JAERI-M
92-184

PEYRLE POV, KIER U ZARIBOH g%
EET 5 IWIEME v X7 L OB
(ZFEFF)

1992 4%#11H

Fi Boi - P I EL W

H *x B F Hh B R A
Japan Atomic Energy Research Institute



MmﬂMbﬁmPu,B$ﬁ?ﬁﬁ%ﬁﬁ$ﬁﬁuﬁwwaéﬁ%ﬁ%%?To

AFOME b, HARF M EREHEERANE (T0-11RMRHMER
ﬁﬁ)%f.B$L:L<ﬁéw9§H.:maﬁcﬁﬁﬁkﬁ%ﬁ%ﬁ%ﬁﬁtyfw
(319 11 Jeik B HFER HApAt B R T A RATN) THECLPERFAES 24T
BN ET,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to information Division,

Department of Technical Information, Japan Atomic¢ Energy Research Institute, Tokai-
mura, Naka-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Eﬁergy Research Institute, 1992

WERREGT BAR PR
1] Bl KEFHER-—EX



JAERI-M 92-184

B ENT O, KIEREUH 2R %
TR ZIEWENE A7 L OFE

B AR R FE R R LR IR 4P LS50
A R - PR OBES - &Il ERRT

(19924F10H 28 0 52 3)

EHREFENDOLE, KERROT ZRESEEZENZHRBEICoM LU ERT SAELECH
Lt AMITHEERBAEICERN T 2701, FEBRAE Y 27 LORRET - 1o FHIE Y
AFLFEBTH R AT+ oy FRIECHERT 2 HBMER LU0 8 - TRTEE
757 — 7 BEEISBRIN, HEEOMIEIFL A -V EBICL-TERSNE, JO¥%E
FEBRT A0, RESNYCOBEBR R A P THLITEHG e iligsOERL, &/NE
FlOEE OB, BmETEEEORV T L A — Y XBEOHIBERUFEEIC L 5 BBLH OSB3
BT - 1o PV AT LDOMRERBR AT, TFHRECE NSRS EOFMWBAE VX7 L E LT+
SERLLLERERA TSI EAEE U, £, BT P —REIEEERRE C L 2 RTTEER
BORE, 10~20%ORBRE THERMSTEE S KERRBAEEESH U TTERTE 5 LMY
L7

FHRESR, AFEHRFLOSHPRRE (FErFRERHNR] TT-2HARRETE D0
Th3,

FHEMER : T319-11 RBENHIEEESNSGFFOMRZ — 4

= =




JAERI-M 92-184

Development of Nondestructive Measurement System for Quantifying

Radioactivity from Crud, Liquids and Gases in a Contaminated Pipe

Masaki KATAGIRI, Hirokuni ITO and Naoaki WAKAYAMAT

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 28, 1992)

A nondestructive measuring method was developed to quantify
separately radiocisotope concentrations of crud, liquids and gases in a
contaminated pipe. For applying this method to practical in-situ
measurement, a nondestructive measurement system was developed. The
measurement system consists of an in-situ equipment for gamma-ray scann-—
ing measurements and a data-processing equipment for analysis of radio-
activity. The communication between both equipments 1s performed by a
wireless telemeter device. To comstruct the measurement system, a gas-—
cooled Ge detector of practical use, small-sized electronics circuits,

a fast and reliable telemeter device and automatic measurement technics
using a computer were developed. Through performance tests, it is
confirmed that the measurement system Is effective for in-situ measure-—
ments of radicactivity in a‘contaminated pipe. The measurement accuracy
with this measurement system is 10 - 20%, which was determined by
comparison with scolid and liquid radioisotope concentrations in a mock-up

contaminated pipe that had been quantified in advance.

This work was performed by JAERI in 1992 under contract with the
Science and Technology Agency of Japan.
+ Department of High Temperature Engineering
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Command list for controlling in-situ-side system

Command| Parameter Content Comment
AB None Buzzer
AC Beep type Beep
BD Pasition{mm}  |Mave to minus position Angular/Straight
BF None Pulse motor power OFF -
BJ Type No Inquire scanning type Angular:1,Straight:2
BN Position{mm)  §Move to plus position Angular/Straight
cD None Search center position from plus pesition
o3 None Search center position from minus position
Do Voitage Read circuit \;rollage
DF Flow rate Read gas flow rale
OH Voltage Read detector bias voltage
DJ Type No Read detector type
oM Voltage Read pulse moter voltage
bo Voltage Read preamplifier output veltage
orP pressure Read gas pressure
ar Temperature Read detector temperature
F None Gas supply circuit power OFF
M None Gas supply circuit power OFF
HD Voltage Set deteclor bias veltage
HF None Detector bias voltage OFF
HN Nene Detector bias voltage ON
JO None Confirm basic pesition of positioning mechanism
MF None Maotor battery OFF
MN None Motor battery ON
MC None Microcomputer memory clear
MD Status Read Microcomputer status
MG None Microcomputer reset
MP None MCA timer stop
MR Nene MCA timer reset
M3 Nene MCA timer start
MT Time(sec) SetMCA timer




