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A micro-fission chamber with 12 mg U02 and a dummy chamber without uranium were

fabricated and the performance was tested. They are designed to be installed inside the vacuum vessel of

the compact ITER (ITER-FEAT) for neutron monitoring. The vacuum leak rate of the dummy chamber

with MI cable, resistances of chambers between central conductor and outer sheath, and mechanical

strength up to G acceleration were confirmed to meet the design criteria. The gamma-ray sensitivity

was measured for the dummy chamber with the 60CO gamma-ray irradiation facility at JAERI Takasaki.

The output signals for gamma-rays in Campbelling mode were estimated to be less than 0 I of those by

neutrons at the location behind the blanket module in ITER-FEAT. The detector response for 14 MeV

neutrons was investigated with the NS facility. Excellent linearity between count rates, square of

Campbelling voltage and neutron fluxes was confirmed in the temperature range from 20'C(room to

250'C. However, a positive dependence 14 MeV neutron count rates on temperature was observed,

which might be caused by the increase in the pulse height with temperature rise. Effects of a change of

surrounding materials were evaluated by the sensitivity measurements of the micro-fission chamber

inserted into the shielding blanket mock-up. The sensitivity was enhanced by slow-downed neutrons,

which agreed with the calculation result by MCNP-4C code. As a result, it was concluded that the

developed micro-fission chamber is applicable for ITER-FEAT.

Keywords: Neutron Monitor, Micro-fission Chamber, ITER, Fusion Power, Neutron Source Intensity,

Campbelling Mode, Co Gamma-ray Irradiation Facility, Fusion Neutronics Source(FNS)
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1. INTRODUCTION

1.1 Background and objectives

The measurement of absolute neutron source intensity is very important for

controlling the fusion power of ITER. In present large Tokamaks, neutron flux monitors are

installed inside and outside the vacuum vessel for this purpose, but the detection efficiencies

of these detectors are easily affected by surrounding materials. Since ITER has substantial

material outside the plasma core, a close position is preferred for the neutron flux monitors.

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. However, the surrounding

environment is quite different from nuclear power plants where these fission chambers have

been implemented, and R & D is required to establish their applicability to [TER.

In the ITER CDA (Conceptual Design Activity), we planned to install micro-fission

chambers just under the first wall [1]. However, that is rather difficult because nuclear

heating will be more than 10 W/cm and bum -up of the fissile material will reduce the life

time of the detector. In the ITER-FDR, the detectors will be installed in the gap between

adjacent blanket modules and behind the blanket on the back plate 2-4]. For ITER-FEAT a

235 U micro-fission chamber and a "blank" detector which is a fissile-material-free detector to

identify noise issues such as from gamma-rays will be installed behind blankets #II and 16

in a toroidal location [5]. We propose two toroidal locations from the redundancy point of

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

accomplish the ITER requirement that the temporal resolution is to be ms for the dynamic
4

range of 10 . According to the lifetime estimation of the micro fission chamber, the change of

the sensitivity will be only 0 I for the ITER lifetime which is equivalent to 0.5 GW-year.

So, we can use the 235 U chambers without replacement during ITER lifetime. The micro

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

The objectives of this R&D are to fabricate a prototype micro fission chamber

and to test it under ITER relevant conditions including wide neutron spectrum, intense high

gamma rays, and acceleration to simulate sudden disruption. The data will be evaluated to

support the engineering design of ITER.
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1.2 Technical Outline of the Task

This task requires the fabrication of one icro fission chamber and one chamber

without fission materials at a designated specification. Following R&D tests items should be

carried out at the neutron source facilities and/or intense gamma-ray source facilities in

JAERI. And the documentation of the test results and evaluations are as follows.

R&D test items;

1) Characterizing the measurement capability under neutron and/or gamma-ray

irradiation.

2) Characterizing the measurement capability under various temperature conditions,

accelerations.

3) Comparison of signal levels with the chamber having no fission material.

4) Examining the effect of surrounding materials

Performance Tests;

1) Dimensional check, vacuum test including MI cables.

2) Static impedance test and temperature dependence test up to 350 'C.

3) Acceleration test by mechanical shocks.

4) Neutron flux measurement using NS 6] from the available maximum flux to the

possible minimum flux including linearity and S/N dependence on the wide

dynamic range.

