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A neutron flux monitor has been designed by using *°U fission chambers to be installed outside
the vacuum vessel of ITER. We investigated moderator materials to get flat energy response the responses
of U fission chambers. Here we employed graphite and beryllium with a ratio of Be/C=0.25 as
moderator, which materials are stable in ITER relevant temperature in a horizontal port. Based on the
nuetronics calculations, a fission chamber with 200 mg of By is adopted for the neutron flux monitor.
Three detectors are mounted in a stainless steel housing with moderation material. Two fission chamber
assemblies will be installed in a horizontal port; one is for D-D and calibration operation, and another is
for D-T operation. The assembly for the D-D operation and the calibration are installed just outside the
port plug in the horizontal port. The assembly for the D-T operation is installed just behind the additional
shield in the port. Combining of those assemblies with both pulse counting mode and Campbelling mode
in the electronics, a dynamic range of lO7 can be obtained with 1 ms temporal resolution. Effects of
gamma-rays and magnetic fields on the fission chamber are negligible in this arrangement. The neutron
flux monitor can meet the required 10% accuracy for a fusion power monitor.
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Campbelling Mode, MCNP, Neutron Yield
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1. INTRODUCTION

1.1 Functions

The Neutron Flux Monitors (WBS 5.5.B.04) provide essential information for plasma
operation and for establishing performance characteristics. They measure the global neutron
source strength, hence the total fusion power. The objectives of this work package are to review
and update the initial conceptual design work undertaken for ITER-FDR98(1998ITER), and to
develop the engineering design of the neutron flux monitor for ITER-FEAT.

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. ITER has a thick blanket, vacuum vessel and other equipment. Detection
efficiencies of those detectors may be affected by surrounding equipment such as other
diagnostics or heating systems. Therefore a fission chambers system to be installed inside the
vacuum vessel (WBS 5.5.B.03) is proposed as a neutron source strength monitor for the real time
fusion power control. However, we do not have any experience with the fission chambers system
in the present tokamaks. So it is risky for us to rely on the fission chambers system for the real
time fusion power monitor. The neutron flux monitor with 235U or 238U fission chambers
installed outside the vacuum vessel is a well-established technique in not only present tokamaks

but also other fusion devices. There the neutron flux monitor is still important on ITER-FEAT.
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1.2 Design Requirements

Target measurement requirements for the Neutron Flux Monitor (5.5.B.04) are listed in
Table 1.2-1. So the neutron detector has to have a wide dynamic range and a 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 must be stable in the ITER-FEAT operation life, and should be calibrated

easily.

Table 1.2-1 Target Measurement Requirements.

Total Neutron Flux
Spatial Time
Parameter Parameter range Resolution Resolution Accuracy
Total neutron flux 10131016 p 5-1 integral 1 ms 20%
1016.5x1020 ns-! integral 1 ms 10%
Fusion power 100W-10kW integral 1 ms 20%
10kW-1GW integral 1 ms 10%
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1.3 Task Objectives

The specific objectives of this design phase are:

1

2)

3)

4)

5)

6)

7

to re-evaluate the target measurement performance (neutron flux, fusion power,

dynamic range, time resolution and accuracy);

to review the conceptual design(1998ITER), including the selection of neutron
detectors at several points and sensitivity studies under the new ITER-FEAT

configuration;

to complete the concept, optimize the detector position and surrounding materials, and
evaluate the efficiencies and accuracy (note that the prospective locations are in ports

#8 and #17 (Remote Handling ports);

to identify the critical interfaces with the ITER-FEAT and to design the implements for
installation of the neutron flux monitors in the designated ports in collaboration with the
ICT;

to develop the engineering design and identify the system components, cable route, and

other principal auxiliary systems;

to design signal processing and data acquisition block diagrams, including prospective

number of components, layout in the pit area and the diagnostic room;

to propose feasible solutions to the critical issues such as calibration of the fission

chambers for the required dynamic range;
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2. CONCEPT DESIGN DESCRIPTION

2.1 Basic Concept

In ITER-FDR, combination of several fission chambers with different sensitivities is
proposed. They use the fission chamber only in pulse counting mode. The maximum counting
rate should be less than 100 KHz. The useful dynamic range of one detector is only 10%. The
proposed system is an array of 12 detectors: two detectors each at 6 different sensitivities, with
no detector from the same sensitivity pair at the same location.

