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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. We
found that the 238U micro fission chambers are not suitable because the detection efficiency will
increase up to 50% in the ITER life time by breading 239Pu. We propose to install 235U 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. One chamber will be installed in the divertor
cassette just under the dome. Employing both pulse counting mode and Campbelling mode in
the electronics, we can accomplish the ITER requirement of 107 dynamic range with 1 ms
temporal resolution, and eliminate the effect of gamma-rays. We demonstrate by neutron Monte
Carlo calculation with three-dimensional modeling that we avoid those detection efficiency
changes by installing micro fission chambers at several poloidal locations inside the vacuum
vessel.
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1. INTRODUCTION

1.1 Functions

The absolute measurement of neutron source strength is very important for
controlling the fusion power in a fusion experimental reactor such as ITER. In
present large tokamaks such as JET[1], TFTR[2] or JT-60U[3], the neutron source
strength measurement has been carried out using 235U or 238U 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. Because ITER has a thick blanket and vacuum vessel, detectors outside the
vacuum vessel may 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[4-6]. By installing the detectors at several poloidal angles, this
neutron monitor system may reject or reduce the error of the neutron source strength
measurement caused by the change of the plasma position and/or shape. This report
provides the conceptual feasibility study of this neutron monitor system.

The Neutron monitors have important functions in providing measurements
for machine protection and plasma control, and will continue to be needed for
performance evaluation and optimization, and for physics understanding. The
primary function is measurement of the total neutron source strength, hence the
fusion power. Table 1-1 lists the plasma parameter for with the micro fission
chambers can provide measurements.

Table 1-1. System function of the neutron monitor.

Name of System Category | Plasma Parameters
& Meas. #
Micro fission chambers | (1)#7 Total neutron flux & emission
profile (with 5.5.B.01, 5.5.B.02
and 5.5.B.04)

Category (1) : Measurements for machine protection and plasma control.
Measurement #7 : Total neutron flux and emission profile

1.2 Design Requirements

Table 1-2 specifies parameter ranges, temporal resolutions, and measurement
accuracy. So the neutron detector has to have wide dynamic range and fast response.
From the technical point of view, it should be insensitive to gammas and robust in
the ITER environment of high levels of radiation, electro-magnetic noise, and

_.1_
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mechanical vibrations. The detection efficiency must be stable during the ITER
operation life, and the system should be easily calibrated. In ITER, conventional
neutron monitors installed outside the vacuum vessel and in-vessel neutron monitor
using micro fission chamber are proposed for the neutron source strength
measurement. These will be augumented by neutron cameras [7], which provide
local and global neutron emmision rate. However, it needs the Abel inversion or
tomography technique to get the neutron source profile.

Table 1-2. Requirement for neutron monitor.

Parameter Parameter Spatial Time Accuracy
range resolution resolution

Neutron source 1014-1021 n 51 | integral 1ms 10 %

strength

Fusion power L22GW integral 1ms 10 %

2. CONCEPTUAL DESIGN

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 for fission reactors. Figure 2-1
shows the schematics of the typical micro fission chamber with wide dynamic range
which is commercially available except sheath which is specially designed for ITER.
We add the sheath for the chamber from two reasons. One is to shield electro-
magnetic noise. Another is safety reason. The sheath will prevent the uranium
contamination inside the vacuum vessel when the uranium is leaked from the
chamber housing. In this detector, about 12 mg of UO; is coated on the cylindrical
electrode and 14.6 atm of Ar + 5% N» gas is filled between the electrodes.

This type micro fission chamber can be operated in pulse counting mode at
low neutron flux, in Campbelling (mean square voltage) mode at medium flux and
in current mode at high flux. Combinations of those operation modes may provide
wide dynamic range of 1010 with temporal resolution of 1 ms, which satisfies the
ITER requirement. The most popular candidates for a fissile material in the micro
fission chamber are 235U, 238U and 232Th. 235U has large fission cross-section for
thermal neutrons, the others have fission cross-sections with a threshold of ~1 MeV
as shown in Fig.2-2. The fission cross-section of 232Th is several times lower than

that of 238U. So we discuss 235U and 238U as the candidate of the fissile material for
the micro fission chamber.
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Fig. 2-1. Schematics of typical micro fission chamber. Fissile material such as 25U is
coated on the cylindrical electrode. Ionizing gas of Ar + 5% N2 (14.6 atm) is filled
between the electrodes. The sheath is specially designed for ITER.

