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Abstract

The experiment to measure neutron flux distribution in the steam
generator built above the reactor core of the high temperature gas-
cooled reactor (AVR) in the Federal Republic of Germany was carried out
by using new type High Temperature In-core Fission Counter-chambers
(HTICs) and Wide Range Neutron Flux Measuring Electronics (WRMEs) in
December 1988.

In the experiment, three HTICs were installed into the pipe of the
steam generator. They operated properly to measure neutron flux from
reactor start-up to full power without interference noise. Dynamic
change of the neutron flux at each position of HTICs due to reactor
power-change was able to be measured on real time from reactor start-

up to full power.

# This work was carried out in cooperation between
Japan Atomic Energy Research Institute Tokail, Japan
and Forschungszentrum Juelich, Germany.







1. Introduction

Until recent years there was no in-core fission counter-chamber
which could be used to measure neutron flux in a wide range at very
high temperature (higher than 600" C). Accordingly it was Impossible to
measure neutron flux in a wide range in the reactor vessel of HTGRs on
real time. Then Japan Atomic Energy Research Institute (JAERI) developed
a High Temperature In-core Fission Counter-chamber ({HTIC} which had a
measurement range of 8 decades for neutron flux and a maximum operat-

ing temperature of 800" C.

JAERI wanted a demonstration test of the HTIC in an actual high
temperature gas-cooled reactor. Forschungszentrum Juelich (KFA) needed
to measure neutron Tlux distributicn in the steam generator (8G) which
was built above the reactor core of Arbeitsgemeinschaft Versuchsreaktor
(AVR) in order to verify neutron flux computed in 1968. JAERI and KFA
made a plan to measure neutron flux distribution in the SG of the AVR
as a joint experiment. This experiment was carried out as HTA-10, one of
the final verification tests for safety performance of the AVR, in
December 1988.

outline of the AVR is as follows. The AVR was constructed by
Hochtemperatur-Reaktorbau GmbH (HRB) in the Federal Republic of Germa-
ny and reached initial criticality in 1966. The reactor is a high temper-
ature gas-cooled reactor of the graphite-moderated, helium-gas-cooled
and pebble-bed type. The reactor has steam generators bullt above the
core in the reactor vessel. The full reactor thermal power, maximum
outlet gas temperature and full electric power are 46MW, 950° C and 13MW,
respectively.

The technical data and construction of the AVR are shown in
Table 1.1 and Fig. 1.1.

2. Performances of HTIC and Electronics

The single neutron flux measuring system which was used for the
AVR experiment consists of the HTIC, a heat-resistant signal cable, a
wideband preamplifier and the WRME. The performances are as follows.

2.1 Performance of HTIC

The HTIC was developed for HTGRs as a neutreon sensor for com-
missioning tests such as initial critical tests, power-up tests and
neutron flux mapping in the reactor vessel. The HTIC is an in-core
counter-chamber which operates at high temperature and has a wide
measurement range for neutron flux. The HTIC operates in pulse-counting
and Mean Square Voltage measuring (MSV, Campbelling) modes at 800° C as
well as at room temperature and has a measurement range of 8 decades
of neutron flux from 102 to 1010 n/cmZs.
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Table 2.1 and Fig. 2.1 show the specifications and the structure of
the HTIC. The outside diameter and neutron sensitive length of the
HTIC are 10mm and 80mm. The HTIC has one Mineral Insulated cable (MI-
cable} with heat-resistance to 900" C. The outside diameter of the MI-cable
is 5mm.

Special features of the HTIC are as follows; 95%Xe+Ny mixture gas
is used as ionization gas to improve operating performance at high
temperature. The adoption of 95%Xe+N9 mixture gas permits the realiza-
tion of a fission counter-chamber which operates in lower pressure (2
atm abs.) of ionized gas and lower applied voltage (100 V) as compared
with that of a conventional fission counter with Ar+Ns mixture gas.
Moreover Xe+Ns mixture gas produces large current output pulses
(1.6x A}y with short electron collection time {100ns}). To ensure heat-
resistance up to 800" C, the pressure vessel (outer electrode) and the
inner electrode of HTIC are made of a nickel alloy (Hastelloy-X). A
special metal-ceramic seal, which is heat-resistant to 800" C, is used for
the terminal of signal MI-cable in order to prevent gas travelling in
the chamber and the insulator of MI-cable.

2.2 Nuclear electronics

To obtain the wide measurement range for neutron flux using
pulse-counting and MSV method, a wideband preamplifier with a frequency
band-width of "4KHz-13MHz" was fabricated to amplify neutron signals
from the HTIC. The preamplifier, which operates in current pulse mode,
has input impedance of 50 ohm, output impedance of 50 ohm {83 ohm for
MSV channel) and gain of 14K ohm equivalent.