For ITER-FEAT, we propose a combination of pulse counting mode and Campbelling
(MSV) mode, which provides a wide dynamic range of 10® or more for one detector. The wide
range measurement was demonstrated in JT-60 [3]. The linearity was calibrated by using a fission
reactor as shown in Fig. 2.1-1, where the dynamic range of 10’ was confirmed. Therefor we will

use one kind (or two kinds) of detectors for one place.

107 102
106 101 %_
€ E]
3 105 100 &
o E =
)] . °©
5 104 | 10-13
a Campbell : 2

—— H Gain 7

3 2 £
10 ’ —=— M Gain 10-2 ©
—2— L Gain o

102 10-3

101 100 10" 102 103 104 105 106 107
Reactor Power (W)

Figure 2.1-1 Linearity calibration of the JT-60U fission chamber using a fission reactor.
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2.2 Fission Chamber

In ITER-FDR, three kinds of fission chambers were employed, where a variation of the
sensitivity of a factor of 25X 25 can be achieved between these detectors by changes in
fissionable mass. The most sensitive chamber was a commercially available fission detector with
up to 10 grams. For ITER-FEAT, only one type fission chamber is proposed. The variation of the
sensitivity for the source neutron strength can be achieved by the variation of the location. We
employed the fission chamber developed for the JT-60 neutron monitor for the ITER-FEAT
neutron flux monitor.

Figure 2.2-1 shows the schematics of the typical fission chamber with wide dynamic
range, which is developed for the JT-60 neutron monitor. In this detector, about 200 mg of UO2
is coated on the cylindrical electrode and 8 atm of Ar + 5% N gas is filled between the
electrodes. This detector can be used under high temperature condition up to 400°C.

This 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 a wide dynamic range of 1010 with temporal
resolution of 1 ms, which satisfies the ITER requirement. The most popular candidates of the
fissile material in the fission chamber are 235U, 238U, and 232Th. 235U has a large fission cross-
section for thermal neutrons and others occur fission 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
235( as the fissile material for the fission chamber to get a sufficient counting rate. The fission
cross-section of 235U is shown in Fig.2.2-2. The performance of the fission chamber of 235U with
the dimensions shown in Fig.2.2-1 is listed in Table 2.2-1.

The detectors should be moderated to get a broad energy response. The design of the

moderator is described in Section 2.4.
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Table 2.2-1 Performance of the fission chamber with 235U.

Diameter 28 mm

Total length 390 mm

Active area 140 cm®

Fissile material 235y
0.6 mg (UOz)/cm?
total 200 mg of UO,

Enrichness of uranium 90 %

Ionizing gas 8 atm of Ar + 5% N

Housing material

Stainless steel 316L

Neutron sensitivity

for fission reactor spectrum
Pulse counting mode
MSV mode
DC mode

1.2 x 10! cps/nv
5.7 x 10-27 A2/Hz/nv
2 x 10-14 A/nv

(Gamma sensitivity

MSV mode 7 x 10-28 A2/Hz/R/h
DC mode 2 % 10-11 A/R/h
Input voltage 100 - 300 V
Operating temperature <400 °C
Connector type HN
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Figure 2.2-2 Fission cross-section of 235U as a function of neutron energy.

e b ™M |
. t {
EI S
c [
LT IO .
- l :
- /Y
3‘00: \—""\/.:
o | :
Q -

__I._I.I.I.IIIIL.‘I_I.I.I.I&J_I_LI-I-MIJ TR B ET
fo-" 10° 1o 102 103 10% 105 108 107




JAERI-Tech 2002-062

2.3 Detector Location

In the ITER-FDR design, the proposed system is an array of 12 detectors: two detectors
each at 6 different sensitivities, with no detector from the same sensitivity pair at the same
location. Three detectors (the least sensitive for DT operation) go into a module outside the
interspace vacuum on a cover plate of the secondary vacuum wall. Two detectors (the middle
range of sensitivity, for ohmic and/or DD operation) go into a different module with less
shielding in front of it than the least sensitive ones outside the interspace vacuum. The module of
the two detectors of intermediate sensitivity is in the interspace vacuum, just outside the primary
vacuum shield block. The least sensitive and middle sensitive modules can be part of the plug
assembly for the limiter/RH ports.

