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This report summarizes outline, methods and measurement results of actual wastes of
nondestructive measurement system using the passive gamma method applied to the
evaluation of the quantity of uranium in the drum waste(0.2m?3) and container waste(1m3).

The following are the results.

(D The measurement number of drum wastes was 18,884(4,703 of the number were pit
wastes™), for from 1998 to the end of March, 2011.

@ The measurement number of container wastes was 749(110 of the number were pit
wastes), for from 2004 to the end of March, 2011.

@ Measurement number is 8~12 drums and 1 container per day, including setting of
wastes, analysis of data.

@ About 60% of drum wastes and about 80% of container wastes were metal and concrete.

® 75% of drum wastes were less than detection limit, and average of radioactivity is
3.4Bq(U-238)/g. Then 17% of container wastes were less than detection limit, and average
of radioactivity is 2.3Bq(U-238)/g.

® If clearance level is 1.0Bq(U-238)/g(TAEA RS-G-1.7), about 80% of wastes are below the

clearance level.
% Wastes discarded from uranium smelting facilities

Keywords : Passive Gamma Method, Drum, Container, Uranium, Nondestructive

* : E&E Techno Service Co.,Ltd.
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2B, U7 UOE WU DWW T, BEERIRZ AW HIELIC L 5 BRI B HIE
179,

3.2.2 VT U FREFE DR

UTUBEEWIIL, v URIBRIC X D RELTEEED R T O TR E %<
BUREMNR DY ZNOFREMEZ L GHT 2RISR LTI, FENE W
Ge B2 Z W CEMEZTT 5, 7272 L., 766keV y FRIZEI L Cid, TFREEREDS B i
ENDyROFEEDERVRSMLERDH D, ZTNDHOERD v HFIiL, Bi-2l14 ©
768.4keV & Pb-211 @ 766.3keV T, 766keV vy g ~DF 55514, [Fl—KHEN 5 i
SINHMOTF L F—y HEHNT, R XV F—(KFEHEEBE L THRNT 5,
ZDFEFG5H T66keV B — 7 GO 5%LL N2 5 Nal(TDRR HER. 5% & 0 K iFhuif
Ge HiH sz W= 3 -t & 72 5,

LLFIZ 766keV B — 27 O ER %7~k 9,

U-238(766keV) it R =
[766keV Ft40] — [Bi-214(768.4keV) it 4] — [Pb-211(766.3ke V) i 4%

_13_



JAEA-Review 2011-039

08 AT CRISER L C TR

e (L)
Nal(TD#: 2
-------- Ge FHige
) NO
1001keV ffE#d
YES
TR )
\ \
Ge fR a8k Nal(TD#: i
(2 % A i
T
| |
""""""" 1 BRI
D i
1001keV % J (I NOU " niik)
BIR S &
20 fyv2aE T
o .
o 5> YES( /15 \
| 7' R FEERIC
| L BRI €
| - e @
| ': AxX B /gg
: N\ vV \l/ >
1 - N O i e B st o N D
V| KT R BRIBE E15 71 Ak Z
i - ] | i
U IGHIEC k) UL IE ORI A 1E o
. : (& =7, NV /It (R 2 3L 0 ) L
I H A IE RAE =P HE) (BG I FHTF) B
! (F5) ; _ P
! : B ORI IE s
X ! G0 ORI IE e
1 b e e e e e e e ——— - J rides™ v)
' T
| ;
R Yo"
R R DOFEHE EREEOEE
YES ! MAZHRIT A9y 2238 D 70>
NO'! NO
v
ARG R (U-238 &) ND

1 3) Ge Mgz BIT 5 766keV y f~D

3.4 CDAS i} 7 =7 —
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4. BIE
U7 URENTOY T B2 PEFMY 2113 HE R & LTI ORIERSBE L 2D,
22T UWGS2 KO CDAS ORESIE K ORI T — 2 2o CRiib 4 5,

4.1 IR
EH LR A £ 4.1 1277,
BIRIZ OV T, REORBEI Lok boa®E L, /L7,

4.1 BIEIHEH U-IR

No. | #ZFE i€ SRii=h in ST H T )L F —(keV) =
UWGS2 FIAM 07 i e
1| Co-60 411kBq | 2000.2.1 | 1173.24. 13325 i3t o)
(FHEE 1)
5 | Co-60 | 339.8kBq | 2000.12.15 | 1173.24. 13325 |~ =27 7"
0 R o o P (e 2)
81.276.4.302.9, | F=v 7 V—=
3 | Ba-133 | 350.1kBq | 2000.12.15
356. 383.85 (6% 3)
4 | Cs-137 | 346.5kBq | 2000.12.15 | 661.65 F=yg IR
S- . . . .
a (1 4)
5 | Co-60 5.7MBq | 1996.8.22 | 1173.24. 1332.5 | COAS BIEA
(o . .O. . N .
E (1 5)

