 MeV., In Fig. 7.4.2,
these neutron energy responses are shown. Spectra in each positions

1)

were unfolded by the SAND-II unfolding code™” with the use of the
measured reaction rates and activation cross sections taken from ENDF/B-V
dosimetry file.z) For example, the unfolded neutron spectrum in the

case of position 2 is shown in Fig. 7.4.3 and both of the measured reac-
tion rates and calculated ones from unfolded spectrum are given in Table
7.4.1. The deviations of each reaction rates are within the range of

20% and the spectrum could be well unfolded using only the four reactions.

There are two main feature to be considered in this method as the

neutron dosimetry. One important object is to get an outline of the
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fast neutron spectrum and the other is to obtain absolute flux distribu-
tions. From the results of this experiment, this method using SUS316
revealed to be a powerful tool for the fusion reactor dosimetry because

of the direct use of the structural material as the dosimeter.

References

1) Berg S. and McElroy W. : "A Computer automated iterative method for
neutron flux spectra determination by foil activation," AFWL-TR-67-41,
Vols. I-IV, Air Force Weapons Laboratory (1967).
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Table 7.4.1 Measured and calculated saturated reaction rates

reaction measured(/sec) calculated(/sec) devuation(%)
56Fe (n,p) °®Mn 1.498 E-17 1.590 E-17 6.1
S4%Fe (n,p) > 4Fe 9.110 E-17 8.671 E-17 4.8
58Ni(n,p)°®Co 4.982 E-17 5.655 E-17 13.5
58N1(n,2n) > 'Ni 5.813 E-18 5.047 E-18 13.2

— 150 -



@ Position

JAERI-M B82-114

Graphite

$2c (n,2n)'Cr
BNi{n,2n PN
19000 (n,2n P Mo

%Fe(n,p)™Mn
SeEe(n,p P Mn
58Ni(n.p)§to

MeV

15

151 —

10

Horizontal section across the center of Lip0-C assemhly

Sensitivity ranges of typical reaction in SUS 316

Fig. 7.4.1
Fig. 7.4.2



JAERI-M 82-114
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7.5 Efficiency Calibration of an NE213 Liquid Scintillation Detector
for FNS Time-of-Flight Experiments

Y. Oyama and H. Maekawa

TOF (Time-of-Flight) experiment to measure the surface leakage
neutron spectra from a Lithium-Oxide plane assembly was started at FNS
(Fusion Neutronics Source). The aim of this experiment was the evalua-
tion of the nuclear data and methed for the fusiom reactor design. For
this purpose it was desirable to measure the absolute neutron spectrull.

A 50.8 mm¢ % 50,8 mmt NE213 liquid scintillator was used in this experi-
ment, and the absolute effeciency of this detector was determined at the
range of 0.5-16 MeV.

In case of measuring low energy neutron using an NE213 liquid
scintillation detector with a low bias, the structure caused by inelastic
scattering of Carbon exists in the high energy region of the effeciency
curve.l) And also in the TOF experiments for fusion neutronics, 14 MeV
neutron induced gamma rays become an intense background source in the
high energy region because of poor n-y discrimination characteristics
for the low 1light output (Fig. 7.5.1). As the good n-y discrimination
characteristics can be realized in case of a high bias for high energy
neutrons, the two bias method to measure with two discrimination levels
at the same time is very effective (Fig. 7.5.2).

The two biases were refered to the peak of 57 keV gamma ray of 2%1Am
and the half-height of 661 keV gamma ray slope of 137Cs, The effeciency
for each bias was determined by the following steps:

(1) Effeciency calculation by Monte Carlo method over the full energy
range

In this calculation, the data in ENDF/B-IV and Verbinski's dataz)
were used for the cross section of Hydrogen and Carbon and for the light
output effeciency of NE213, respectively.

(2) Correction from the TOF measurement of 23%2Cf neutron source

A relative effeciency of NE213 was obtained and the effeciency
curve near the discrimination energy corrected by this measurement.
The fission spectrum of 2520f was calculated by using the nuclear tem-
perature of 1.42 MeV,
(3) Absolute check by the alpha counting method

Alpha particles from 37(d,n)"He reaction were detected by a 55D,

— 153 —



JAERI-M 82-114

and the count rate of NE213 was compared with the neutron flux at the
detector estimated from the alpha count rate. However this absolute
calibration was carried out only at 14.9 MeV and the reliability of
effeciancy at the other energy points is dependent on the relative pre-

cision of (1) and (2) processes.

The results of the Monte Carleo calculation and the TOF measurement
of 252¢f spectrum are shown in Fig. 7.5.3. The effeciency curve from
252¢f experiment were adjusted to the calculated onme in 4-6 MeV. Those
results show good agreement with each other for the 137¢g bias, but the
pulse height of energy was discriminated obscurely by the n-y discrimi-
nator and its effect appeared on the effeciency curve for the 241Am bias.
The calculational effeciency at 14.9 MeV agreed well with the one measured

by the alpha counting method within 6%.

References
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7.6 Characteristics of 14 MeV Neutron Collimater for Surface Leakage

Neutron Spectrum Measurements
Y. Oyama and H. Maekawa

In the TOF (Time-of-Flight) experiment to measure the angular-
de?endent leakage spectra from a fusion benchmark assembly, it is very
important to define the measuring area on the surface of assembly by a
neutron collimator, as well as to shield a detector from background
neutrons. The collimator-detector response functionl) is necessary for
the absolute measurement. Therefore, the response function and the
performance of the detectoxr shielding were investigated by a 232¢f

neutron source and a 14 MeV pulsed neutron source.