The design of the neutron source strength monitor system requires an estimate of the local
neutron flux within the bioshield of ITER. Figure 2.3-1 shows calculated neutron and gamma ray
fluxes in the outboard regions during nominal operation of ITER-FEAT. The average 14 MeV
neutron current at the first wall (neutron wall load) is 0.57 MW/m? and the resulting outboard
average is 0.641 MW/m?. Typical neutron and gamma-ray spectra at the inside surface of the

vacuum vessel in the outboard are shown in Figs. 2.3-2 and 2.3-3.

LE+15
1E+14 |
1FE+13
1.E+12
1E+11 |-
LE+10
LE+09
LE408
07—
1LE+06
1E+05
1E04 |
B |
LE+02 -
1E+0] bt
800 850 900

[=@== TMEV/N.|
~ 0IMEV/N| =
o TOTAL/NI|
: TQTAL/G: |~

Neutron and Gamma-ray Fluxes {fan2fs)

950

_ Distance from theTorus Axis (m)

Figure 2.3-1 Neutron and Gamma-ray fluxes during operation outboard side calculated by one
dimensional code.
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Figures 2.3-2 Typical neutron spectrum at the inside surface of the vacuum vessel in the

outboard.

10"

Photon flux/lethergy (n/cm?s/unit lethergy)

10? 107 10° 10’ 107
Energy (MeV)

Figures 2.3-3 Typical gamma-ray spectrum at the inside surface of the vacuum vessel in the

outboard.
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Figure 2.3-5 shows the count rate of the fission chamber as a function of the major radius,
which is estimated by the neutron flux distribution shown in Fig. 2.3-1. Enhancement of the
sensitivity by a moderator was not taken into account. The count rate was calculated by No¢,
where N is the number of 2*°U atoms, & is the fission cross section and ¢ is the neutron flux. The
count rate in the horizontal port was estimated by a 1/r* relation, where r is the distance from the
plasma axis, so called minor radius.

The detectors for the D-D operation and the calibration have to be installed as close to the
plasma as possible. Taking account of the integration of other diagnostics, we decided to install
the detectors for the D-D operation and the calibration in the horizontal port just outside the
vacuum vessel at R~9.5m. The maximum count rate of the Campbelling mode is about 10° cps.
So the maximum neutron flux should be ~10'" n/cm?s at the detector location at 1 GW fusion
power, because the sensitivity is ~0.1 cps/nv. We decided to install the detectors for the D-T

operation in the horizontal port at R~11m.
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Figure 2.3-5 Count rate of the fission chamber without moderator as a function of the major

radius.
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2.4 Design of Moderator

The fission cross section of *°U has large values for low energy neutrons and decreases
with a 1/v dependence, where v is the neutron velocity. Moderated *°U fission chambers feature
flat energy responses across a large range of energies from 10 eV to 14 MeV. This is important to
reduce the sensitivity of the detector efficiency to changes in the neutron energy spectrum. The
moderator has to slow-down incident fast neutrons which have large fission cross sections.
However, borated polyethylene was proposed as a moderator in the ITER-FDR design. Slowed-
down neutrons will be absorbed by boron before the fission of **U. So a flat energy response
could not obtained by the borated polyethylene moderator.

Figures 2.4-1, 2.4-2 and 2.4-3 show the calculated detector responses with polyethylene,
graphite and beryllium moderators with 20 cm thickness, respectively. With the polyethylene
moderator, the detector response decreases for low energy neutrons due to self-absorption by
hydrogen. The response decreases with neutron energy for the graphite moderator, which means
that the slow-down ability of graphite is not enough due to a higher mass number than hydrogen.

A beryllium moderator enhances the response by (n,2n) reactions for high energy neutrons.

- | I—%Polyethylehel .
I’a 101 SRR TR T o g FEEEE '» -------------- E
N.E : : : : :
ol
E 10 R .. i
()]
S 40"l J
c 3
S ]
74 -2
i.ll., 10 — """" E
10° 107 10° 10°® 107 10

Neutron energy (MeV)

Figure 2.4-1 Calculated detector response with polyethylene moderator.
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Figure 2.4-3 Calculated detector response with beryllium moderator.
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In the horizontal port, the temperature will be higher than 150°C, which is the coolant
water temperature. Polyethylene is not stable at such a high temperature. The temperature of the
detector will be increased by nuclear heating, because the thermal conductivity of polyethylene is
too small.