Table 3.1(b)
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Command list for centrolling in-situ-side system

Command | Parameter Content Comment
NB Distance Read moving distance of angular or straight scanning
NS Distance Read moving distance of collimatar
NZ Distance S;iian;?s\:-inng distance of horizontal or vertical positioning
CF None Set OFF-line mode
ON None Set ON-line mode
PP Parity number |Read PROM parity check
PS Sum check Read PROM sum check
QA Message Read message from remote terminal device
QD Status Head motor status
oM Message Output Message to remote terminal device
sC None Cenfirm shutting collimator window
sD Length Shut collimator window
SF None Collimator motor power OFF
SN Norse Collimator motor power ON
Su Length Cpen collimator window
A Pulse width - ie:c;;:I:ies:nnolor drive pulse width for angular scanning
T Puise width itztcig:; rr:cm::r drive pulse width for straight scanning
TS Pulse width Set pulse motor drive pulse width for collimatar
w Unit number Read unit number
N Unit number Se!l unit number
X0 Position - Aead position of collimator
X1 Positian Read position of angular scanning mechanism
Xz Position Read position of straight scanning mechanism
X3 Position Read position of horizontal positioning mechanism
X4 Position Read position of vertical positioning mechanism
pon Distance xzzizzii;nr:‘nus pasition of harizental or vertical positioning
Fag Nene DC moter OFF
VA Type Read mechanism type
N None DC motor ON
2 Distance Move to plus position of herizontal or vertical pesitioning

mechanism
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Dependency of gamma-ray peak position and counting rate
on detector bias voltage for standard-type Ge detector

Detector bias voltage (V)
Energy 1300 V 1500 V 1700 V 1800 V

(keV) Peak Relative Peak Relative Peak Relative Peak Relative
position | counting | position | counting | position counting [ position | counting

(keV) rate (cps) {keV) rate (cps) {keV) rate (cps) {keV} rate (cps)

122 -0.12 1.010 0.00 1.000 0.12 1.015 0.39 1.005
780 -0.30 0.985 0.00 1.000 0.61 1.000 1.83 0.986
1408 -0.74 1.002 0.00 1.000 0.94 0.984 3.1 1.017

Table 5.2 Dependency of gamma-ray peak position and counting rate
on detector bias voltage for small-type Ge detector

Detector bias voltage (V)
Energy 650 V 700V 750 V 800 V

(keV) Peak | Relatve | Peak | Relatve | Peak | Relative | Peak | Relative
position | counting | position | counting | position counting | position | counting
{keV) rate {cps) {keV) rate (cps) {keV) rate {cps) {keV) rate (cps)

122 0.04 0.994 0.00 1,000 0.04 0.993 0.04 0.994
778 0.47 1.037 0.00 1.000 0.57 1.005 0.02 1.017
1408 -0.54 0.987 0.00 1.000 0.69 1.031 0.02 1.023

Table 5.3 Characteristics of pesitioning devices and scanning devices
as function of operation voltage

Collimator Voltage ertical posit Horizontal posit Straight scan Angular scan
Type Postioning Speed Postlor_nng Speed Postioning Speed Postioning Speed
error error error error
12V 2.2 0.97 -7.4 1.34 -0.5 1.56 -0.5 0.39
11V -0.5 0.83 -7.7 1.22 0.5 1.56 -0.5 0.39
Standard
10V -0.5 0.68 -8.0 1.02 -0.5 1.56 -0.5 0.39
9V Not move Not move -0.5 1.56 -0.5 0.39
12V 3.3 0.92 -0.88 1.56 -0.5 1.56 -0.5 0.38
11V 2.8 0.84 -7.2 1.33 -0.5 1.56 -0.5 0.38
Small
10V 3.0 068 -7.1 1.09 -0.5 1.58 -0.5 0.38
9V Not move Not move -0.5 1.56 -0.5 0.38
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Table 5.4 Dependency of gain stability of electronic circuits on
operation voltage