The Wide Range Neutron Measuring Electronics (WRME) consisted of
a pulse-counting channel, a MSV measuring channel, a wide range output
circuit and a period amplifier. The WRME was developed as the nuclear
electronics of a wide range power monitoring system for HTGRs. The wide
range power monitoring system, which consists of a High Temperature
Fission Counter-chamber, a Push-pull preamplifier and the WRME, is able
to cover the start-up range, intermediate range and power range for
power monitoring of HTGRs. A demonstration test of the wide range
power monitoring systems was carried out in the AVR from December 1987
to December 1988.

Figs. 2.2 and 2.3 show a schematic block diagram and a fronti panel
view of the WRME. The WRME covers the measurement range of 10 dec-
ades for neutron flux and also makes a reactor period indication.

2.3 Preparation test in the JRR-4

The neutron flux measuring system was tested in the JRR-4 to
measure the output linearities as a function of neutron flux. In the
test, the output linearities, plateau curves and noises were measured
under the conditions of room temperature and 800" C.

The results of output linearity measurements are shown in Fig.
2.4. By the test in the JRR-4, it was confirmed that the neutron flux
measuring system has an output linearity for a neutron flux range of 8

decades from 2x102 to 2x1010 n/em2s under temperature condifions at




800" C as well as at room temperature.

3. Calibration of neutron sensitivity

Three HTICs (#1, #2 and #3) were fabricated for the AVR eXperi-
ment. The calibrations of their neutron sensitivities were undertaken
in Japan before shipment to KFA. Fig. 3.1 shows dimensions of the graph-
ite pile which was used for calibrations of neuiron sensitivities. Two
neutron sources (Am-Be, 3.7x1011Bq %X 2) were inserted into the graphite
pile. The HTICs were calibrated by using a known standard BFg counter.
The calibration of the BFg counter was carried out in the standard
neutron field of a national laboratory at the Ministry of International
Trade and Industry in Japan.

In the calibration test of HTICs, the standard BFg counter and
the HTICs were alternately put at the side of the graphite pile and
neutron pulse counts of each detector were measured. The neutron
sensitivity of each HTIC was calculated from the sensitivity of the BFg

counter.

By the calibration test, neutron sensitivities of 0.0068, 0.0070 and
0.0088 cps/nv were found out for HTIC#I(Serial No. FA-1-31), HTIC#2(FA-1-
32) and HTIC#3(FA-1-33), respectively. Fig. 3.2 shows the outside dimen-
sions of HTIC#1, #2 and #3. The results of examinations of HTIC#l to #3
are shown in Tables 3.1, 3.2 and 3.3.

in the plan of installing the HTICs into the AVR, it was decided
that the HTICs were to be covered with a heat-resistant AlsOg braiding
sheath in order to insulate them from grounding of the AVR structure.
The Als0Oz braiding sheath has a thickness of lmm and contains 14% B90g3
(by welght) as a neutron absorber. The neutron sensitivities of HTIC#1,
#2 and #3 covered with Al9O3 braiding sheath were also measured. They
were 0.0052, 0.0054 and 0.0052 cps/nv, respectively.

4. Installation of HTICs and electronics in the AVR

In the AVR experiment, it was planned that three HTICs and seven
thermocouples were to be installed into the reactor vessel by using a
vertical steam generator pipe as a guide tube. The inside diameter of
the steam generator pipe was 20mm. The HTICs and the thermocouples
were assembled with a penetration flange to seal reactor pressure. Fig.
4.1 shows a composition of HTICs assembled for the AVR experiment. Fig.
4.2 also shows the distance from the penetration flange to the top of
cach sensor. The completed assembly is shown in Photos. 4.1 to 4.7. The
signal cables of HTICs were connected to  penetration cables at the
inside of the seal flange by using special connectors which were heat-
resistant to 350" C. Figs. 4.3 to 4.6 show the detailed structure of the
seal flange with penetration cables and a penetration rig. Photo. 4.8
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shows the completed assembly being carried from KFA to the AVR.

Fig. 4.7 shows the positions of HTICs and electronics installed in
the AVR plant, and Fig. 4.8 shows the detailed peositions of HETICs and
thermocouples in the SG. The sensitive part of HTIC#1 was fixed at
108imm above the lowest position of the SG. The positions of HTIC#Z and
#3 were also fixed at 2653mm and 4156mm. In Fig. 4.8, arrow marks show

measurement positions of thermocouples.
As shown in Fig. 4.7, the electronics for neutron flux measuring

were installed in an instrument room which was at the outside of the
reactor centainment. The signal cables between the seal flange and the
wideband preamplifiers were laid on a cable tray in the containment by
using Teflon-insulated triaxial cables. The length of each Teflon-cable
was 35m. The total length of signal cable between HTIC#1 and the
preamplifier was approximately 45m.