4.2 UWGS2
42.1 TF)ILFX—IKIE
MCA O F v > FIHKT D TR NX—Za Ml L7 RIS 5720, JE
T 5T RFX—HFANIZ y AT 28R EZRE - WEL, =R X —XFF v o x
IV IEZLT 9,
BT PRSI Z K 4.1 17T, RRIE, Bigsih BICBE L, v SROBENRELIC X
DEEEEA A X CHIET D, BlZIE. T v REA LBRZWBIEIT Ge Mg HEfEL 72
0, AN, FHU LI WERRIZIE ST 720 L THIREICIZEEN 2,
(1) H7E A
O F v >RV 4,096ch, =3 /LXF—#iPH : 50~1,600keV (#J 0.4keV/ch)
@ #E : Co-60 (ff#k2). Ba-133 (£ 3). Cs-137 (ff§k 4)
@ MR ENLE © Ge HHZE DOl b
@ WEREH 1,000 £

(2) R
T RNAF—%FF ¥ o RV DOBERA A K 4.2 12RT,

Y =3.999E-1xch+1.642 E-1

22T, Yz Xx— (keV)., chlIMCAIZBITAF v 2L Th D,

_16_
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4.2.2 ZNHERE
TRAF — AR GHECER y SR OBRERET 5720, HET D
TARVF —FHNIC y B A T 28R AR E - JIE L, SR EETT 9,
AR Z K 4.1 1R T,

(1) HE S
D #HIF : Co-60 (ff%k2). Ba-133 (£ 3). Cs-137 (8% 4)
@ BIFEHRENE  Ge iHZRF IS 385mm, ¥ —> T —7 /L B 6 441mm
(R T LEREFEY 2 SE B SR L 72 B o DM &)
@ WIERR : 5,000 # (1 [A)

(2) #R
Zhar iR 2 X 4.3 12”7,

In(Eff) = -3.346 E-2x In(Ene)* + 9.384 E-1x In(Ene)’
—9.703 x In(Ene)* + 4316 E+1 x In(Ene) — 7.753 E+1

S oC. Eff MRS, EnelIT XA F— (keV) ThD,

4.2.3 A EEERIE O WIE (To) HIE
U-238 & &R O y BRI IE LV 2 AR @ AR o #1#E 2 BS54 2,
WG AR X 4.4 1T, 720 BIESH KO B2 LLTFISRT,

(1) WE S
O #JE : Co60 (k1) (UMEZEIEMIR)
@ MR ENLE SN AL
@ HEHR : 1,000 7 (1 [8])
@ FHly TR LF— 1 1173.24keV

(2) FEHR
S F AR O WIHIE  (To) 1. 12.0cps (H19.4.11 Bif5) Th o7,
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4.2.4 FrEARER
U-238 D FEHIZH W5 1001keV 53 & U-238 &R0 (&) Z/ERkT
Do U7 U EAERRIR A G L, U-238 B & HEERE DR ERD B,
I ZHGRMEE K 4.5 17T, 7o, WESRM R OEREZLLTICRT,

(1) H7E S
O FEAERR « RIKY 7 ) 2g, 20g. 50g
@ BIFEHRENE  Ge MHZRF IS 385mm, ¥ —> T —7 /L B[S 441mm
@ WERERH : 1,000 F>~5,000 £ (BARIR : 3 [E], RPUS K0 R 2 3059 5)
@ H#—>27—7/V[AE : 10rpm

(2) fER
REA A X 4.6 [T T,

Y(cps)=2.4139E-2x X(g) Y :1001keV FHECR, X @ U-238 &

4.2.5 R BRAE O FEAM
BG ##ERLEUTOXL Y | BMHBRFHERZ KD, BEREZ AWV TR R E 2
HHT 5,

2
W HIIR AR (eps) = 1 Ky \/(fj 4 ND(L . Lj
2\ T T T. T,

N N

(y
(y

Ts : FELO R EFRER (sec)

Ty : BG & K¢ (sec)

K : IR AT 515403 0)
ND : BG #t%#(cps)

N7 NEREFED ORI E LT, 1001keV v #EAMGR H 40720 100kg DAL (4)8)
DEFEFMIZHONWTEZ S, FHIENT- AT MrEx BG & LTEMET % & . BG
ERF X 600sec, 1001keV b — 7 HiFH DO FHEEIL 0.1837cps ThH Y, FHIRAE A H
95 & 8gU-238 L7 %,
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' Y7