5) Neutron flux measurement using NS at elevated temperature.

6) Effects of the change of surrounding materials in Test .

7) Gamma-ray iradiation test using 60CO source on the chamber having no fissionable

material and noise level dependence on elevated temperatures.

2 -
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2. SPECIFICATION OF THE MICRO FISSION CHAMBERS

The micro fission chamber should be operated in pulse counting mode at low neutron

flux, in Campbelling (mean square voltage) mode 71 at medium flux, and in current mode at

high flux. Combinations of those operation modes may provide a dynamic range of 1010 with

a temporal resolution of I ms. The most popular candidates for the fissile material in a micro

fission chamber are 235 U and 238 U. The former has a large fission cross-section for thermal

neutrons, while the latter has a fission cross section with a threshold of -0.8 MeV.

Mineral insulated (MI) cable is used to transfer signals, so that we can install the

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.

In order to get a 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 chamber is 1010 s-1 for the Campbelling mode.

Specifications of the micro fission chambers are listed as follows;

1) Length: 200 mm

2) Diameter: 14 mm

3) Fissionable material: a) 235 U02 1 Orng or below the over

coating level

b) dummy, no fissionable material

4) Temperature: 20 200 C

200 - 350 'C /hr for 10 times

5) Acceleration: 15 G, 10 ms for 1000 times or equivalent

6) Accuracy for total neutron yield: 10 %

7) Time resolution: I Ms

8) Dynamic range: 107

9) Gamma-rays back ground: 10 times of neutron flux

10) Pressure: High vacuum

3 -
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3. FABRICATION OF MICRO FISSION CAMBER AND DUM1%1Y CAMBER

3.1 Design of the Micro Fission Chamber and the Dummy Chamber

Figure 31-1 shows the schematics of a typical icro fission chamber with wide

dynamic range, which is designed for the ITER-FEAT. In this detector, U02 is coated on the

outer cylindrical electrode with a coating density of 06 mg/cm2. The active length is 76 mm,

and the total amount Of U02 i 12 mg. The enrichment of 235U i 90%. So the total amount of

235U is about 10 mg. This detector is filled with 14.6 atm. of Ar + 5% N2 gas, which enables

pulse counting and Campbelling mode. The housing material is stainless steel 316L. Electric

insulator is alumina (A1203).

Double coaxial MI cable is welded directly to the fission chamber. The MI cable uses

SiO2 as electric insulator with a packing density of 30%. The cable is also filled with Ar at

14.6 atm. The center conductor is insulated not only with the SiO2 power but also Ar gas. In

case of cracking at the alumina insulator in the detector due to swelling, the Ar gas in the MI

cable will prevent a leak of detector gas into the MI cable.

The dummy chamber has the same structure as the micro fission chamber, except no

uranium coating on the electrode.

3.2 Fabrication

A drawing of the fabricated micro fission chamber is shown in Figure 32-1.

Dimensions at "A" - D" are checked at the dimension test described in Section 41. Also a

photograph is shown in Figure 32-2. The total length of the fission chamber is m including

MI cable. The end of the MI cable has a connector, which is LEMO type quick coupling

connector for a soft double coaxial cable.

The chamber was baked and pumped out to vacuum from the gas feeder tube at the

detector head. After that gas of Ar + 5% N2 was filled up to 14.6 atm and the gas feeder tube

was welded.

4 -
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Gas feeder tub

D I13.85)
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C ( 385)
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Vacuum flange

Connecto

Unit: mm

Figure 32-1 Drawing of the fabricated micro fission chamber and the dummy

chamber.

6 -
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Haiti: . .... . .......... ........ ............... ........ ... .. .V ..... ........ . ............ .

Fiaure 32-2 Picture of the fabricated micro fission chamber and the dummy chamber.

7 -
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4 BASIC PERFORMANCE TESTS

4.1 Dimension Check

The result of the dimension check is shown in Table 41-1. The measured dimension

agreed with the designed one within the permitted error. The position has a relatively large

permitted error, because the gas feeder tube was welded after filling the Ar + 5% N2 gas into

the detector.

4.2 Vacuum Leak Test

The dummy chamber with MI cable was tested for vacuum leaks at room temperature.