Photo. 4.9 shows the wideband preamplifier installed on the out-
side wall of the reactor containment, and Photo. 4.10 shows the WRMEs
mounted on the rack in the instruments room of the AVR.

5. Adjustment of the Neutron Flux Measuring System

5.1 Composition of the Neutron Flux Measuring Systenm

Fig. 5.1 shows the block diagram of the neutron flux measuring
system which was used in the AVR experiment. Three HTICs were in-
stalled into the pipe of the S$G which was built above the reactor core
of the AVR. Each measuring channel was named channel#l, #2 and #32 in
the order of HTIC position nearest to the reactor core.

The electronics of channel#l was composed of the wideband pream-
plifier, the signal divider and the WRME which had the pulse-counting
channel and MSV measuring channel. Channel#] was able to cover neutron
flux measurement in the range from 2x102 to 2x1010 n/cmls.

The compositicon of channel#2 was the same as that of channel#l.
Channel#3 had a pulse-counting channel only because it had been ex-
pected that the neutron flux density at HTIC#3 position would not be
over the measurement range of pulse-counting channel even at full
power operation of the AVR. Channel#3 covered the neutron flux measur-
ing range from 2x102 to 2x108 n/cmZs.

5.2 Cable conmection and system noise

bDue to the restrictions of the AVR design, each signal cable
between HTIC and preamplifier had to be a long cable of about 45m. In
addition to this each signal line had four connections. After the reac-
tor start-up, it was Impossible to repair or adjust the cables and
ground connections because no-one could enter the reactor containment.
The ground connections of the signal line were very important to cut

out the influences of field noises.
All cable connections between the HTICs and the end of the signal
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cables were inspected by using a pulse reflection method and perfect
connections were confirmed. Also it was confirmed that the insulation
resistances of cables were sufficient. System noises were Iinspected at
the output of the wideband preamplifier by using an oscilloscope. Inter-
ference mnoises for neutron measurement were observed. Therefore the
ground connection for the ocuter sheath of signal cables was changed
and the interference noises were completely removed.

5.3 Pulse discrimination level

Channel#1, #2 and #3 could not produce neutron signals during
reactor shutdown because the positions of HTICs were far from the
reactor core. However the integral bilas curves of system noise pulses
were measured during reactor shutdown to determine the discrimination
level of each pulse-counting channel. The discrimination levels were
adjusted by using the integral bias curves. After reactor start-up, the
integral bias curve of each channel was measured in order to confirm
whether the discrimination level had been adjusted correctly. Fig. 5.2
shows the integral bias curves of channel#l, #2 and #3 which were
measured at 17.28kW, 1MW and 39.2MW of reactor power, respectively. As
shown in Fig. 5.2, it was verified that each discrimination level was
correct. As shown In the integral bias curves of system noises in Fig.
5.2, interference noises were not observed.

5.4 Qutput plateau characteristics

The recommended operating voltage of HTIC is 100 V. The HTIC is
able to perform the neutron flux measurement in the range from 2x102
to 2x1010 n/cmzs in such low operating voltage. The performance was
verified by the test in the JRR-4. In the AVR experiment, it was very
important that the output plateau characteristic of each channel was
measured at the maximum reactor power in order to confirm sufficient
saturation of each plateau curve. The plateau curves were measured at
maximum power (42.5MW) in this experiment. Fig. 5.3 shows the measured
plateau curves of channel#l, #2 and #3. Each plateau curve shows
sufficient saturation at 100 V of applied voltage, Tt was confirmed
that the neutron flux measuring system operated properly in the AVR
experiment without deviating from the measurement range of each chan-

nel.

6. Results of neutron flux measurement

In the AVR experiment, the neutron flux density in the SG was
continuously measured on real time from reactor start-up to 42.5MW. The
neutron flux density depends not only on the reactor power but also
on the steam temperature and the feed water flow rate. Fig. 6.1 shows
the reactor operation data of control rod position, feed water flow
rate, steam temperature etc. during the neutron flux measurement,
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Fig. 6.2 shows the neutron flux densities in the SG which were
measured during the stepwise reactor power increase. The neutron flux
densities were obtained by using the neutron sensitivity of each HTIC
when HTICs were covered with Al9Osg braiding sheath.

Channel#l began to detect neutrons shortiy before the AVR
reached the critical state. The neutron flux density at the channel#i
position was 1.9x10% n/cm?s at 100W. The neutron flux density increased
in direct proportion to the reactor power up to 3MW. After plotting
on a graph, it was found that they almost formed a straight line.