L TR E— kT v v R AR
Ly ORI £ Y ZE AT
5 HEWN

Fzv I V—RA

4.1 BEIZIIT 2 8 i) 4t
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Energy Calibration Curve

#  Measured —— Calculated

o §

Ba-133

Cs-137 /

P

512

1024 1536 2048 2560 3072 3584
Channel

Datasource: C:\GENIE2K\CAMFILES\energy20080822.CNF

Energy = 1.642e-001 keV
FWHM = 7.744e-001 keV
Lo Tail = 2.718e+000 keV

+3.999e-001*Ch
+2.999-002°E"/2
- 6.4786-004*E

4.2 TRIF—LF ¥ RLORER
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Dual Efficiency Calibration Curve

— — - LowEnergy ® Measured High Energy
0.001 ]
1 Ba-1
/B/,_,_,__\ | a-133
Cs-137
|
0.0001 i
/
/
//
1e-005 |
10 100 1900
Energy (keV)

Datasource: C:\GENIE2K\CAMFILES\energy20080822.CNF
IN(Eff) = -7.753e+001 +4.316e+001*n(E) - 9.703e+000*n(E)"2 + 9.384e-001*In(E)"3
- 3.346e-002*In(E) "4

4.3 whE iR
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1N R
V7 H—
A1 58 75 1 HRIR |
Ge FrH#s
- g
S S -
1
441mm [ ||
I I
| : : ]

4.4 HNEEEMIR O ME Qo) E T 31T 2 Rl 71 Sl
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A= T =TI
LGk B
- ":) 10rpm V75—

U T AFEUERRR

=
O
2
[
\
N
[
N
O
HF
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4.5 MEBERRIZ 1T 2 Bl 5
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4.3 CDAS

4.3.1 WFEKIE
FHIZEE R LTV ARIHERIZOW T, BRFELHIZEID FA UBER T LT 2 &
WTEEND, £ T, @m FOFARMERE L UC, mfiRee. MRHEREFEOMEGRNIE &
TV, PEEEIR T 2SEERR S v, RIS W 2 B SR 2 i U] el ITE IE 9 D LB
N5,

(1) WE S

@O #JE : Co-60 (f1#%5). Cs-137 (8% 4)

@ MR ENE - RS TLE R, REND 25em (BHE 4.1)
@ HIERH - 600 # (10 [E10> -85 24 )

(2) FHE
H21 4 3 12 Nal(TDRR HHER D 7 A AR T ISRV IHER O R A 1T - 72,
HERE RIZ DOV TE 4.2 I[THERBRER R, X 4.7 ([0 fRaeities &, X 4.8 ([2hi
FRNHFAMmAS 2~
O fRGEFHEAE R L 0 LT (H15 FERERE) OE L L TET7% & 220 | 12X
DOMREZA L TWDH Z & 2R LTz,
@ MR EFMAE T L 0 . 600keV UL TIXLLRTOM AR & g L TIZIERI%ETH 5
N, THRNAX—=NEL DI, KT T A AR S T,

(3) MR DA H
BN ROEFTRER A2 K 4.3 1R 7, iz, Y 7 ~ (UWSF__fi#hr) (281
2 K e 2 SRk i A X 4.9 (12T,
FESBIE LV | 2~12% DM N 2B OAR T 23 sl S L7z, EFEFEYNIEICI1T U-238
Dy # (766keV, 1001keV) (X9 2 M AN BB ME & 72 508, 77/@%#&
Wiz, Cs 137 LT Co-60 Ik o7 —# bt a2HH L, MmgEc
777 H— ((ERTDOE & HERPIE CTOMED ) &R, HERTOMEZRIE LT,
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s

~

4.2 WERRHIERS R

4.1

MR B

oo ’( ll\_“ NP = oy fiRRE RS
Bt | B f;ﬁ HUHEL | eps fh AR ﬁﬁtiﬁbwa: cp:i'luﬁ‘f fﬂimﬂﬁ
Nal-3 Cs-137 | 6621 0.8512 |1066.5|165.31 12.37 1 7.5% | 1.07 | 3.4407E+01| 0.96
(SA3E1]538) Co-60 1173 1.0 283.81292.83 | 16.14 | 5.5% — 1.9658E+01 | 0.91

