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Design of In-vessel Neutron Monitor using Micro Fission Chambers for ITER
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A neutron monitor using micro fission chambers to be installed inside the vacuum vessel has been
designed for compact ITER (ITER-FEAT). We investigated the responses of the micro fission chambers
to find the suitable position of micro fission chambers by a neutron Monte Carlo calculation using MCNP
version 4b code. It was found that the averaged output of the micro fission chambers behind blankets at
upper outboard and lower outboard is insensitive to the changes in the plasma position and the neutron
source profile. A set of U micro fission chamber and “blank” detector which is a fissile material free
detector to identify noise issues such as from y-rays are installed behind blankets. Employing both pulse
counting mode and Campbelling mode in the electronics, the ITER requirement of 10 dynamic range with
1 ms temporal resolution can be accomplished. The in-situ calibration has been simulated by MCNP
calculation, where a point source of 14 MeV neutrons is moving on the plasma axis. It was found that the
direct calibration is possible by using a neutron generator with an intensity of 10" n/s. The micro fission

chamber system can meet the required 10% accuracy for a fusion power monitor.

Keywords: Neutron Monitor, Micro Fission Chamber, ITER, Fusion Power,
Campbelling Mode, MCNP, Neutron Source Strength
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1. INTRODUCTION

1.1 Functions

The micro fission chamber is the candidate diagnostic to measure the fusion power,
which is one of the basic control parameters. In present large tokamaks such as JET[1],
TFTR[2] or JT-60U[3], the neutron yield measurement has been carried out using 235U or
238Q fission chambers installed outside the vacuum vessel. Detection efficiencies of those
detectors are easily affected by surrounding equipment such as other diagnostics or heating
systems. ITER has thick components such as blanket and vacuum vessel, so that detectors
outside the vacuum vessel can not measure the neutron source strength with sufficient
accuracy. We are designing micro fission chambers, which are pencil size gas counters with
fissile material inside, to be installed in the vacuum vessel as neutron flux monitors for
ITER[4-8). By installing the detectors at several poloidal angles, this neutron monitor may
reject or reduce the error of the neutron yield caused by the change of the plasma position
and/or shape. This report provides the technical feasibility of the neutron monitor system for

compact ITER (ITER-FEAT).

1.2 Design Requirements

Target values of the desi gn requirements for the Micro fission Chamber (5.5.B.03) are
listed in Table 1.2-1. So the neutron detector has to have wide dynamic range and fast
response. From the technical point of view, it should be robust in the ITER environment such
as radiation, electro-magnetic noises, and mechanical vibrations, and not sensitive to gamma-
rays. The detection efficiency should be maintained in the ITER operation life, and the
detectors should be calibrated easily. In ITER, conventional neutron monitors installed
outside the vacuum vessel (WBS 5.5.B.04) and in-vessel neutron monitor using micro fission

chamber are proposed for the neutron yield measurement.
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Table 1.2-1 Target Values of Design Requirements.

Total Neutron Flux

Spatial Time

Parameter Parameter range Resolution Resolution Accuracy
Total neutron flux 10141021 p 5-1 integral 1 ms 10%
Fusion power <I GW integral 1 ms 10%

2. CONCEPTUAL DESIGN DESCRIPTION
2.1 Micro Fission Chamber

A micro fission chamber is a pencil size gas counter with fissile material inside, which
was developed as an in-core monitor of the fission reactor. Figure 2.1-1 shows the schematics
of the typical micro fission chamber with wide dynamic range, which is commercially
available. We should add a sheath for the chamber from two reasons for use in ITER. One is
to shield electro-magnetic noises. Another is safety reason. The sheath will prevent the
uranium contamination inside the vacuum vessel when the uranium leaks from the chamber
housing. The sheath should include a thermal neutron shield with 1-mm thick cadmium. In
this detector, about 12 mg of UQO; is coated on the cylindrical electrode and 14.6 atm of Ar +
5% N3 gas is filled between the electrodes.

The micro fission chamber can be operated with pulse counting mode at low neutron
flux, Campbelling (mean square voltage) mode[9] at medium flux and current mode at high
flux. Combination of those .operation modes may provide wide dynamic range of 1010 with
the temporal resolution of 1 ms, which satisfies the ITER requirement. The most popular
candidates of the fissile material in the micro fission chamber are 235U, 238U and 232Th. 235U
has large fission cross-section for thermal neutrons and others cause ﬁssipn event only for
fast neutrons higher than ~0.8 MeV. The fission cross-section of 232Th is several times

lower than that of 238U. So we employ 235U as the fissile material for the micro fission

._.2_
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chamber to obtain sufficient counting rate. The fission cross-section of 235U is shown in
Fig.2.1-2. The typical performance of the micro fission chamber of 235U with the dimension

shown in Fig.2.1-1 is listed in Table 2.1-1.

Table 2.1-1 Performance of the micro fission chamber of 235U.

Diameter 14 mm
Active length 76 mm
Fissile material 235y
Fissile material density 0.6 mg (UO32)/cm?

Total amount

total 12 mg of UO»

Ionizing gas

14.6 atm of Ar + 5% N»

Housing material

Stainless steel 316L

Neutron sensitivity

for fission reactor spectrum
Pulse counting mode
MSYV mode
DC mode

2.2 x 10-3 cps/nv
5.7 x 10-28 A2/Hz/nv

4.6 x 10-15 A/nv

Gamma sensitivity
MSYV mode
DC mode

7.72 x 10-29 A2/Hz/R/h

1.54 x 10-12 A/R/h
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Figure 2.1-2 Fission cross-section of 235U as a function of neutron energy.



JAERI-Tech 2001-066

2.2 Installation Position

2.2.1 Candidate of installation position

In ITER-FDR, we have a plan to install micro fission chambers on the front side of
the back plate in the gap between adjacent blanket modules and behind the blankets at 10
poloidal locations. The neutron flux in the gap between adjacent blanket modules was about 1
order higher than that behind the blankets, which means that streamed neutrons were
dominant in the gap. So a change of the gap width due to a thermal expansion or mechanical
movements would change the neutron flux. Therefor we eliminate the install in the gap.

For ITER-FEAT, we have two ideas of the installation position as shown in Figure
2.2-1. One 1i1s behind shielding blankets, and another is backside of filler module.

Arrangement of the micro fission chambers on filler modules is shown in Fig.2.2-2.

Microfission chambers
Filler module

Blanket module

Figure 2.2-1 Candidate of the micro fission chamber location.

_6_
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Figure 2.2-2 Arrangement of micro fission chambers on filler modules.
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2.2.2 Neutronics calculation model

We investigated the responses of the micro fission chambers to fine the suitable
position of micro fission chambers by a neutron Monte Carlo calculation using MCNP
version 4b code[10]. Full sectors of the first wall, shielding blanket, some filler modules and
vacuum vessel are modeled as shown in Figure 2.2-3. The input file of the MCNP code is
shown in Appendix. The divertor cassettes, ports and coils are not included. Toroidal gaps
besides of filler modules are modeled. However, poloidal gaps between adjacent blankets are
not modeled. We use the neutron cross-section set based on JENDL 3.2[11].

The neutron source is toroidally symmetric source with 14 MeV monoenergetic

energy. The source has a poloidal distribution as follows;

m

i (R—Rp+8a—f(z))2+(z—zp)2

32 32 K2

5 n
f(z)=da l—gz—;_—z—z—x%)——

(2.2-1)

Where Rp is the major radius, a is the minor radius, Zp is the vertical shift of the plasma

center, K is the ellipticity, é is the triangularity and m is the power of the parabolic profile.
Parameter n determines the triangular shape of the plasma. The angular emission is isotropic.
The reference parameters are Rp=62m,a=20m, Zp=0.53m,x =17, m=0.8 andn =

0.5. This formula can represent the neutron source profile of ITER-FEAT. In this case, the

neutron source peaking factor is represented by

Sn(0)
—m+1
sy Y (2.2-2)

Where Sy(0) and <Sp> are the central and volume averaged neutron emissivity, respectively.

Energy groups in the MCNP calculation is shown in Table 2.2-1.
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Table 2.2-1 Energy groups in the MCNP calculation.