Circuit
1.0V 115V 120V 125V 13.0V
Voitage
Peak
4068.04 4068.40 4068.40 4068.53 4068.64
channel
Table 5.5 Radicactivity of plateout and liquid contained in 20cm¢
and 40cm¢ mock-up pipe
. Radioactivity in | Radioactivity in
State Nuclide . Y . Y
20cm¢ pipe 40cmé pipe
152gy 8621 Bg/cm? | 4033 Bg/cm?
Plateout
80co 3145 Bg/em? | 1591 Bg/cm?2
152gy 377 Bg/om? 89 Bg/em3
60Co 278 Bg/cm3 70 Bg/cm®
Liquid 22Ng 137 Bg/em?3 34 Bg/em3
137Cs 411Bg/cm3 103 Bg/cm3
133Ba 374 Bg/cm?3 93 Bg/cm?
Table 5.6 Separation performance between plateout and liquid
radicactivity by measuring system
Plateout radioactivity Liquid radioactivity
Scanning| Detector | ... Energy (Bg/em?) (Bg/em?)
type type
Measured | Contained| Error | Measured | Contained| Error
Straight [, o 60co | 1332 2442 2701 | -12.0% 215 240 -10.5%
scan. 152, 1408 7881 8066 -2.3% 318 351 -9.5%
600, | 1332 2627 2701 -2.8% 273 240 +13.7%
Standard 5 9 351 | -10.6%
Angular Eu | 1408 9398 8066 | +16.5% 314 -10.6%
scan. 80co | 1332 2442 2701 -12.0% 196 240 -18.4%
Small
152, | 1408 8399 8066 | +4.1% 414 351 +17.9%
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Table 5.7 Dependency of measured radiocactivity on liquid level of
contaminated pipe
152E (344 keV) 60C0(1332 keV)
Liquid
level Plateout radioactivity Liquid radioactvity Plateout radioactivity Liquid radioactvity
{em) (Bg/cm?) (Bg/em®) (Beyecm®) (Bg/icm®)
Measured Error | Measured Error Measured Emor Measured | Error
5 7659 -11.2% 463 +22.8% 3108 -1.2% 215 -22.4%
0 8288 -3.9% 458 +21.4% 2701 -14.2% 226 -18.5%
-5 8806 +2.1% | 288 -23.7% 2627 -16.5% 277 0.0%
-10 7548 -12.5% - - 2812 -10.6% - -
Contained 8621 377 3145 277
Table 5.8 Dependency of measured radiocactivity
on gamma-ray energy
.| Enen Plateout radioactivity (Bg/cm?
Nuclide (kevg)y y (Bg )
Measured | Error Contained
344 4514 +5.2%
778 4588 +6.9%
152F, i 4292
964 5069 +18.1
1408 4625 +7.8%
1173 1480 -4 8%
60Go - 1554
1332 1591 +2.3%
Tabie 5.9 Separation performance between plateout and liquid
radicactivity in 40cm¢ mock-up pipe
152E (344 keV) 60C0(1332 keV)
Liquid
level Plateout radiocactivity Liquid radioactvity Plateout radioactivity Liquid radioactvity
{cm) (Bg/ecm?) (Bg/cm?) | (Bg/em?) (Bg/em®)
Measured Error | Measured Error Measured Error Measured | Error
0 4403 +9.2% 103 +15.7% 1531 0.0% 52 -25.8%
-10 4181 +3.7% - - 1554 -2.4% - -
-20 4736 +17.4% - - 1554 -2.4% - -
Contained 4033 8% 1591 70
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Gaseous - Gamma-ray scanning
radioactivity measurement

radioactivity |Gamma rays / -
Electronic
%“‘" circuits

MCA

v

_ Data analysis
C_ontammated Positioning system
pipe mechanism

Collimator with a shield

Gamma-ray detector
(Ge detector)

Collimator
Liquid window
radioactivity

Fig. 2.1 Concept of nondestructive and quantitative methed fer
measuring plateout, liquid and gaseous radicactivity
in a contaminated pipe

A
Ni(1) (1) M(1)
Gaseous
radioactivity(Cg)
* Plat t
No(2) Ne(2) radioactivity(Cp) M(2)
Liquid -
Ng () (g;dloactmty((:l) i M(3)
Calculated counting rates Contaminated Scanning Measured
for each state pipe system counting rates

Fig. 2.2 State-separation method for separately qualifying radio-
isotopic concentrations of three states in a contaminated

pipe
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/1s for liquid or
gaseous
radioactivity

o\ A

(0,0,0}

Detection
O min Point 1
(x1,y1,21)

X-Y axis T — 3y -
Ys
Detection
r Point 2
(xs,¥s,25) wandlg b e le \,
DAV (Xt2,yt2,zt2)
(xt1,yn,zt1)
4 3
T
X-Z axis
Zmax zs(za)
P ]

Fig. 2.3 Calculation model for state-separation method
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No.1 in-situ-side measuring system
Detector assembly

Scanning
mechanism
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Contaminated pipe