The neutron flux densities at 10MW and 12.5MW were 2.2x108 and
2.7x108 n/cm2s. They were rather lower than the straight line which was
drawn on the basis of the data from 100W to 3MW. These deviations were
due to the operation which increased the feed water flow rate rapidily
from 26 t/h to 57 t/h just before the reactor power reached 10MW as in
Fig. 8&.1. By this operation, cold and highly dense water flowed into
the S0 piping, resulting in the increase of shielding ability of the SG
piping for neutrons.

The neutron flux densities at 39.2MW and 42.5M¥ were 3.8x109 and
4.2x10° n/cm2s, respectively. Those values were much higher than the
straight line. The extreme increase of neutron flux was due to high
temperature steam. The shielding ability of the SG piping deteriorated
because the AVR power reached too high a level and the SG produced
high temperature steam of over 400" C for electric power generation.

The changes of the neutron flux density at channel#2 and #£3
positions showed a similar tendency to that at channel#l position. The
measured neutron flux density at channel#1 position at 42.5MW was 3.5
times higher than the value on the straight line at the same power.
Those at channel#2 and #3 positions were 4.4 and 1.8 times, respectively.

As shown in Fig. 6.2, the neutron flux density of channel#l
position was measured from 100W to 42.5MW because the AVR power was
increased in a stepwise operation from 100W., It was confirmed that
channel#l operated perfectly because interference noise was not ob-
served by the oscilloscope and the measured value at 100W in Fig. 6.2
was correctly piotted on the straight line.

The indication of the channel#2 output at 1KW was 1.3cps and the
neutron flux density was 2.3x102 n/cmzs. The measured value was cor-
rectly plotted on the straight line. This result proved that channel#?
operated perfectly with no Interference noise from very low counts
such as 1.3cps. Channel#3 also operated properly as did channel#2.

In this AVR experiment, outputs of the wide range monitors and
period amplifiers were continuously recorded during start-up, power-up
and high power operation of the AVR in order to confirm correct opera-
tion of the neutron flux measuring systems. As an example, Fig. 6.3
shows the result of measurement with channel#l system. In Fig. 6.3, the
output of the WRME is represented in thermal neutron flux density
(n/cmzs}. The period scale is made within 15/-15 seconds for both mini-
mum periods though the measuring range of the period amplifier is from
3 to -30 seconds. The temperature is at HTIC#1 position.

For measurement of neutron flux density in the SG, the AVR power
was Increased in stepwise operation mode but the reactor stopped at
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3KW due to reactor scram. After this accident, the reactor was started
up again and reactor power was increased up to 17.3KW in normal opera-
tion mode. Then reactor power was increased in stepwise operation from
17.3KW to 42.5MW. As shown in Fig. 8.3, it was verified that the neutron
flux measuring system was able to measure neutron flux density in the
range of about 8 decades with only one HTIC. Also the period indica-
tion was continuocusly given for neutron flux change of 8 decades.

7. Estimation of neutron flux density and temperature

The neutron flux distribution in the SG was calculated by the KFA
in 1988 when the AVR was constructed., Fig. 7.1 shows the calculated
neutron flux distribution in comparison with the neutron flux densities
which were measured in this experiment. The solid line in the figure
shows the calculated thermal neutron flux distribution at 46MW of full

reactor power.

In this experiment, the neutron flux densities were measured at
42.5MW because the AVR was not operated at full power during this
experiment due to restrictions from other experiment. The measured
neutron flux densities are shown by cirele marks in the Fig. 7.1. Table
7.1 shows the comparisons of calculated results with measured neutron
flux densities at 42.5M¥. The calculated resulis at 42.0MW were obtalned
by using the neutron filux distribution in Fig. 7.1 assuming that the
neutron flux was directly proportional to the full reactor power of
46MW.

The measured neutron flux density at channel#! position was 977
times higher than the calculated value. Those of channel#2 and #3
position were 471 and 19 times higher, respectively.

The accuracy of the measurements should be specified in this
paper and was as follows.

The inaccuracy of the calibration for the neutron sensitivity of
HTIC was between +0 and -32%. The inaccuracy of -31% was due to uncer-
tainty of depressien of neutron flux because some perfurbation of
neutron flux was produced during calibration of the HTIC sensitivity.
The inaccuracy of -1% was due to uncertainty about the neutron shield-
ing abilify of the Als03 braiding sheath.

The indication error of the neutron flux measuring electronics
with logarithmic output was between +0.03 and -0.03 decades (approxi-
mately +7% and -7%).

Therefore the total inaccuracy of measurements was between +7%
and -39%.