We confirmed that the He leak rate was less than the detection limit, Ix 10-8 cc/s.

4.3 Static Impedance Test

The resistance between the center conductor and the outer sheath was measured in the

temperature range from room temperature (20'C) to 350'C with an impedance analyser. The

detector heads of the micro fission chamber and the dummy chamber were heated up by a

heater chamber as shown in Figure 43-1. The temperature history is shown in Figure 43-2.

The temperature dependence of the resistance is shown in Table 43-1 and Figure 43-3. The

measured resistance of the micro fission chamber is larger than that of the dummy chamber at

low temperatures, because the conductivity is increased by the alpha particle ionization from

the alpha decay of the uranium. In the higher temperature range, the resistance is determined

by the increased conductance of the ceramic insulator itself. Those measured resistances are

within the acceptable range for the micro fission chamber performance.

4.4 Pulse Height Discrimination Characteristics

The pulse height discrimination characteristics of the micro fission chamber was

investigated in the temperature range from room temperature (20'C) to 350'C. The block

diagram of the electronics is shown in Figure 44-1. In this measurement, only the pulse

output was used. The temperature history was the same as shown in Figure 43-2. The pulse

height discrimination characteristics for the thermal noise and alpha particle of the uranium

- -
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itself are shown in Table 44-1 and Figure 44-2. Pulges smaller than 60 mV are thermal noise.

Those larger than 60 mV are due to alpha particle of the uranium. Also Figure 44-3 shows the

temperature dependence of the count rate at several discrimination levels. The thermal noise

component is insensitive to the temperature. However, the count rate due to alpha particles

increases with the temperature, which indicates positive temperature dependence of the pulse

height.

During the neutron measurement, the discriminator should eliminate counts due the

alpha decay of the uranium. The discrimination level should be higher than 150 rnV.

4.5 Acceleration Test

The micro fission chambers will be installed inside the vacuum vessel. Those chambers

have to bear the mechanical shock at disruptions. We carried out the acceleration test by

mechanical shocks. The micro fission chamber was set on a weighted ftee-fall table as shown

in Figure 45-1 A picture of the experimental setup is shown in Figure 45-2. When the table

hit the floor, the acceleration was 50G. The waveform of the acceleration is shown in Figure

4.5-3. We carried out this acceleration test 10 times. Counts of 34 - 71 were observed during

each mechanical shock, where the discrimination level was 200 rnV. On the other hand, there

was no change in the Campbelling output signal. Also any change in resistance, dimension

and vacuum leaks were not observed. Counts of 34 - 71 are negligible small in the real ITER

measurement, so we can conclude that the micro fission chamber can be used under the

mechanical condition of MR.

4.6 Discrimination Characteristics and Sensitivity for Thermal Neutrons

The discrimination characteristics and the sensitivity for thermal neutrons were

investigated at the TRIG reactor of the Rikkyo University, Yokosuka. The neutron flux was

6.76 x 105 CM�2 S-I at 20 W reactor power. The discrimination characteristics is shown in Figure

4.6-1. The count rate was almost flat in the range of the discrimination level from 80 rnV to

-200 mV. We should set the discrimination level to be 150 mV to 200 rnV, taking the results

of the Section 44 into account.

At the discrimination level of 200 mV, the thermal neutron sensitivity was evaluated to

be 104 x 10-2 counts/(CM-2 S-1).

9 
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Table4.1-1 Resultofthedimensioncheck.

Position A [mm] B[mm] C[mm] D[mml

Designed value 5000+20 197t2 13.95--,,O.l 13.85±0.1

Measured value 4998 197.3 13.85 13.86

See Figure 32-1 for the positions A-B.

Table 43-1 Resistance between the center conductor and the outer sheath.

Temperature (IC) R.T.(20) 100 150 250 350 R.T.(20)

Micro fission 2.7x 10'2 9.Ox 10" 6.Ox 10" 1.0 x 10" 1.5 x 0'0 2.5 x 1012

chamber ()

Dummy chamber 1.2x 1013 2.Ox 1012 4.Ox 10" I -Ox 10" 2.4x I '0 1.0 X 1013

42)

10
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Table 44-1 The pulse height discrimination characteristics of the micro fission chamber

for the thermal noise and alpha particle of the uranium itself.