The collimator-detector response function is defined as

Cc(r)
S{r) ?

f(r) = N-

where S(r) is the source intensity at a distance r from the central axis
of a collimator on the measured surface, C(r) the neutron counts for S(r)
by the detector, and N a normalization factor. '

The effective measured area on the surface of assembly, Ag, can be

obtained from f(r),
Ag = I 2rrf{r) dr .
0 ‘

The collimator-detector system at FNS is shown in Fig. 7.6.1. This
system has a pair of cylindrical collimators, and the radius of the
detector is the same as that of the collimator opening, so that a clear-
cut shape of the respomse function was obtained. The neutron detector
is an NE213 liquid scintillator. The collimator has multiple layers to
improve the shielding performance.

The 252¢f neutron source was scanned across the collimator-detector
axis to obtain the response function. The measurement of the response
function for the 14 MeV D-T neutron source was also carried out with the
TOF method to check the energy dependency.

The response functions measured by the two sources were very gimilar
to each other. The finite source volume and the throat scattering in

the collimator seemed to give a little difference of the slope shape.
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These results were compared with the calculation which treated optically
a pair of cyrindrical collimators. The calculational response was
estimated from the overlap area which was made by a uniform circular
neutron cone intercepting the detector area. These results are shown in
Fig. 7.6.2 and Fig. 7.6.3.

The difference between the calculational and the expefimental effec-
tive areas defined by the collimator was 8- 10%Z. The effect of the finite
source volume was estimated to be about 4% per 1 cm in diameter. The
effective area can be determined to be about 3%. The overall signal-to-

background ratio of this system was about 103 for 14 MeV neutroms.
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7.7 Preliminary Experiment on Beam Profiles of Fast Neutron Streaming

through Straight Ducts by a Smali-sized Spherical NE213 Scintilla-
tion Counter

T. Nakamura and Y. Oyama

In D-T fusion reactor design, it is anticipated that there would be
a number of ducts, large or small, penetrating blanket and shield, NBI
ports, vacuum exhaust pipes, fuel feed line and diagnosis ports, for
example.l) Preliminary experiments on the streaming characteristics of
fast neutrons were performed by utilizing experimental holes prepared in
the shield wall of the FNS target room.

A 14 mm¢ spherical NE-213 scintillation counter which was originally
developed to measure neutron spectrum inside the blanket was mounted on
a three-directional counter drive mechanism set in front of the duct to
survey transverse and axial beam profiles. The section of this counter
head is shown in Fig. 7.7.1. The counter was driven at the speed of
0.24 mm/sec and gamma-ray discriminated output signals above pulse height
bias level corresponding 1 MeV or 2 MeV were recorded by multi-channel
scaler set at ome channel/sec.

An experiment on large-sized duct was carried out at the experimental
hole connecting target room #1 and #2. D-D neutrons produced in a pre-
paratory run prior to D-T operation was used in this case. Fig. 7.7.2
shows the plan view of the hole and the neutron source was located at
the distance of 2.5 m from the entrance of the port. The neutron beam
profile is described in Fig. 7.7.3.

By using the rotatable shield plug with a number of 36 mm¢ experi-
mental holes, an experiment on small-sized duct streaming was undertaken
for a group of holes offset by a unit of 50.6 mm from the center hole
that was on the target axis. The beam profile change with the hole
location is shown in Fig. 7.7.4. D-T neutrons were used in this experi-

ment.
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7.8 Application of Mercuric Iodide Detector for Plasma X-ray Measurement
M. Katagiri, N. Suzuki and M. Maeno

The electron density and the electron temperature of plasma can be
diagnosed by measuring X-rays emitted from plasma. 1In this measurement,
Si surface barrier detector is used commonly. The S5i surface barrier
detector, however, can not respond te high energy X-rays. Further, its
S/N ratio is not good since its leakage durrent is large. This causes
a problem in diagnosis of high-temperature plasma. We, therefore, tried
to use a mercuric iodide (Hgl;) detector which has a large absorption
coefficient and é small leakage current characteristic.

The Hgl, crystal was fabricated by the temperature oscillation
method. The size was 1 mmx 1.5 mmx 0.4 mmt. After carbon electrodes
were prepared on the both sides of the crystal, it was covered with the
humiseal. As it is necessary to isolate the detector from the microphonic
noises and various electric-wave noises coming from plasma-experiment
equipments, a special detector mount was constructed where the Hglp

-detector and the preamplifier were directly connected. The detector
window is an aluminum foil with the thickness of 1.5 ym. Figure 7.8.1
shows the structure of the detector mount.

Using this detector, the plasma X-ray measurements were carried out
in the JFT-2 Tokamak. Plasma X-rays could be measured without disturb-
ances due to the microphonic noises and the electric wave noises; and
S/N ratio was several times better than that of the Si surface barrier
detector. Figure 7.8.2 shows the output signal of the preamplifier,
induced by plasma X-rays. The large signal of the start part and the
end part were due to the background hard X-rays. This effect can be
reduced by making the thickness of the detector proper and by shielding
the detector. The results of actual application showed that the Hgl»,
detector was very useful for measuring high-energy plasma X-rays with a

good S/N ratio.
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7.9 Measurements of Neutron Emission Distribution from High Speed
Water-Cooled Target Assembly at FNS

* .
Y. Ikeda, Y. Oyama, T. Fukabori , Y. Seki, H. Maekawa and

T. Nakamura

A target assembly is generally necessary to produce fast neutrons
by means of any accelerator. Its structure changes according to the
cooling method and the specification of heat production. As neutrons
produced at the target interact with the structural materials of target
assembly, it is expected that the angular distribution and the energy
spectrum of emitted neutron become different from calculated ones on the
basis of the reaction mechanism.l) This situation makes the discrepancies
between the experiments and the calculations using an actual neutron
field.