1333 1.0 263.6 1332.08 | 17.42|5.2% | 1.01 1.8243E+01| 0.88
Nal-2 Cs-137 | 6621 0.8512 |11085.61166.03 | 11.40 | 6.9% | 0.98 | 3.5022E+01| 0.98
(SAaDQll) Co-60 1173 1.0 321.01293.18| 15.02]5.1% — 2.2231E+01 | 0.96
1333 1.0 300.6 | 332.82 | 16.17|4.9%| 0.93 | 2.0816E+01| 0.95
Nal-1 Cs-137 | 6621 0.8512 |1054.0 |165.71 12.47 1 7.5% | 1.07 | 3.4005E+01 | 0.95
(SS?(623) Co-60 1173 1.0 288.11293.21 16.29 | 5.6% — 1.9954E+01| 0.91
1333 1.0 267.21332.70 | 17.64|5.3% | 1.02 1.8506E+01 | 0.88
K RREOEEITNE B IS b CREHRE LZE
BUREIZHI5FERRE R 2 DA LTV A fi
a0
N LE
]:IﬁfFFh:— N
Hlch
HH B < B RE R .
ﬂuxzm j&z Sl r = iR
7
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1.2
1.1 a
1.0 | | @
0.9 | B
0.8
0.7 A Nal-3(SAE538) |
0.6 ONal-2(SAD911) -
0.5 O Nal-1(SSX623) -
0.4
0.3
0.2 |
0.1
0.0
0 200 400 600 800 1000 1200 1400
= 3L ¥ —(keV)
(4.7 53 fERERAMh RS S
1.00
3
0.90
(Nal-3):y = -8E-08x” + 4E-05x + 0.9726
R*=1
0.80 (NaI-2):y = -5E-08x” + 5E-05x + 0.9689
R*=1
(Nal-1):y = -2E-07x* + 3E-04x + 0.8281
R*=1
0.70 ANal-3(SAE538) |
' 0O Nal-2(SAD911)
O Nal-1(SSX623)
0.60
600 700 800 900 1000 1100 1200 1300 1400

[X4.8 e HI#R2h R A R
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/|

#4.3 MY 7 & (UWSF_fi#h) 2B 20K EE

i H #5502 (cps/flux)
< Fil
A Nal-1 Nal-2 Nal-3
(Energy)
BURAE  [7775-| WHEAE | BURAE | 7770 MHIEME | BURME | 7770 wIEAE
A
6.667E+01] 0.94 | 6.271E+01]|6.938E+01| 0.98 | 6.784E+01|6.529E+01| 0.96 |6.244E+01
(766keV)
AV
3.654E+01] 0.93 | 3.391E+01| 3.803E+01| 0.97 | 3.684E+01| 3.579E+01| 0.93 | 3.337E+01
(1001keV)
Co-60
2.184E+01| 0.90 | 1.976E+01|2.315E+01| 0.96 |2.219E+01|2.162E+01| 0.91 | 1.967E+01
(1173keV)
Co-60
2.110E+01| 0.87 | 1.841E+01|2.196E+01| 0.95 |2.079E+01|2.066E+01| 0.88 | 1.826E+01
(1333keV)
BEIRL T ELY
= kS LdE
-~ EEE x|
[ ERLCTIEED " FEHHSTE (cps/ A
uesm | cosn | g (THLF) Mal-1 Mal-2 Mal-3 Ge
_HE VT (T66keV) | 627066E+1 | | 6.78430E+1 | | 6.24363E+1 | | 390561E+0
[ BIRELTEEL 950 qootkew [Ea9110E+ | [@68427E+1  [333602E+1 | | 200283E+0
# | 8 | =2 cosot173kew) [187585E+1 | [221948E+1 | [1.96667E+1 | [ 2.08600E+0
FREFER(EREEET) Co-60(1333ke) | 1.84108E+1 | [ 207835E+1 | | 1.82388E+1 | | 1.83850E+0
|  40000E+2 kg _ [
Bi—214 (609 3ke V) 5.08500E+0
[t rem—— e L k= [237200E+0
I 1.0 F Ov5  Pb211(831 8key) [ 3.56300E+0
Eraaaaly WD B T O $IE ‘
ﬁ A = = 095 FL2 [
%%%%E?D?:"M\Eﬁﬁ&l\E,¥O—1¥f e ‘ . ;‘;.ﬁ;?_ﬂ
I Cigags, Rl
~IRPBGRIE T — & Tl I et iate
& oA JED = 4}§_§§T BELET -2 [ sHEEORL TFRRE
i ot P oKBGCH! 08V 6 [ RSREERE

