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0 Manufacture of the first trial
5th fiscal _
Function test of the developed|product
year
monitoring system 0 Function test under real
(2004) .
environment
IV. Results

This research is a 5 year project for the development of the monitor

system for multiple beta-ray nuclides in liquid radioactive waste.

The concept design and the circuit design of the continuous monitor
system was finished in the first fiscal year. An algorithm for guenching
correction have be developed in advance in the stage.

Prototype LSD(Liquid Scintillation Detector) for the analysis of beta-ray
nuclides have been developed in the second fiscal year. The prototype
LSD was made without Pb shield, and the detection limits were
predicted for the system before the development of real LSD system. It
was found that all the nuclide samples except %Sr is detectable with a

few minutes measurement. For 90Sr, the detection level of government
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regulation limit can be archived by measuring rather long 20 mins, or by
applying some Pb shield.

3) Mechanical control part for automation of beta-ray radioassay and its
control algorithm were developed in the third fiscal year. The mechanical
control part was focused on the automatic sample measurement.

4) In the 4" fiscal year, the performance of the system developed in
previous year have been stabilized. An automatic mixer system to mix
the liquid radioactive waste with the liquid scintillator was designed and
manufactured to make continuous monitoring possible. Mechanical
systems for the automatic transfer, injection of radioactive samples, and
for sealing sample bottle and its attachment on detector system have
been designed and developed for completely integrated system. The
measured data are transferred to central computer, which controls the
monitoring system, through the RS-232 communication protocol. A
software for host personal computer was developed for the control of
the integrated system.

5) In the next year, the first trial product of the continuous monitoring
system will be manufactured, and its performance integrated with the
radioactive analysis and control systems will be tested at the real

radioactive environment.

V. Applications of the Results

o The monitoring system for the multiple beta-ray nuclides developed in
this research is applicable to the environmental monitoring of nuclear
faciliies and Rl application equipments, and is applicable to the
management of the effluence of radio active materials from the related
equipment under inspection.

o The analysis algorism of overlapped and continuous beta-ray spectrum

from mixed beta nuclides in liquid radioactive waste as well as the
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automatic sample injection control system for radioassay will be useful

for even other analysis system more than radioassay system.
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W) A wEo| AgHog FAA FuBOR s Lo Fol
2ol A7 AU HHE] AT FF, A8 ¥ A
g A ol A EhH x@e] dojdrh WEsc #EH
A7} e BFSMC, TP, ¢ dF)e 2%l JHAM F2 29
G| o]Fo] dojria A (count)d] W3t vl FA dojdty. 1

Het e Aol 855 2 A5 A 9= o)Fe] §4

2
F{
kv
S
lo fo N

)
{m



of dejdo.
AL Q133

Al B0l oA

S e Age

o o] Moz®

pulse height)

go o mu A
o)
E
>
Ny

N
o,
)

F otk oleh 2e NE

© ‘H o8 vFEX] ok 3

A YFASRNE A5}
p

*é%mnquenched sample)«] A2HEY 3] 4~2F aHE Efﬁé}\—‘:‘ "3%
IF

(quenched sample)®] =

‘qugngwaaﬁgqamz



A quenched sample

unquenched sample

Log Energy scale (keV)
>

—>
Mean pulse height

unquenched sample

quenched sample

Y
9 32, Wepd oluiz] AE|ER ] i) 4xgo] vXlE =k

3. 234 &3 ¥ A (Quenching Correction)

lo] 9% EAL shdl JlojA b 2 BAMCY RE ARdE ¥
g o] 24 sholn £%e AEE AR we BF G2 vy

EERED 2% AR OE o
HAA BEAEA QA 237 AS G&7e FBBAE Tk Aol 7t
g 2o wygolstn AATI, o WY A¢ B T o] HejEr

Count Rate
Activity

2% 4wl Bk Aze) TS RGactiviy) & A AXE & An
R

it
N
2
o
>
Bl
=2
Ee)
o)
).
ofd
e
oL
tlo
ot
id
F

rJ

Counting Efficient =

BA MFAF7IE ol E& AR AZAAAM A /\]Eﬁﬂ e 2% EHE
HAE7] et 23 2A FAHG ZTEAS dHIEE AHE S
T FE7F LI EA &% ;‘357]' 2 dd 9
EZAEE W= 19 3-33% Zo| 239 AEE UelE &% A
(quenching parameter)?} AZ &&7He 4@ #A =M (quenching
correction curve)S A& oS 1 4T FHE ol &3t AA AEY &
F AGZRY AZE £8E T ARY WAEE Atske HRolth

EEAE QuEe ASSnR ok A8s 9% 2402 WA 24

AL BA ZAMHE HRAL



= AT A5} FFARE BES A 71X AIREE FA A2 T 5 F
Mg AFEE 7IE22 dto] AR BAleg Adtete wy o)t
2% B FAYUE AHET HA o ZA) AR R QB A (2}
AD)E Fotd &3E& BASY e A5 He 9He E3ste 24
Aol datstA doh 71 ER- A5FE8E dod)A HE PgukA
< HEA T 7R EAS ) 45 A8S STk § 328 A% BA 2
AR FEAE diH e FHT dde A 53 2% BA 2A
He L Z

FRAEYNE BE FvHd v MM dAME (29 4~5%0) B

2 S was Faud BA 59 dxEs ¥ 932

H e deaart FAEA A4 AFA £A (~15m)ANE FAEY
= 79 FAY Aot E AAFAALL 1.022 MeVolde #AvntA o
Ao Bl Este] F7htn AAMB O] Aol ul#H Bt dojdr}, A AP
A B A9 24 Aol M e AARAE 0l dold FELS A9 A(zero)olth.