—
o
o
T lllmrl LB I B ALY

10" ,
10° 10" 102 10° 10* 10° 10° 107 10°
Energy (eV)

Cross-section (102* cm?)

Fig. 2-2. Fission cross-section of 235, 238U and 232Th.
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Mineral insulated (MI) cable is used to transfer signals, so that we can install
micro fission chambers inside the vacuum vessel in the same manner as magnetic
probes. Cooling of the detectors is necessary in order to keep the operational
temperature below 300°C in the presence of strong nuclear heating inside the
vacuum vessel. The typical performance of the micro fission chamber of 235U with
the dimension shown in Fig.2-1 is listed in Table 2-1.

Table 2-1. Performance of the micro fission chamber of 235U.

Diameter 14 mm
Active length 76 mm
Fissile material 235y
0.6 mg (UOy)/cm?
total 12 mg of UO;
Ionizing gas 14.6 atm of Ar + 5% N»
Housing material Stainless steel 306L.

Neutron sensitivity
for fission reactor spectrum

Pulse counting mode 22x 103 cps/nv

MSV mode 5.7 %1028 A2/Hz/nv

DC mode 4.6x 1015 A /nv
Gamma sensitivity '

MSV mode 7.72x102% A2/Hz/R/h

DC mode 1.54 x 1012 A/R/h

2.2 Installation Position

In the ITER CDA (Conceptual Design Activity), we planned to install micro
fission chambers just under the first wall. However, that is rather difficult because
nuclear heating will be more than 10 W/cc, and burn-up of the fissile material will
reduce the life-time of the detector. In order to find suitable detector positions
around the shield blanket modules and to determine the best fissile material, we
carried out reutronics calculations using the two—dimensional neutron transport
code DOT 3.5. Figure 2-3 shows the slab model for the calculation. The model
includes the first wall, the shielding blanket, with a gap between adjacent modules,
the back plate, and the vacuum vessel.
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Fig. 2-3. Model for two dimensional neutron calculation using DOT 3.5 code. The
model includes the first wall, shielding blanket with gap between adjacent modules,
back plate of blankets and vacuum vessel.

Figure 2-4 shows the distributions of neutron and gamma flux and nuclear
heating rate for stainless steel along the radial direction in the shielding blanket. The
flux of 14 MeV neutrons decreases 103 by the blanket. However, total neutron and
gamma fluxes decrease 102 and ~50, respectively. The neutron spectra on the surface
on the Be first wall, center the blanket module, front and rear surfaces of the back
plate are shown in Fig.2-5. Those spectra have almost same shape except 14 MeV
component. From the engineering point of view, installation of a detector inside the
shielding blanket is difficult because of the extremely tight space among cooling
channels. The best candidate positions for detector installation are in the gap
between adjacent blankets modules and behind the blanket on the back plate. Figure
2-6 shows neutron and gamma spectra for those two positions. The neutron flux in
the gap is about 10 times larger than that behind the blanket. On the other hand, the
gamma flux in the gap is only three times larger.
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Fig. 2-4. Distributions of neutron and gamma flux, and nuclear heating rate for
stainless steel along the radial direction in the shielding blanket.
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Fig. 2-5. Neutron spectra on the surface on the Be first wall(Be front), center the
blanket module (in Blanket), front(BP front) and rear surfaces of the back plate(BP
rear).
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Fig. 2-6. Neutron(a) and gamma spectra(b) in the gap between the adjacent and
behind the blanket on the back plate.

Total neutron and gamma flux, and expected fission reaction rates of 22°U and
238U are listed in Table 2-2 for micro fission chambers with 10 mg uranium in a
nominal 1.5 GW ITER plasma. In order to get wide dynamic range, the fission
reaction rate during maximum power operation of ITER should be as high as the
operational limit of the detector. The maximum fission reaction rate of this type of

-7 —
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chamber is 1010 s-1 for the Campbelling mode. Therefore, a 235U chamber may be
used both behind the blanket and in the gap. A 238U chamber has is suitable for use
only in the gap.

Table 2-2. Fission reaction rates in 235U and 238U micro fission chambers.