REPBGRET — 2071l

BRI EORETIEL LT -2
CHLWSFET TR T2E
BE¥A0000seck40000sec] 7 T ZEBGCO CEY

E=2ith |

=il |

WET |

[44.9 UWSF_ it (5= & i i )
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5. JERER
5.1 UWGS2
5.1.1 MAEIRTEFEAR
(1) ik
N7 LWEN OB EIZ X 25~ OB 2R 2720, B KT AEIZHONT,
Fry V)= REALEORA Y MIEE L, WEZITV., R7AEPLTOHEE 1
E LT EEXDKRA > N OMKRIEE 2R3 5,
PUTICHESREEZ R, £, 7P EK 5.1 1ITRT,

il K7 A 0 25 N7 A6 (23kg)
#iik e =/ 0.3g/cm3 (83kg)
4 )@ 0.43g/cm3 (109kg)
IR Co-60 (1173.24keV) (f48% 2) ¥ 1001keV (W E— 7 & U T®RE
HERERH] - 600 F2E 7213 1,000 7
S — 7 —7)VAHEEL : 10rpm

(2) fEF
RIS R A 2 5.1, X 5.2 12T,
IAAMEIE, 28 KT AETE63%, HibE = L ilBRIK TE73%, 4&ERBRIKTE75%
Lilpole, Flo, WERE L LTE, @BRRBRIEOSMIELT%ITM A, HFHERE,
WA ERR S, MEMRAES MO E100%1270 5 LHEE SN D,
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A= T =T )
L i
- -
j 10rpm
28R T L b
| r/2
Lt
________ _Q}___ __@
S Ge HhiH#
i= 5385 S B
R A -
| | 100 '
] @G- ]
| : : ]
B—=T =T
i

mEYas

V74—

%I

5.1 HRIRIRAEFAmERER (2 d 10 2 Bl =i 5l
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5.1 MUEURAE AL R R (UWGS2)

1173keV @) oo Afie
NEY | OCE | GHEE | G | 51 5cR Lokt Mo Max
count sec cps (Min+Max)/2 (Min+Max)/2
® | 11,000 600| 18.33| 0.53
@ | 20,600 600| 34.33] 1.00
® | 11,100 600| 18.50| 0.54
@ | 10,000 600| 16.67| 0.49
22 ® | 23,200 600| 38.67| 1.13 | 37% ~ 63%
® | 10,100 600| 16.83] 0.49
@ 7,420 600| 12.37| 0.36
31,600 600| 52.67| 1.53
©) 7,090 600| 11.82| 0.34
@ | 20,367 1,000 20.37| 0.45
® | 45,133 1,000| 45.13| 1.00
@ | 19,000 1,000 19.00| 0.42
e =1 | @ | 19,733]  1,000] 19.73| 0.44
0.3g/em” ® | 53,033 1,000| 53.03] 1.18 | 27% ~ 73%
: ® | 18,233 1,000| 18.23| 0.40
@ | 16,333 1,000| 16.33| 0.36
105,000 1,000/105.00| 2.33
©® | 16,300 1,000| 16.30| 0.36
® | 16,433 1,000| 16.43] 0.37
@ | 44,333 1,000| 44.33| 1.00
® | 15,733 1,000| 15.73| 0.35
IR @ | 16,867 1,000 16.87| 0.38
0.43g/em” ® | 52,267 1,000| 52.27| 1.18 | 256% ~ 75%
: ® | 17,267 1,000 17.27| 0.39
@ | 14,367 1,000| 14.37| 0.32
102,000 1,000/102.00| 2.30
© | 14,700 1,000| 14.70| 0.33

% ZEIFH1994 A S 7 —#
ke =v, &EITH134E6 H ST —4
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(R0 Ry A2 el 29 K

bz

gWo/3eH°0 ¢wo/30€°0
HE A=2A7)8

€G'T €T'T
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5.2 CDAS
5.2.1 IR RTEREAMm
(1) B RO IE
a7 FNOBIFAEZ X 2T E~DOEEL MR T 2720, U7 UfiREeZ2Ea
THREEOMNBICHE, HE L, FRA 2 MBI 2R EEICxd 2 g b X
V. BIRIREIC L DB A MRT 5,
PLFICHE SR %2~ T,

IR . KR 7 > U02 #3K 100g (ARY EY)
HIERER : 1LAA > 20 4 B
PR EARA b i, RERE 26 KA~ (X5.3)

(2) f55F
SR R A 5.2, X 5.4 1277,
F¥) 0.90. AIEIL 0.456~2.08 (HE¥E(RAE 0.37) THVH, a7 TNV T~
100g MMRAE L7ZA . REMICHH L T+50% (1o) OFHliE 725 Z & 2l Lz,
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#%5.2 BRIURIERFA SRR (CDAS)
FRIEPIEE — 21k