A= Aebd g AR AFA S JeAge FEH A4S Zijold,
TEY A FHNE FxE Ad AZATE AAYA Ha o] Aae oy 0
AMF-E Hd 77 A& £EXE o] Fx i}

RA HAFA S42 FEE AP AR BASE B3 FRASFY DA
Bis 2A A5 hded wet depRvh oY Aeidn Edae) 45
Zgol A Yetue d4ES 28k g,

R A7 AZFAME 2

of shul ARAsd Uelost dgst 2

A

[e]

©

. A8 HEY 34 2 ASF XY AE Fo HA AN 23
o 9% Ad WAoo 2ZA 2HE(Radium, Ra) & E F(Thorium,

Th)e 53 A E K(Potassium)-40 o €& A o]t}
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te A AF327E Ho Sl

<]

t7] €
H J&& AAE 71 ok

Is]

22 oA

- 11

553
~ =0
P o < ®x I
.m. ! K N =< =3
g % " * : H 7.
o — oo = AN )
W Ma e ﬂ,_r _MLE T X = Moy T )
B e Lo " Sk R %
PR | DS & W ow R )
i ; cETES | <ag, et
o= L Mo M e oF W Alr ) o
T oo B =
Mo o) cl A om0 " odo o W X
e 2 g o o o 0
T T B ORO X AN AR o | X0 W oy AN
YT & Lo o |~ T o B
T E o SERCY — B | o
o B % = p 23 T RWE | LR B LT
. = 1 oY - T oo | & oo N T
e ¥ 2R R FES oWy S Ea® T 2o
— 8 3 o = X
TR R ° T X %o a < Ho o} m L %o X ﬂm,_ Ho
o o 3 i B wofo O\ L W of B g o
T 50 = R i ] i) o E
woa Sy e fo T T oop X N I G L LG o
o o R < H o | " 6o dw o A =<
= = o | ” MMU o} 0 o} o} o}
— 0
oj ﬁm X ™ oap
i X ¢ nm oo+ 30 G E
g W o I LS W=
woE R T n R R =
W ow e o o i’ 4 #




Efficiency

Quenching series
with known activity

Degree of quenching

=Quenching parameter

AFe ARE =3 5’]’% L\ SQP(I)(Spectral Quenching
Parameter of isotope) © ¥ EH 13 K2 ad WIS Vel
Y 3-4). =3 SQP(E)(Spectral Quenching Parameter of external standard
method)+ ¥ AZHCompton electron)ol] &3] MAAH Mg A~ E ]
Z A7) (intensity)9] 1 %% A M2l g HZ o2 3-5). A& AZ3)
71 Aol HA AFAG7] dE FFE R #Avt ¥F A A(External

standard capsule) 2255 Yo ZArtd & Algd FoA Al7F B XA}

NA wasE AEE A MY 2MEYoR Y SQPE)E Adas
Aol SQPM7F W R 919 ARANE £% BEE F AlalR)

xohe © wHele] SQP(E)E wl¢ & &9 ABANE vf$ F3F o)
WEA A% AEE Z2FH3T A o)A EatE AW AR: A

~HEYe 3 4719 1 % AH Ad W5 SQPEIE LT

..12_



SQP(I) = channel number of gravity weight point of spectrum

Counts

“C quenched  ™C unquenched

| ]
274 403 Channels

% 34 2% A E JeEblE ds (SQP(D).

SQP(E) = channel number of the end point of the external
standard

Counts

N

SQP(E) Channel

19 35 2% AEE el He (SQP(E)).

_13_



A2AdANgE AE FY9 FAY 44 2L A

a9 3-62 HMEMd e AT dE EYUE A" AAHA FAE
ooHd AESY F&EH doly 54 AEEY LR AT A% 1y B
A a2da qA AR AE7] FELS ov] AFZHUL, olojM MET IS
AT ANE AF F X A Ao o] FojH). 19 3-7L
o ZIAFS AA RFoz W o AA A3 AE7] Mu YEx, 1
otzfel] AE w3 U Q?JE A FHEXY Z2H A (XY stage), HZ
(Sample Holder), A'Z& H¢]E(Sample Table), 29 A (Loading
Cylinder), & 439 (Sample Cylinder), ¢|% 434 (Dual Cyhnder v &
2H) o] | (Bottle Stage), ¥}E 2 (Bottle Chuck), 2812 #¥ &3)S &@A3
AtH 29 3-82 AA H AE A2dS 199% HE Hol| AxT B

o,

AE EFE A2 AE AF FY FAY MA A AFSHA naIAA
AL, NRE AFOR FYsY] AAME AT ¥ T4 Ax ve
e gAsk el wee} oA

7] A FEREY A2y FHE
He Mg £ 2 FY FAE 29 P‘“ﬂ’ﬂg‘r ol 712 Zf‘]Q] &
F3bel WAt AL, Hey AFE FASY) AT AA HzEe AN HPAE F
Ytz 9 YoM (Akku-drive 50mD)E FX 9 oW F7ho] wjx 3o w
A AdEd Az As 2 FRY YL TR AL 5 Yok
AE e HAE7A olFA717] AsA 71E9] 230mme] #AHEL 23 9
© XY motion guide® Y% motion guide® 430mm A9 motion guide®
aAska, FA E motion guider FAZA AZ ML HeT o] EAF| =1
&t

_{
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i Sample Mixer
HE % | < V. (83) DATA  |Rrs232
Cj ACQ
B4 D> CONTROLLER

External Sourc

] CI2BA
AEHOIE] P, (80)

LSD

Bottle stage

Sample
Capping Holder
& Mixing X-Y Stage

Sample Table

9 3-6. A" AAAJA ALY FAHE.