Behind blanket In gap
Total neutron flux (cm-2 s-1) 9.0 x 1011 9.7 x 1012
Total gamma flux (cm-2 s°1) 1.2 x 1012 3.5 x 1012
Fission reaction rate: 235U (s'1) |9.9 x 108 2.3x 109
Fission reaction rate: 238U (s-1) |2.3 x 106 1.7 x 107
Nuclear heating (W/cc) ~0.05 ~0.5

2.3 Life Time

We have to take the change of the sensitivity of the chamber due to the burn-
up of the fissile material into account. 235U is burned up through mainly fission and

neutron capture reactions. So the number of 235U atoms Na3sy is represented by
following equation;

d

5N235U(t) =-N235U(t)0(C 235U + O C235U) (2-1)

where 635U and Oc235y are averaged fission and neutron capture cross-sections
defined by

_ j o(E)$(E)dE

c jq)(E)dE (2-2)

where ¢(E) is the neutron energy spectrum at the micro fission chamber. Figure 2-7
shows cross-sections of fission, neutron capture and other reactions for 235U. From
equation (2-1),

Nzsu(t) = Nzsu(0)EXp{—0(C zas; + Oz )t} (2-3)
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is obtained. In the gap, ¢0gp3su and ¢ocassy are 7.1 X 10-11 s-1 and 5.3 x 10-13 571,
respectively for the 1.5 GW operation. So the fission reaction is dominant. The
sensitivity Sy3sy is represented by

S235U = Naasy ¢ Opssu (2-4)

The change of the sensitivity is evaluated to be only 0.1 % and 0.2 % behind
blankets and in the gap, respectively, during the ITER life-time of 1.5 GWeyear.
Therefore, we can use 235U chambers without replacement.

Tk I ¥ ¢}
I 1 | [
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c
\_.g/lﬂl ----- == -
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3 f"‘. \1
@ R
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S 7 )
-3 1
0 1
1
i - ;
=" 109 o! TR 163 1afF 0T

Neut ron Energy (eV)

Fig. 2-7. Neutron cross-section of 235U from JENDL 3.2[10].

Burn-up of 238U is much more complicated.It occures mainly by neutron
capture in the thermal energy range, which produces 239Pu via following chain;
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238U + n — 239U +y
239U —» 239Np+ B
239Np — 239Pu + B . (2-5)

The detection efficiency of the 238U chamber may increase due to buildup of 239Pu,
which has a large fission cross-section for thermal neutrons. the numbers of 238U and

239Pu atoms are represented by following equation;

d

3 V238U(t) = ~N238U(t)0(G 238U + O C23sL) (2-6)
d

d—tN239Pu(t) = N238U(t)¢0 238t — N239Pu(t)0(G£239py + O C239Pu) (2-7)

Figures 2-8 and 2-9 show cross-sections of fission, neutron capture and other
reactions for 235U and 239Pu.
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Fig. 2-8. Neutron cross-section of 238U from JENDL 3.2[10].
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Fig. 2-9. Neutron cross-section of 23°Pu from JENDL 3.2[10].

The neutron capture reaction is dominant process in the burn-up of 238U. Within the
ITER life time, the numbers of 238U and 239Pu atoms are given by,

N23gu(t) = N23gu(0) (1-¢cc23sut) (2-8)
N239pu(t) = N23su(0) ¢oc23sut (2-9)

The sensitivity of the 238U micro fission chamber Sy38y is represented by

S2350U = Nassu ¢ Or238U + Nasgpu ¢ Gr239pPu (2-10)

After the 1.5 GW eyear operation, the burn-up of 238U is only 0.2 %, but the detection
efficiency will increase 50 % due to accumulation of 229Pu. Unless this change is
properly accounted for, it is too large to allow use of 238U chambers as neutron
monitors in ITER.
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2.4 Gamma-ray Effect

This type of micro fission chamber can be operated in the pulse counting,
Campbelling, and current modes. We have evaluated the noise due to gammas for
those three operation modes.

In the pulse counting mode, the current pulse generated by fission fragments
or by gamma reactions in the ionizing gas is measured. The fission reaction releases
~100 MeV as the kinetic energy of fission fragments. One fragment goes into the
ionization gas and another goes into electrode wall. Averaged energy deposited in
the ionization gas is about 43 MeV, on the other hand gamma energy is less than 10
MeV (see Fig.2-6b). We can eliminate the gamma pulses by conventional pulse
discrimination techniques. The Campbell mode sensitivity is given from the
following formula,

Irms2 = N ¢2 | 2(w) B(o) do/=n (2-11)

where N is the fission reaction rate, q is electric charge generated by a fission
reaction given by

q=43MeV/26eV x (1.6 x 1019C)
27x 108, (2-12)

where 26 eV is the ionization energy of Argon gas. f(w) is the frequency spectrum of

the detector output, and B(w) is the filter function of the amplifier, which is usually
step function of 100 kHz-400 kHz. The gamma sensitivity in Campbelling mode is
7.7 x 10-29 A2/Hz/(R/h) for those chambers. The expected Campbell currents due to
neutrons and gammas are listed in Table 2-3, here gamma dose rates are converted

from the gamma spectra shown in Fig.2-6(b). We can neglect the gamma effects in
Campbelling mode.