No.2 in-situ-side measuring system
Detector assembly

L[ Amplifier

Scanning
mechanismyj

Contaminated pipe

Gas bomb Gas bomb
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operated
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No.2 system  No.1 system

Control and analysis
system(ll)

DpOoaOg Control and Electronic 7*/7(7(
— analysis circuits
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[ 1] > =
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i Telemster

Data-processing side System

Fig. 3.1 Schematic diagram of measuring system
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Germanium FET amplifier Tungusten 7 pin hermetic seal  JJ refrigirator
detector  circuit shield element
element

==\l

molecular shieve Vacuum valve

Fig. 3.2 Structure of gas~cooled Ge detector

7 pin hemetic seal
FET(25K149)

—

7 9

| _ ﬂI—JmF
N

Germar‘@'m detector
th 1pF

Constantan
Cupper <— (

Drain

(to preamplifier)
Ground
Feedback

(to preamplifier)
Detector bias
voltage

Capacitance
for test

Thermocouple
output

Fig. 3.3 Block diagram of first amplifier circuit in preamplifier
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Pressure reducer

Gas absorber Pressure sensor

0~5V 4‘E|j Gas-cooled

Flexible tube Gas absorber grmanium detector

Flow rate sensor | |- 0~5V

Gas bomb

Fig. 3.4 Block diagram of high pressure gas supply system used
for gas-cooled Ge detector

Warm gear
/ Pulse motor
rd ]
: m— Shield by
Tungsten f | tungsten and
collimator lead
L, Gas-cooled
! _ Ge detector

window

Fig. 3.5 Structure of collimator
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Moving plate for gamma- , :
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)

Pulse motor

1
I |
.
Fig. 3.6 Structure of straight scanning mechanism
/ Gamma-ray detection device
/Worm gear
Conversion
gear
° / Pulse motor
Pulse O
encoder N
\\ -
\Moving plate

Fig. 3.7 Structure of angular scanning mechanism
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Transmission gear Reduction gear
' DC servo motor

Driving mechanism

J <— Handle for () |
T attachment
Rack for gamma-ray _
scanning device Attachment mechanism

Fig. 3.8 Structure of horizontal positioning mechanism

/ Fixed

cE Tk
Pipe o Wire for driving
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= =
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2 s DC servg motor
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n I — / /
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Fig. 3.9 Structure of vertical positioning mechanism
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UNIBUS interface for VAX-11/730

l 3 1
l Memory M o
controller |
<@—{ Data memory
Ap-500
control
processor Address |
68000 I generator
Pipeline
Program generator
memory v > Data
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Fig. 3.18 Block diagram of parallel arithmetic processor system
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Fig. 4.2 Flow chart of control and analysis software system in
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Fig. 4.3 Flow chart of scftware for cooling gas-cooled Ge detector
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Fig. 4.5 Flow chart of subroutine for controlling in-situ-side
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Fig. 4.7 Flow chart of software for creating and modifying
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Fig. 5.4 Dependency of detection efficiency on incident angle of
gamma-rays for small-type gas—cocled Ge detector
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Fig. 5.5 Dependency of detection efficiency of detector assembly
with collimator on opening length of collimator for
standard-type gas—cooled Ge detector
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Fig. 5.6 Dependency of detection efficiency of detector assembly
with collimator on opening length of collimator for
small-type gas-cooled Ge detctor
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Photo. 3.1 Standard-type gas-cooled Ge detector with Joule~Thomson
refrigerator element

Photo. 3.2 Small-type gas-cooled Ge detector
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Photo. 3.3 Standard-type collimator (front view)

Photo. 3.4 Small-type collimator (back view)
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Photo. 3.5 Straight scanning mechanism

Photo. 3.6 Angular scanning mechanism
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Photo. 3.7 Horizontal pesitioning mechanism
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(a)

(b)

(c)

Photo. 3.8 Vertical positioning mechanism
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Develdped small amplifier compared with NIM-module-type

amplifier

3.9

Photo.

Photo. 3.10 In-situ-side electronic circuits with wireless telemeter
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Photo. 3.11 Example of gamma-ray spectra displayed on CRT

Photo. 3.12 Data-processing-side electronic circuits
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Infrared telemeter device

3.13

Photo.

Photo. 3.14 Control and alarm panel of measuring system
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Phote. 3.15 Control and analysis system (I) and (I[)

Photo. 4.1 Example of monitoring display of in-situ-side system



Photo.

5.1

JAERI-M 92-184

Performance tests using vertical positioning mechanism
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Photo. 5.2 Performance tests using horizeontal positioning mechanism

Photo. 5.3 Performance tests of developed measuring system using
40cm¢ mock-up contaminated pipe