Temperature
(degree Q R.T. 20 100 150 200 250 R.T. 20)

Discri[-mV] Count rate (cps) Count rate (c Count rate (cps) Count rate (cps) Count rate (cps) Count rate (cps)

0 2.80E+06 2.86E+06 2.87E+06 2.87E+06 2.8 IE+06 2.78E+06

I 0 1.09E+06 1.05E+06 1.05E+06 1.02E+06 I.OIE+06 I.OOE+06

20 3 I OE+05 2.7 E+05 2.68E+05 2.49E+05 3.20E+05 2.54E+05

30 5.05E+04 4.2 E+04 4.38E+04 3.63E+04 5.97E+04 3.86E+04

40 8.39E+03 5.43E+03 5.34E+03 4.29E+03 8.67E+03 4.60E+03

5 0 9.54E+02 7.74E+02 7.82E+02 7.91E+02 1.20E+03 5.60E+02

60 1.72E+02 2.30E+02 2.18E+02 3.48E+02 3.20E+02 1.53E+02

7 0 5.OOE+01 1.92E+02 9.89E+ I 2.24E+02 1.62E+02 4.49E+01

80 2.30E+01 4.20E+01 3.40E+ I 1.32E+02 1.05E+02 1.40E+ 1

90 7.98E+00 2.40E+ I 6.OOE+00 7.30E+01 4.49E+01 2.OOE+00

100 2.OOE+00 2.OOE+00 1.99E+00 8.OOE+00 1.79E+01 I.OOE+00

110 O.OOE+00 I.OOE+00 O.OOE+00 2.99E+00 6.99E+00 O.OOE+00

120 O.OOE+001 O.OOE+001 0.00E+001 I.OOE+001 2.OOE+001 O.OOE+00

1 1301 0.0 E001 O.OOE+001 O.OOE+001 O.OOE+001 O.OOE+001 O.OOE+00
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Figure 43-1 Picture of the temperature tests for the micro fission chamber and the

dummy chamber.
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Figure 43-2 Temperature history of the temperature tests for the micro fission chamber

and the dummy chamber.
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Temperature C)

Figure 43-3 ne te inperature dependence of the resistance between the center

conductor and the outer sheath.

Micro fission chamber
reamplif ier

Signal selector HV power Preamplifiei

4 i SuPPlY power
Pulse ampbellin supply
aMDlifier mplifi

I
Discriminator Integrated amplifier

Oscilloscope

Figure 44-1 Block diagram of the electronics for the micro fission chamber.
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Figure 44-2 Pulse height discrimination characteristics of the micro fission chamber

for thermal noise and alpha particles of the uranium.

106

.. ..... ....... ..... .... . .........

. ..... .. ... . ................. .

. ..... ... ......

20CL . .......... ..... ........
4 50

10
0-- 80

........ .........
103

. ..... .... ... .............. .... ...... ........ .. ........

. ..... ........ ...... ..... . .....
2

10
........................ .............. . ... ........

.... ......
..... ...... ....... ..........

. ................ ... ....... ....

10 1I I -

0 50 100 150 200 250 300 350

Temperature C)

Figure 44-3 Temperature dependence of the count rate at several discrimination

levels.
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Figure 45-1 Picture of the acceleration test by mechanical shocks.
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Figure 45-2 Picture of the experimental setup for the acceleration test.
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-- ----------

Figure 45-3. Waveform of the acceleration.
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103 . ...... ...
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1o2 . .................... ....... ............. ... ............................ ............................................. ......................................... .. .........................................

101
0 100 200 300 400 500

Discrimination level (-mV)

Figure 46-1 Discrimination characteristics for thermal neutrons.
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5. GAMMA-RAY IRRADIATION TEST

5.1 Test Facility

The dummy chamber was irradiated at the 60CO gamma-ray irradiation facility of JAERI

Takasaki. The irradiation facility is shown in Figure 51-1. The 60CO gamma-ray source with

an intensity of 115 kCi 4286 TBq) is stored in a water pool. The source is lifted into the

irradiation room. The irradiation room is shielded with 13 m-thick heavy concrete walls. The

MI cable of the dummy chamber passed through the shielding wall via a penetration hole. The

dummy chamber was put near the gamma-ray source as shown in Figure 51-2. The gamma-

ray dose rate was 4.7Gy/s at the dummy chamber location, which is almost the equivalent

dose rate between the shielding blanket module and the vacuum vessel in ITER, where the

micro fission chambers will be installed. The dummy chamber was iadiated for 19.1 hours,

which resulted in the total dose of 0.32 MGy.