External Source
Motor (SM)
LSD Chamber —

XY Stage (XY)

Pickup Chuck (PC)

Sample
Sample Holder (SH)
Sample Table(ST)

P oading Cylinder (LC)
Sample Cylinder (SC)

9 3-7. AlE" Y 7IARY AAE FE

_15_

—

MAIN
CONTROLLER
(PC)

<

RS232
A\

Ethernet

Capping Unit

Bottle Chuck (BC)

Bottle Stage (BS)

Dual Cylinder (DC)



Az A2-d2 F e BFE do AxH)on, 19 3-89 HolEe w)
g o] 4% ol AA HF HEVIE THEH NE AF 2d 2 Y
FAE FAT ot Fo] AA HZ o tiaHAM gz fadMe d29
A AFA ol A Urk LEF Joj:= W HEEHY LCD By
B, X8 Ao X FEE, dolH 58§ AEES ADC A3 A
Rt gAH Ao otdiFd s FU7IE 9% T HIIL 2o Yok

a9 3-8 BFE Yol AAd AAFHA ALH B

__16._



1. A= 7 (sample capping) F X AA R Az

AE A= £ odel BXE 98 FAol B AU BB R AL
ok Sem AR FUE AAdE 4F Mol £74¢ 41 2 & UE

7t esith F4< d1 27 A8 HY 5534 F20 A
AALTE T 5 UEE HHTE EF9 HA of 3tH, 3 AT
w wAEE A8 55 melsteol doh X Fd o] B st
Aol F7} 7hekA] GEE spojok g o]

X & AA AzsA

23 3-99F 19 3-10& AA 2 AR AP FHE BAFH, o] FA
= o= A o] AAUY(air cylinder), ool (air chuck), HEF
(capping unit), 2213 2% DC ZE & FAH ok JdEeed A2
29 3-99 o] gol® HMEE o &3tk

JE
N
_|_,
:::,
2

Yo

o] dAT= o]% FHol 7H5e ASE Y3 motion guideZFE

g we P9 £ A3 D AR FY ANE Aol TET F Yo
9, 9N AU AYHA YRl AsAA FEE seth £E ool
e wWEgol HAT W Wol AA JUE fAFES FYFE Adsa
o,

_(r)]_
NZ&3} FAol AAYE Agstel A AFEA Bol kAR ol F
2 a3tk A8 FY F F4E 2E Ftde 2HY Fdde AP
& a g =

e Pol 27 &g zdstd FAdxgA 2A Aok

_..17_



29 39. 9% I9E AW f9e) AAdon 02E 1YL Ay A
2 A}Roloh
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2. TF A HA R A

oA ABASt A5 Egel glolX FBE Fel Fo] Fah T4

o 2Ae 98 Ase} ARG FFL HFYLE Adstn, ST AT

Aotz AT Wel Solte FFFL Ak AA HBAE FF

golel o] Wa glonz AF HaAME Adsd AH FAsA

% o] 3-way WuE AF/AAS 9 A 4BY/eTe 2

g2 A4ah odx 2FE FuE A2 C-Flex, YFAE %71%%1
]_

43tk AA Aztd A= 1™

mo ot

rir

WE gl dge HBAY G e a4 o way ME(V3)e] 1<
A4z dee 0g AFRZE shEete] AHSE AR A4A) FRE
sz At ol

Zde] 3-way W] Wekd wjHF Folm T AIA 9
528 A FE gamiArr oz AF A

3-way HE(V4)e] g HE
MolZ & v, AE He &

-
ABAE BEGE €T F9

sx el 3
ARe & A

a9 3-11. 9% 2Ye A AR dA HAFA AT &
3 Ao AAeY SEF ¥ AZE HAE AR
o}
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O™ 3-12. 4A AFHo| B Y o] HAE gauMe) PP,
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& RUHY A2 £ oo FAR Fuwinow TAY AEYY ¥
Al A A HE 2R AE U A2 Ao 93 v AEEY
F 2% Fx 2 EF FAZ olFolxen, Aztd 4