The neutron sensitivity of HTIC is changed with temperature in
the neutron field because the fission cross section of 235y, which is
neutron-sensitive material of HTIC, depends on neutron energy. In the
AVR experiment, the outlet temperature of the cooling-gas at 42.0MW was
706" C and the temperature at channel#l position was 443 C.

Therefore it is assumed that the neutron sensitivity of HTIC
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decreased due to the increase of neutron energy during high power
operation of the AVR. If neutron temperature was 443 C, the neutron
sensitivity of HTIC decreased about 40%. Taking account of this decrease
of neutron sensitivity, the results of neutron flux measurements must
be multiplied by a factor of 1.67 to obtain the real value. However,
temperature distribution through the reactor core and the SG is com-
plex and its effect upon neutron energy is very complicated. It was
difficult to evaluate real neutron energy at the position of each HTIC.
For the above reason, it was decided that the estimation of neutron
flux densities after consideration of the neutron energy was a subject
for future study. In this paper, the neutron flux densities were calcu-
lated from the neutron sensitivities of HTICs at room temperature. '

Fig. 7.2 shows a comparison of the calculated temperature distri-
bution with the measured temperatures in the SG. The solid line in the
figure shows the temperature distributions at 46MW which were calculat-
ed by KFFA. The circle marks show the temperatures which were measured
at 42.5MW. The measured temperatures were in approximate agreement with
the calculated temperature distribution.

8. Conclusion

It was demonstrated that HTIC can be used for measurement of the
neutron fiux in the range of 8 decades from 102 to 1010 n/em?s in an
actual high tfemperature gas-cooled reactor. Practical techniques and
experience, such as an installation method and a noise reduction method
for the neutron measuring system, were obtalned threough this experi-
ment. This is useful information for the case that HTICs and neutiron
flux measuring electronics are instalied with long signal cables in a
high temperature gas-cooled reactor where big electric machines such as
cooling-gas blowers are operated making big electromagnetic interfer-
ences.

The neutron flux densities were measured at three positions in
the SG in this experiment. It became clear that measured results were
approximately 1000, 500 and 20 times higher than the results calculated
in 1968, respectively. These results will be useful data for the verifi-
cation of the computing code.

Calculaticons performed in 1989 show a better agreement with the
measured results by at least a factor of ten [7]

The changing of the neutron flux density in the 86 was also
measured on real time during reactor power-up. The neutron flux densi-
ty depended not only on reactor power but also on the SG conditicons
which varied with feed water flow rate, water temperature and steam
temperature. The effect of such SG conditions upon the neutron flux
density became clear in this experiment.
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Table 1.1 Technical data of AVR, Reference : Pamphlet of
"Der Kugelhaufenreaktor der Arbeitsgemeinschaft

Versuchsreaktor (AVR)"

I1tems Specifications
Reactor
full thermal power 46MW
diameter of core 3000mm
average height of core 2800mm
number of fuel elements 52000pieces
helium gas pressure 106.8bar
inlet temp. of helium gas 275°C
outlet temp. of helium gas 950°C
Fuel
diameter of fuel ball 50mm
fuel material U, Th
quantity of uranium-235 lg
enrichment 10, 16.7, 93%
quantity of thorium 0, 5, 10g

Steam generator
numbers

type
inlet temp. of feed water

4 system/section
forced circulation
115°C

outlet temp. of superheated steam | 505°C

flow rate of steam 56t/h
Pressure vessel

diameter of inner vessel 5780mm

height of inner vessel 24910mm

diameter of outer vessel T600mm

height of outer vessel 26045mm
Generator

full power 15MW
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1 Reactor core
2 Cooling gas blower
3 Steam generator
4 Carbon construction
5 Side reflector
6 Bottom reflector
T Top refliector
8 Graphite column for
control rod
9 Therma! shield
10 Fuel charge pipe
11 Star-shaped support
12 Inner vessel
13 Cuter vessel
14 Biological shieid 1}
15 Biological shield 2
16 Fuel discharge pipe
17 Control rod
.18 Failed fuel selector
16 Fuel circulator room
20 Main gas valve
21 Steam collector
22 Mixture cooler
23 Installation unit
24 Cover lift
25 Gas refining unit
26 Water drain tank
27 Air circulating unit
28 Containment
29 Personal air lcck
30 Sprinkler
31 Upper water tang
32 Ring channel

Fig. 1.1 Construction of the AVR, Reference : Pamphlet of
"Der Kugelhaufenreaktor der Arbeitsgemeinschaft