A high speed water cooled target assembly has been used to perform
integral experiments under various conditions at FN5. In Fig. 7.9.1,
the horizontal and vertical cross sections of the target assembly are
shown. It was designed to be able to cool the heat deposit at the target
generated by D+ beam of DC 3 mA and 400 keV, and to restrict the surface
2)

temperature not to exeed 100°C. To achieve these conditions, it had

to be made of large amounts of materials and was consequently complex.

Therefore, the angular distribution and energy spectra emitted from the
target were measured and compaired with Monte-Carlo calculations.

Reactions of 27Al(n,x)2"Na and 56Fe (n,p)°®Mn were used to measure

the flux distribution of D-T neutron emitted from the target assembly.

Sixty five pairs of Al and Fe folls were set at 15 cm from the target
in horizontal, vertical and axial planes. After irradiation for five
hours, the reaction rates of each folls were measured using a 60 cm3
Ge(Li) detector to deduce the fluxes. The angular distribution of the
D-T neutron were measured by a 5.08 cm¢ x5.08 cm NE213 scintilation
counter placed on a goniometer. The distance between the target and the
detector was 7.6 m and a pre~collimater was set in front of the detector.

The measurement were performed at the angles of 5° interval and the dis-

tribution were deduced from the relative counting of neutron whose energy

* University of Kyushu
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was higher than 4.8 MeV. At the same time, the neutron spectra at each
positions were obtained by unfolding the measured pulse hight spectra,

using the FORIST code.3)

In order to obtain the precise neutron spectra
in each angle, TOF measurements were accomplished using the FNS pulsed
beam and the NE213 counter. The setting of the detector was the same as
above. The TOF spectra were taken at six angles of 0°, 30°; 45°, 607,
90° and 105°.

In Fig. 7.9.2, the reaction-rate dibtribution on the horizontal
plane, taken from the results of activation foils, are shown in comparison
with the calculated ones by the Monte Carlo method, in which the target
assembly was precisely simulated. The neutron energy corresponding to
the emitted angle was calculated in due consideration of injected deuteron
energy loss in the titanium layer. The absclute neutron yield was
estimated by monitoring the associated alpha particles. In Fig. 7.9.2,

a significant one to one correspondence between the measured and calcu-
lated values are observed in each case. The relative distribution of
neutron flux at several angles taken from the NE213 scintilation counting
and the TOF measurement are shown in Fig. 7.9.3 in comarison with the
Monte Carlo calculation. The tendency of distribution is similar in

each case.

Through those experimental results, it is concluded that the Monte
Carlo calculation of the source neutron represents excellently the
neutron emission process around the target assembly and it can be adopted

to the analysis of integral experiments at FNS.
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7.10 Source Characteristics of Air-Cooled Target Assembly at FNS
Y. Oyama and H. Maekawa

The measurement of surface leakage spectra from a Liz0 assembly was
started at FNS to check the data and method for the fusion‘reactor design.
The condition of source neutron is need for the analysis of the experi-
ment. Therefore, the angular dependency of emitted neutrons and energy
spectrum were measured by the TOF method with an NE213 liquid scintilla-
tion detector.

In case of using a thick Ti-3T target, the angular distributions of
the neutron emission and the energy spectra from tritium layer correspend
to the reaction energy in 3T(d,n)”He.l) These distributions can be well
approximated by the kinematic calculation using the mean reaction energy
for the deuteron beam of 350 keV. The observed neutrons, however, is
different from the calculation because some source neutrons are scattered
by the materials of the target assembly, and it is necessary to measure
them directly.

In the experiment, deuteron was accelerated by the FNS accelerator
to 350 keV, and reacted with a tritium to produce 14 MeV neutroms. The
TOF experiment was carried out by the pulsed neutron source, and its
pulse width and peak current were "3 ns and ~10 mA, respectively. The
air-cooled target assembly used in the experiment is shown in Fig. 7.10.1.
A 10 Ci Ti-3T metal target was used. As the neutron yield monitor, a
small surface barrier silicon detector was set to detect alpha particles
in 3T(d,n)“He reaction.

The typical results of experiment are shown in Fig. 7.10.2 and Fig.
7.10.3. The aﬁgular distribution of emitted neutrons was strongly
distorted between 60° and 90° by the frame of the target assembly. This
distortion is smaller than that in the water-cooled target assembly.z)
The flux exclusive of the peak is 10% of the whole flux. It is not
clear, however, whether this scattered flux was caused by the copper
backing or by the stainless-steel flame of target assembly. The aniso-
tropy factor of emitted neutron for the forward direction agreed well

with each other within 2%. The effect of D(d,n)BHe reaction was measured

to be less than 2.5%.

— 169 -



JAERI-M 82-114

References

1) Benveniste J. et al. : UCRL-4266 (1954).
2) Ikeda Y. et al. : "Measurements of Neutron Emission Distribution from

High Speed Water—Cooled Target Assembly at FNS", 7.9, this report.