FARES s 94 BUEA Nagez T

1. Az #ZER 2 34 A AE Ay J=F

=
%,
oL
i
)
N
i
o
tio
Ao
o
2

Gl B 5 A AFAT7IY AEF THS AE
S ZAo T FH FuRL FFo AXdle A H2E FH Al
2l g 3 22 FAHA. o I
e sz 2xA3 do|=g dlisty] $s] JFuiee F=(anode)
29 g vt A5E AXNFE7](preamp)dt A HF 3
e ANZE ol&3ld nd TA IEE TAEEAN %*] =z 74
& FPGA(Field Programmable Gate Arrays)E Ab&3ste] F@sAH. L
2 3-13 AA AzFd FA FulRe xdste Avo e JE HEE
e Za Jx wAZ goi B Bgolnh E Iy 3-14= A A
F 328 T3 A3 AHE F2o EFEo|th
Hel dAF EA8 MCA I dAREA1dEZ2ZAA(DSP, Digital
Signal Processor)3l 28 #&3d FA AF #4E FHI}EE st
MCA (Multichannel Analyzer) 3l2% Al2d"le] dadol=, §A Hy =
of HaFeE (NAX ZEZ3 2 (2) ADC(Analog to Digital Converter)
32 3YUAE 23 A s ggsts DSP 32 o2 st Aztst
At} 3 ADC 32+ MAIN# SUB 322 y5o] Aztste 2 <
MCA 327} 7t53tesd stgh wetr #99 Fdx Sz RE
1 EAjo] 745 Bt ofg Az Av|e] Hlo] wEt
AN37F ofd G A e o AzE Adst= PAC(Pulse
Amplitude Comparison)7]%5°| 7FsdtxEE st Ed yx SH=
98 4096 A2 TF AMdo] HAHEE 12 H|E ADCE AH&33lon,

E%;ﬁ]o] AHE €

E

ML

0.

_21_



Ab&" ADCE ¢F 3 pse W3 A Zka gt} o] AJx"Ee 20pse] i
4d % AZ(dead time)S ZEE AASAY 9 ANz odyx
S0 4096 AHEE AHEE = AT, AA AHAME 512 HE A=
2ALE F49X AL
HAld A3 A g2oMe A2y wolz ZAE Ya A
DSP?l TMS320VC33& Al€3led DSP REE /dstge) AMAE B
a4 3-15%F 2t

o
o
A

N
otk
i
fr b

29 3-13. A SRS T3S A xg gm upa,
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PM Tube PM Tube

TMS320
C32

COINCI-
DENCE
LOGIC

3ch, 8bit
DIO

FROM RAM
256KW

RN
AN
A AN NN

2. W2l AEEZ (PC)

aAe WY RS-232%4 TEE o gt RE 24 A48T ¥ 2

EZ8 PCZ AEstm £ o AEEHAA =2 & A7t 7hed=

BN



5 PCE& Z2adE& /Idstdrh. RS-232 §4 (E& RS-485 EA)o =z
Aolat FA¥E A2R 2 B4 A% MY A=E T MCA HE
, 2H ZEE 7F Aoiste 4] R AEge, o 43

g =
#94 gamd, 221 718 28 2UEHE A4ES 9% oo TE =

) AEZE 2494 PCEA Zdwe MBPC-3000/t. 2 Ao
< g3 2n, 29 3-16€ W AEZHE AL§E MBPC-300 4§

7}. CPU -~ CentaurHauls A}, 800MHz
Y. WE28 - 44, 256MB SDRAM
k. HDD - 20 GB
2}, B4l - 4ch x RS232
- 2ch x USB
- Ethernet

n
=)
15
S
o

XE
—L
B

T
=z
(2
e

aL
[S)

A2 - Vin : 100 ~ 240 Vac/50 ~ 60Hz
- Vout : +5V/8A, +12V/1.5A

_.24_



MBPC-300

19 3-16. Wl AESE 2 AL E MBPC-300 4+g-& PC.

f

A% AE P AR FoAN EEH AEEHA i AojH=e
XY-motion FR(unit)el F 7B 2HY EREe % EF A4
ON/OFF4 ~¥3 2y 12381 #F §99 428 DC BEHe Hd PEZ
2] PC9 slu}te] RS-232 B4l XEE B3t RS-485 &

& F UEE JdHsAH.

g MCA 322 X% DSP HE=9 24 HE ¢AE IO
(Input/Output) & o] &3] +24V ol & AAFgozy T Hzxol o
A9 29 AdY, A4S Add, AZ F 95 (Sample clamper), A< ¥
# (sample body chuck), Z22lx o|F A clo] ALY T Fz& Ao
g F AEE A4 A

NE EF AR FdA HEFEZ Ade A & H FY ZFAE 7

Zvoll whxsla, Ha AFS FUE7] AF JA =
o A HAFAE FH3H] -rld gadllde 7]&ol A FAe o



~

Sl Ao RN AdE A} AF wF Fxo mZyds au

&3ttt o 7)o 218" fasl g RS-232 B4 WAooz no] AE

21 PCAA Al & gt

Y FH& 743 E(capping tool), DC ZE], Eo) WE Sog 3
==

BHol glon, T3 HAaste A ElelY HEE o] &sto] A

o] AFHEE sttt Y EL HEAL dAL 9 T4 Fa Yo

of 3w & A=A FAo AVIX FEER stodof dir) o]E Y3 4

Aol Ax zbzhol e HHE dAHE 1T £ JE2 HASY FHE)

Ao =¥ BFEZEE 93 2 B o s FFo] wAsnz

o2 mEstA @A HH NI ulo] 3 Eo 3x3 AE ¥ A(stress)
Al

b AASAA Hol sheol was
Agsta BEZ gRse 23 299
3 5L SEE domm Hdsu
At 4B FRol YoM P FAW oo FA7} Fas
oomebd PFET W 52 ol 4P FAW A5 A9 A
Ho| Hbsa=g 4A AgsA A5 AN FFL ARAE A
$2 AL Aoiste] TAsAT
Y H3e WA 49 9ol 3-way W AASE ddan %9
T HA9Y 3-way EE Eoto] drain FA02 AR A% zhol
3-way WHE A%z ApaTh 9A A A
Feud 0 FYT HAT 3-way WHE AT
2 Afste A AA PP taAAE TE AT
o AFAL BAel FYPLEH F A EYHES AT