Here we tried to make a flat energy response by combination of graphite and beryllium.

A moderator of graphite and beryllium with a ratio of Be/C=0.25 can provide rather flat energy
response as shown in Fig. 2.4-4. The thermal conductivity of graphite and beryllium is much

larger than that of polyethylene. Therefore we employed the moderator with graphite and
beryllium with a ratio of Be/C=0.25.

102 E""‘"’! R B | I """"g N ML B MR ""'"'! R
T ' [—Be/C=0.25
o : n n . .
N.E 1 i : H i
5 10 _ .................................................... A
k)
(0]
©
-5 S 0 S AU S SU SU SRS SRS NN S SRR SRS i
9
1))
2

10° 107 10° 10® 10" 10
Neutron energy (MeV)

Figure 2.4-4 Calculated detector response with beryllium and carbon moderator.
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2.5 Lifetime Estimation

The lifetime of the 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. The number of 235U atoms Na3sy is represented by the following

equation;

d
ENBSU(t) = -N235U(t)$(6£2350 + O 235U) (2.5-1)

where 62351 and Gca3sy are averaged fission and neutron capture cross-sections defined by

o(E)o(E)dE

o _ JoE9E) (2.5-2)
[o(B)IE

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

From equation (2.5-1),

N2su(t) = N2assu(0)Exp{—9(S 35y + Gcassu )t}
~ N23suu(0){1-0(0p350 + Oc2350)t} (2.5-3)
= Nassuu(0)(1-t0002350)

is obtained. Because the fission cross section is about 10” larger than the capture cross section for
the location of the D-D detectors., the burn-up of 235U atoms is dominated by fission reactions.
The burn-up rate of ¢cp3sy is ~2 X 10-11 s for the 500 MW operation. The change of the
sensitivity is estimated to be only 0.1 % for the ITER lifetime which is equivalent to 0.5

GWeyear. So we can use 235U chambers without replacement during the ITER lifetime.
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2.6 Dynamic Range

The wide dynamic range of 107 in a single fission chamber has been demonstrated by the
JT-60U neutron monitor[3] with both pulse counting and Campbelling mode, which meets the
ITER requirements for the neutron monitor. The Campbelling mode is available in the range of
equivalent counting rates from 10° to 10° counts/s. Direct current mode measurement is available
in the range of equivalent counting rates higher than 10® counts/s. Here we plan to use fission
chambers in pulse counting and Campbelling modes, because the S/N ratios for the gamma
induced noises in those modes are better than that of the current mode. Figure 2.6-1 shows the
expected count rate of the fission chambers with moderator as a function of the fusion power. At
the fusion power of 100 W, the counting rate of 4000 cps is expected in the detectors for D-D and
the calibration with a moderator. The count rate of the detectors for the D-T operation is too high
for the Campbelling mode at SO0 MW fusion power. Therefore we have to reduce the count rate

by a neutron shield.

10'"°
i (:Dampb:elling fnode Ifmit

10° L

10° |

Count rate (counts/s)

—o— Detectors for D-D
E/ P —8 - Detectors for D-T w/o shield}--
/

— & - Detectors for D-T with shield
i i i i

10° 10° 10 10® 1¢0°

10° -
100 1000 10

Fusion power (W)

Figure 2.6-1 Dynamic range of the fission chamber with 200 mg of 235U.
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However, the statistical error of the pulse counting is a problem for lower fusion power.
The statistical error of the pulse counting is plotted against the fusion power for 1 ms and 10 ms
sampling times in Fig.2.6-2. The ITER requirement of the error in the fusion power measurement
is 20% and 10% for fusion power of 100-10kW and 10k-1GW, respectively. The systematic error
in the calibration for the total neutron source strength is estimated to be about 5% from the
experience of the calibration for the TFTR D-T experiments. So the statistical should be less than
19.4 % and 8.7% for fusion power of 100-10kW and 10k-1GW, respectively. By combination of
the detectors for the D-D and D-T operations, we can measure the total neutron flux within the

errors required by ITER in the range of the fusion power from 100W to IGW.