5.2 Experimental Setup

The block diagram of the electronics for the gamma-ray irradiation test is shown in

Figures 52-1 and 52-2. The analog output of the Campbelling amplifier was measured by a

digital voltmeter. The output current of the high voltage power supply was monitored with an

ammeter as a current mode measurement. It is expressed by the following equation.

I = rQ

where, I output current,

r signal rates,

Q total electrical charge per incident particle.

On the other hand, the Campbelling output voltage is expressed as follows.

V - j ��(t)�>

< Y2 t > =Q2
T

where, V Campbelling output voltage,

< Y 2(t >variance of current fluctuation,

T effective measurement time.

- 17 -
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Therefore, it should be noticed that the square of Campbelling output is proportional to

the signal rates.

5.3 Gamma-ray Sensitivity

Figure 53-1 shows the output current of a current mode measurement as a function of

bias voltage. The curve is nearly flat above 100 V, which suggests the appropriate bias voltage

for in-vessel monitoring is in that range. At the bias voltage of 200 V, the gamma-ray

sensitivity is,

(4.8 gA)/(1.7MR/h = 28 W(MR/h).

Figure 53-2 shows the output voltage obtained by the Campbelling mode for several

amplifier gains. In case of low gain of 2875, the effects of gamma-ray irradiation are hardly

observed compared with the curve of no irradiation. The difference is not large in case of a

medium gain of 28.75 either. On the other hand, with a high gain of 90.75 conspicuously large

sensitivity for gamma-rays is observed. Thus a high gain for the amplifier and a bias voltage

above 100 V are necessary for monitoring. By comparing the sensitivity with that for neutrons

to be described in Section 6 gamma-ray sensitivity in Campbelling mode is equivalent to the

neutron count rate of 3x 105 counts/s for gamma-ray dose of MR/h.

1 -
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dd 7200

C
Dummy chamber Cn

160CO y-ray
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Figure 5.1-2 Picture of the 6OCo gamma-ray irradiation facility at JAERI TAKASAKI.
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Figure 52-1 Experimental setup for the Co gamma-ray irradiation tests.
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Figure 52-2 Picture of the experimental setup for the 60CO gamma-ray irradiation

tests.
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gamma-ray irradiation as a function of bias voltage.
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6. PERFORMANCE TESTS UNDER 14 MEV NEUTRONS

6.1 Test Facility

The performance tests under 14 MeV neutrons were performed at Fusion Neutronics

Source (FNS) of JAERI Tokai. NS generates neutrons by D-T reactions using a 50keV

deuteron accelerator. A bird's eye view of NS is shown in Figure 6 - NS has two target

rooms, one houses the target of 80' beam line and the other does that of O' beam line. In the

Ist target room, a beam current up to 3 mA bombards a tritium-titanium target with 037 TBq

tritium. It produces 14 MeV neutrons up to 3 x 1011 n/s. The second target room has a large

rotating target with 37 TBq of tritium, which produces 14 MeV neutrons up to 4 x 10 12 n/S

with a beam current of 40 mA. In this experiment, the St target room was used.

6.2 Experimental Setup

For the sensitivity and linearity measurements, the micro fission chamber and the

dummy chamber were located just in front of the target as shown in Figures 62-1 and 62-2.

Both chambers were heated by a ribbon heater from R.T to 250'C. The block diagram of the

electronics is shown in Figure 62-3. The pulse height distributions were measured with the

multi channel analyzer. The pulse output was counted with a discrimination level of - 50 mV.

Also the output voltage of the Campbelling amplifier and the output current of the high

voltage power supply were monitored.

For the measurements for the effects of the surrounding materials, the micro fission

chamber was inserted into the mock-up shielding blanket as shown in Figures 62-4 and 62-5.