Nozzle Helicoflex Ring Ceramic Insulator

< : *D beam

Compressed
Air

Tritium Metal Torget  {{mmt Cu backing)

Fig. 7.10.1 Sectional view of air-cooled target assembly

(.2

I TR IIT g

3 ———t

o 1.0 i | Target

a. i

S . ;

B

2 09¢F §

g | tey
085——=30"""60 90

Angle 8 (degree)

Fig. 7.10.2 Anisotropic factor of emitted neutrons from afr-cooled

target assembly

- 170 -



Fig.

JAERI-M 82-114

oy
Lo I

T

T TrTT

:: E ] T ! T 11 I! =
~ 10} ]
= X -
g I 3
E | .
g T | )
w1 | ]
5 ol
@ 10
= I =
s I ) ]
5 7 . ]
| ; - :
e101 -
® x : Px 3
o + i . 4 =
Z T % Il -
£ 1 ; I 7
g —— - _' — I.;I i -

o ; i} —
T i | BH
Z I P :

T C I ]

1 i : E

= g . ..

> i : r
ID 3 1 e i I B o I T I |
1 —ll T LI B AL O‘ ) |l[l-l 1 T ¥ T 17 I 1ri
1 10 10
NEUTRON ENERGY ( Mev )

7.10.3 Measured neutron spectrum from air-cooled target assembly

at 0 degree

- 171 -

10



JAERI-M 82-114

7.11 Qperation Report of the Fusion Neutronics Source (I)

J. Kusano, C. Kutsukake and 5. Tanaka

Following the installation and the inspection of the FNS completed’
at the end of March 1981, the tralning operation and the cﬁaractoristics
test of D-D neutron were initiated prior to the D-T 14 MeV neutron gene-
ration, Before the usage of a tritium target, a few modifications were
made for the beam-line of the accelerator system. They were reassembling
some beam components and the installation of a Target Surface Temperature
and Beam Profile Monitor (TSTPM) for 80° beam line, and the installation
of additional vacuum pump, i.e. a 700 1/s cryo pump, at near the target
of 0° beam line. The neccesities of cryo pump are: (1) the improvement
of vacuum condition in the rotating target region. (2) temporary storage

for the tritium gas releasing from the rotating target.

80° line operation

The 14 MeV neutron generation was initiated at the begining of
August using the 80° beam line with a water cooled 25 Ci tritium target.
In this operation, the source charactoristics were examined experimentally
and then the meutronics experiments on a Li»0-C sphere assembly were made.
The operating condition of the accelerator through these experiments
were as follows; the beam energy was 330 keV and the beam current was
100 A~ 2 mA D.C.
Next experiments, i.e., neutron spectrum measurement by means of
the Time-of-Flight method, were carried out using the pulsed beam opera-
tion. The pulsed beam of about 26 mA peak current and 2.7 ns FWHM was

obtained through the experiment by a beam bunching system.

0° line operation

Some test operation at a 0° beam line was performed prior to mount-
ing a rotating target with 1000 Ci tritium. The carefuly and steady
preparation was required for the high current beam operation using the
rotating target with a large amount of tritium. In the middle of Oct.,
a 33 hours operation of 20 mA (full power of the ion beam) was achieved
using a dummy target to examine the performance of the accelerator and
maﬁy valuable informations were obtained as follows;

(1) The beam emittance of the 740A type high current ion source was
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broadened slowly during the operation, and the beam transmission
ratio was decreasing.

(2) The ion beam broading was observed at the entrance beam duct of the
first stage quadrapole magnetic lens and at the entrance of 80°
switching magnet chambex. It was observed that the temperature of
these positions rised largely compared with the other ﬁosition by
beam hitting. And fair amount of D-D neutrons were generated at
these positions.

(3) The trip of the vacuum station controller happened frequently due to
sparking noise at the acceleration tube through the beam duct.

(4) The water level fluctuation of a reservoir tank in the Znd target
room for the cooling system of rotating target was observed and
revealed to be caused by air mixing of the open-air type cooling

system.

Some improvements of the accelerator system, i.e., the modifications
of the vacuum station controller and the air release method in the
reservoir tank have been made, but a operation using the tritiated

rotating target has not been tried on 0° beam line,

TAP operation

The Tritium Adsorption Plant (TAP) operation has been started under
on-beam condition since the first neutrom generation in August. The
charactoristics of the tritium removing in the vacuum exhaust are
descrived in 7.12.

The proper piping system for the exhaust gas with high level tritium
contamination were newly equipped for the tritium gas to be transfered
effectively from the storage type vacuum pump system to the storage tank

of TAP.
Remarks

Some problems remain, i.e., the handling technique for the target
with a large amount of tritium and the improvement of the cooling water
system for the rotating target. They would be solved and we will socn

try the D-T neutron generation using rotating target.
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7.12 Tritium Handling System of Fusion Neutronics Facility

—— QOperation Characteristics —

C. Kutsukake, J. Kusano, Y. lkeda, Y. Oyama, H. Maekawa and

T. Nakamura

As a tritium target of 1000 Ci is to be used at FNS, large amount
of tritium gas would be released from the target. The construction of
a tritium adsorption system (TAP) was completed in 1980 and we have been
carrying out its cold tests since 1980. In the neutronics experiments
that started in August 1981 using 80° beam line, it was able to obtain
practical experiences about the transportation of a vefy small amount of
vacuum exhaust gas, the removal of tritium from the exhaust gas and

amount of tritium released from the walls of pipe-lines and tanks.