T ! T

500 MW

—e— detectors for D-D
................................ | —=— detectors for D-T |-

Statistical error for 1 ms sampling (%)

0 ‘
100 1000 10* 10%® 10® 10" 10® 10°
Fusion power (W)

Figure 2.6-2 Statistical error of the pulse counting plotted against the fusion power for 1 ms and

10 ms sampling times.
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2.7 Gamma-ray Effect

This fission chamber can be operated in the pulse counting and the Campbelling mode. In
the pulse counting mode, the current pulse generated by the fission fragments or gamma reaction
in the ionizing gas is measured. The fission reaction releases ~100 MeV as the kinetic energy of
the fission fragments. One fragment goes into the ionization gas and another goes into the
electrode wall. The average energy deposited in the ionization gas is about 43 MeV, on the other
hand the gamma energy is less than 10 MeV (see Fig.2.3-3). So we can eliminate the gamma
pulses by conventional pulse discrimination techniques. The Campbell mode is less sensitive to
gamma-rays and the gamma-ray effect is negligible. Based on the data sheet of the fission
chamber, the gamma-ray effects are summarized in Table 2.7-1. We can obtain sufficient S/N
ratios for gamma-ray induced noise. Therefore we do not need a gamma-ray compensation

detector which is of the same size as the detector but without fissile material..

Table 2.7-1 Outputs of the fission chamber by neutrons and gamma-rays at 500 MW operation.

Detectors for D-D Detectors for D-T

Neutron Flux 2 x10"° n/m* 3x 10" n/m*
Gamma dose rate 2 x 10° R/h 3x10° R/h
Campbelling mode (A*/Hz)

Neutrons 1.1x10™" 3.3x 10"

Gammas 1.4 x 107 4.2x10%

S/N ratio 1.3 % 107 1.3 %107
Current mode (A)

Neutrons 4.0 x 107 1.2x10°

Gamma-rays 4.0x107° 1.2x10°

S/N ratio 1.0 x 10° 1.0x10°
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2.8 Magnetic Field Effect

The fission chambers for the D-D operation and the calibration will be installed inside the
toroidal field magnet. The effect of the strong magnetic field on the fission chamber is another
problem. In the fission chamber, we measure the electron induced 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

] 2
ue M [E+EXB_0_)_C_+(EOB)&:|
1+ w2/ V2 B v B> Vv
(2.8-1)

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

and B = (0, 0, Bz),

— IJ'CEX ueEX 0
u= ) ,0
1+ w?/v: 1+w2/v?: v

(2.8-2)
As shown in Fig. 2.8-1, an angle between u and E, the Lorentz angle o, is represented by tan o0 =
oxc/v. In the case of the fission chamber with 8 atm Argon gas, applied voltage of 200 V to 0.5

mm electrode gap, in a magnetic field of 5.3 T, the mobility without magnetic field is up = 3 x 10

m/s. The Lorentz angle is evaluated as,

tan oL = ®./V

~ uo(E/E) (2.8-3)

Thus the magnetic effect on the electron drift velocity is negligible. However, we do not have
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experience of using a fission chamber using in high magnetic fields such as 5.7T. We should

confirm the magnetic effects on the fission chamber experimentaily.

Figure 2.8-1 Lorentz angle of electron drift in a magnetic field.
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2.9 Nuclear Heating

Nuclear heating of the detector is an important issue for the diagnostics inside or near the

vacuum vessel. Preliminary estimation of the nuclear heating around the vacuum vessel is shown

in Fig. 2.9-1. The nuclear heating of the fission chamber is estimated to be 0.1 - 0.2 W/cm® at the

detector position. The fission chamber can be operated up to 400 °C, so that it seems possible to

cool it by thermal conductivity via modulator.