The current mode measures directly the ionization current in the fission
chamber. Also we calculated the outputs in the current mode as shown in Table 2-3.

The gamma sensitivity in current mode is 2.2 x 1012 A/(R/h). In current mode it is
too large to be neglected. We have discarded the use of current mode for unshielded
micro fission chambers.
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Table 2-3. Outputs of 235U micro fission chamber by neutrons and gammas in
Campbelling and current modes.

Behind blanket In gaps

Gamma dose rate (R/h) 3.5 x 106 8.6 x 106
Campbelling mode (A2/Hz)

Neutrons 2.3x 1017 5.3 x 1017

Gammas 2.7 x 1022 6.6 x 1022
Current mode (A)

Neutrons 2.6x 104 6.0x 104

Gammas 8.0x 106 1.9x 105

2.5 Dynamic Range

A dynamic range of 107 in a single fission chamber has been demonstrated in
the JT-60U neutron monitor[3] with both pulse counting and Campbelling modes.
This meets the ITER requirement for the neutron monitor. The linearity was
calibrated before installation on JT-60U, using a fission reactor with output power
range of 107 as shown in Fig. 2-10.

107 102
106 101 ‘é
[ 5
o 105 100 2
(3 =
o )
o 104 1 0'1%
& Campbell 2
AAAAAAAAAAAAAAAA s~ H Gain
3 -2E
10 —=— M Gain : 10 8
—a— L Gain
102 103

10-1 100 10! 102 103 104 105 106 107
Reactor Power (W)

Fig. 2-10. Linearity calibration of the JT-60U fission chamber[3] using a fission
reactor
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We confirmed two decades of overlap in pulse counting and Campbelling
modes. From this experience, we conclude that a micro fission chamber containing

10 mg of 235U can cover the 107 range of ITER operation as shown in Fig. 2-11.

1013 104 105 10'6 1077 1078 108 109 1010
FUSion P_OWGI" (W) mmmmﬁmm

Neutron Source 1014 1015 1016 1017 1018 1019 1020 {021 1022
Strength (s.1) [‘fl]lull‘ IIIIIII1 |IIIIIII| IIIIHII] lllllllll Illllllli IIIIIH|| IIHIIIIl

1.
Operation Range [Pulse count mode | SGW
(behind Blankets) [ Campbelling mode |
Operation Range [Pulse count mode |
(in Gap) | Campbelling mode |

Fig. 2-11. Operation range of 235U micro fission chambers behind blanket and in the
gap of adjacent blankets.

2.6 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

u=

1 + 0Vv?

B \" B2 V2

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

- “-eEx “-eEx &0
1+@v? 1+ V'

(2-14)
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As shown in Fig.2-12, an angle between u and E, Lorentz angle o, is represented by
tan o = ®c/v. 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 ug = 3 x 103 m/s. the Lorentz angle is evaluated
as,

tano, =

=

[0}
v
B
W= 0.04 << 1 (2-15)

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
5.7T. We should confirm the magnetic effects on the fission chamber experimentally.

Fig. 2-12. Lorentz angle of electron drift in magnetic field.
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2.7 Nuclear Heating

Nuclear heating of the detector is an important issue for the invessel
diagnostics. Active water cooling the detector is rather difficult due to the tight space
between the blanket modules and back plate. Figure 2-13 shows distributions of the
nuclear heating rate of the back plate along the poloidal gap of the blanket modules.
Major material of the micro fission chamber is stainless steel same as the back plate,
so that the nuclear heating is almost same. The nuclear heating is approximately 0.7
and 0.5 W/cc in the gap and behind the blanket module, respectively, except near
the corner. ‘

The micro fission chamber can be operated in the temperature up to 300 °C, so
that it seems possible to cool it by thermal contact with the back plate which cooled
by water. Also in the instrumentation divertor cassette, the nuclear heating is less
than 0.5 W/cc except the dome and target plates as shown in Fig.2-14.