Operation of TAP

As a typical example of operation cycles, variation of gas pressure
and tritium concentration in the storage tank are shown in Fig. 7.12.1.
The tritium gas released from the target during the bombardment of
accelerated deuteron beam was exhausted through the vacuum pumps and
transfered into the storage tank via a monitor tank. Then, the exhaust
gas stored in the storage tank were circulated thfough a tritium removal
system (TRS) to collect tritium. After the tritium concentration was
reduced low enough to release, the gas was exhausted from the stack being

diluted with the building ventilation air,

Tritium Trap during Gas Transfer

The tritium concentration of each vacuum pump oil measured by a
liquid scintillation method are shown in Table 7.12.1. It is clear from
the table that the tritium concentration of vacuum pump oil near the
target section is highest and so called differential pumping was working
effectively. The measurement of tritium concentration in the exhaust

gas from each pumping section showed the same result,

Process of Tritium Removal

The change of tritium concentration during the operation of TRS

e—l.SO’ and

can be approximated by the sum of a exponential function,
a nearly constant background. This background was due to the desorption

of tritium in the walls of tanks and tritium monitor chamber and was
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correlated strongly to the initial tritium concentration. The concentra-

tions at the beginning and the end of TRS operation cycles are shown in

Fig. 7.12.2. It is clear that the increased background can be reduced

by a flashing.

Summary

1. The transfer of exhaust gas with tritium was performed well.

2. About 1% of tritium was trapped in the vacuum pump oil during the
transfer to the TAP.

3., Tritium concentration can be reduced below the regulated concentra-
tion. The tritium handling system at FNS satisfied the designed
specifications.

4. 1In the case that tritium concentration of the exhaust gas might be
high, it should be important to examine how much the background level
would increase.

5. 1In either case of the gas transfer and the tritium removal, the

process of the tritium adsorption and desorption on the wall have
a influence on measuring the tritium concentration. Then, it is

necessary to invesigate the method to reduce the influence.

Table 7.12.1 Effect of differential pumping

Tritium ,
Vacuum Station Ratio
Concentration
#0 2.3x 1072 0.1
#1 9.7 x 1072 0.4
# 2 1.5 x 100 5.9
# 3 2,4 % 10! 93.6
Total —_— 100.0
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7.13 Relation Between Temperature of Metal Target and Gas Release Rate

J. Kusano, Y. Oyama, Y. Ikeda, C. Kutsukake, S, Tanaka H. Maekawa

and T. Nakamura

Recentry high intense 14 MeV neutron sources, i.e., FNS(JAERI) and
OKTAVIAN(Osaka University) have been constructed in Japan and experiments
ont the fusion neutronics started, These devices are characterized by
their high current ion acceleration (20 mA for d+ beam) and by the usage
of metal target having large amount of tritium (800 ~ 1800 ci).

Great interest is focused on the gas release from the point of view of

the life-time extension of target and minimization of the tritium con-

tamination. In case of Ti-T(Ti-D) metal target it has been considered

that there is little gas released from the target when the surface tem-
perature is less than 200°C. It is desireble to get accurate knowlege

about the relation between the gas release and the surface temperature

of target.

However, this had never been confirmed by in-situ measurement since

there was no proper method to measure the target temperature when the
accelerated beam hit on the target, We have developed successfully the
measuring system of the temperature distribution on the target surface
using a thermal image camera to detect infra-red,. (TSTPM)(I)
The infra-red radiation from the target surface was reflected with a
stainless—steel mirror and was led to the thermal image camera which
was mounted on the beam duct at the distance of 1.7 m from the target.
The temperature indication was calibrated by a calibrator for the
thermocouples. This system was set on the beam line of FNS.
The schematic outline of experimental system is shown in Fig. 7.13.1,
Two types of target, D-Ti-Cu and D-Sc-Cu, were set at the end of a 80
degree beam-line and were bombarded by 200 uA ﬁroton heam having the
energy of 352 keV. The data of targets are given in Table 7.13.1.

Deuterization of targets and measurement of the ratio of D to
Ti(Sc) were carried out by the Analytical Chemistry Laboratory of JAERI.

A half of its surface, made of aluminum, was painted as a black-
body. A dummy target, i.e., without the deuterization, was painted
in the same manner to determine the emissivity of the actual target
surface. The emissivity was estimated to be 0.75 as the ratioc of tem-

peratures between titanium (scandium) to the black-body. The released

=177 =



JAERI-M 82-114

gas, i.e., deuteron was detected by a residual gas analyzer (RGA) that

was

air
And
the

Fig.

set near the 80 degree magnet.

The temperature was adjusted by changing the flow-rate of cooling
under almost constant conditions of beam current, enérgy and focusing.
the same experiment was carried out in case of off-beam to heat up

target by a heat gun. A typical result of Ti-D target is shown in

7.13.2.

Summary:

1.

the

In case of the Ti-D target, the quantity of gas release from the
target increase remarkably when its temperature is over 120%¢,

If the surface temperature continue over 200°C for more than 5
minutes, most part of the adsorbed gas is discharged from the target.
On the contrary, in case of the Sc-D target, the gas release 1is

almost negligibly small when the temperature is up to 380°C,

The authors would like to express their thanks to Mr. A. Hoshino of

Analytical Chemistry Laboratry of JAERI for his preparation and

chemical analysis of deuterium targets.

Reference
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Nakamura, T. and Maekawa, H.: "Surface Temperature and Beam Profile

Monitor for Metal Target of FNS," JAERT-M 9672, pp.147-148 (1981).