Number Upper Energy (MeV) [Lower Energy (MeV) [Lethergy width
1 1.0000E-06 5.5000E-07 5.9784E-01
2 2.1500E-06 1.0000E-06 7.6547E-01
3 4.6500E-06 2.1500E-06 7.7140E-01
4 1.0000E-05 4.6500E-06 7.6572E-01
5 2.1500E-05 1.0000E-05 7.6547E-01
6 4.6500E-05 2.1500E-05 7.7140E-01
7 1.0000E-04 4.6500E-05 7.6572E-01
8 2.1500E-04 1.0000E-04 7.6547E-01
9 4.6500E-04 2.1500E-04 7.7140E-01
10 1.0000E-03 4.6500E-04 7.6572E-01
11 2.1500E-03 1.0000E-03 - 7.6547E-01
12 4.6500E-03 2.1500E-03 7.7140E-01
13 1.0000E-02 4.6500E-03 7.6572E-01
14 ~ 2.1500E-02 1.0000E-02 7.6547E-01
15 4.6500E-02 2.1500E-02 7.7140E-01
16 1.0000E-01 4,6500E-02 7.6572E-01
17 1.4100E-01 1.0000E-01 3.4359E-01
18 2.0000E-01 1.4100E-01 3.4956E-01
19 2.8300E-01 2.0000E-01 " 3.4713E-01
20 4.0000E-01 2.8300E-01 3.4602E-01
21 5.6600E-01 4.0000E-01 3.4713E-01
22 8.0000E-01 5.6600E-01 3.4602E-01
23 1.0580E+00 8.0000E-01 2.7952E-01
24 1.4000E+00 1.0580E+00 2.8009E-01
25 1.8710E+00 1.4000E+00 2.9000E-01
26 2.5000E+00 1.8710E+00 2.8982E-01
27 3.1620E+00 2.5000E+00 2.3491E-01
28 4.0000E+00 3.1620E+00 2.3509E-01
29 4.5160E+00 4.0000E+00 1.2133E-01
30 5.0990E+00 4.5160E+00 1.2142E-01
31 5.7570E+00 5.0990E+00 1.2137E-01
32 6.5000E+00 5.7570E+00 1.2139E-01
33 7.3280E+00 6.5000E+00 1.1990E-01
34 8.2610E+00 7.3280E+00 1.1984E-01
35 9.3140E+00 8.2610E+00 1.1997E-01
36 1.0500E+01 9.3140E+00 1.1986E-01
37 1.1478E+01 1.0500E+01 8.9057E-02
38 1.2549E+01 1.1478E+01 8.9209E-02
39 1.3720E+01 1.2549E+01 8.9214E-02
40 1.5000E+01 1.3720E+01 8.9196E-02
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Filler module Vacuum vessel

Blanket

Figure 2.2-3 MCNP calculation model.
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2.2.3 Neutron fluxes behind shielding blankets and at the backside of filler module.

Calculated neutron spectra behind shielding blankets and at the backside of filler
module are shown in Figure 2.2-4. Here the blanket number is as shown in Fig. 2.2-5. The
neutron flux at the backside of filler module is also about one order higher than that and
behind the blankets, which shows that the neutron flux at the backside of the filler module is
dominated by the neutron steaming along the gap between the filler module and adjacent

blanket modules. So we gave up the install at the backside of filler module.

1 0 IR A M 30 2.0, SOOGS0 P SR B )| SUPURN UNN IR WA §11 RNl ML ILES B ALLY T LIATHI PR B BALL LAMR LIS 0L (U D IS BLU 3 111 URN DR R ALY V!
PPN 08 -

e behind blanket #14

behind filler #7 - A .
10" Lo |
S
i =i f
10" L g }ﬁL
........... ] '___l X0
- i S wd]
............ I ‘*I-ILL
'ZZI:IL """""""""" -

10”7 10°° 103 10°" 10’
Energy (MeV)

Neutron flux/iethergy (n/cm?ss/unit lethergy)

Figure 2.2-4 Calculated neutron spectra behind shielding blankets and at the backside of filler

module.
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2.2.4 Finding of suitable positions

The detection efficiency of a neutron detector inside the vacuum vessel seems to be
affected by the change of the plasma position and the neutron source profile, because the
detectors are much closer than those of ex-vessel neutron flux monitor. In ITER-FDR, we
proposed 10 poloidal locations for the micro fission chambers. Here we selected the install
positions, which are less sensitive to the changes in the plasma position and the neutron

source profile.

Blanket #
1 417 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
- T T T T ! T T T T ! T T T ¥ ! T T T T T T T T T T T T T T T |~

| %dRes/dR)*BOcm ) 1
1.3 [-..| - -O- - (dRes/dZ)*50cm STV R, S— ]
[ | — & -dRes/dPeaking-factor S = 1

1.2 |

Change in detection efficiency

-100 -50 0 50 100 150 200 250

Poloidal angle (degree)

Figure 2.2-5 Changes in the detection efficiency for the changes in horizontal and vertical

plasma positions, and the peaking factor of the neutron source profile
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Changes in the detection efficiency for the changes in horizontal and vertical plasma
positions, and the peaking factor of the neutron source profile are plotted against the poloidal
angle of blankets as shown in Figure2.2-5. Positions at the blankets #11 and #16 are almost
insensitive to the changes in the horizontal plasma position and the peaking factor of the
neutron source profile. The changes in the vertical plasma position are opposite direction. So
the averaged outputs of the micro fission chambers at #11 and #16 may be insensitive to the

changes in the plasma position and the neutron source profile.
2.3 Effects of Plasma Position and Neutron Source Profile

The detection efficiency of a neutron detector inside the vacuum vessel seems to be
affected by the change of the plasma position and the neutron source profile. However, we
have a possibility to reject or reduce the effects by installing the detectors at several poloidal
angles. We calculated the detection efficiencies and those plasma parameter dependencies of
the 235U micro fission chambers behind blankets #11 and #16.

2.3.1 Neutron and gamma-ray spectra

Neutron and gamma-ray spectra at the positions behind blankets #11 and #16 are

shown in Figures 2.3-1 and 2.3-2. Those spectra at both positions are almost identical.
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10" 2 ——rrrrm—rremm e
oS00 MW ,
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] ——— Behind blanket #16
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Figure 2.3-1 Neutron spectra at the positions behind blankets #11 and #16.

10'2

FB00- MW - bhind blanket #11 1
oo behind blanket #16 ]
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109 et ot taans . JN{ e tbaaas
10°2 10" 10° 10 10°
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Figure 2.3-2 Gamma-ray spectra at the positions behind blankets #11 and #16.
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2.3.2 Detection efficiencies for the changes in the plasma position and the neutron source

profile

Dependence of the detection efficiencies for the horizontal plasma shift is shown in
Figure 2.3-3. The detection efficiencies are very week functions against the horizontal

plasma position.

510" —————
—-o—behinclj blanket #11
—8 -behind blanket #16
> 4510
[ = H ]
2
L2
“6 -
4 10‘12 U SO :
.5 ] .\‘h-——-_’\‘_/
°
% TR e — B i
Q 35102 8
310'12-... R R
5.8 6 6.2 6.4 6.6
R, (m)

Figure 2.3-3 Dependence of the detection efficiencies for the horizontal plasma shift

Dependence of the detection efficiencies for the vertical plasma shift is shown in
Figure 2.3-4. The detection efficiency at #11 increases monotonically with the vertical
plasma shift. On the other hand, that at #16 decreases.

Dependence of the detection efficiencies for the changes in the peaking factor of the

neutron source profile is shown in Figure 2.3-5.
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Figure 2.3-4 Dependence of the detection efficiencies for the vertical plasma shift.
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Figure 2.3-5 Dependence of the detection efficiencies for the changes in the peaking factor of

the neutron source profile.
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2.3.3 Effects of the plasma position and the neutron source profile on the total neutron

emission rate from the micro fission chambers ‘

The total neutron emission rate can be represented by the linear combination of the

micro fission chamber counts as follows;

S =wy Cri/en + wie Cig/Eis

wip + Wig =1 (2.3-1)

Where S, is the total neutron emission rate, w; is a weigh for the linear combination, C; is a
count rate, and €; is detection efficiency for the reference plasma parameters. The weights w;

are determined to minimize the deviation of the total neutron emission rate.
From the calculation shown in Figures 2.3-3 - 2.3-5, following parameters were

obtained;

£,,=3.86 x 10"'? counts/source_neutron

£ 16= 3.63 x 10"'2 counts/source_neutron

Wi = 0.49
Wiy = 0.51

The errors of the total neutron emission rate due to changes in the plasma parameters are
shown in Figures 2.3-6 - 2.3-8. We found that the errors due to changes in the plasma

parameters are less than £3%.