Versuchsreaktor (AVR)"
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Table 2.1 Specifications of Wide Range High Temperature
In-core Fission Counter-chamber (HTIC)
[tems Specifications
Size
outside diameter 10mm
sensitive length 80mm
gap of electrodes 1. 0mm
diameter of MI-cable @ 5mm

thermal neutron flux

Material
vessel (cathode) Hastelloy-X
anode Hastellov-X
insulator Al20;
neutron sensitive material Us0s (E:93%)
ionized gas Xet+h%N,+1%He
conductor of MI-cable Cu/Inconel
sheath of MI-cable Inconel 600
insulator of MI-cable Mg0
Operating performance
thermal neutron sensitivity | 0.0lcps/nv
operating voltage 100V
current pulse height 1.6uA
charge pulse height 0.8x107*%¢
electron collection time 100ns
Maximum rating
operating temperature 800°C

2.6x10"%nv

| 80 ionized gas ! fe-5%N> MI cable
gap ’lmm ’ (SenﬂiWeienmh) pressure ' 2kg/cm?abs.
i . _ - /L
| '1_/L-—1' ~ ——

)_a

~p 10 =

]

/

U-235 coatings inner electrode

(Hastelloy-X)

outer electrode
(Hastelloy-X)

\\\insulator

7/ / B
(Al=0z)
//////" connecior
94 ]

o

! —

v

Fig. 2.1 Structure of Wide Range High Temperature
In-core Fission Counter-chamber {(HTIC)
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O~{0v
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Circuit Amplifier [ el
Ourpu:é
IV/ dee, (@
Wide-Range |
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Counting channel Uy
counting ¢ Shaping Oiseciminator Log. Count [ Period
Ingﬂ?e Amplifier Rate Meter Amplifier
Cut put @l:) Qutput 6
1V /dee, -1~ 0~10V

Fig., 2.2 Schematic block diagram of W

ide Range

Neutron Measuring Electronics {WRME)

WIDE RANGE MONITOR

LCRU LIX-N . LoG6- ¥ TIDE RENGE PERTOD
| ( ) e
= ko N G e [ Ko 5
t | L )
o
ool Hinlolo folsia ;,i H :[3.1318 b
[ .mh S i ﬁ' "
O i.:::;:::;! ’ e |
QJ_ lcmssﬁ & mmw: [ Q @ |
__:__P_ 20@50&0 LEVEL } é _C:Z_
483 %2

Fig. 2.3 Front panel view of Wide Range Neutron

Measuring Electronics (WRME)
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Output of HTIC (relative vaiue)

10" E
10° & Output linearity of HTIC
107 Applied voltage =100V
10—2;_ Detector temperature
= o : room temperature
193k 0 :800%C
10k
10°F
10°E
10" E
i0°E
10°F 7
i0-10_'| H!i | !ld_a IJIJ 1 E!lf | uvl | HEE 1 \![I | iuii [ |u| | lEl‘ I EE
10° 10" 10% 10° 10* 10° 1¢® 107 10 10° 10 10"

Therma! neutron flux density(n/cmz-s)

Fig. 2.4 Output linearities of Neutron Flux Measuring
System (NFMS) measured in JRR-4
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1200

Neutron source
{Am-Be 10Cix 2)

1200
Complete view of the graphite pile with
two neutron sources
= _.1 oo
o . n5
Q b ST
T s #10~ A standard BF3z counter {2 25mm) or
© In-Core Fission Counter-Chambers { #10mm)
1200 Side view
|
3 |
|
—o-—
3 g 2
- ‘ | A standard BF3 counter {655mm) or
—e‘@:‘——* In-Core Fission Counter- Chambers (80mm)
. | e

Top view

Fig. 3.1 Dimensions of graphite pile with neutron sources

for neutron sensitivity calibration of HTIC
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Fig. 3.2 Dimensions of HTICs for AVR experiment

Table 3.1 Results of examination of HTIC#1{FA-1-31)

18

TEST PERTFORMANCE SHEET
lten High Temperature Incore Fission Counter
Tube Type Mo ND—38 864
Serial | FA—1-—31
Ba i Headings Standards Resuits Judguent
+G.05 ‘
1.i5ize | {1} Detector Nia. 410 =0, 10== D GG GNP e (e
{2) Detector Length 413 ti0a= AL o » e
(3] N1 Cable Length 5250 +100ea £29 7 mane 8
4} Wil Cabie Dia ¢ 5 +0, 05ma £ 8O s e
Structure
2. {1) Gaz Leskage 50,001 Pa cf/sec s’-""a/ﬁw-—%ﬂ oK
{2} X-ray Photo Kith no harxful defects | g Aifecds oy
Qperating Spec ]
3. 1) Operating Tamn 850°C 2o i
(2) Sueply Voltage 2130v [ EET (34
{3) Thernal "
Neutron Sens, 20,003 cps/nv ¢ aoé’r?%n}_ ele
RT. fafeie™e 13
{d) Peak Charge 23.5x19714C 850 2.4 x 0% [1le
{5} Resistance o
Det.+Cable zIx10% Q R.T. l h2Xi8a &<
Det.+Cable 25x10°Q 850T! feacctn o
{B) PBN Yoltage | 213y i 15 T (2.5
perfored by A, i
Date. 2o &9 .y
sproved by 7 Shsonp s da
Date. EE-al- 4