|

o
= Ol'ﬂ
(=0
2
A
(@]
S
o
o}
S
Q
T
d
)
it
L
OI-[‘I jul
ok
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& iH
W RAolth 1% 3-182 oA dA o AXe AF EF AU AW
tool, AN, AF PE 3-Way WH 5& o]&3te] AFe] ®IPE A
349 9] capping / uncapping %% 7t F74& ‘3 21 FillingF £l
b ME WEAol dE AeHolA dHget AFAE EFek A
ol HAL dEA FAYE YR Aeoln = “
w3 2 EF FH 9 motion A W AEE HAF 3o
olgg ME FYANAMREH A8V FHdE HEE 7HA L A
W dde 3A4L PCAA LabWidows/CVIZ FEI wlepd 3F 4
& 53 Z2aPE ol &t FHSHUTH

o
3|
P
DO
rlr
tl>'
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E 32 M2 A% 28 2 5% Fx9 motion S tE AH,

motion unit position description
pXy_nm sample position(n,m)
pXy_org origin position
XY stage pXy_test test position
transmit position for
pXy_trans -
filling
pf_tans transmit position
F stage pf_cap capping position
pf_fill filling position
top
ST (sample table)
bottom
top bottle at chamber
SH (sample holder)
bottom
top transmit
middle capping
BH (bottle holder)
bottom move
free vent
. open open position
CF (cap finger) -
close close position
. open in F stage
BF (bottle finger)
close
clean Al A 4=
V3 (3-way valve)
Y sample o<
V4 (3 lve) drain
-way valve TR
Y Injection B
) run
P1 (dispensor)
stop
. run
P2 (dispensor)
stop
capping start motor (CCW)
CU (Capping unit) uncapping start motor (CW)
stop
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gxg Boo yd AHQ 49 RS-2328 E3e] PCE £3¥
golHE geze we 4 v B B3R Fuind dzsie 1
o PColA NElY Wl xaed Z2add & Ak oldd o
Aol £23 Yoy A5 &

on/off, A FAL 5 Z7Ze ez Yo & & F UE FF =

2 233 Qew, DAY 28 7Y 54 A% 4F Y% 283 PAC
g Agd dolg ¥5 7)so] Absatm, AW MAbs 3 LnAF 5
8 e

oz olsl HFW £ FA AL, 2L WA A, AT
A
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XASHER 9 umanEn
YAQHER D | umgumER D
HEZHER D | aBNTHER D
EARHER 4 0 UBTDN ER D
EIREER W HENER D
[E-PLIcE
Sok HY §% up-
HELUE 8% ON-
avpgResa Y SO ERER

dUMEE SR

PEEYSTIEEY
Wazzes 83 55 -

Soh by FT0
unM Ay Az 50
HEN aB A2 S0

BE RE MY Low

" EEnE

6 7 8 g 10

11 12 131 14| 18

[ meaz iz | [ "eazen |

NAE <8 A0/ 88 ]
PRS2 MY TL TN AN
NBZNE BZAN B oY
ES NBY AW G4 AN
ISR

IECEER IETEER EEELE

39 319 4% R4S S/ Aol B4 E¢Y =21 A,
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A4 H EFE AL g A2d FF AT B

248 g8 Fud AEE F W AA 24 HuoH, *.z_sd ,%‘ﬁ
I 28z A8 e 20019 1149 269, A% IV A -fol= 200 14 3
Ax 19 139 =AH ARE AHEEA 2 AR =4 e & 34
of aoksiut. BH, ARE FHNE HFE) BE MY S4L E
3-37 #Zoh
9E FF ZvHge Eug Agstd
% 33 ARES TASNE 4R BFE A9 54,
he da f
The date o Half Life
Nuclides manufacture. Activity Value
(YY-MM-DD) (Year)
204,800 dpmvkit
H kit 2000.5. 1. p34 | (00923 Ci, 341 KBq, + 0.47 % )
2001 9. 1% ' 202,900 dprkit
7 (0.0914p Ci, 338 kBq, * 0.51 % )*
14 . 101,700 dpm/kit
¢ @iy 1999. 2. 1. 37301 (0.0458u Ci, 1.69 kBq, + 0.1 %)
36 , s | 106,362 dpm/g (sol'n in 0.5M NaCl)
Cl (sol'm) 1993. 8. 1. 3.01x10 (1,772.696 Ba/g + 12 %)
% , 105,606 dpm/g (sol'n in 0.5M HCI)
Sr (sol'n) 1998. 12. 7. 28.8 2.760.1 Ba/g)

A3 Vel Al R AlgEM 20043 19 349 Axd

_88_



gyel WHe ¥ 359 20T £Ad ue AASTG = A9 [
A1 Y Vel £AZ AT 2 Ado] gojA

o
AMEel &4 exe Wazkes, H, N, *ClL agla Ysr oz Ay
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¥ 34 AE ZA (20000 119Y 269, Background9} EI}AIE A|BZE
A - 20019 129 3Y)