JAERI-Tech 2001-066

10 TY'I]:YT'II vlll!vvvcgzv:w— T
[ 0.49+(#11)+0.51(#16)
3
g 5
e L
:
: ‘\
F \‘\
® 0
(3
‘5 h \\ _——/‘
8 F
£ Z
5 -5
w0
58 59 6 6.1 62 6.3 64 65 6.6

R, (m)

Figure 2.3-6 Errors of the total neutron emission rate for the horizontal plasma shift.
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Figure 2.3-7 Errors of the total neutron emission rate for the vertical plasma shift.
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Figure 2.3-8 Errors of the total neutron emission rate for the changes in the peaking factor of

the neutron source profile.
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2.4 Lifetime Estimation

A lifetime of the micro fission chamber is determined by the change of the sensitivity
of the chamber due to the burn-up of the fissile material. 235U is burned up through mainly
fission and neutron capture reactions. So the number of 235U atoms, Na3sy, is represented by

following equation;

d
3¢ N235U(t) = -N235U()6(0 2350 + 0 c2350) (24-1)

where G350 and O¢a35y are averaged fission and neutron capture cross-sections defined by

j o(E)®(E)dE
G e eerererrart—

242
Jo(E)dE (242)

where ¢(E) is the neutron energy spectrum at the micro fission chamber.

From equation (2.4-1),

N2ssu(t) = N2ssu(0)Exp{—®(G 35 + Ocpzsu )t}
= Na3su(0){ 1-0(0r2350 + Oca3sult} (2.4-3)

= Na3su(0)(1-¢0p35u 1)

is obtained. For the detector position behind a blanket (typically #11), the burn-up of 235U

atoms is dominated by the fission reaction, because the fission cross section is about 10°
larger than the capture one. The burn-up rate of ¢Sp3sy is 2.7 X 10-11 s-1 as shown in Table
2.4-1. The change of the sensitivity is estimated to be only 0.1 % behind blankets for the

ITER life time which is equivalent to 0.5 GWeyear. So we can use 235U chambers without

replacement in the ITER lifetime.
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Table 2.4-1 Burn-up rate of U235 at the detector position behind blanket.

Energy (MeV) | Neutron flux for S00MW| U-235 Fission cross-section (14]
n‘cm2-s barns (e-24 cm2) s-1

1.000E-06 4.35E+10 64.688 2.815E-12
2.150E-06 6.30E+10 36.043 2.272E-12
4.650E-06 6.90E+10 16.955 1.169E-12
1.000E-05 7.16E+10 46.482 3.328E-12
2.150E-05 7.66E+10 45.366 3.474E-12
4.650E-05 7.29E+10 43.188 3.149E-12
1.000E-04 8.45E+10 34.543 2.919E-12
2.150E-04 8.48E+10 21.076 1.787E-12
4.650E-04 7.93E+10 16.454 1.305E-12
1.000E-03 8.89E+10 11.257 1.001E-12
2.150E-03 1.03E+11 7.0442 7.253E-13
4.650E-03 9.30E+10 4.7953 4.460E-13
1.000E-02 8.28E+10 3.3453 2.771E-13
2.150E-02 9.23E+10 2.4773 2.288E-13
4.650E-02 1.11E+11 2.0224 2.243E-13
1.000E-01 1.34E+11 1.7096 2.299E-13
1.410E-01 8.08E+10 1.5112 1.221E-13
2.000E-01 8.04E+10 1.3853 1.114E-13
2.830E-01 9.31E+10 1.2883 1.200E-13
4.000E-01 1.21E+11 1.2272 1.488E-13
5.660E-01 1.12E+11 1.1612 1.306E-13
8.000E-01 1.44E+11 1.1182 1.611E-13
1.058E+00 7.65E+10 1.1732 8.980E-14
1.400E+00 7.10E+10 1.2389 8.796E-14
1.871E+00 4.95E+10 1.2676 6.268E-14
2.500E+00 3.20E+10 1.2926 4.135E-14
3.162E+00 1.78E+10 1.2411 2.207E-14
4.000E+00 1.26E+10 1.1832 1.489E-14
4.516E+00 4.94E+09 1.1428 5.642E-15
5.099E+00 4.92E+09 1.0875 5.353E-15
5.757E+00 4.63E+09 1.0408 4 817E-15
6.500E+00 3.51E+09 1.1503 4.039E-15
7.328E+00 3.75E+09 1.539 5.768E-15
8.261E+00 3.25E+09 1.7649 5.735E-15
9.314E+00 4.07E+09 1.7687 7.197E-15
1.050E+01 3.76E+09 1.7381 6.536E-15
1.148E+01 2.96E+09 1.7082 5.061E-15
1.255E+01 4.50E+09 1.7598 7.920E-15
1.372E+01 1.39E+10 1.9401 2.687E-14
1.500E+01 2.78E+10 2.0941 5.818E-14

- Total 2.661E-11
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2.5 Dynamic Range

Wide dynamic range of 107 in single fission chamber has been demonstrated in the
JT-60U neutron monitor{3] with both pulse counting and Campbelling modes, which meets
the ITER requirement for the neutron monitor. The linearity was calibrated using a fission
reactor with output power range of 107 before installation on JT-60U. Because the pulse
width of the fission chamber output is about 100 ns, the maximum pulse counting rate is
about 10° counts/s due to pulse pile-up. The Campbelling mode is available for equivalent
counting rate more than 10° counts/s. We confirmed one decade of overlap in pulse counting
and Campbelling modes. From this experience, expected dynamic range of micro fission
chamber with 10 mg 235U is shown in Figure 2.5-1. So this system can cover the 107 of ITER

operation range.

9
10° 3 Campbellingniode %
Q f / :
B i
2 107 L
c 3 H
- L
o 6 [
S 107 by
] E Pulse cournting
S 408 |
o /
£ -
E 104 I s
=3 3
O 3
o 3 [ {
BRI+ S AR Pul ti 3
10 // e T
102 i o i ki ]

102 10° 10* 10° 10° 107 10® 10°
Fusion power (W)

Figure 2.5-1 Dynamic range of micro fission chamber with 10 mg 235U.
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However, statistical error of the pulse counting is a problem for lower fusion power.
Statistical error of the pulse counting is plotted against the fusion power for 1 ms and 10 ms
~ sampling times in Fig.2.5-2. If we keep the statistical error to be less than 10%, realistic
dynamic range is 100 kW — IGW of the fusion power for 1 ms sampling time. For longer
sampling time such as 10 ms at the lower fusion power, we can extend the measurement limit
to 10 kW operation.

In the case of DD operation, the fusion power is estimated to be about 2 orders lower
than DT operation. So the effective dynamic range of the micro fission chamber system is
only 2-3 decades at the DD operation. The installation space is too tight to increase the
amount of fissile material in the micro fission chamber which needs bigger size. We had
better use a high sensitive detector for the low power DT operation or DD operation. The

high sensitive detector will be installed in the port plug and is designed as a neutron flux
monitor system (WBS 5.5B. 04).

50 —rrgrm ,
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40 | ~——10 ms sampling
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102 10® 10* 10° 10° 107 10°® 10°
Fusion power (W)

Figure 2.5-2 Statistical error of the pulse counting plotted against the fusion power

for 1 ms and 10 ms sampling times.
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2.6 Gamma-ray Effect

This micro fission chamber can be operated in the pulse counting and the
Campbelling modes. In the pulse counting mode, current pulse generated by the fission
fragments or gamma reaction in the ionizing gas is measured. The fission reaction releases
~170 MeV as the kinetic energy of fission fragments. One fragment goes into the ionization
gas and another goes into electrode wall. Average energy deposited in the ionization gas is 70
— 100 MeV, on the other hand gamma energy is less than 10 MeV (see Fig.2.3-2). So we can
eliminate the gamma pulses by conventional pulse discrimination technique. The Campbell
mode is less sensitive to gamma-rays and the gamma-ray effect is negligible. Based on the
gamma-ray irradiation test with a dose rate of ~2MR/h carried out as the R&D task T493, the
gamma-ray effects are summarized in Table 2.6-1. From this table, we do not need gamma-
ray compensation detector which is same size detector without fissile material. However, we
decided to employ the dummy detector not only for the gamma-ray compensation but also
identification of noise events and radiation induced events such as RIEMF (Radiation

Induced Electrical Motive Force).

Table 2.6-1 Outputs of the micro fission chamber by neutrons and gamma-rays at 500 MW.