5 2 3
o b < s
& E = 8
// / \ \
. t 3 \‘ l
N _Q%) | fr——
0o § tol i
O H - i !
B Ly | |
= s
Ly I Lo | Modei
GC1 413 |5250) FA-1-31
GO2 413 167501 FA-1-32
GO31013 18550 FA-1-33




Table 3.2 Results of examination of HTICFi(FA-1-32)

TEST PERFORMANC

SHEET

Fission Tounter

item | Higk Temoerature Incore
Tube Type Mo ND—848 8 4
Serial M Fra—1—32
N ‘ lieadings Standards i Resules judgment
i ! +0, 05
1.]Size |11} Dacector Dia. 310 0. 10z #9903 P e
(2} Detector Leageh 413 210== i G4 b
(3} Ml Cable Length | 6750 £i00nx B30 e 2%
(4] HUl Cable Dia $ 5 10,08k PLee, .. 5k
Structure ]
2. {1} Gas Leakage 50,001 Pa cx/sec Lo pobf (’Abu‘}{l-c. or
{2} X-ray Phote ¥ith no hara(vi defects o cleleets | 2k
Operating Spec |
3. (1} Cperating Tamp $50°C A5 i ele
{2) Supply Voltage 2130V IZrks P
{3} Thermal
Neutron Sens. %0, 003 eps/nv 2 "07'5&}’%,‘/- ok
BT L e fx™e & &
{d} Peak Charge 23, 5x10734C ELha é\,éx,'o”“"f, o it
(5] Resistaace i
Det.+Cable 21x10° 0 R.T. | Jozec’h ok
Det.+Cable 25%106Q 850C] s z200°n als
{ 6] PBY VYaltage >120Y l s oT ® I,
perfcaed by T P tmpe e
Date. S Eeo
approved by - Sh e
Date. /33— b= AR
Table 3.3 Results of examination of HTICZ1{FA-1-33)
TEST PERFORMANCE SHEET
ltem High Temperature [ncore Fission Counter
Tube Type M ND—8864
Serial FA-~1--33
Mo Headings | Standards | Resuits Judgzent
+0.0%2
1.{Size [(1) Datcctor Dis $10 -, 10ra FIH A 2T P Fe
{2) Betector Length 1013 +10ox V- N e
{3} MI Cable Length | 5550 £10Cma | 2532 an 48
{{4) M1} Cable Dis | ¢ 5 +0.050= P L0 aimw it
Structure |
2 T1{) Gas Leskage 50,001 Pa od/sec os0el fitle LGS
f(zi X-ray Photo ¥ith no harmful defects o J,%:J.': ol
Operating Spec |
3. {1} Operating Tamp 850" C by é £
(2) Supply Voltage 2130V [T Zit
(3) Thermal .
Heutron Sens. 20.003 eps/ny 9.0 as?ﬁf@‘;f l LS
R.T. | 784007 oK
{4] Peak Charge 23, 5x16-14C 850 72 x 0720 ~ K
(S} Resistance : iz
Det.+Cable 21x10°Q RT. | f0xip #lC
Doe. +Cable 25x10%Q 350 4 b xi0ép - i
{5} PBN Voitage 2130V | he | s
perfoeed by /1
Date. ST S

19

approved hy

7 Shema o

Date,
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HN Connector {(Jack) x 3
Flexible cable x3

HN Connector x3

E\i” ——Hole plate
g MI Cable x3
[ i
>
Ig]
Maximam Dia 2 {3 mm
T R ] HTIC #3
) g5
) MI cable x2
5 B Insulator
= = (Si0; fiber tube)
> I
pe EL HTIC#2
i

J‘/M cable x1
;

[{e}
{ = | Sensitive Length

\%j —80

1800
X
-
(]
*

1013
Vs hia'an e et

. Fig. 4.1 Composition of HTICs assembled for AVR experiment




12

Top of the flange

86810 mm

8795mm
7240 mm
- 5730 mm |
5
Q. En-Core chambers
3 HTIC#3 HTIC#2 HTIC #1 N
|:|:1: — — —
1 twio Tao wgl Tt #6% M5 <
Thermocouples
5257mm |
5873 mm
6971 mm
7363 mm
836Z2mm =
8755 mm