Moderator such as polyethylene surrounding the detector is desired to get flat
energy response in wide energy range. Polyethylene moderator shield could not be
used due to the nuclear heating. If the polyethylene can survive in the high
temperature, the fission chamber will be baked up due to nuclear heating because
the polyethylene is thermal insulator. So we gave up the moderator.
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Distance from Module Corner (cm)

Fig. 2-13. Distribution of the nuclear heating rate of the back plate along the poloidal
gap of the blanket modules.
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2.8 Effects of Plasma Position and Neutron Source Profile

The detection efficiency of a neutron detector inside the vacuum vessel will be
affected by changes in the plasma position and the neutron source profile. However,
we can reject or reduce the effects by installing the detectors at several poloidal

angles.

We have investigated the responses of the micro fission chambers by a
neutron Monte Carlo calculations using the MCNP version 4A code. An 18-degree
sector of the first wall, shielding blanket, blanket back plates and vacuum vessel are
modeled by a simple torus with elliptic cross-section as shown in Fig. 2-15. The
divertor cassettes, ports and coils are not included. Only one poloidal gap between
adjacent blanket modules is modeled. We use the neutron cross-section set based on

JENDL 3.2.

Fig. 2-15. Model for a neutron Monte Carlo calculation. 18 degree sector of the first
wall, shielding blanket, blanket back plate, and vacuum vessel are modeled by a

simple torus with elliptic cross-section.
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The neutron source is toroidally symmetric with 14 MeV monoenergetic
energy. The source has a poloidal distribution given by

2 2)|m
S ={1 -{(R'R;’) +(Z'ZP; }} (2-16)
ap asz ’

where Rp is the major radius, ap is the minor radius, Zp is the vertical shift of the
plasma center, x is the ellipticity, and m is the power of the parabolic profile. The
angular emission is isotropic. The reference parameters are Rp = 8.14m, ap = 2.3 m,

Zp =14 m, x = 1.6 and m = 0.8. In this case, the neutron source peaking factor is
represented by

Sa(0)
(Sn)

=m+1 (2-17)

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

We calculated the detection efficiencies of the 235U micro fission chambers at
typical 4 poloidal positions in the gap as shown in Fig.2-15. We have not obtained
sufficient statistics for those behind the blanket. Figures 2-16 and -17 show the
plasma position dependence of the detection efficiencies. For a horizontal shift of
plasma position in the range * 50 cm, the detection efficiency of the bottom detector
is almost constant. The efficiency of the outside detector increases only 1.5 % with 50
cm increase in horizontal plasma position, while efficiencies of the inside and top
detectors decrease 12 % and 3%, respectively. For a vertical shift of plasma position
in the range * 50 cm, detection efficiencies of the inside and outside detectors are
almost constant. The top detector increases in efficiency by 8 % for a 50 cm increase
in vertical plasma position while the bottom one decreases by 18 %.

Reference value of m = 0.8 is obtained by fitting of the neutron source profile
derived from the reference of ion temperature. Figure 2-18 shows the neutron source
profiles used in the MCNP calculations. The neutron source profile dependence of
the detection efficiencies is shown in Fig.2-19. Both detection efficiencies of inside
and outside detectors increase 10 % with the increase in the peaking factor of the
neutron source profile from 1.8 to 3. However, those of top and bottom detectors are
less sensitive to the peaking factor. Inside and outside detectors are so close to the
plasma that those are easy to be affected by the plasma position and/or neutron
source profile. We can reduce those effects by combining the outputs of different
detectors. For example, the average of top and bottom detector signals is relatively
insensitive to changes in plasma position.
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Fig. 2-16. Dependence of the detection efficiencies for the horizontal shift of the
plasma position.
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Fig. 2-17. Dependence of the detection efficiencies for the vertical shift of the plasma
position.
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Fig. 2-18. Neutron source profiles with deferent peaking factor for MCNP
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2.9 Calibration

Absolute calibration of the fission chambers is one of the most critical issues in
the design of the neutron source strength monitor system. In present tokamaks,
neutron monitors are calibrated by measuring their response to a neutron source,
such as a 252Cf radioactive source or a DT neutron generator, placed at various
positions inside the vacuum vessel.

We simulate the in-situ calibration by MCNP calculation, where a point neutron
source is moving on the plasma axis as shown in Fig. 2-20. The modeling of ITER
machine is same as in Fig.2-15.