Ultimagold-
Nuclides Onrder kit(ea) H,O(g) Total (ml)
LLT(ml)
H H-1 1 2 (10) 18 (90) | 20 (100)
H-2 1 3 (15) 17 (85) | 20 (100)
H-3 1 5 (25) 15 (75) | 20 (100)
H-4 1 8 (40) 12 (60) | 20 (100)
H-5 1 10 (50) 10 (50) | 20 (100)
(e C-1 1 2 (10) 18 (90) | 20 (100)
C-2 1 3 (15) 17 (85) | 20 (100)
C-3 1 5 (25) 15 (75) | 20 (100)
C-4 1 8 (40) 12 (60) | 20 (100)
C-5 1 10 (50) 10 (50) | 20 (100)
*C1 Cl-1 0.9996 (1.0108) 1 (9) 18 (90) | 20 (100)
Cl-2 0.9982 (1.0102) 2 (14) 17 (85) | 20 (100)
Cl-3 1.0008 (1.0143) 4 (24) 15 (75) | 20 (100)
Cl-4 0.9987 (1.0077) 7 (39) 12 (60) | 20 (100)
Cl-5 0.9988 (1.0061) 9 (49) 10 (50) | 20 (100)
*Sr Sr-1 0.5002 (0.5013) 1.5 (9.5) 18 (90) | 20 (100)
Sr-2 0.5038 (0.4946) 2.5 (14.5) | 17 (85) | 20 (100)
Sr-3 0.5037 (0.4936) 45 (24.5) | 15 (75) | 20 (100)
Sr-4 0.5021 (0.4928) 7.5 (39.5) | 12 (60) | 20 (100)
Sr-5 0.5018 (0.4878) 9.5 (49.5) | 10 (50) | 20 (100)
H kit lea +'*C kit lea +
&% A= | Mix-2 | *°Cl 1.0015g (1.0125) + | 1.5 (13.5) | 17 (85) | 20 (100)
*Sr 0.5005g(0.4890)
’H kit lea +'°C kit lea +
Mix-3 | *°Cl 1.0006g(1.0121) + | 3.5 (23.5) | 15 (75) | 20 (100)
31 0.5022g(0.4856)
’H kit lea +°C kit lea +
Mix-4 | *°Cl 0.9991g(1.0043) + | 6.5 (38.5) 12 (60) 20 (100)
Sr 0.4997g(0.4853)
Background | BKG-1 2 (10) 18 (90) | 20 (100)
BKG-2 3 (15) 17 (85) | 20 (100)
BKG-3 5 (25) 15 (75) | 20 (100)
BKG-4 8 (40) 12 (60) | 20 (100)
BKG-5 10 (50) 10 (50) | 20 (100)

() Ay Vel A48 Aaz4 20043 19 393 13U A=,
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H
A

A upy

© o
Order Extemal standard Time Time
Beta-ray Volt
(No) Gamma-ray (Sec) (Sec)
1 Bkg-1 ext. Bkg-1
2 Bkg-2 ext. Bkg-2
3 Bkg-3 ext. Bkg-3
4 Bkg-4 ext. Bkg-4
5 Bkg-5 ext. Bkg-5
6 H-1 ext. H-1
7 H-2 ext. H-2
8 H-3 ext. H-3
9 H-4 ext. H-4
10 H-5 ext. H-5
11 C-1 ext. C-1
12 C-2 ext. C-2
13 C-3 ext. C-3
14 C-4 ext. C-4
15 C-5 ext. C-5
16 Cl-1 ext. Cl-1
17 Cl-2 ext. 30 (300%) Cl-2 300 1200V
18 Cl-3 ext. Cl-3
19 Cl-4 ext. Cl-4
20 CL-5 ext. Cl-5
21 Sr-1 ext. Sr-1
22 Sr-2 ext. Sr-2
23 Sr-3 ext. Sr-3
24 Sr-4 ext. Sr-4
25 Sr-5 ext. Sr-5
26 Mix-2 ext. Mix-2
27 Mix-3 ext. Mix-3
28 Mix-4 ext. Mix-4
29 Bkg-1 ext. Bkg-1
30 Bkg-2 ext. Bkg-2
31 Bkg-3 ext. Bkg-3
32 Bkg-4 ext. Bkg-4
33 Bkg-5 ext. Bkg-5
» AY M3 VA 9% B 20} 49 2AF AZFS 2o
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2 &4 AR

22 2z 9o AFdEo] 20013 11¥ 26¢9 e ARE
b2 3 20039 109 13Y, 109 174, 1049 30¢ 3 7+ AA A3 7&%71
ANx"e FAdoz =A% AT 20043 1€ 343 13d] M2 AX
22 AR 248 A& AEE ALY SAEY ARES ~ZE

doider 2o 2AYdE ¥ F AFIH.

L

(1) 71 dlolg &2
715 dlo]ElE ASCI 4oz AR AY A& F 3-63% 2
, Bl olge e B

El

E 3-6. 33 AEZ oy F4.

Item Value
1 Scale 4 log or linear
Nuclides mesuring o o
2 . LSD(Liquid Scintillation Detecter)
device

pure nuclides : 3'H, “c, 36CL, ISR

3 Nuclides Background : BKG
Mixture: MIX
4 Samples order a positive number
PAC(Pulse
5 Amplitude pac
Comparition)*

External source or
6 i ext : Gamma-ray
internal source

7 Volts 1200V

8 | The number of times a positive number

x* PACS] AHEM S FLale A2 v zte]l Z A A} ZujHdgA o= A5 7 AP}
E]—L- o= Q‘H Xchannel“’]’ X’cha.nnelE 1 3-7] L‘}E]'Lu TIH PAC& Pchannel\— E} "']' QO]
e 4