Neutron Flux behind the blanket 23%10%n/ m?:s

Gamma dose rate behind the blanket 2.4x 10° R/h

Campbelling mode (A*/Hz)

Neutrons 5.9x 107"
Gammas 1.9%x 102
S/N ratio (Neutrons/Gammas) 3.1x10°

Current mode (A)

Neutrons | 6.7 x 10*
Gamma-rays 3.7%x10°
S/N ratio (Neutrons/Gammas) 1.8 x 10?
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2.7 Magnetic Field Effect

The effect of the strong magnetic field on the fission chamber is another problem. In
the fission chamber, we measure the electron induce current from ionization by fission
fragments. So we calculated the electron drift orbit in the magnetic field. The electron drift

velocity u is represented by

_ He E+EXB_(0_C+(E°B)_(23_

= 2.7-1)
1 + w2v? B v B2 V2

where me is the electron mobility, n is the collision frequency of the electron to neutral atoms,
and w is the electron cyclotron frequency in the magnetic field B. If we assume E = (Ex, 0,

0) and B= (0, 0, B,

= He Ex He Ex @c_ 0
1+@2v: 1+ @V V

2.7-2)

An angle between u and E, Lorentz angle a,, is represented by tan o = @¢/n. In the case of the

micro fission chamber with 14.6 atm Argon gas, applied voltage of 200 V to 0.5 mm

electrode gap, in the magnetic field of 5.7 T, the mobility without magnetic field is ugp = 3

x 103 m/s. the Lorentz angle is evaluated as, tan o =0.04 <<I.

Thus the magnetic effect on the electron drift velocity is to be negligible. However,
we do not have experience of a fission chamber using in high magnetic field such as 5.3T.

We should confirm the magnetic effects on the fission chamber experimentally.
2.8 Nuclear Heating

Nuclear heating of the detector is an important issue for the in-vessel diagnostics.
Active water cooling of the detector is rather difficult due to the tight space between the
blanket modules and back plate. The nuclear heating of the micro fission chamber is
estimated to be 0.1 - 0.2 W/cc at the detector position behind the blanket module. The micro
fission chamber can be operated up to 300 °C, so that it seems possible to cool it by thermal

contact with the vacuum vessel which is cooled by water.
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2.9 Calibration

Absolute calibration for the total neutron yield is the most critical issue in the design
of the neutron monitor. In the present tokamaks, neutron monitors are calibrated by moving
neutron source such as 252Cf radioactive source or the DT neutron generator. In ITER, in-situ
calibration by moving the DT neutron generator remotely inside the vacuum vessel should be
performed.

We simulated the in-situ calibration by MCNP calculation, where a point source of
14 MeV neutrons is moving on the plasma axis with R = 6.2 m and Z=0.53 m as shown in
Fig. 2.9-1. The modeling of the ITER machine is same as in Fig.2.2-3. The detector position
is behind the blanket #11.

/Vacuum vessel

Shielding blankets

| calibration source

Torodal angle

Micro fission chamber

Figure 2.9-1 Calculation model of the in-situ calibration. A point source of 14 MeV

neutrons is moving on the plasma axis with R = 6.2 m and Z=0.53 m.
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Figure 2.9-2 shows the detection efficiency of the detector behind the blanket #11 for
the point source on the plasma axis with R = 6.2 m plotted against the toroidal angle of the

~ source. The sharp drop of the efficiency is observed at +100 degree, which shows that the

source goes into the shadow of the inboard blanket.
A compact DT neutron generator with emission rate of ~101! neutrons/s has been
developed by Russian home team, which can be installed on the remote handling apparatus

and can move inside the vacuum vessel. If we use the DT neutron generator with emission
rate of 1 X 10!! neutrons/s, a count rate higher than 1 count/s can be expected in the range of

toroidal angle 25 degree. Also a count rate higher than 0.1 count/s can be expected for £100

degree.

Relative integrated efficiency is defined by,

leo)do

[ie@)do
(2.9-1)

where &(¢) is a detection efficiency for a point neutron source on the plasma axis with

R = 6.2 m at the toroidal angle of ¢. The relative integrated efficiency is plotted against the

toroidal angle as shown in Fig.2.9-3. In this calibration, the detection efficiency for the
toroidal neutron source in derived from the integration of the detection efficiencies for a point
neutron source. If we scan the point source in the range of toroidal angle +100 degree, we
can obtain the detection efficiency for the toroidal neutron source with an accuracy higher
than 95%. Example of the calibration procedure is shown in Table 2.9-1. In this MCNP
calculation, the modeling is toroidally symmetric against the micro fission chamber, however,
real ITER-FEAT machine is not symmetric. Therefore, we have to scan both toroidal

direction. If we scan the point source each 10 degree in the range of toroidal angle +100
degree, we need three days for the calibration, where the time for moving source should be
taken into account.

In this calibration simulation, a point neutron source is scanned only on the plasma
axis. On the real calibration experiment at TFTR, a point neutron source was scanned not
only on the plasma axis but also several off-axis direction. But it takes much time. Here we

discuss the difference of the detection efficiency derived from the point efficiency and that



for the distributed source with a parabolic distribution profile in a poloidal cross-section as

shown in Table 2.9-2. The detection efficiency from the point source calibration agreed
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those for the distributed source within 5%.

In this design, micro fission chambers are operated mainly in Campbelling mode with
wide dynamic range. Here, the linearity calibration of the Campbelling output is necessary

before the installation. As carried out in JT-60U, the linearity calibration using a fission

reactor is proposed for those micro fission chambers.

By those calibrations, the micro fission chamber system can meet the required 10%

accuracy goals of the fusion power measurement for the ITER fusion power monitor.

Table 2.9-1 Procedure of the point source calibration.

Poroidal Angle |Detction efficiency [Accumulation time Counts Statistical error | Relative error
degree sec %
-100 1.462E-12 18000 2.631E+03 51.3 1.9
-90 1.589E-12 18000 2.859E+03 53.5 1.9
-80 1.772E-12 14400 2.552E+03 50.5 2.0
-70 2.181E-12 14400 3.141E+03 56.0 1.8
-60 2.506E-12 10800 2.706E+03 52.0 1.9
-50 3.302E-12 10800 3.567E+03 59.7 1.7
-40 4.480E-12 7200 3.225E+03 56.8 1.8
-30 6.854E-12 7200 4.935E+03 70.2 1.4
-20 1.237E-11 3600 4.454E+03 66.7 1.5
-10 2.225E-11 3600 8.010E+03 89.5 1.1
0 2.837E-11 3600 1.021E+04 101.1 1.0
10 2.225E-11 3600 8.010E+03 89.5 1.1
20 1.237E-11 3600 4.454E+03 66.7 1.5
30 6.854E-12 7200 4.935E+03 70.2 1.4
40 4.480E-12 7200 3.225E+03 56.8 1.8
50 3.302E-12 10800 3.567E+03 59.7 1.7
60 2.506E-12 10800 2.706E+03 52.0 1.9
70 2.181E-12 14400 3.141E+03 56.0 1.8
80 1.772E-12 14400 2.552E+03 50.5 2.0
90 1.589E-12 18000 2.859E+03 53.5 1.9
100 1.462E-12 18000 2.631E+03 51.3 1.9
total (hour) 61
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Figure 2.9-2 Detection efficiency of the detector behind the blanket #11 for the point source
on the plasma axis with R = 6.2 m plotted against the toroidal angle of the source. (a) is linear

plot and (b) is log plot.
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Figure 2.9-3 Relative integrated efficiency is plotted against the toroidal angle.

Table 2.9-2 Comparison of the detection efficiency derived from the point efficiency and

those for the distributed source with a parabolic distribution profile in a poloidal cross-section.

Peaking factor | Detection efficiency Error

from point source calibration 4.11E-12 1.4%
1.3 4.02E-12 1.1%

for distributed source 1.8 3.86E-12 1.1%
23 4.08E-12 1.1%

2.8 3.98E-12 1.1%
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3. DETAILED SYSTEM DESCRIPTION

3.1 General Equipment Arrangement

The proposed arrangement of micro fission chambers on ITER is shown in Figures
3.1-1 - 3.1-3. A set of 235U micro fission chamber and “blank™ detector which is a fissile
material free detector with same dimension as the micro fission chamber to identify noise
issues such as from gamma-rays are installed behind blankets #11 and #16 in a toroidal
location. We propose two toroidal locations for the redundancy.