Table 7.13.1 Data of 0 targets

Item Thickness of Atomic ratio Deuterized |
D adsober { D : adsorber ) temperature

Cu-Ti-D 6.5 um (T1) 1 : 1.65 400°¢C
Cu-Sc-D 12.2 pm (Sc) 1 :1.38 600°¢ j
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7.14 Pre-analysis for the Leakage Spectrum Measurements onLi,0 Plane
Assembly

T. Fukumoto, Y. Seki, Y. Oyama and H. Maekawa

As the D-T fusion blanket will have many light nuclei.and 14 MeV
neuttrons enter it from the core plasma, it is very important to study
the anisotropic scattering in the fusion neutronics. Tt was planned to
measure the angular-dependent neutron leakage spectra from a Liy0 plane
assembly by the TOF method using the pulsed neutron source at ENS.
Prior to this experiment, the pre-analysis was carried out to improve
the experimental efficiency. Two items were examined in this analysis.
They were to determine the characteristics of leakage spectra depending
on the thickness of assembly and on the measuring angles. In addition
the effect of finite size of the assembly on the leakage spectra was
examined.

The thickness OflLiZO assembly was examined by a one-dimensional
transport cade ANISN, ) and the angular dependence and the effect of
finite size were examined by a two-dimensional transport code DOTB.S.Z)
The calculational models are shown in Figs. 7.15.1 and 2 for ANISN and
DOT3.5 calculations, respectively. The nuclide densities are summarized
in Table 7.14.1. A 100-group cross-section set used in the ANISN
calculations was made by the NJOYB) code from ENDF/B—IVA), and the
PS--S64 approximation was used and source neutrons of 14.2 MeV were
assumed to be paralled beams. In the DOT3.5 calculations, the cross-
section set GICX405) with neutron 42-group and the Pg-5q¢ approximation
were used, and source neutrons of 14.4 MeV was assumed to be isotropical
and first collision source method was employed.

The typical results are shown in Figs. 7,14.3 and 4, Considering
the expected experiméntal error of about 10%, the following conclusions
have been derived from this pre-analysis:

(1) The appropriate thicknesses of Lizo assemblies are 5cm,20cm and
40cm.

(2) The interval cof measuring angles should be about 300.

(3) The effect of finite radius exists in the leakage spectra. Two

dimensional calculation should be needed in the main analysis.
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Table 7.14.1 Wuclide densities used in the calculations

Nuclide densities in the Li O assembly
Nuclide (x1024 atom/cm?)
oL 3.9610 x 1073
11 4.9422 x 1072
0 2.6691 x 1077
Cr 2.1753 x 107*
Fe 8.1933 x 107*
Ni ' 9.6490 x 1072
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7.15 Analysis of Absolute Fission-Rate Distribution in
Graphite-Reflected Lithium-Oxide Assembiy

%
Y. Seki, H, Kawasaki H. Maekawa and T. Nakamura

y

The fission-rate distributions of 233U, 237Np, 238U and 232Th have
been measured in a pseudo-spherical graphite-reflected lithium oxide
(Li,0-C) assembly in 1978-1) The 14 MeV neutrons were generated at the
center of the assembly by the D-T reaction with a 300 kV Cockcroft-
Walton type accelerator., Details of the measurements can be found in
Ref.(1l). The One~dimensional calculational Model of the Li,0-C Assembly
igs shown in Fig. 7.15.1. The fission-rate distributions are calculated
using various nuclear data and methods listed in Table 7.15.1,

The fission cross sections of 4 nuclides are obtained using the same
processing method as the transport.cross sections except for the thermal
figssion cross section of 23°U, which is derived for the mixture of the
graphite region using the SRAC7) code system,

The calculated and measured fission rates of 237Np and 238y mostly
agreed within experimental errors. Figures 7,15.2 and 3 show the dis-
tributions of the ratio of the calculated and measured fission-rates
(C/E) of 235U and 232Th, respectively. For both nuclides, disagreement
in the graphite region is apparent. Further investigations using
recently evaluated nuclear data and refined energy group structure are

being conducted.
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Table 7.15.1 Description of 5 calculational procedur

Calculational procedures

es

Items 1 2 3 4 5
* k%

Nuclear data file ENDF/B-~4 ENDF/B-4 ENDF/B-4 - ENDF/B-3,4  ENDF/B-4
Name of Xsec set GICXLI20 GICXLIZ20 2) GICX&OB) GICX4OV43)
Process code NJOYA) NJOY PR?E;?%?UCH SPTG&ZS) NJOY

Energy group No. 100 100 119 42 42

*
Weighting function 1/E 1/E Constant 1/E Li-spectrum ¥
2

Transport code ANISN6) ANTISN PALLAS~TS ) ANISH ANTISH
A imati -5 P -5 P -5 P -5 P -5
pproximation P5™Sea  "57764 = 20 57764 5 764

Symbol used in Figs.