Xc'htmmzl x4096

channel

o o - _
Xcharmel < Ychunnel ‘—1 76-] o Pchannel -

Y
channel x4096

channel

o o - -
Xchamtel ? Ychzmnel e 7g L Pcharmel -
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2R HF ANEY Ax ALYz RE =23 Az WAl gt A4l
&kal o = Z 7 o] @‘:‘r
o SA" AR F A4 &(total count rate; counts/min)& T 2E
o] gt}

o}

o
4
b

3 E4 (External Quenchmg Correction)
< A AHLEAT A% BA A A4 o

H 3-203% %“:‘r. I WEE v 2Y gea 2
Abs

ol &#2 EFE AgY Wages &

o

op
SL
2
HN
>
b
K
=
o
5%

)
o
ol
>~

- EE BEA B tEte A 2H9ER oA 1% XA A
E I E A, AME @tol Z4ze BEAFE dE A% gt
o] i},

- EE ZEEAE disty 24 Ald¥ 2 A4 &8 (count efficiency)
< AlAkg

- &g ghol gk 7} Add A 88 g3 BAE dEEz B i
sto] wlxg Ee vE AAY Sdz Ayl

(4) AHZE ALE g AL
qFE WA g2 Uge go] AA .
- 93 AT s %Zéﬂﬂ A T3} AEE FHsoh
- % Alge] WEd 2d9EH 9 Aulde] o8 4P ~HEHS
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- A3 ~FEY T 1 %A AHSQPENS 3 A5 &
Foer AAIY
- 7 #9439 YEEE A 58S A% Fo FFE Ru =Y

ANgel 2% gl dsste AHAAM AF EaS WA (interpol
-ation method)& T3te Z AFE= AdER Ao

- B3 Az 2% ol dgste 4 A3, AdE Ag 2Es
ol g3t 7t &Fo] e WAS ghel "k

A ME A&7 9 H3d ks gk AN dngEL I" 3-20
3 29 3-219 3ol HE
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WFE quenching level'd EFE A&
(Activity7} €82 AJ8)

Background =3 A&

background BA

rHEY 53

background _|
A A

< background
A7
v v
@ FH, quenching level ¥,
Quenching Parameter 24 Channel ® count efficiency
An) = FF2HAELH] 1% A At
Ao HE Ws

efficiency = (count rate) /
(activity)

Memory o A #
E(n, Qn), 9, Qn)
%, Xn) = quenching level, / =

channel)

(n =

¥ 3-20. 23 B4 TH A dya=
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23 A8
s AFBA FA
(A% 2 Activity?} 28X A @2 EF A8)
QS =AM A s = M 2HEY =4
Ay ~HE" =4 N;
Background
< 1 =d"HEH! B
Background |7
Quenching Parameter 2%
Qmix) = AF~AEF ] 1%
xH Qg H
} , [
Memory©ol| A 4H 2314 TAE o]&3}d interpolation
Qmix)oll N@ste 2z AEFE efficiency ALt
gy pel WE QAL
e ;i S
anEZeniemi’QnEE =
7 1 021-
N; B, N; B;
71X = L L = =ty T
(714, s, T, TB,GZ \ T5+TB’
Ts 9 Ty = 24zt A8 &4 A7), Background 7% A7H)
#E po} AYPE FE
&;Z pol| g Activity, A, ALt
Z3 dhals gk AL @Y E

2

1y 3-21.
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AA HF HE719 AT HIFE A% 3 A Adgoz P A A=
Aete 1200Velx, FF A8 92 2 7vp AAPEYS
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o 2EEg 24 Ahe 3022 AAeRh S, WEbd S 300
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T ARARRA RS s nan s nn e A s e e L R
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€
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o k 40r
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20
o
i
o
P ] i
L N T AT ST T
100 200 300 400 500 100 200 300 400 500
Channeis Channels

19 3-22. 48 I - Background®] ®lE} AHEZH (92)3) 9
o OR2E Addel g% #Zn 2dbEY (LEF), By
(Background-1), W2+ (Background-2), 2@l &4 (Background-
3), =gk (Background-4), w4 (Background-5).
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8CO 4
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soor 1 “ ] 500 F [ 4

200 - ! -
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L L
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Chennels Chanrels