Pre-amplifier should be located as near as possible to the fission chambers from the
noise prevention point of view. Therefore, pre-amplifiers will be installed just outside of the

cryostat. Integrated amplifiers and power supplies will be installed in the pit outside of the

biological shield.

3.2 Micro Fission Chamber Unit

A micro fission chamber with 2*°U and a dummy chamber are mounted in a same
sheath as shown in Fig. 3.2-1. The micro fission chamber is covered with a thermal neutron
shield with 1-mm thick cadmium. Both chambers are insulated electrically by a ceramics

insulator. This micro fission chamber unit will be welded to the vacuum vessel directly.

3.3 Installation of Micro Fission Chambers on Vacuum Vessel

Figure 3.3-1 shows the isometric view of the micro fission chambers on the vacuum
vessel. The micro fission chamber unit is located behind a blanket module as shown in Fig.
3.3-2. The sheath will be welded to the vacuum vessel which is cooled by water coolant, and
through the heat conduction (see Figure 3.3-3). The outer sheath of the detector is electrically
connected to the socket. However, the housing of the detector is maintained at the same
ground level as the pre-amplifier. The output signal is transferred via the same MI cable as

the high voltage supply. The cables are routed through diagnostic cable conduits.
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Figure 3.3-1 Isometric view of the micro fission chambers on the vacuum vessel.
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Figure 3.3-3 Cross section of the blanket module and the vacuum vessel showing the location

of the micro fission chamber unit. Only the back part of the blanket is shown.
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3.4 Data Acquisition and Control

A block diagram of the electronics and data acquisition equipment is shown in
Fig.3.4-1. Detectors will require high voltage power supplies, preamplifiers, amplifiers,
pulse counting circuitry, Campbelling amplifiers, digital equipment, etc. Preamplifiers should
be installed near the detectors. Considering the radiation condition, the location in the pit near
the biological shield is desirable. The integrated amplifier designed for the JT-60U neutron
flux monitor consisting of a high voltage power supply, pulse amplifier, and Campbelling
amplifier is preferable. The Campbelling amplifier has three different amplitude output.

Typically, the relative gains are 1, 10% and 10* to get a wide dynamic range.

Micro fission chamber
[ Preamplifier

L ==

1
Signal selector]  |HV power| | Preamplifie
‘ ‘ supply power
Pulse Campbelling supply
amplifier] famplifier
% L CAMAC or VME create
Pulse Waveform
scaler digitizer
=]
CODAC
- system
e
Workstation

Figure 3.4-1 Block diagram of the electronics and data acquisition equipment.
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The policy of the data acquisition for all diagnostics has not been established yet. We
estimated the data amount of the micro fission chamber system assuming that we will

measure with constant sampling time for whole discharge as shown in Table 3.4-1.

Table 3.4-1 Data amount of the micro fission chamber system.

Number of Sampling Inductive Hybrid Non-inductive
Channels time operation operation operation
400 s 1000 s 3000 s

Pulse 8 ch 1 ms 6.4 MB 16 MB 48 MB
counting
Campbelling | 8 chx 3 gain | 1 ms 38.4MB 96 MB 288 MB
mode
Total 44.8 MB 112 MB 336 MB
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3.5 Calibration Hardware

As discussed in Section 2.9, in-situ calibration will be required to get the detection
efficiencies for the total neutron yield or the fusion power. An essential element of such
calibrations is an intense, robust, yet compact DT neutron generator. The generator should
produce 14 MeV neutrons at an average rate of ~10"" n/s, and be sufficiently compact and
portable to allow operation inside the ITER vacuum vessel during initial system calibration
and extended maintenance periods, using standard remote handling equipment, for in situ
mapping of detector response. Of course this calibration hardware can be shared with the
neutron flux monitor installed outside the vacuum vessel. So far, a neutron generator which

has been developed in Russian home team is one of the candidate [12].
3.6 Component List

List of components is summarized in Table 3.6-1.

Table 3.6-1 List of components

Component Quantity Size (mm) | weight (kg)
235U Micro Fission Chamber 4 $20 x 220 1.0
“Blank” detector 4 $20x 220 1.0
MI Cable 8 $8 TBD
Preamplifier 8 300x 190 x 120 |4
Preamplifier Box 2 600x 600 x 200 120
Integrated Amplifier 8 480x 180 x 400 10
CAMAC or VME create 2 300%x 190x 120 |20
ADC Module 3 222% 48x% 305 2.0
Scalar Module 1 222% 16X 305 1.0
Workstation 1 TBD TBD
Other Digital Modules TBD TBD TBD
Neutron generator 1 TBD TBD
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4. OPERATION STATE DESCRIPTION

4.1 Commissioning State

All equipment should be installed in the commissioning stage of ITER. ITER has not

commenced operation. All electronic equipment is accessible for testing.

4.2 Calibration State

Micro fission chambers are installed and operational. ITER has not commenced

operation, and the vacuum vessel is open for in-vessel activities. Neutron generator and

transport apparatus are temporarily installed inside ITER vacuum vessel before initial pump-

down. Personnel access is excluded in all areas affected by operation of the neutron

generator.

4.3 Experimental Operations State

All equipment is operational. ITER will be in operation. Personnel access is

excluded, according to project safety requirements.

4.4 Maintenance State

ITER is not in operation. Access to equipment for maintenance activities is

determined according to project safety requirements. Basically equipment inside the

biological shield are maintenance free.
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5. CRITICAL DESIGN AREAS AND R&D ITEMS

5.1 Critical Design Areas

s Analysis of the electro-magnetic stress in disruption should be done.

« Effect of the temperature on the sensitivity should be evaluated.

« The technique of the sensitivity calibration should be designed. One of the candidate is
putting a small amount of radio active neutron source such as 252Cf near the micro fission

chamber. Another candidate is a cross calibration to the neutron activation measurement

which is a absolute neutron flux measurement.

5.2 Necessary R&D Items

« The effect of the strong magnetic field on the micro fission chamber should be confirmed

experimentally.
« Also effect of the temperature on the sensitivity should be evaluated experimentally.

« Vibration test on the micro fission chamber should be done to simulate the mechanical

shock in disruption.

« The effect of the strong RF heating on the micro fission chamber should be confirmed

experimentally.
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6. CONCLUSION

We designed a neutron monitor using micro fission chambers to be installed inside the
vacuum vessel. We investigated the responses of the micro fission chambers to find the
suitable position of micro fission chambers by a neutron Monte Carlo calculation using
MCNP version 4b code. It was found that the average output of the micro fission chambers at

the proposed locations behind blanket modules is insensitive to the changes in the plasma

position and the neutron source profile. A set of 235U micro fission chamber and “blank”
detector which is a fissile material free detector to identify noise issues such as from gamma-
rays are installed behind blankets #11 and #16 in a toroidal location. We propose two toroidal
locations for the redundancy.

Employing both pulse counting mode and Campbelling mode in the electronics, we can

accomplish the ITER requirement of 10° dynamic range with 1 ms temporal resolution. Life
time of the micro fission chamber is estimated. The change of the sensitivity is estimated to

be only 0.1 % behind blankets for the ITER life time which is equivalent to 0.5 GWeyear. So

Wwe can use 235U chambers without replacement in the ITER lifetime.

We simulated the in-situ calibration by MCNP calculation, where a point source of 14
MeV neutrons is moving on the plasma axis. It was found that the direct calibration was
possible by using a neutron generator with an intensity of 10" n/s. The micro fission

chamber system can meet the required 10% accuracy for a fusion power monitor.



JAERI-Tech 2001-066

ACKNOWLEDGMENTS

The authors would like to appreciate Mr. H. Kawasaki and Mr. M. Wada for his support
on the neutronics calculations. We appreciate Dr. S. Yamamoto for his pioneer work on the
micro fission chambers in ITER CDA.

This report has been prepared as an account of work assigned to the Japanese Home
Team under Task Agreement number N 55 TD 02.03 FJ within the Agreement among the
European Atomic Energy Community, the Government of Japan, and the Government of the
Russian Federation on Cooperation in the Engineering Design Activities for the International
Thermonuclear Experimental Reactor ("ITER EDA Agreement") under the auspices of the

International Atomic Energy Agency (IAEA).



JAERI-Tech 2001-066

REFERENCES

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(%]

O.N. Jarvis, G. Sadler, P. van Bell and T. Elevant: “In-vessel calibration of the JET

neutron monitors using a 252Cf neutron source: Difficulties experienced”, Rev. Sci.
Instrum. 61, 3172 (1990).