Fig. 4.2 DBimensions of assembly composed of HTICs
and thermocouples




Go

l 1
' —~ ey i
[ Oavai ¥ oy / \ Y Sreafienonty vt
N \ J Cvtretaistt ) enessesenyees | oty smagm |
— S e l N Llngi ot 1)
W 1 Wirraves hied - o il |
. 1/ . ostan X i
) » ;. §|_i 1
:’I.“ - 'Jr. P VIle Sadnma e o odr s 2 T
L SR :’r — - . < L [’ poty w8 b |
coa oy [ Kbahandicny  wrreimosikly 01BN ¢ Mpa :
Ls i L (- iy Faaniarinn. Sentaams suns i
N " c‘—l?:, Toestaaat e 1o U B

P LT
Caton Y etk DY Fa b [rar——
] . Y

|
\
;
it b

Arulnrmian

LTI H I, ! !

pan st g S sy ' H .m“::‘-‘ :
ety ; i
! o ot W oo j
_, NEara s | e b Vimswalw (01
3 — i
I nw ar

s ituh
e Wraay DaBd by

I‘ - - [—
' ST
NERE S
| e e e ot R - — . ., a2 I
3 s
T e -
. L .
. O - : <l
i J H ’,' ! r h ‘_.:_n S 1 TIRON
; i H\_‘,——w/’/ o ! vy 2l ¥ - + .
. |
: s G hns bt Dn el TRy Saee Iy i
, i 'l R [P IUT
i |
; P v Binnesenl oo 41 B samenm e £ 0 |
That iy :
f b e i
5 Cl
| T — ios 3
] 5 | :“j § Pradunyen yrbed Srulleigapian 4118
»waﬂ‘k‘ | be | ? I
- t & F 2 F STHHM L Marppap
N " . " = | [ LT} o ek i (
34 Sobvm et ok L 74000 D8 110 T o - .t "t o une oy
R \____ﬁ E i i . } LY - s W o8 -
T S S aaran e 20 RlL O BW i 17 [V Y [ 0o o0 LT 1L |ﬂ
e Y S e " e !
R ol
[SX] |
i .
1 n 6 5 hew H
It . AAS e Itrnes |
LR LTI AT 1
= Snapenany i
B e W e Burinhirang dee Bt |
‘ v 1o har et Gl bt w Pt
160l a1ty ety o garannion fruliayn
| P Wi e lremuhatt 151 ans Ceminer
MRV mb gue Lt b (Ve b mie e —f
[T f X " il
Bivar anaty Brbinad] st nd urh Pu b o) == P iy
SR M fubemtart Baae e Bubinanie e L ety L H
Yo arern 048 Fon b bt P 47 e bl Gomacry HS !
et ——— sy e it e w Y Ty '
; T o
EE -r‘]_' AVR - Instrumentiecyng sed /o0l
- 4 P b4 TR
5 ! | ' ] —
- i . _
VAR " | a =
ey y " Durcnfuheydgibanalier
—_— N H
[ — Tt - i i — [ P - i — _ - S—— . T e - T — = =
- A ~ - i "
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Fig. 4.7 Positions of HTICs, TCs, cabling and electronics
installed in AVR (presented by KFA GmbH)
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S

Photo. 4.2 Top part view of assembly with
HTIC#1, TC#5 and TC#6

Photo. 4.3 Middle part view of assembly
with HTIC#2, TC#7 and TC#8
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Photo. 4.4 Middle part view of assembly
with HTIC#3, TC#9 and TC#10

Photo. 4.5 Upper part view of assembly
with penetration flange
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Photo. 4.6 Side view of penetration flange for
connections of signal cables

.'Photo. 4.7 Upper view of penetration flange for
connections of signal cables
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T carrying HTIC assembly

B Views o
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: PhOto". '4'.9 _Widéband preamplifier box installed on the
- soutside wall of reactor containment
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I'ig. 5.1 Block diagram of Neutron Flux Measuring System
for AVR experiment
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Fig. 6.1 Operation data of AVR during reactor power-up
(presented by AVR GmbH)
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Comparison of calculated neutron flux distributions

experimental results at 42.5MW  (calculated




Table 7.1 Comparison of measured neutron flux with
calculated resulis
[tems Ch#l position|Ch#? positionijCh#3 position
Measured neutron flux| 4.2x10°nv 3.2x107nv 7.6x10%nv
Calculated results 4.3x10%nv 6.8x10%nv 4.0x10%nv
Measured/calculated 977 471 19
Measurement position 1091mm 2646mm 4156mm
Gas temperature 443°C 337°C 299°C
t ()
A
|
1000 .
Steam and cooling gas temperature
900 in steam generator
@ | Measured

Temperature

Steam Generator Height (m)

Fig. 7.2 Comparison of calculated temperature distribution

with measured temperature (calculated results were
presented by KFA GmbH)
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