ABEl x iy e | um R |
2 : : L= it
f (i (mm) 5 (mm) : (mm) A% (3% A
1| a 586 732 438 | 100g 1.36 P
2| b 732 ¢ 732: 438 | 100g 0.80 P
3] ¢ [ 1025 732 438 | 100g 0.87 P
4| d 439 732 438 | 100g 2.08 P
5| e 60: 732: 438 | 100g 0.71 P
6| f 586 : 732: 630 | 100g 0.55 P
71 @ 586 : 732: 815| 100g 0.65 P
8| h 5861 732 246 | 100g 1.23 P
9 i 586 : 732: 60| 100g 0.91 P
10| j 586 586: 438 | 100g 1.01 P
11| k 5861 439! 438 | 100g 0.83 P
12] 1 586 : 878 : 438 | 100g 1.29 P
13| m 586 : 1111 : 438 | 100g 1.08 P
14| n 878 ¢ 732! 438 | 100g 0.53 P
15| o | 1111: 732+ 438 100g 1.57 P
16| p 293: 586: 438 | 100g 0.98 P
17| ¢ 878 ¢ 586! 438 | 100g 0.85 P
18] r 7321 439: 729 | 100¢g 0.53 P
19| s 586 : 146: 438 | 100g 1.00 P
20| t 1111: 1111 815 100g 0.45 P
21| u [ 1025 146: 438 | 100g 0.55 P
22| v [1111¢% 60 60| 100g 0.72 P
23] w 146 : 146: 146 | 100g 0.67 P
24| x 60! 60: 438 100g 0.59 P
25| vy 1461 1025: 729 | 100g 0.75 P
SEHIE 0.90
EYERZE  0.37
EEMERE 41.1%
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(LL7rg) WEOFFS T NETLRE D S00T < £ 46X V'S K

Oy A [ e
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=
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5HZ L AHMR L=, E7-. 1.0Bglg X VIERWEEDFEEYII S LT, BRIRAE R EEDN
A2 THETHD 2 LR LT,

(G) AL L TE, a7 FEEEMER 1,000kg £ TIXAENE <, 1,000kg 22 TL
LEERSLar s U=k« ERENRE L ARRE /M) N E D T,

6) AT T U EICONWTIE, A TH bkgU-238, FEFREIL 3.5, Svh TH- 72,

(7) FEE|E 680kg~1,400kg DOHiFH T, F¥ 880kg T - 7=,
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#*6.11 FHilir—= (2> hEEFEY)
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6.3.3 R FRRAE

B R IR AR D = T FBEIEMIC OV T, Nal(TD#: H 28 M O Ge M 2RI X Bk
R BRAE DRI 21T > 72, FERZE 6.12, X 6.13 1277,

Nal(TD# H 2512 & 23l Tix. #1201 1,000kg O =2 > T FEFEMOBEE . M
2> B — i O AR TR 21gU-238, MR HIERIZIT W R EE TR 3gU-238 Lo 70, &
7= Ge HHHERIT DWW TIE, HHIRERTHI 7T1gU-238, FJBHEETHI 9gU-238 TH 7=,

6.12, X 6.13 £V, Nal(TDRHEED A Ge MiHidr &L 0 IEENK 3FER W
EERMER LT, £z, RHERD HmWHR IR X 0 g O WRESAHE O R
FTRERERN BN & ARl LT,
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6.4 AT F A

6.4.1 ff A AR
ARIEMER EREE L, HREEHEAEHAT 28800 WEEHENEECTHY , FHEL
= B @ﬁgmhﬁﬁéﬁﬁﬁét :\Mﬁﬁmkié%%@@éﬁ%%%
THUENDDE L HIZ, EEORE - MESELZRYNIREE L, NG T 52
ERMBEBRARTHD, ZHOHOEHENG, HIERNI AR E U CTEERFEZ HE L.,
LEOREMERCEEOFELHERT L2 LTS,
RIBRIZHWD IR, U7 EREROEH v =¥ — y AT 5
Co60 L7 %,

(1) UWGS2
EE61@£§V UWGS2 H DA ERE BRI CTd 5 Co-60 FRIR (fF6k 1) %40
AR EAL IR E T D, MERFFIZ 23D G TE 5 300 0 & 95,
M B 1L, 11738keV B —27 F v > 3V L OGHEEE, FEIET, 26D Ry R
B (B0 LINORER) #1795 2 LICX WV BREOFEEHERT D, B~ F ¥ b
78 2933.1ch+1ch Z X TWAHHEEIX, 7 A T L0 EERFHN~HIE T 5,

(2) CDAS
HE 6.2 DX 512, CDAS H Co-60 #i (fH&k5) ZHHMEIZTRET D, HIR
N, *HAALEICELE LT s Nal(TDR R M OF Ge MR HH#s O HHZ R 2 B8 L,
FE:D Nal(TD# i8R & Ge i ERO bl BT, Ge HERZRE 2> 5 465mm O &
L7, WERFRIE a3 B TE 5 100 &35,