H.W. Hendel, R.W. Palladino, Cris W. Bames, et al.: “In situ calibration of TFTR
neutron detectors”, Rev. Sci. Instrum. 61, 1900 (1990).

T. Nishitani, H. Takeuchi, T. Kondoh, et al.: “Absolute calibration of the JT-60U

neutron monitors using a 252Cf neutron source”, Rev. Sci. Instrum. 63, 5270 (1992).

V.Mukhovatov, H. Hopman, S. Yamamoto, et al.: “ITER Diagnostics”, ITER
Documentation Series, No.33, IAEA, Vienna (1991).

T. Iguchi, J. Kaneko, M. Nakazawa, T. Matoba, T. Nishitani and S. Yamamoto:
“Conceptional design of neutron diagnostics system for fusion experimental reactor”,
Fusion Eng. Design 28, 689 (1995).

T. Nishitani, K. Ebisawa, T. Iguchi and T. Matoba: “Design of ITER neutron yield

monitor using microfission chambers”, Fusion Eng. Design 34-35, 567 (1997).

T. Nishitani, K. Ebisawa, L.C. Johnson, et al.: “In-Vessel Neutron Monitor Using
Micro Fission Chambers for ITER”, in Diagnostics for Experimental Thermonuclear
Fusion Reactor 2, P.E. Stott, G. Gorini and E. Sindoni ed., Plenum Press, New York
(1998).

T. Nishitani, S. Kasai, L.C. Johnson, K. Ebisawa, C. Walker and T. Ando: “Neutron
monitor using microfission chambers for the International Thermonuclear Fusion

Reactor”, Rev. Sci. Instrum. 70, 1141 (1999).

Y. Endo, T. Ito and E. Seki: “A counting-Cambelling neutron measurement system
and its experimental results by test reactor”, IEEE Trans. Nucl. Sci. NS-29, 714
(1982).



JAERI-Tech 2001-066
[10] J.F. Briesmeister (Ed.): “MCNP - A General Monte Carlo N-Particle Transport Code,
version 4B.” LA-12625-M, Version 4B, Los Alamos National Laboratory (1997).

[11] T. Nakagawa, K. Shibata, S. Chiba, et al.: “Japanese evaluated nuclear data library
version 3 revision-2: JENDL-3.2”, J. Nucl. Sci. Technol. 32, 1259(1995).

[12] Yu.A. Kaschuck, D.V. Portnov, A.V. Krasilnokov, et al.: “Compact Neutron
Generator for Diagnostic Applications”, Rev. Sci. Instrum. 70, 1104 (1999).



JAERI-Tech 2001-066

APPENDIX

Input file of MCNP-4b code for the micro fission chamber response calculation.

Iter-feat RESPONSE FUNCTION CALCULATE SPECTRUM.

C CELLCARDS

c

¢ plazma

v

I 1 1.000e-11 (251 260 -1006 -3) : (-261 1006 -1020)

:(-271 1020 -1060 251) : (-281 1060 -1050 251) : (-291 1050 1080)
:(-301 -10802):(-311-260 -2)

c blanket shield
c
11 3 1.2366e-1 -251 252 260 -1006
12 3 1.2366e-1 261 -262 1006 -1020  #(602 -603 ) #(942 -943)
13 3 1.2366e-1 271 -272 1020 -1060
14 3 1.2366e-1 281 -282 1060 -1050 #(952 -953 -288)
15 3 1.2366e-1 291 -292 1050 1080 #(972 973 -298)
16 3 1.2366e-1 301 -302-1080 2 #(-992 993 -308)
17 3 1.2366e-1 311 -312 -260 -2 #(-260-573 -318)

21 15 8.4488e-2 -252 253 260 -1006

22 15 8.4488e-2 262 -263 1006 -1020  #(602 -603 ) #(942 -943)
23 15 8.4488e-2 272 -273 1020 -1060

24 15 8.4488e-2 282 -283 1060 -1050  #(952 -953 -288)

25 15 8.4488e-2 292 -293 1050 1080  #(972 973 -298)

26 15 8.4488e-2 302 -303-1080 2  #(-992 993 -308)

27 15 8.4488e-2 312 -313 -260 -2  #(-260-573 -318)

31 16 8.8116e-2 -253 254 260 -1006

32 16 8.8116e-2 263 -264 1006 -1020  #(602 -603 ) #(942 -943)
33 16 8.8116e-2 273 -274 1020 -1060

34 16 8.8116e-2 283 -284 1060 -1050  #(952 -953 -288)

35 16 8.8116e-2 293 -294 1050 1080  #(972 973 -298)

36 16 8.8116e-2 303 -304-1080 2  #(-992 993 -308)

37 16 8.8116e-2 313 -314 -260 -2  #(-260-573 -318)

41 16 8.8116e-2 -254 255 260 -1006

42 16 8.8116e-2 264 -265 1006-1020  #(602 -603 ) #(942 -943)
43 16 8.8116e-2 274 -275 1020 -1060

44 16 8.8116e-2 284 -285 1060-1050  #(952-953 -288)

45 16 8.8116e-2 294 -295 1050 1080  #(972 973 -298)

46 16 8.8116e-2 304 -305-1080 2  #(-992 993 -308)

47 16 8.8116e-2 314 -315 -260 -2  #(-260-573 -318)



51
52
53
54
55
56
57

61
62
63
64
65
66
67

71
72
73
74
75
76

77

81
82
&3
84
85
86

91
92
93
94
95
96

16
16
16
16
16
16
16

16
16
16
16
16
16
16

0
0
0
0
0

0
(-1
0
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8.8116e-2 -255 256 260 -1006 ~

265 -266 1006 -1020  #(602 -603 ) #(942 -943)
275 -276 1020 -1060

285 -286 1060-1050  #(952-953 -288)

295 -296 1050 1080  #(972 973 -298)

305 -306-1080 2  #(-992 993 -308)

315 -316 -260 -2 #(-260-573 -318)

8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116¢-2

8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2

-256 258 26

0 -1006

266 -268 1006 -1020 #(602 -603) #(942 -943)
276 -278 1020 -1060

286 -288 1060 -1050 #(952 -953 -288)

296 -298 1050 1080 #(972 973 -298)

306 -308 -1080 2 -1091 #(-992 993 -308)

316 -318 -260 -2 #(-260 -573 -318)

gap between blanket and V.V

-258 1010 260 -1006
268 -1021 1006 -1020
278 -1061 1020 -1060
288 -1071 1060 -1050
298 -1081 1050 1080

308

318

2

-2

091 -1080 1090) : (-1121 -1090 1120) : (-1130-1120))

((-1130-1120 -1002) : (1010 1002 -260))

16
16
16
16
16
16

0
0
0
0
0
0

8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2
8.8116e-2

-260
602
942
952

¢ vacuum vessele

c
101
102
103
104
105

-570 -571 311
600 -601 261
940 -941 261
950 -951 281
970 971 291
-990 991 301

-317
-267
-267
-287
-297
-307

-573 311 -318 #81
-603 261 -268 #82
-943 261 -268 #83
-953 281 -288 #84
972 973 291 -298 #85
-992 993 301 -308 #86

12 8.6050e-2 -1010 1011
12 8.6050e-2 1021 -1022
12 8.6050e-2 1061 -1062
12 8.6050e-2 1071 -1072
12 8.6050e-2 1081 -1082

1002 -1006
1006 -1020
1020 -1060
1060 -1050
1050 1080



106
107
108
C
111
112
113
114
115
116
117
118

121
122
123
124
125
126
127
128

12 8.6050e-2 1091 -1092
12 8.6050e-2 1121 -1122
12 8.6050e-2 1130-1131

[N 20 O 2 o i SO R (S Y (6 ) (S ) O8]

12

9.5284e-2
9.5284e-2
9.5284e-2
9.5284e-2
9.5284e-2
9.5284e-2
9.5284e-2
9.5284e-2

8.6050e-2
8.6050e¢-2
8.6050e-2
8.6050e-2
8.6050e-2
8.6050e-2
8.6050e-2
8.6050e-2

-1011 1012
1022 -1023
1062 -1063
1072 -1073
1082 -1083
1092 -1093
1122 -1123
1131 -1132

-1012 1013
1023 -1024
1063 -1064
1073 -1074
1083 -1084
1093 -1094
1123 -1124
1132 -1133
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-1080 1090
-1090 1120
-1120 -1002