Here, the pulse height distribution and the counting rate were measured.

6.3 Neutron Sensitivity and Linearity

The pulse height distributions of the micro-fission chamber and the dummy chamber are

shown in Fig.6.3-1 A shift of the peak position was observed as the temperature of the

chamber was changed. It is necessary to set the discrimination level so as to minimize the

influence of the peak shift, however in the present study a temperature-dependent result was

obtained. Figure 63-2 shows the cumulative pulse number distributions from the largest. If
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the discrimination level is above 40, the count rates by micro-fission chamber at high

temperature will be about twice larger than those at room temperature according to the figure.

The relation between pulse count rates of the micro-fission chamber and those of alpha

counters are shown in Fig.6.3-3 (logarithmic scale) and in Fig.6.3-4 (linear scale). It should be

noted that the alpha particle is a fragment of a fusion reaction, and the number of the particle

coincides with generated neutrons. An excellent linearity is observed in both figures. The

ratios are shown as a function of the beam current in Fig.6.3-5. They are nearly constant as to

the current, however, a large discrepancy is observed between curves for different temper-

atures. The temperature-dependent curve is shown in Fig.6.3-6. The dependency must have

been caused by the peak shift in the pulse height distribution.

The relation between the squares of the Campbelling voltages and the count rates of

alpha counters are shown in Fig.6.3-7 logarithmic scale) and in Fig.6.3-8 (linear scale). An

excellent linearity is observed up to the neutron yield of about 3x 1013 counts per 100 second

measured by alpha monitor. The ratios of the squared voltages and counts are shown in

Fig.6.3-9. The ratios are nearly constant except when the beam current is very small. However,

different curves were also obtained in this case depending on the temperature. Figure 63-10

shows the temperature dependency of the squared voltages and (X counts ratios. The

dependency must have been caused for the same reason as that for fission pulse and count

ratios.

In Figs.6.3-11 and 63-12, the relation between the squares of Campbelling voltages and

pulse count rates by the micro-fission chamber is shown. An excellent linearity between both

operation modes is observed above 106 pulse counts of the chamber.

The 14 MeV neutron flux at the chamber position from a unit source in space was

estimated to be 3.3x 10-3 n/cM2/sec/source. The overall fission rate for the present chamber

was calculated to be 1.72x 10-7 reactions/sec/source at the neutron flux with 206 barns 211U)

and 1 14 barns (211U) for fission reactions. The efficiency of the chamber was defined as the

ratio of measured count rate and the neutron flux. Values are summarized below.

Temperature Measured Coun Ratio of Fission Efficiency to

(OC) Rate/Source Reactions (Meas./Calc.) Neutron Flux

17 8.02xlO-' 0.466 2.42XIO-'

1 250 1.5 1 X 10-7 0.880 4.56x 10-5
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When the temperature is 250 'C, the count rate attains nearly 90% of the estimated

value, and the efficiency for 14 MeV neutrons is 4.56xlO-5.

6.4 Effects of the surrounding materials

The pulse height distributions of the micro-fission chamber inserted into the mock-up

shielding blanket are shown in Fig.6.3-13. They show similar shapes above noise level. The

only difference is the number of counts. It shows that neutron spectra are similar and

electronics condition for the measurement is common at all 4 positions.

In order to estimate the efficiency of the micro-fission chamber, a Monte Calro calcula-

tion was perforined for the geometry shown in Fig.6.2-4 with MCNP code. Calculational

results are shown with measured count rates in Fig.6.3-14. All values were normalized to unit

source intensity. Fission reaction rates were integrated over the total amount of fissile material

of a chamber.

Both measured and calculated fission reaction rates are well consistent in Fig.6.3-14.

The C/E values are shown in Fig.6.3-15. Although the calculated reaction rate is about 40%

larger than the measured value at the front surface of the mock-up geometry (Position 1), the

differences are merely 10% at the other positions. The agreement shows the present micro-

fission chamber is very effective to catch neutrons at detector positions.

In Fig.6.3-14, the measured fission reaction rate (count rate) is 3.6x 10-4 times the total

neutron flux, and 2AX 10-3 times the fast neutron flux above 10 MeV at the front surface of the

mock-up geometry (Position 1). The values mean efficiencies of the chamber to total and 14

MeV neutron fluxes.