FHMIE H1Z. 1333keV B — 2 F v o rV KM OGHECR, EENE. BG (o R) 3k
$\M¢%$ﬁﬁif%éo_h%@FV/P%EQOMW@%E)%HO_M
KXV REOEREMRT D, £, FHMEICHWSEHT —X1Z ROIERELZ LT\ DH 2

k#E\E I T X XN TND EFHCREN D D720, Nal(TDRHERIZ DWW T
1% 1333keV OB —7 F 4 > %L 333ch*2ch, Ge M HH#R#IZ OV TlE 2665ch+ 1ch
ThHDHIEEMRT D, B, EREGHENOAN TV DG A sk, R
FHN~RIET 5, RIREREEBICOW UL, BIIEESEY — 7 08384425 EHEE
D2 D DO THEEOEIC LV RE @ﬁﬁ%%;#é
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ZENZR DN, MEEREZE LRI 1 EMIC 1 ELREEZIT-> T D,

FEMERE THEM LTV A RHE T, Ge R O Nal(TDR g T, ZhEho
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WWEHTHZEE LTS, BEBEEZ —EICLzZ T, ZRETHAED T 7L
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R R

6.5.1 bk

Rk 94 8 A 26 H, BEIEWREIMTEE v MIRE INTWe Y 7 U REFEM DR
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Bl (75g/ 2> 7F) 28D, a7 FHEEEZ#BELZ, WEUEERETS 2
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BEEMIZOWTIEL, By MEFEMORER TH., MeiIcllEsE1To 2 & & Lz,

By MEEIEMIZOWTIE, AL 12 4 1 A ICHREBRE., FHEBE 21TV, RS R
L7z, F7o, AL 194E8 Bz, WAL D FT7 AHEOT A 7 2%k (8,385 A)
a7 BEEY (110 £) ORERK TIC X 2 HEEM D IEE~DIEERE 21T

ST,

6.5.2 PIV

PIV (Physical Inventory Verification) %, & H i3 5 W EIE A B #H 5 (ICR)
IZHo x| IAEA, EENEFEBYWE R EZMER (%) 720 Tho, %
o, TNOEWMEOTEEEDOMR - G250 CHEEH LV I,

'y NBEIEY LIS CTHPEMEE IZRE S TWD T T VBT OV T, Rk 23 4F 2
H 1T BIiCU 7 o BEORENK T LIZBETY (R7 A @ 22,078 A, =277 : 908
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PIV 4 B X, #MEFTA OREREE (UWGS2, CDAS) KO IAEA 2Ol EHEE
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WCHEAN1HHZD 8~12 K Th-o7-,
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v T BEREY) OIS ESANBTE  — RS A BEEY OWE —

Development of Nondestructive Measuring Techniques for Uranium-contaminated
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H @ PRk 18 4E 9 A 27~29 H
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v T v BEREY) O IR E BANBHRE  — ARG O R —
Development of Nondestructive Measuring Techniques for Uranium-contaminated
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7.4.2 = Dih,

(1) nternational Waste Management Symposium 2005
Development of Technique for Measuring Uranium Quantity within Containers
Using the Passive Gamma Method
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ME . a7 0w T B2 IFMEERE T 2 Fik, EEOMEREMRRBROMRIZH
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£k 1 (UWGS2 AN s #RR)

AEATECHNOLOGY AEA Technology
lqsa _“= | QSA GmbH
CERTIFICATE
No. CO 20866 - HA 911
for a Sealed Radioactive Source
Source Type: Reference Source
Product code CKR1151
Drawing VZ-1240/2
Source no. HA 911
Nuclide Cobalt-60
Measurement Data
Activity 411 kBq
Overall uncertainty* 3%
Reference date 1 February 2000
Traceability* Defined on page 2
Radioactive impurities Related to Co-60 (equal 100 %) the following radioactive impurities were

detected: none

Leakage and

Contamination Test/s
Test method/s* lland |
Test/s passed on 28 January 2000

Additional Information
ISO classification™* C.34343

* see page 2 for explanation

AEA Technology QSA GmbH

AEA Technology QSA GmbH Commerzbank, Braunschweig
Sitz Braunschweig, Registergericht Geschiftsfiihrer: BLZ 270 400 80
Braunschweig. HRB 4647 Dr. Hermann Domhdfer Konto 5302591
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f18% 2 (Co60 : F=v o V—RA)

NIST TRACEABLE CERTIFICATE
GAMMA STANDARD SOURCE

Radionuclide: Co-60 Customer: JAPAN RADIOISOTOPE ASSOCIATION
ITalf-life: 5272 + 0.001 years P.0. No.: 12161

Catalog No.: GF-290-0003 Reference Date: 15-Dec-00 12:00 PST

Sourece No.: VV-621 Contained Radioactivity:  9.185 pCi 3398  kBq

Physical description:

A, Capsule type: Chip

B. Nature of active deposit: Evaporated metallic salt
C. Active Diameter: 3 mm

D. Backing: Epoxy

E. Cover; Acrylic

Radioimpurities:

None delected

Method of Calibration:

This source was assayed using gamma ray spectrometry.