% ENDF/B-5 data used for 12c

6 1
%% ENDF/B-3 data used for Li, 7Li and 2C

8
%*%% Calculated neutron spectrum in Li-region of Li-C Assembly )

D~T Neutron Scurce Lotlice

Li0
ol 333 2242 4677 T

050 Distonce from the Center {em}

Fig. 7.15.1 Calculational model of LiZO—C assembly
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7.16 Numerical Simulation of Two-Fluid, Two-Dimentional
MHD Equations of a Toroidal Plasma

T. Fujisawa

A numerical simulation of two-fluid, two-dimensional, nonlinear MHD
equations of a toroidal plasma has been performed in an attempt to
incorporate the effect of the electric field due to the space charge of
plasma constituents and the effect of the electromagnetic self- and
mutual-induction due to a plasma current. It is well known that the
electric field makes it difficult to realize the simulation because of
rapid numerical instability. To avoid it, a stabilization coefficient
smaller than unity is introduced for the calculation of a scalar
potential which is used to obtain the electric field. The mutual-
induction is, on the other hand, useful to improve numerical stability
of the simulation and to realize rather smooth profiles of a plasma, but
it costs a longer computing time, The magnetic field due to a plasma
current is calculated from a vector potential. A radial transport
velocity is determined from the parallel and perpendicular components of
the plasma flow, and the ambipolar potential acts sc as to keep equal
the radial velocities of the plasma constituents. The velocities are
assumed zero for r=a. As one of the simple means to stabilize the
simulation, the upstream—downstream difference scheme is adopted for the
calculation of spatial derivatives such as in transport terms. Another
means to depress spatial numerical instability is an artificial
diffusion term with a small coefficient, which is used when the

hydrodynamics equations are time integrated.

Two-dimensional time evolutions of the deﬁsity, velocity,
temperature, and others are calculated, starting from a set of initial
profiles. An example of the calculations shows that the average radial
transport velocities (or confinement times) of electrons and ions become
approximately equal, and agree well with the tokamak experiments. But in
the calculation, the clear herical structures of higher modes in
velocity as has been reported are not seen; nor are the magnetic

islands. A very large electric field due to the ambipolar potential is
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seen, especially for E,, in contrast with the experimental results of
tokamaks. But it seems that the large electric field does not make
markedly worse the performace of the simulation. Increase in the
stabilization coefficient shows a tendency toward decrease in the
electric field, but the increase is limited by numerical instability. In
calculating plasma dynamics at higher densities and temperétures it is
necessary further to improve the numerical stability and performance of

the simulation, and to reduce computing time.

Reference

1) Fujisawa T.: '"Numerical Simulation of Two-Fluid, Two-Dimensional,
MHD Equations of a Toroidal Plasma,' JAERI-M 9944 (1982).
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Fig. 7.16.1 Average radial transport velocities of plasma constituents
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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
on Reactor Physics (NEACRP). For the 6th International Conference on
Radiation Shielding (ICRS) to be held in Tokyo in 1983, a Preparatory
Committee was set up under the Committee in April and prepared a preliminary
information sheet of the 6th ICRS to present at the 24th meeting of the
NEACRP in September.

The Committee on Reactor Physics held the 39%th meeting in June
Summaries of the 2nd NEACRP ad-hoc Working Group Meeting on Evaluation
Coordination held in April and the 5th meeting of the NEA Data Bank Committee
held in May were reported and the Japanese situation in the future framework
for evaluation coordination was discussed. As to the 3rd Specialists' Meeting
on Reactor Noise (SMORN-III) to be held in Tokyo in October, the draft
technical agenda and Information Sheet II were distributed. Following
preliminary discussions on the contributions from Japan to the topics of
the 24th meeting of the NEACRP, activity plans of the Subcommittees om
Reactor System, Fusion Reactor and Shielding, and the Preparatory Committee
for the 6th ICRS in this fiscal year were discussed.

The Committee held the 40th meeting in August, mainly to make prepara-
tions for the 24th meeting of the NEACRP. The research activities in
Japan for the period from September 1980 to August 1981 were discussed to
prepare the review—paperl). For contributions from Japan to the topics of
the meeting, eleven papers were presented, which were as follows; "Sodium
Void Reactivity Worths in Plate and Pin Cell Assemblies", "On the Geometric
Modelling for Pin/Plate Heterogeneity Calculatioh”, "Application of a
Three-Dimensional Discrete Ordinates Transport Code to Shielding Design
and Analysis", "Space-and-Angle Finite Element Method for Solving Three-
Dimensional Multi-Group Neutron Transport Problems', "Three-Dimensional
Neutron Streaming Calculations Using the Monte Carlo Coupling Technique®,
"Measurements of Fission Products Decay Heat for Fast Neutron Fissions",
"Decay Heat Calculations Based on Theoretical Estimation of Average Beta-
and Gamma-Energies Released from Short-Lived Fission Products", "High

Subcriticality Measurements by Exponential and Pulsed Neutron Source

- 189 —



JAERI-M 82-114

Experiments with Low-Enriched Uo, Lattices in Water', "An Analytical
Study on Uncertainties of Reactivity Scale (Beff) of Large LMFBR Cores",
"Transient Effect on Reactivity in Reactor Point Kinetics Calculation" and
"Refuelling Analysis of Pu-Fuelled HWR-FUGEN". After the discussionms, it
was decided to present these papers except two papers at the Z4th meeting.
The Committee held the 4lst meeting in March 1982 : The activities of
the Committee and the Subcommittees in this fiscal year were summarized.
The summary record of the 3rd NEACRP ad-hoc Working Group Meeting on
Evaluation Coordination held in association with the 24th meeting of the
NEACRP was distributed and the progress of the work was discussed in
connection with the next meeting to be held at the end of March.
Then, results calculated for the NEACRP Benchmark Tests were reported and
discussed, which included the followings; Burn-up Calculations Applied to
the NEACRP Fast Breeder Benchmark, Shielding Benchmark Exercises and
a LWR Benchmark Problem with Adjacent Poisoned Fuel Rods. In addition,
"Description of the Pin and Plate Geometry CADENZA Assemblies for the
International Comparison of Calculations” (NEACRP-A-445) was distributed and
it was requested to participate in this benchmark test. As to studies of
fusion reactor neutronics, the present status of experiments and analyses
at FNS in JAERI and OKTAVIAN in Osaka Univeasity was reviewed. Finally,
activity plans of the Committee and the Subcommittees in the next fiscal

year were discussed.
Reference

1) Hirota J. : "Reactor Physics Activities in Japan - September 1980 to

August 1981') NEACRP-L-255 (Japan).
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8.2 Activyities of the Subcommittees on Reactor Physics
J. Hirota