Vacuum vessel

Shielding
...... — = ket —

\, ~Calibration

Micro fission chamber | Toroidal | source
—___ Toroidal angle

Fig.2-20.  Model of the in-situ calibration. A point neutron source is moving on
the plasma axis

Figure 2-21 shows the detection efficiency of the detector in the gap (outside)
for the point source on the plasma axis with R = 8.14 m plotted against the toroidal
angle of the source. The response function is so highly peaked at toroidal angle of 0°,

like & function, that the total efficiency for the neutron source strength may be
affected by the change of the gap width due to thermal expansion or magnetic stress.
The issue is still open in the design work.
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We need DT neutron generator with emission rate of ~1010 neutrons/s to get
sufficient counting rate at in-situ calibration. We should develop such intense
neutron generator which is movable by the standard remote handling apparatus.

Even if a neutron generator with an intensity of ~1010 neutrons/s is available,
the count rate of a micro fission chamber will not be very high. Therefore, a high
sensitivity, regular size fission chamber is desired for the calibration. We do not have
space between the blanket module and back plate , so that the detector is proposed
to be installed between the back plate and vacuum vessel. Now it is considered to
mount it on the flame of the diamagnetic loop outside of the back plate. The micro
fission chambers can be cross-calibrated by this high sensitive detector in DD or low
power DT plasma operations.

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(See Section 2.0-
5), the linearity calibration using a fission reactor is proposed for this micro fission
chambers.

By those calibrations, the micro fission chamber system hopefully can meet
the required 10% accuracy goals of the fusion power measurement for the ITER
project.

d
e
-
o

-—b
o
o
T
D
D

Detection efficiency
for point source
2

-k

Q
-k
(2

Elllllllllllllllllll
0

2 4 6 8 10
Toroidal angle (deg.)

Fig. 2-21. Detection efficiency of outside detector for the point source on the plasma
axis with R = 8.14 m plotted against the toroidal angle of the source.
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3. DETAILED SYSTEM DESCRIPTION

3.1 General Equipment Arrangement

The micro fission chamber system should be operational for the entire ITER
life-time. Since detector replacement will be difficult, we would like to install enough
micro fission chambers to allow the system to continue functioning if some of the
detectors fail. Figure 3-1 shows the proposed arrangement of micro fission chambers
on ITER. Ten pairs of 235U chambers are installed at 10 poloidal locations in one
toroidal location. Each poloidal location has a pair of detectors. One chamber is
behind a blanket module and another is in the gap—between adjacent blanket
modules at each poloidal location. Another chamber is installed in the divertor
cassette just under the dome.

We have two toroidal location for the poloidal detectors and four divertor
cassette for the divertor detector as shown in Fig. 3-2. Additionally, a couple of the
high sensitive detectors are installed for in-situ calibration purpose. So the total 44
micro fission chambers and two normal size fission chambers are proposed.
According to the calibration detectors, neutron flux monitors has similar concept
detectors, it is possible to shear them. As described in Section 2.0.9, the effect of the
changes in the gap width due to thermal expansion etc. is not evaluated yet. If the
effect is not negligible, we have to give up the detectors in the gap. From the cost
saving point of view, it is possible that half of the detectors are connected to the
electronic, and another half is stand-by without electronics for trouble.
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MICRO FISSION CHAMEERS
10 LOCATIONS CIRCLED
SEF OETAILS A AND B
FDR TYPICAL INSTALLATION
fj {2 EACH LOCAT{ON?
ot

MOUNTED DN DIACNOSTIC BLOCK

\M[CFO FIS3ION CHAMBER (31 ONLYI

Fig. 3-2. Arrangement of micro fission chambers. Ten pairs of 235U chambers are
installed at 10 poloidal locations in a toroidal location. One chamber is installed in
the divertor cassette just under the dome.
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Fig. 3-2. Allocation of micro fission chamber and other instruments in the divertor
cassette.
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3.2 Arrangement on Back Plate

Figure 3-3 shows the isometric view of the micro fission chambers on the back
plate. One chamber is behind a blanket module and another is in the gap-between
adjacent blanket modules at each poloidal location. The detectors are mounted
tightly on the diagnostics socket, the back surface of which faces water coolant inside
the back plate. 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
amplifier.