A A S

103 ,,,,,,,,,,,,,,,,,,,,,, _______________________ —e— 500 MW
1--¢--500MW in port

Nuclear heating (w/cm”)

' ‘ | i i
8 8.5 9 9.5 10 105 11

Distance from torus axis (m)

Figure 2.9-1 Preliminary estimation of the nuclear heating around the vacuum .
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2.10 Calibration

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

We simulated the in-situ calibration by MCNP calculations, 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. 2.10-
1. The ITER machine within the vacuum vessel was modeled for the calculations. The detector

for the calibration is located in the horizontal port.

calibration source

fission chamber

Figure 2.10-1 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 2.10-2 shows the detection efficiency of the detector in the horizontal port for the
point source on the plasma axis with R = 6.2 m plotted against the toroidal angle of the source. A
sharp drop of the efficiency is observed at +110°, which shows that the source goes into the
shadow of the inboard blanket.

A compact DT neutron generator with an emission rate of ~10!! neutrons/s has been
developed by the Russian home team, which can be installed on the remote handling apparatus
and can move inside the vacuum vessel. If we will use the DT neutron generator with an emission
rate of 1 x 10!! neutrons/s, a count rate higher than 10 count/s can be expected in the range of
toroidal angles +100 degree. Also a count rate of about 1 count/s can be expected for +(100 -

160) degree.
The relative integrated efficiency defined by,

[eo)d

| e@do
(2.10-1)

where £(0) 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.2.10-3. 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 toridal angles +80°, we can obtain the detection
efficiency for the toroidal neutron source with an accuracy higher than 95%.

An example of the calibration procedure is shown in Table 2.10-1. In this MCNP
calculation, the modeling is symmetric respect to the fission chamber, however, the real ITER-
FEAT machine is not symmetric. Therefore, we have to scan both toroidal directions. If we scan
the point source each 10 degrees in the range of toridal angles +180°, we need lor 2 days for the
calibration, where the time for moving the source should be taken into account.

In this design, the 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 fission chambers.



By those calibrations, the neutron flux monitor can meet the required 10% accuracy goals
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of the fusion power measurement for the ITER fusion power monitor.

Table 2.10-1 Procedure of the point source calibration.

Toroidal angle Detection Accumuiation Relative error
(degree) efficiency time (sec) Counts Statistical error |(%)

-180 2.882E-12 4000| 1.153E+03 34.0 2.9
-170 5.231E-12 4000] 2.092E+03 45.7 2.2
-160 8.852E-12 4000] 3.541E+03 59.5 1.7
-150 8.508E-12 4000| 3.403E+03 58.3 1.7
-140 5.247E-12 4000{ 2.099E+03 45.8 2.2
-130 5.398E-12 4000} 2.159E+03 46.5 2.2
-120 1.367E-11 4000| 5.468E+03 73.9 1.4
-110 6.301E-11 20001 1.260E+04 112.3 0.9
-100 8.745E-11 2000} 1.749E+04 132.3 0.8
-90 1.001E-10 1000] 1.001E+04 100.0 1.0
-80 1.210E-10 1000{ 1.210E+04 110.0 0.9
-70 1.037E-10 1000]| 1.037E+04 101.8 1.0
-60 1.187E-10 1000] 1.187E+04 109.0 0.9
-50 1.533E-10 1000] 1.533E+04 123.8 0.8
-40 2.400E-10 1000] 2.400E+04 154.9 0.6
-30 3.478E-10 1000| 3.478E+04 186.5 0.5
-20 7.485E-10 1000| 7.485E+04 273.6 0.4
-10 1.692E-09 1000| 1.692E+05 411.3 0.2
0 2.519E-09 1000] 2.519E+05 501.9 0.2
10 1.692E-09 1000| 1.692E+05 411.3 0.2
20 7.485E-10 1000| 7.485E+04 273.6 0.4
30 3.478E-10 1000| 3.478E+04 186.5 0.5
40 2.400E-10 1000]| 2.400E+04 154.9 0.6
50 1.533E-10 1000| 1.533E+04 123.8 0.8
60 1.187E-10 1000} 1.187E+04 109.0 0.9
70 1.037E-10 1000] 1.037E+04 101.8 1.0
80 1.210E-10 1000] 1.210E+04 110.0 0.9
90 1.001E-10 1000 1.001E+04 100.0 1.0
100 8.745E-11 2000| 1.749E+04 132.3 0.8
110 6.301E-11 2000| 1.260E+04 112.3 0.9
120 1.367E-11 4000| 5.468E+03 73.9 1.4
130 5.398E-12 4000 2.159E+03 46.5 2.2
140 5.247E-12 4000| 2.099E+03 45.8 2.2
150 8.508E-12 4000{ 3.403E+03 58.3 1.7
160 8.852E-12 4000] 3.541E+03 59.5 1.7
170 5.231E-12 4000| 2.092E+03 45.7 2.2
180 2.882E-12 4000 1.153E+03 34.0 2.9
Total(hour) 23.1 Total error(%) 0.5
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Figure 2.10-2 Detection efficiency of the detector for the D-D and the calibration against the
point source on the plasma axis with R = 6.2 m plotted versus the toroidal angle of the source. (a)