% 325 AE 1 - CIY e AFEY (IF)F IR %
E A9 9% Pek 2AEY (LEF) may (Col),
W (°Cl2), QAXA (°CL3), weba] (°Cl4), vheay
(°C1-5).
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3), -2+ (Background-4), ¥+ (Background-5).
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¥ 37 4% B BEAE A AMEE EF ANEY BEF AR &3 A
S 3(SQP(E)).
SQP(E) of | SQP(E) of | SQP(E) of S%’l'}(’g‘egf SQP(E) of
Nuclides |Samples| Experiment | Experiment Experiment Experiment Experiment
m m v
*H H-1 365.548 361.627 363.973 405.649 400.974
H-2 359.601 355.178 362.135 402.362 396.870
H-3 356.845 352.678 358.522 397.926 392.585
H-4 340.513 337.893 344.069 381.848 387.955
H-5 327.728 330.474 332.499 375.147 383.177
“c C-1 381.306 377.113 377.503 412.712 401.469
C-2 377.953 369.450 373.021 407.942 394.727
C-3 366.905 365.095 366.097 400.140 388.678
C-4 351.727 351.912 351.609 387.945 387.850
C-5 345.476 342.326 341.006 382.324 379.385
*cl Cl-1 390.010 221.685 385.080 414.805 402.819
Cl-2 382.670 383.670 382.386 411.151 398.641
Cl-3 377.173 378.740 374.648 402.477 394.137
Cl-4 309.203 369.630 364.901 434,123 391.143
Cl-5 122.163 365.868 329.533 386.761 393.985
*Sr Sr-1 175.725 176.068 341.858 412.035 404.037
Sr-2 192.707 190.698 332.013 404.574 398.314
Sr-3 211.500 209.790 320.012 414.918 385.502
Sr-4 193.130 291.748 316.540 412.829 380.751
Sr-5 418.941 262.810 364.266 392.171 383.077
Mixture | Mix-2 | 57.8728 134.788 351.813 393.043 399.561
Mix-3 | 77.8675 60.5838 338.596 395.164 395.583
Mix-4 | 435.679 142,734 361.218 411.939 393.874
Background | BKG-1 | 376.748 376.678 377.867 415.161 402.323
BKG-2 | 369.268 367.873 371.041 407.397 -
BKG-3 | 359.013 357.778 359.696 395.597 392.885
BKG-4 | 348.013 348.468 347.195 383.992 -
BKG-5| 337.850 336.208 339.496 382.789 384.048
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367.8 4.19 + 0.04
411.1 10.71 + 0.11
444.0 15.00 + 0.15
488.7 1.984 + 0.023
586.3 2.24 + 0.05
678.6 2.296 + 0.028
688.7 4.12 + 0.04
778.9 62.6 + 0.6
867.4 20.54 + 0.21
964.0 70.4 + 0.7
1005.1 3.57 + 0.07
1085.8 48.7 £ 0.5
1089.7 8.26 + 0.09°
1112.1 65.0 = 0.7
1212.9 6.67 = 0.07
1299.1 7.76 + 0.08
1408.0 100.0 = 1.0°
1457.6 2.52 + 0.09

a. In order to use this line, no "™'Eu should be present.

b. Not intended for use in calibrations because of the proximity to the more
intense nearby energy.

c. The absolute yield of this line is 0.2101 per decay.

Source: Data taken from Gehrke et al, 1977.
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¥ 3-72. The relative importance of the three major types

!

IRRALUEER R rrrrine v T

—

-

Av in MeV

B Photoelectric effect Pair production =
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~ Compton effect N —

— dominant = —
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of

gamma-ray interaction. The lines show the values of Z and hv for which

the two neighboring effects are just equal.(From The Atomic Nucleus by
R. D. Evants. Copyright 1955 by the McGraw-Hill Book Company. Used

with permission.)
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Mxture Spectra
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Mixture Spectra
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Mixture Spectra
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Mixture Spectra
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Mixture Spectrc
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¥ 3948 1, I, III, IVl ©j

T

@ 7 BEA

12 e ALE WAEE

(Activity).
Experiment | Mixture | Ref Activity (dpm) | Nuclides | Mix Activity (dpm) Dit&l")eﬁre*nce
167901 *H 56779.750 66.183
5 101642 lic -3122.933 103.072
106360 q 263089.930 147.359
73680.8 Sr 31934.571 56.658
167901 *H 28254.414 83.172
I 3 101642 e -2039.558 102.007
106360 e 314169.570 195.385
73680.8 NSy 5126.849 93.042
167901 *H 313811.610 86.903
4 101642 e 5168.771 94,915
106360 e 12170.542 88.557
73680.8 NSr 79874.110 8.406
167798 *H 51628.215 69.232
. 101642 e -2309.629 102.272
106360 3%l 12450.663 88.294
73661.3 NS 2755.950 96.259
167798 ‘H 30792.067 81.649
1 3 101642 e -2546.5063 102.505
106360 e 12495.547 88.252
73661.3 *Sr 1370.883 98.139
167798 *H 211713.410 26.172
4 101642 ¢ -2436.918 102.398
106360 e 13404.004 87.398
736613 Sr 20223.957 72.545
167463 *H 716848.140 328.065
. 101642 el 96643.189 4918
106359 e 176960.690 66.380
73598.2 Sr 59047.479 19.771
167463 H 46914.944 71.985
101642 ' 99771.702 1.840
m 3 106359 e 174653.040 64.210
73598.2 PSr 45180.427 38.612
167463 *H 180456.180 7.759
101642 e 56312.037 44.597
! 106359 e 81101.863 23.747
73598.2 PSr 50373.039 31.557
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£3-9. (A &)

167463 " 778640.82 78.493
101642 ue 90654.125 12.120
2 106359 %0 126014.08 15.597
73598.2 90G 85336.891 13.755
167463 H 482532.20 65.295
Corrected 101642 ue 75103.214 35.336
I ; 106359 Q) 80523.705 32.085
73598.2 NG 80818.126 8.934
167463 " ~56089.439 ~398.563
101642 ue 78367.033 29.699
4 106359 %1 48849.234 117.730
73598.2 %G 37466.093 96.439
167463 H -28961.090 ~713.778
101642 “e 69654.869 45.918
2 106359 30y 105732.960 0.593
73598.2 0G 71964.715 29.797
167463 H 822558.01 78.389
101642 e 59997.740 69.405
v 3 106359 30 117623.560 9.576
73598.2 90G 67628.755 38.118
167463 H 307303.18 42.156
101642 1o 91423.886 11.173
4 106359 %Q) 127200.060 16.384
73598.2 g 50657.922 84.389

* Difference (%) = (Calculated dpm - reference dpm) x 100 / reference dpm [Fujii et al,
1999]
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