The output signal is transferred via the same MI cable as the high voltage
supply. The cables are routed through generic diagnostics conduits, pass through the
back plate. Those cables pass through the back plate and go out via a divertor
pumping port. At the vacuum boundary, those cables are connected by a multi-wire
coaxial connector.

Cooling Water Channel
Back Plate

Micro Fission

Chamber @ O

N O
Generic Diagnostic | @

Conduit In @ O

Fig. 3-3 Isometric view of the micro fission chambers on the back plate.
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3.3 Arrangement in Divertor Cassette

Figure 3-4 shows the arrangement of the micro fission chamber in the divertor
cassette. Other diagnostics sensors, such as bolometers and Langmuir probes, are
installed in the same cassette (instrumentation divertor cassette). One micro fission
chamber is placed under the dome, oriented horizontally, and is mounted tightly on
the sensor panel of the divertor cassette as shown in Fig. 3-5

Cable route

==y © Magnetic pickup coil RH connector to in-vessel
= :Pressure gauge cables

o : Langmuir probe

: Bolometer

e : Thermocouple Sensor panel

& : Deformation sensor
-+ Micro fission chamber

Socket/plug for
Langmuir
probes and
thermocouples

inside divertor
pumping pot ——> =

Fig. 3-4 Arrangement of the micro fission chamber in the second divertor cassette.
One micro fission chamber is placed under the dome being oriented horizontally.
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Cassette body Micro fission chamber
(240 mm x ¢22 mm)

MI cable

Sensor panel

Base plate
Fixing plate

Support piece

Fig. 3-5 Installation of the micro fission chamber in the second divertor cassette.

3.4 Arrangement of Calibration Detector

As discussed in Section 2.0.9, a high sensitive calibration detector is proposed
to be installed between the back plate and vacuum vessel. Now it is considered to
mount it on the flame of the diamagnetic loop outside of the back plate as shown in
Fig. 2.1-6. We have not evaluated the nuclear heating at the diamagnetic loop
position so far. If the heating is severe, we have to change the location such as the
back surface of the back plate because it is difficult to cool the detector on the flame
of the diamagnetic loop.

The neutron flux monitors has similar high sensitive detectors, it is possible to
shear them for the in-situ calibration.
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Fig. 3-6. Isometric view of the calibration detector on the flame of the diamagnetic
loop.
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4. COMPONENT DESIGN DESCRIPTION

4.1 Component List

List of the components is shown in Table 4-1.

Table 4-1. List of Equipment

Component Quantity Size (mm) |weight (kg)

235U Micro Fission Chamber |44 $22 x 220 0.6
235U Fission Chamber 2 936 x 410 1.0
(Calibration Detector)

MI Cable 46 610

Preamplifier 46 300x 190 x120 |2

Preamplifier Box 8 600x 600 x 1200 |120

Integrated Amplifier 24 480x 180 x 400 |10

BIN Power Supply 8 300x 190 x 120

ADC Module TBD

Scalar Module TBD

Workstation 1

Other Digital Modules TBD

4.2 Details of Micro Fission Chamber and Calibration Detector

In general, 235U fission chamber is used with moderator of hydrogen rich
material such as polyethylene to get the flat response function for all energy range of
neutrons for the neutron source strength measurement in fusion experiment. Though
the moderation is desirable for micro fission chambers in ITER, we gave it up from

following reasons;

e There is no space for the moderator, which needs > 5 cm thickness, between the

blanket module and back plate.

e Polyethylene could not used due to high nuclear heating. Even if the moderator
would be cooled by water, it could not survive in the loss of coolant accident.
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¢ If the detector is surrounded by the moderator, the detector could not be cooled
for the nuclear heating. The moderator plays as thermal insulator.

* In the case of the micro fission chamber, many of incident neutrons are not virgin
DT neutron so that moderator is not so important. In other word, we can expect
the role of the moderator in the surroundings such as blanket modules and back
plate which include much water.

o If the detector is surrounded by the moderator, the detector could not be cooled
for the nuclear heating. The moderator plays as thermal insulator.

One of the candidate of the possible moderator is water. If water flows outside
of the detector, it can act as both moderator and coolant for the detector. This idea is
a future work.

The detail of the micro fission chamber is described in Section 2.1. The sheath
is added to the regular micro fission chamber. The electric insulator between the
sheath and the housing of the micro fission chamber should have high thermal
conductivity to remove the nuclear heat of the detector. One of the candidate is
Aluminum Nitride (AIN) which thermal conductivity is 200 W/meK.