is a linear plot and (b) is a log plot.
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Figure 2.10-3 Relative integrated efficiency plotted against the toroidal angle.
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3. DETAILED SYSTEM DESCRIPTION

3.1 General Equipment Ax;rangement

The proposed arrangement of neutron flux monitors on ITER-FEAT is shown in Fig. 3.1-
1. The neutron flux monitors will be installed in the equatorial ports at ports #8 and #17. A pair
of the fission chamber assemblies will be installed in each port; one is' for D-D and calibration
operation, and another is for D-T operation.

The pre-amplifier should be located as near as possible to the fission chambers from the

noise protection 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.

3 Wide angle viewing/IR
@ CXRS (with DNB)
MSE (with heating NB)
H-a /Vis. spect (Divertor)

4 DNB
7 Obscured port

8 RH plus Limiter
Neutron flux monitor

18 9 Wide angle viewing/IR
@ Tor/Intefer. polarimeter
ECE

Fast Wave Retlectometry
(possibly) MSE

Polarimeter

EQUATORIAL PORT

10 LIDAR Thomson Scattering

(@) 11 X-ray Cryst spec (a)
(z)  NPA (a)
(b) VUV (main & div) (a)
(x)  Reflectometry (a)
(@) 12 Wide angle viewing/IR (a)
@ H-a /Vis. spec (upper edge)  (X)
Vis. continuum array (z)

16 Wide angle viewing/IR b)

{y) @ Radial Neutron Camera (a)
Bolometry (b)

(a)  Softx-ray array ©

b) Divertor Impurity
(a)

() 17 RH plus Limiter
(a)  Neutron tlux manitor (y)
@ Neutron Act syst (foil & '6N)  (b)
a

(a) Unassigned:
Collective scattering ()
Laser Induced Fluorescence (2)

(div 15) (b)

Figure 3.1.1 Diagnostics arrangement on equatorial ports. The neutron flux monitor will be

installed in the equatorial ports at ports #8 and #17.
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3.2 Fission Chamber Assembly

Fission chamber assembly was designed based on the calculation described in Section 2.4.
Three detectors are mounted in a stainless steel housing with moderation material as shown in
Fig. 3.2-1. We employed graphite for the moderator instead of polyethylene, because graphite is
stable at high temperatures. We need 20-cm thick graphite and 5-cm thick beryllium to get flat
energy response of the detector sensitivity. Cadmium of 1-mm thickness is plated inside the
stainless steel housing for a thermal neutron shield. Three 2**U fission chambers with the same

size are mounted inside the gamma-ray shield of lead from the redundancy point of view.
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Figure 3.2-1 Schematic diagram of the fission chamber assembly with moderator.
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3.3 Installation of the Fission chamber Assembly on the Equatorial Port

The arrangement of the neutron flux monitor is shown in Fig. 3.3-1. The detectors for the
D-D operation and the calibration are installed just outside of the vacuum vessel in the horizontal
port. The detectors for the D-T operation are installed just outside of the additional shield in the
port. The additional shield in not designed yet, which should be done taking account of other

diagnostics integration.
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calibration l D-T i
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! I
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Figure 3.3-1 Arrangement of neutron flux monitors.