1002 -1006
1006 -1020
1020 -1060
1060 -1050
1050 1080
-1080 1090
-1090 1120
-1120 -1002

1002 -1006
1006 -1020
1020 -1060
1060 -1050
1050 1080
-1080 1090
-1090 1120
-1120 -1002

999 0 (-1013 1002 -1006) : (1024 1006 -1020)
: (1064 1020 -1060) : (1074 1060 -1050) : (1084 1050 1080)
: (1094 -1080 1090) : (1124 -1090 1120) : (1133 -1120 -1002)
C surface cards
I &z 0.0 0.0 53.0 620.0 3500 210.0
2 cz 508.11
3 ¢z 620.0
c
¢ blanket shield
251 cz 406.211
252 cz 405.211
253 cz 403.011
254 cz 391.211
255 cz 381.211
256 cz 371.211
257 ¢z 363.211
258 cz 361.211
260 pz-153.6

110.82
111.82
114.02
125.82
135.82
145.82
153.82
155.82

261 tz 0.0 0.0 355.004
262 tz 0.0 0.0 355.004
263 tz 0.0 0.0 355.004 517.029 114.02
264 tz 0.0 0.0 355.004 517.029 125.82
265 tz 0.0 0.0 355.004 517.029 135.82
266 tz 0.0 0.0 355.004 517.029 145.82
267 tz 0.0 0.0 355.004 517.029 153.82

268 tz 0.0 0.0 355.004 517.029 155.82

517.029 110.82
517.029 111.82

50
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271 z 377.240 671.343 443.390 583.876
272 z 378.038 671.946 444.188 584.479
273 z 379.793 673.273 445.943 585.806
274 z 389.204 680.391 455.354 592.924
275 z 397.180 686.423 463.330 598.956
276 z 405.156 692.455 471.306 604.988
277 z 411.536 697.281 477.686 609.814
278 z 413.132 698.487 479.282 611.020

281 tz 0.0 0.0 17.534 399.298 451.0 451.0
282 tz 0.0 0.0 17.534 399.298 452.0 452.0
283 tz 0.0 0.0 17.534 399.298 454.2 454.2
284 tz 0.0 0.0 17.534 399.298 466.0 466.0
285 tz 0.0 0.0 17.534 399.298 476.0 476.0
286 tz 0.0 0.0 17.534 399.298 486.0 486.0
287 tz 0.0 0.0 17.534 399.298 494.0 494.0
288 tz 0.0 0.0 17.534 399.298 496.0 496.0

291 tz 0.0 0.0 49.098 596.688 251.1 251.1
292 tz 0.0 0.0 49.098 596.688 252.1 252.1
293 tz 0.0 0.0 49.098 596.688 254.3 254.3
294 tz 0.0 0.0 49.098 596.688 266.1 266.1
295 tz 0.0 0.0 49.098 596.688 276.1 276.1
296 tz 0.0 0.0 49.098 596.688 286.1 286.1
297 tz 0.0 0.0 49.098 596.688 294.1 294.1
298 tz 0.0 0.0 49.098 596.688 296.1 296.1

301 tz 0.0 0.0 88.177 508.11 425.387 336.811
302 tz 0.0 0.0 88.177 508.11 426.387 337.811
303 tz 0.0 0.0 88.177 508.11 428.587 340.011
304 tz 0.0 0.0 88.177 508.11 440.387 351.811
305 tz 0.0 0.0 88.177 508.11 450.387 361.811
306 tz 0.0 0.0 88.177 508.11 460.387 371.811
307 tz 0.0 0.0 88.177 508.11 468.387 379.811
308 tz 0.0 0.0 88.177 508.11 470.387 381.811

311 tz 0.0 0.0-153.6 508.11 183.611 101.899
312 tz 0.0 0.0-153.6 508.11 184.611 102.899
313 tz 0.0 0.0-153.6 508.11 186.811 105.099
314 tz 0.0 0.0-153.6 508.11 198.611 116.899
315 tz 0.0 0.0-153.6 508.11 208.611 126.899
316 tz 0.0 0.0-153.6 508.11 218.611 136.899
317 tz 0.0 0.0-153.6 S08.11 226.611 144.899
318 tz 0.0 0.0-153.6 508.11 228.611 146.899
c

C

c filler-1

570 pz -155.6



571 z -159.5 383.2
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-169.7 357.2

573 z -161.362 383.93 -171.562 357.93

¢ filler-2
600 pz
601 z
602 pz
603 z
c filler-4
940 z
941 z
942 z
943 =z
c filler-5
950 z
951 =z
952 z
953 z
¢ filler-7
970 z
971 z
972 z
973 z
c filler-9
990 =z
991 =z
992 z
993 =z
c

402.4

405.7 407.0 437.7 380.3
400.4

406.981 408.536 438.981 381.836

502.4 5789 4662 574.8

492.1 599.1 4648 5784
502.625 576.913 466.425 572.813
490.892 600.694 463.592 579.994

3494 7733 3327 757.6
341.3 780.3 329.6 760.1
350.77 771.843 334.070 756.143
339.569 781.302 327.869 761.102

81.1 895.1 76.1 868.1
674 896.2 722 868.1
83.067 894.736 78.067 867.736
65.429 895.863 70.229 867.763

-256.6 765.7 -242.3 740.8
-267.8 755.8 -2453 738.2
-254.866 766.696 -240.566 741.796
-269.032 754.225 -246.532 736.625

¢ surfce of tally

1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
c 1213

SNNNNERRNRNENRR

20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0
20.0 20.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0 -213.300 366.308
0.0 -100.725 361.211
0.0 16.9000 361.211
0.0 124.425 361.211
0.0 237.000 361.211
0.0 335.000 361.211
0.0 474.000 416.432
0.0 509.550 536.914
0.0 465.113 629.755
0.0 385.125 732.304
0.0 0.0 305.138 803.402 20.0 20.0

0.0 0.0 231.075 846.977 20.0 20.0

tz 0.0 0.0 130.350 881.422 20.0 20.0

1213 tz 0.0 0.0 130.350 882.298 20.0 20.0
1214 tz 0.0 0.0 11.900 890.442 20.0 20.0

¢ 1215 tz 0.0 0.0-112.575 853.403 20.0 20.0
1215 tz 0.0 0.0-110.000 854.381 20.0 20.0
1216 tz 0.0 0.0-204.413 807.069 20.0 20.0
1217 tz 0.0 0.0 -302.000 721.364 20.0 20.0

¢ vacuum vessele
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1002 pz -355.185
1006 pz 355.004

1020 z 355.004 517.029 482.472 613.433
1060 z 17.534 399.298 416.322 700.9
1050 z 17.534 399.298 108.349 967.228

1080 z -72.036 871.252 49.098

596.688

1090 z -364.435 742.249 -263.525 513.522
1120 z -513.463 518.987 -263.525 513.522

c

1010 cz 357.211

1011 cz 351.211

1012 cz 345.211

1013 cz 339.211

1021 tz 0.0 0.0 355.004 517.029
1022 tz 0.0 0.0 355.004 517.029
1023 tz 0.0 0.0 355.004 517.029
1024 tz 0.0 0.0 355.004 517.029
1061 z 416.322 700.9 482.472

159.820 159.820
165.820 165.820
171.820 171.820
177.820 177.820
613.433

1062 z 421.112 704.520 487.262 617.053
1063 z 425.893 708.138 492.043 620.671
1064 z 430.679 711.758 496.829 624.291

1071 tz 0.0 0.0 17.534 399.298
1072 tz 0.0 0.0 17.534 399.298
1073 tz 0.0 0.0 17.534 399.298
1074 tz 0.0 0.0 17.534 399.298
1081 tz 0.0 0.0 49.098 596.688
1082 tz 0.0 0.0 49.098 596.688
1083 tz 0.0 0.0 49.098 596.688
1084 tz 0.0 0.0 49.098 596.688

500.0 500.0
506.0 506.0
512.0 512.0
518.0 518.0
300.1 300.1
306.1 306.1
312.1 312.1
318.1 318.1

1091 z -364.435 742.249 -72.036 871.252
1092 z -366.856 747.739 -74.457 876.742
1093 z -369.279 753.228 -76.880 882.231
1094 z -371.701 758.717 -79.302 887.720