Peak energy used for integration: 1173, 1333 keV
Branching ratio used: 0.999, 0.999 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 11 %
B. Type B (systematic) uncertainty: + 30 %
C. Uncertainty in aliquot weighing: + 00 %
D. Total uncertainty at the 99% confidence level: + 32 %

Notes:

- See reverse side for leak tests performed on this source.

- IPL participates in an NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA-TECDOC-51¢, 1891.

- This is a sealed source with a working life of 5 years.

ISOTOPE PRODUCTS LABORATORIES

Quality Control

Date Signed

ISO 9001 CERTIFIED IPL Reference Number: 733-91
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4% 3 (Ba-133: F= v 7 V—R)

NIST TRACEABLE CERTIFICATE
GAMMA STANDARD SOURCE

Radionuclide: Ba-133 Customer: JAPAN RADIOISOTOPE ASSOCIATION
Half-life: 3862 + 15 days P.O. No.: 12161

Catalog No.: GF-290-0003 Reference Date: 15-Dec-00 12:00 PST

Source No.: VV-619 Contained Radioactivity:  9.462 nCi 350.1 kBq

Physical description:

A. Capsule type: Chip

B. Nature of active deposit: Evaporated metallic salt
C. Active Diameter: 3 mm

D. Backing: Epoxy

E. Cover: Acrylic

Radioimpurities:

Cs-134 = 0.397% on 15 Dec 00
Method of Calibration:
This source was assayed using gamma ray spectrometry.

Peak energy used for integration: 302.9, 356.0 keV
Branching ratio used: 0.183, 0.619 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 0.7 %
B. Type B (systematic) uncertainty: + 3.0 %
C. Uncertainty in aliquot weighing: + 00 %
D. Total uncertainty at the 99% confidence level: + 31 %

Notes:

- See reverse side for leak tests performed on this source.

- IPL participates in an NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA-TECDOC-619, 1991.

- This is a sealed source with a working life of 5 years.

I ISOTOPE PRODUCTS LABORATORIES

Quality Control

Date Signed

I SOTOPE
PRODUCTS
LABORATORIES

ISO 9001 CERTIFIED IPL Reference Number: 733-91
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ek 4 (Cs-137 : Fx=v 7 J—R)

NIST TRACEABLE CERTIFICATE
GAMMA STANDARD SOURCE

Radignuclide: Cs-137 Custonier: JAPAN RADDISOTOPE ASSOCIATION
Halt-life: 00T 016 vears PR MNos 12161

Cutalsg Yoo GF-290-00073 Reference Date: 18-Dec-D0 1200 PST

Source Mo.: Wy-618 Coutwined Radinsclivity:  9.3885 neCi 3455 kBq

Phrsical description:

AL Capsule type: Chip

B. Matrc of active depuosil; Evaporated matallic. salt
O Active |hameter: 3 mm

Cr. Dacking: Epgxy

F. Cower: Acrylic

Hadivim purilics:

MNono datectacd
Method of Calllrativu:
This sturca was assayed using gamma @y spectrometn,.

Feak energy used for integration: B61.7 ke
Branthing ratie nsed: 0.B31 gammias per decay

[meertainty of Measurements

A, Type A (random) uncemaincy: t 05 %
H. Tvwoc B (sysematic) unecrainy, + 30 %
Z Uneeitdiety inaligaut weighing: + 0.0 4
2. Jowl uneertumty at the 94945 contidenge 1pvel * 30 %

Nules:

- Seea reverse side for leak tests pordonnod on this spurge.

- IPL participates in an NIST reasurement assurance program to establish and maintain inplicit traceabily
fur a number of nuclides, based on the blind assay (and laor (ST canifizalion) of Slandard Reference
Materials (As in MRC Regulatory Guide 4. 15).

- Muclear data was taken from IAEA-TECOOC-512. 1904,

- This is a sealad souae with a warking life of 5 paars,

Isorowl PrRODUC 1S DARURA TORIES

Quaulity Control

Date Signecd
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