3.4 Data Acquisition and Control

A block diagram of the electronics and data acquisition equipment is shown in Fig.3.4-1.
The 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, a location 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, a pulse amplifier, and a Campbelling amplifier is

preferable. The Campbelling amplifier has three different amplitude outputs. Typically, the

JAERI-Tech 2002-062

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

Fission chamber
L

Preamplifier

l

Signal selector

HV power | Preamplifier

‘ { suppl power
Pulse Campbelling supply
amplifier| [amplifier

. CAMAC or VME create

[ ]
Puise Waveform
scaler digitizer
<>
< system
%
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. We
estimated the data amount of the fission chamber system assuming that we will measure with

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

Table 3.4-1 Data amount of the neutron flux monitor,

# channel |Sampling time Operation mode
ms Inductive Hybrid Non-inductive
Discharge
length (sec) 400 1000 3000
Data amount (MB)

Pulse counting
mode 12 1 9.6 24 72
Campbelling
mode 36 1 57.6 144 432
Total 67.2 168 504
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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 source strength 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
the detector response. 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 by the

Russian home team is one of the candidates [12] (see Fig.3,5-1).

Figure 3.5-1 Picture of the neutron generator developed by TRINITI.



3.6 Component List
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List of Components is summarized in Table 3.6-1.

Table 3.6-1 List of equipment

Component Quantity Size (mm) | weight (kg)
235U Fission Chamber 12 $28 x 390 2.0
Detector box with moderator 4 800x 1000x 600 | 500
Soft Tri-axial Cable 12 $12

Preamplifier 12 300x 190 x 120 |4
Preamplifier Box 2 600x 800 x 200 |120
Integrated Amplifier . 12 480x 180 x400 |10
CAMAC or VME create 2 300x 190x 120 20
ADC Module 3

Scalar Module 1

Workstation 1

Other Digital Modules TBD

Neutron generator
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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

Neutron flux monitors are installed and operational. ITER has not commenced operation,
and the vacuum vessel is open for in-vessel activities. The neutron generator and transport
apparatus are temporarily installed inside the 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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S. CRITICAL DESIGN AREAS AND R&D ITEMS

3.1 Critical Design Areas

» Integration of the detector assembly in the equatorial port should be done.

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

* Technique for the sensitivity calibration should be designed. One of the candidates is that small
amount of radioactive neutron source such as 252Cf will be transferred to near the fission
chamber. Another candidate is a cross calibration to the neutron activation measurement which
is an absolute neutron flux measurement.

* Heat transport calculations for the nuclear heating of the fission chamber should be carried out.

5.2 Necessary R&D Items

* The energy response of a fission chamber with a moderator composed of graphite and beryllium

should be evaluated experimentally.
* The effect of the temperature on the sensitivity should be evaluated experimentally.

e Vibration tests on the fission chamber should be done to simulate the mechanical shock in

disruptions.

» The effect of the strong RF heating on the fission chamber should be confirmed experimentally.
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6. CONCLUSION

We designed a neutron flux monitor using **U fission chambers to be installed inside the
horizontal port. In the ITER-FDR design, a moderator of polyethylene was proposed, which is
not stable in high temperature. We investigated other moderator materials to get flat energy
responses of >°U fission chambers. Here we employed a moderator composed of graphite and
beryllium with a ratio of Be/C=0.25. These materials are stable at ITER relevant temperature in a
horizontal port. Based on the neutronics calculation, a fission chamber with 200 mg of 3y is
adopted for the neutron flux monitor. Three detectors are mounted in a stainless steel housing
with moderation material. The neutron flux monitors will be installed ih the equatorial ports at
ports #8 and #17. Two fission chamber assemblies will be installed in each port; one is for D-D
and calibration operation, and another is for D-T operation. The assembly for the D-D operation
and the calibration is installed just outside of the vacuum vessel in the horizontal port. The
assembly for the D-T operation is installed just outside the additional shield in the port.

Combining these assemblies with both pulse counting mode and Campbelling mode in the

7 .
electronics, we can accomplish the ITER requirement dynamic range of 10 with 1 ms temporal
resolution. The lifetime of the fission chamber was estimated. The change of the sensitivity due

to burn-up of ***U was estimated to be only 0.1 % behind the port plug for the ITER lifetime. So

we can use 235U chambers without replacement during the ITER lifetime. The effects of gamma-
rays and magnetic fields on the fission chamber are negligible in this arrangement. We simulated
the in-situ calibration by MCNP calculations, where a point source of 14 MeV neutrons is
moving on the plasma axis. It was found that direct calibration would be possible by using a
neutron generator with an intensity of 10'' n/s. The neutron flux monitor can meet the required

10% accuracy for a fusion power monitor.
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