In Fig.6.3-16, neutron fluxes and reaction rates normalized at the front surface are

shown. As the position becomes deeper from the front surface, the calculated reaction rate and

total flux decrease roughly as much as the measured reaction rate, however the 14 MeV

neutron flux decreases more steeply. It is because the fast neutron flux does not include much

of a reflected component, while the fission count rate does. Therefore the efficiency of the

chamber for 14 MeV neutron flux becomes larger under the influence of the surrounding

material.

In Fig.6.3-17, calculated neutron spectra at 4 positions are shown. The shapes are nearly

similar to one another except for the 14 MeV neutron peak. The peak becomes smaller as the

position becomes deeper from the front surface due to the fore-mentioned reason.
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Figure 61-1 Bird's eye view of FNS.

- 25



JAERI-Tech 2002-032

;,-Thermal insulator

Heater

Thermocouple

Tritium target

Micro fission chamber

Dummy chamber

Figure 62-1 Experimental setup for the sensitivity and linearity measurements.
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Figure 62-2 Picture of the experimental setup for the sensitivity and linearity

measurements.

- 26 -



JAERI-Tech 2002-032

Mic;� fis ion chamber

Preamplif

............
Heater

Signal sel powe Preamplifiei

Thermornater 4 power
Pulse Campbelling suggly

ampl er Integrated

Dis ri mi nLqto�r] amplifier

Mufti-channel Digital Voltmaeter Current meter
analyzer _

Figure 62-3 Block diagram of the electronics for the sensitivity and linearity
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Figure 62-4 Experimental setup of the measurements for the effects of the
surrounding materials.
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Figure 62-5 Picture of the experimental setup of the measurements for the effects

of the surrounding materials.
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Figure 63-1 Pulse height distributions of the microfission chamber
and the dummy chamber.
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Figure 63-2 Cumulative pulse height distributions of the
microfission chamber and the dummy chamber.
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Figure 63-3 Linearity between counts by the microfission chamber
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Figure 63-4 Linearity between counts by the microfission chamber
and neutron yield by the a monitor (linear scale).
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Figure 63-6 Ratios of fission counts to neutron yield as a function

of temperature.
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Figure 63-13 Pulse height distributions of the microfission chamber

in shielding materials.
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Figure 63-16 Comparison of m.esured and calculated values normalized

at position in the shielding material.
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7. CONCLUSION

A micro fission chamber with 12 Mg U02 and a dummy chamber without uranium were

fabricated for the in-vessel neutron flux monitor of ITER-FEAT. These detectors are filled

with 14.6 atm of Ar + 5% N2 gas, which enable the pulse counting and Campbelling mode.

The dimensional check shows that those detectors were fabricated within the permitted

dimensional error. The dummy chamber with MI cable was tested for vacuum leaks at room

temperature. We confirmed that the He leak rate was less than the detection limit, IX 10-8 CC/S.

The resistance between the center conductor and the outer sheath was measured in the

temperature range from room temperature (20'C) to 350'C with an impedance analyser. The

measured resistances were within the acceptable range for the micro fission chamber

performance. An acceleration test was carried out by 10 times of mechanical shocks with 50G.

The induced count rate was negligibly small and there was no change in the Campbelling

output signal. The gamma-ray sensitivity was measured for the dummy chamber using the

60 Co gamma-ray irradiation facility of JAERI Takasaki. We confirmed that the output signal

of the Campbelling mode by gamma-rays would be less than 0 I of that by neutrons

behind the blanket module in ITER-FEAT. The detector performance for 14 MeV neutrons

was investigated by using the NS facility. Excellent linearity of the count rate versus the

neutron flux was confirmed in the temperature range from 20'C to 250'. However, a positive

temperature dependence of the sensitivity for 14 MeV neutrons was recognized, which might

be caused by the increase in the pulse height with temperature. Effects of the change of

surrounding materials were evaluated by sensitivity measurements of the micro fission

chamber inserted into the shielding blanket mock-up. The sensitivity was enhanced by the

slow-downed neutrons, which agreed with a calculation using MCNP-4C code.

Finally, we can conclude that the developed micro fission chamber is applicable for

ITER-FEAT.
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