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

The Subcommittee on Reactor System held the 5th meeting in June
According to the plan of the Subcommittee in this fiscal year, the present
stétus of code systems for reactor analysis was reported, which included
a criticality safety code system using the Monte Carlo methed, a code system
for evaluation of nuclear performance of fast reactors and SRAC : a standard
computer code system for lattice cell and core calculations on reactor design
and analysis. The Subcommittee held the 6th meeting in September to continue
discussions on code systems : Code systems for power distribution prediction
and burn-up calculation in BWR and for core and fuel management in PWR were
reported. A brief summary of the 24th meeting of the NEACRP was also reported.
The Subcommittee held the 7th meeting in February'1982 : Results of burn-up
calculations applied to the NEACRP Fast Breeder Benchmark and preliminary
results obtained for a LWR Benchmark Problem with adjacent poisoned fuel rods
were reported and discussed. As to the present status of code systems,

HELIOS ; a code system for group constant calculations of BWR fuel assembly was
presented. Then, a summary of the 3rd Specialists’ Meeting on Reactor Noise
(SMORN-III) was reported. In addition, experiments and analyses carried out

at FCA to evaluate actinide cross sections were presented.

The Subcommittee on Fusion Reactor held the 6th meeting in June
Results of the performance tests and the preliminary experiments at FNS were
reported. It was also reported that measurements of double differential cross
sections were in progress at OKTAVIAN. Then, the plans of experiments to be
carried out in near future using FNS and OKTAVIAN were discussed. The
Subcommittee held the 7th meeting in September : A nuclear Design of the next
fusion machine was reported and problems such as tritium breeding, induced
activity, local heating and radiation damage were discussed. A system design
of a commercial fusion reactor was also reviewed.

The Subcommittee on Shielding held the 12th meeting in July : Progreés in
the preparations for the 6th International Conference on Radiation Shielding
(ICRS) and the calculations for the NEACRP Shielding Benchmark Exercises of
FBR and PWR radial shielding was reported. It was also reported that the

calculation for the ANS Gamma Ray Shielding Benchmark applicable to muclear
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radwaste facility was in progress. The Subcommittee held the 13th meeting
in February 1982 : Results calculated for the NEACRP Shielding Benchmark
Exercises were presented and discussed, including those for ﬁhe Winfrith
ASPIS Experiment. Then, the activities of the two Working.Groups on
Sensitivity and Uncertainty Analysis and on Shielding Analysis Method in -
this fiscal year were summarized. '
The Preparatory Committee for the 6th ICRS held the meeting in June,
September and March 1982. A preliminary information sheet of the 6th ICRS
: prepared by the Committee (NEACRP-A-491) was presented at the 24th meeting of
; the NEACRP. The NEACRP agreed to assist in the organization of the Conferenée
‘ and Dr. Rief (EURATOM Joint Research Centre) was nominated to represent the
NEACRP on an International Organizing Committee to be set up for the 6th ICRS.
The Preparatory Committee finished by the end of this fiscal year and

a Japanese Organizing Committee for the 6th ICRS is set up in the next fiscal

year.
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8.3 Activities of the Japanese Organizing Committee for SMORN-ITI
J. Hirota and Y. Shinohara

The Japanese Organizing Committee and the Technical Program Committee
held the meeting one and four times respectively to make preparations for
the 3rd Specialist's Meeting on Reactor Noise (SMORN-III). After SMORN-III,
both Committees held the last meeting jointly to evaluate the achievements
in SMORN-III.

The Technical Program Committee held the 4th meeting in April
The technical agenda prepared by the International Organizing Committee were
reported and the comments on the Reactor Noise Analysis Benchmark Test made
by members of the International Organizing Committee were discussed. The
Japanese Organizing Committee held the 2nd meeting in July to nominate
Japanese participants in SMORN-III and to discuss the final program.

The Committee held the 5th meeting in August to discuss the details of the
technical program and to prepare the status report of the Benchmark Test
(NEACRP-A-455) to be presented at the 24th meeting of the NEACRP. The
Committee held the 6th meeting in September and the 7th meeting in October
to discuss preliminary results of the Benchmark Test and SMORN-III papers.

During SMORN-III, members of the Technical Program Committee made
efforts to help the Session Chairmen for smooth conduct of sessions.

Prior to the presentation of "Summary Report on Reactor Noise Analysis
Benchmark Test"l) by Prof. Suda, an informal meeting was held to discuss
with the applicants for the Benchmark Test. After SMORN-III, the Japanese
Organizing Committee and the Technical Program Committee held the 3rd meeting
and the 8th meeting jointly to discuss the highlights of SMORN-TIT.

According to a proposal made at this meeting, members of the Technical
Program Committee completed a review—paperz), referring to various papers
presented at SMORN-IIT and summarizing recent progress in safety-related

applications of reactor noise analysis.

References

1) Suda N. : "Summary Repost on Reactor Noise Analysis Benchmark Test} .
Prog. Nucl. Energy, Vol.9, Reactor Noise-SMORN III, 693.
2) Hirota J. et al. : "Recent Progress in Safety~Related Applications of
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