1121 tz 0.0 0.0-263.525 513.522
1122 tz 0.0 0.0-263.525 513.522
1123 tz 0.0 0.0-263.525 513.522
1124 tz 0.0 0.0-263.525 513.522
1130 tz 0.0 0.0-355.185 515.526
1131 tz 0.0 0.0 -355.185 515.526
1132 tz 0.0 0.0-355.185 515.526
1133 tz 0.0 0.0-355.185 515.526

C PROBREM TYPE CARD
mode n
¢ impmn 1 99r 0
¢ * weight windows.
wwnl:n 0.0 0.9 6r 0.8 6r 0.5 6r
0.0 5r 0.0 5r
5.0-3 7r 0.01 7r 0.1 7r

250.0 250.0
256.0 256.0
262.0 262.0
268.0 268.0
158.32 158.32
164.32 164.32
170.32 170.32
176.32 176.32

0.1 6r 0.05 6r 0.01 6r 0.0 6r



JAERI-Tech 2001-066

-1

wwpn 53500

C material data

c

¢ vacuum (t.a.d=1.0e-11)

c

ml 1001.37¢ 1.0

c

¢ SS-Borated (ASTM-A887-89...60%,H20...40%)

c ta.d=9.5284e-02

c

m2 5010.37c 1.1334e-03 5011.37¢ 4.1232e-03 6012.37¢c 1.8894¢-04
7014.37¢ 2.0256e-04 14000.37¢ 7.5780e-04 15031.37¢c 4.1214e-05
16000.37¢c 2.6538e-05 24000.37¢ 1.0368e-02 25055.37c 1.0326e-03
26000.37c 3.0732e-02 28000.37c 6.5280e-03 1001.37¢ 2.6764e-02
8016.37c 1.3386¢-02

mt2 lwtr.0lt $ 300K

c

¢ Be..100% (ta.d=1.2366e-01)

c

m3 4009.37¢ 1.2366e-01

Cc

¢ S.S.316In...100%

c t.a.d = 8.6050e-02

c

ml2 5010.37c 8.7458e-07 5011.37c 3.5430e-06 6012.37c 8.9470e-05
7014.37¢ 2.3870e-04 8016.37c 5.9710e-06 13027.37c 8.8510e-05
14000.37c 8.5030e-04 15031.37¢ 3.8550e-05 16000.37¢ 1.1173e-05
19000.37¢c 6.1080e-07 22000.37¢c 1.4960e-04 23051.37c 3.7500e-06
24000.37c 1.6070e-02 25055.37¢ 1.5650e-03 26000.37¢ 5.5600e-02
27059.37c 4.0520e-05 28000.37¢ 9.9690e-03 29000.37¢ 7.5161e-05
40000.37¢ 1.0470e-06 41093.37¢ 2.5703e-06 42000.37c 1.2450e-03
50000.01c 8.0470e-07 73181.37¢ 2.6400e-07 74000.37c 2.5980e-07
82000.37c 1.8440e-07 83209.37c 1.8280e-07

First wall (Cu..74.30%, H20..17.80%, S.S.316In...7.90%)
t.a.d = 8.4488e-02

o 0 06

ml5 5010.37¢ 6.9092¢-08 5011.37c 2.7990e-07 6012.37c 7.0681e-06
7014.37¢c 1.8857e-05 8016.37c 4.7171e-07 13027.37¢c 6.9923e-06
14000.37¢c 6.7174e-05 15031.37c 3.0455e-06 16000.37¢c 8.8264¢e-07
19000.37c 4.8253e-08 22000.37¢ 1.1818e-05 23051.37¢c 2.9625e-07
24000.37¢ 1.2696e-03 25055.37c 1.2364¢-04 26000.37¢ 4.3924e-03
27059.37¢ 3.2011e-06 28000.37c 7.8754e-04 29000.37¢c 5.9376e-06
40000.37c 8.2713e-08 41093.37¢ 2.0305e-07 42000.37¢c 9.8355e-05
50000.01c 6.3571e-08 73181.37c 2.0856e-08 74000.37c 2.0524e-08
82000.37c 1.4568e-08 83209.37c 1.4441¢-08
1001.37¢ 1.0719¢-02 8016.37¢ 5.3613e-03 29000.37¢ 6.1609e-02

mtl5 lwtr.01t $ 300K



JAERI-Tech 2001-066

c
¢ blanket shield (H20..20.00%, S.S.316In..80.00%)
c ta.d= 8.8116e-02
c
ml6 5010.37¢ 6.9966e-07 5011.37c 2.8344e-06 6012.37c 7.1576e-05
7014.37¢c 1.9096e-04 8016.37c 4.7768e-06 13027.37¢ 7.0808e-05
14000.37¢ 6.8024e-04 15031.37¢ 3.0840e-05 16000.37c 8.9381e-06
19000.37¢c 4.8864e-07 22000.37c 1.1968e-04 23051.37c 3.0000e-06
24000.37c 1.2856e-02 25055.37c 1.2520e-03 26000.37c 4.4480e-02
27059.37¢ 3.2416e-05 28000.37¢ 7.9752e-03 29000.37¢ 6.0127e-05
40000.37¢ 8.3760e-07 41093.37¢c 2.0562e-06 42000.37c 9.9600e-04
50000.01c 6.4376e-07 73181.37c 2.1120e-07 74000.37c 2.0784e-07
82000.37c 1.4752¢-07 83209.37c 1.4624¢-07
1001.37¢ 1.3383e-02 8016.37¢c 6.6932¢-03
mtl6 w01t $ 300K
m235 92235.37¢ 1.0
c
C TALLY
EO 1.00-6 2.15-6 4.65-6 1.00-5 2.15-5 4.65-5
1.00-4 2.15-4 4.65-4 1.00-3 2.15-3 4.65-3
1.00-2 2.15-2 4.65-2 1.00-1 1.41-1 2.00-1
2.83-1 4.00-1 5.66-1 8.00-1 1.058 1.400
1.871 2.500 3.162 4.000 4.516 5.099
5757 6.500 7.328 8261 9.314 10.50
11.478 12.549 13.720 15.000
c
f12:n 318
fs12 1201
sd12 1.0 9.21264et+4
c
22:n 258
fs22 1202
sd22 1.0 9.07822¢+4
c
f32:n 258
fs32 1203
sd32 1.0 9.07822e+4
c
f42:n 258
fs42 1204
sd42 1.0 9.07822¢+4
c
f52:n 258
fs52 1205
sd52 1.0 9.07822¢+4
c
f62:n 258
fs62 1206
sd62 1.0 9.07822¢t+4



v

c

C

v

C

C

C

C

C

c

C

C
C

f72:n 268
fs72 1207

sd72

1.0 1.04802e+5

f82:n 268

fs82
sd82

1208
1.0 1.35020e+5

f92:n 278

592
sd92

f102:n
fs102
sd102

fl112:n
fs112
sd112

fi22:n
fs122
sd122

f132mn
fs132
sd132

f142:n
fs142
sd142

f152:n
fs152
sd152

f162:n
fs162
sd162

f172:n
fs172
sd172

1209
1.0 1.58275e+5

288
1210
1.0 1.84038e+5

288
1211
1.0 2.01903e+5

288
1212
1.0 2.12852e+5

288
1213
1.0 2.21728e+5

298
1214
1.0 2.23792e+5

308
1215
1.0 1.19056e+5

308
1216
1.0 2.02824e+5

308
1217
1.0 1.81291et+5

fm12 (1.0 235 (-6))
fm22 (1.0 235 (-6))
fm32 (1.0 235 (-6))
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fm42 ( 1.0 235 (-6))
fm52 ( 1.0 235 (-6))
fm62 ( 1.0 235 (-6))
fm72 (1.0 235 (-6))
fm82 ( 1.0 235 (-6))
fm92 ( 1.0 235 (-6))
fm102 ( 1.0 235 (-6))
fml112 ( 1.0 235 (-6))
fm122 ( 1.0 235 (-6))
fm132 (1.0 235 (-6))
fm142 ( 1.0 235 (-6))
fm152 (1.0 235 (-6))
fm162 ( 1.0 235 (-6))
fm172 ( 1.0 235 (-6))
c
C SOURCE CARDS (ISOTROPIC PROFILE SOURCE DT NEUTRON)
rdum 620.0 170.0 1.7 53.0 1.3 14.1 0.35 0.5
c
cutn 1.0E25 S.SE-7-0.5-0.250
phys:n 15.0 5.5E-7
nps 90000000
ctme 200
lost 100 5
C
prdmp j -100 13
PRINT -175
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Design of In-vessel Neutron Monitor using Micro Fission Chambers for ITER
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