Figure 4-1 shows the schematics of the calibration detector which is the
normal size fission chamber with sheath. The chamber contains 0.5 g of 235U, so the
sensitivity is 50 times higher than that of the micro fission chamber.

| 410 mm i
390 mm
E loT 12
@ Y C— ]
’ /
Fission chamber Sheath Double coaxial Ml Cable ¢10mm

Fig. 4-1. Schematics of the calibration detector which is the normal size fission
chamber with sheath.
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4.3 Calibration Hardware
~ In order to satisfy measurement specifications given in Table 1-2, the calibration
detectors will require careful absolute calibrations. An essential element of such

calibrations is an intense, robust, yet compact DT neutron generator. The generator
should

o produce 14 MeV neutrons at an average rate of ~10"n/s,
¢ have a mean time before maintenance of >1000 hours,

e have a small (<3 mm) effective diameter of the neutron emitting volume (within
the larger target diameter),

e 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 responses,

and

¢ be capable of both stand-alone operation and operation controllable by the ITER
Command Control and Data Acquisition (CODAC) system.

Of course this calibration hardware can be shared with the neutron flux monitor
installed outside the vacuum vessel.

5. SYSTEM PERFORMANCE CHARACTERISTICS

5.1 Operating State Description

5.1.1 Commissioning State

Equipment is installed. ITER has not commenced operation. All electronic
equipment is accessible for testing.

5.1.2 Calibration State

Calibration detectors and 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 neutron generator.
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5.1.3 Experimental Operations State

All equipment is operational. ITER may be in operation. Personnel access is
excluded, according to project safety requirements.

5.1.4 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.

5.2 Instrumentation and Control

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, in the pit near the biological shield is desirable. The integrated amplifier
designed for the JT-60U neutron flux monitor which includes a high voltage power
supply, pulse amplifier, and Campbelling amplifier is preferable. Exact
requirements are TBD.
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6. CRITICAL DESIGN AREAS AND R&D ITEMS

6.1 Critical Design Areas

e The response function of the micro fission chambers for the change of the
plasma position and neutron source profile should be re-evaluated using
more realistic neutronics model in order to justify the number of the detector
location.

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

o Effect of the temperature on the sensitivity should be evaluated. The
technique of the sensitivity calibration should be designed. One of the
candidate is that small amount of radio active neutron source such as 252Cf
will be mounted near the micro fission chamber. However burn-up of the
source should be considered.

e The effect of the change of the gap width between adjacent blanket modules
should be evaluated.

6.2 Necessary R&D Items

e The effect of the strong magnetic field on the micro fission chamber should
be confirmed experimentally.

of the gap width between adjacent blanket modules should be evaluated.
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7. SUMMARY

The absolute neutron source strength measurement is very important for
controlling the fusion power in a fusion experimental reactor such as ITER. In
present large tokamaks such as JET, TFIR or JT-60U, the neutron source strength
measurement has been carried out using 235U or 238U 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 a thick 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.

We computed the neutron and gamma flux around the shielding blanket by a
two-dimensional neutron calculation, in order to find suitable locations for micro
fission chambers. We found that the 238U micro fission chambers are not available
because the detection efficiency will increase up to 50% in the ITER life time by
breading 239U. We propose that 235U micro fission chambers will be installed on the
front side of the back plate in the gap between adjacent blanket modules and behind
the blankets at 10 poloidal locations. One chamber will be installed in the divertor
cassette just under the dome. We have two toroidal location for the poloidal
detectors and four divertor cassette for the divertor detector. Additionally, a couple
of the high sensitive detectors are installed for in-situ calibration purpose. So the
total 44 micro fission chambers and two normal size fission chambers are proposed.
Employing both pulse counting mode and Campbelling mode in the electronics, we
can accomplish the ITER requirement of 107 dynamic range with 1 ms temporal
resolution, and eliminate the effect of gamma-rays.

An in-vessel neutron monitor will be affected by changes of the detection
efficiency due to the change in the plasma position and neutron source profile. Here
we demonstrate by neutron Monte Carlo calculation with three-dimensional
modeling that we avoid those detection efficiency changes by installing micro fission
chambers at several poloidal locations inside the vacuum vessel. Also the calculation
pointed out the DT neutron source with 1010 n/s of intensity is needed for the in-situ
calibration of the micro fission chamber system.
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DESIGN OF ITER NEUTRON MONITOR USING MICRO FISSION CHAMBERS




