201 9HEEHLT001

| -

ARk 31 AR EE RO M E M R A S A
(I AE A & ORI LB 58T 0 E i)

Jml

2020%3H

M EEN BAST 2 —



FEHEEE, BT ARBEZELE D BFORGT O 31 £E
RO R ERIERAT LR (IARA & ORBREIMEBSiroE
M) FEICBT HEFER L LT, ARMEEABR RS
F—BEMUEHRRERY LD LDTE,




1. % 4 1
2. B =) 1
3. EhiHle) 1
4. EBERENE 1

(1) TAEA & OFERETRIHEL AT IT 4R D T 1

(2) AR K OVEIE OB 3

(3) SELOFTMEL. 4SE|. A e B

(4) FIHERFE Do AT 7

(5) BREEE~DIEERD - B - BERS 9

(6) EEEROEWMD £L LMy — 9
ALK

AR L SRR OB T I R A 1TIER 10

PUE 2 BEEHEECERT O X - 13

SRR 3  ERHI RS ORI 14
IR

FIRER T TR 17
BEGE

BEEH 1 TAEA & OFBRATE LR #1068 5 3R BB R R

HE RS LT IFLERESE 57

LEGH 2 STEREEOSITRR 111







1. 44
TrE 3 1T REEAFSEHERERASZHE (1 AEA L ORBRETREESHOE
fg) =X

2. B
WA, fRERMEZHLETABET=F Y 7T -4 OEBRAIZER - 5
HEOm PO D, BFABAFERSIL, AR & O X0 RBRPTRI S \H%
(1[1Ler—laboratory comparison) & FEHEL TV 5,

DIRBRFTH L8554 D—F & LT, TAEA ﬁﬁiﬁ*f% ALMERA Network o A >
N=THLREMEEAN IR 77— TAAGHE Z—] D, )
oLl LTRSS L LARA & J#H“CEE’? %ﬁ%iﬁ%%‘ﬂm BE R IHE
A3 WIS TR R ONBIE T & B - /AT L, i RS 2 5B i L &t
D717 TAEA ~HRET 5, ::h%@:’f*%%ﬁ ZHEBREERUR ORI T I b K

FHRESH B OME B O FE I EOTIRPEF 2 -T2 ’5’)/5’?7 2 OE
BRAG7p b B - n${ﬁ7}f’$_{‘ﬁiiﬁ_{_-{)ﬁ0) IEAE 2585 = iz . [E#ETE 3

TV TS OREICET L L EEHBE TS,
XALMERA Network: TAEA M FEEZ L0 1995 SFIZFR LS. TAEA JIBBE 4
HiBE & AL R_R—Lb 551y NU—7, HifEFToO#Es - mEtor-oold
AREREOBEOGHEHZBEEFORET =2 V74 2 HET 510
DIEEZEH L T 5,

3. EHiEHE
201944 A1 B~202043 B 31 8

4. EBEEBAE

(1) IALA & OFRERPT R LB T I 2 fR D FREE X5
TAPA R & L[E T, HEORMELZTTICHZY, LTORELT -7,
- R ORDEOBRERIZOWT, BFAOMGTHEOEK T, RS HE
BIRAT 7 A (UT BERBREST 2 /2] L), ) #BU T, R,

WEDOER - FEULMRDERKCRE LT o7, HBHRERO 720 O8IT LABA

LZOBYBENETNREARETL20, 2 ERELE, £, BEREZETH
BAMPEET 5L &EBE L, TAEA EMFE O R P Iz =TGR O
WAERTEH LD, BHEAMEREERLE,



* TAEA BFIZE & R TRABORRE 24T O 72O LB, RGET. T
A, 7N o I— M EIR D ER R OREEIT 2 1,
IAEA L ORBRFTRILE ST IO AR D FRHRRUR ORI (ESEIC SN L7 TAEA

EMREE LITTT,

- TAEA EMF OBEIAK N CBE O TRICHR L B R ORE 21T, FRLE
WRADD A DR 2ICTAT, o, FHRRICEIBITES LG <A
7 aosAeFE L TARA BMZEL 2 WIRA» SRR L CTREHOEE o

FEHEIToT,

#F1 TABA LMD R b

B AT

4

TAEA Environment Lahoratories

Ms

Tolanda Osvath

TAEA Environment Laboratories

Mr

Paul Me Ginnity

TAEA Office of Public Information and
Communication

Ms

Katherine Laffan

TAEA Office of Public Information and
Communication

Mr

Martin Klingenhoek

Federal Office for Civil Protecticn Spiez
Laboratory
Nuclear Chemistry Division

Mr

Mario Burger

llcalth Canada Radiation Protectioﬁ”ﬁa;éau

My

Jean—-Francois Mercier

#2 fEREY AR

H¥2

faadk

201946 A2 A(A)~
201946 A 6 A (&)

T — A vk & ERAY
T 970-8026
BERWHOETE4HTEH 2235

201246 H 6 B (&)~
20196 B 9 A (H)

AT NVERIR KiE
T540-0012

ABFAB BRI TR2 10|

- RBLOBRIEE, WELHIE, SEGE, BEoRFHE, miLESE, &
THEFRLIEBLOCRABEZIT T,

 BERGHTE A = TEHE LIRSV, TAEA FRIE Ol &
Wk L, 2019 &£ 11 B2 IAEA (Radiometrics Laboratory Environment




Laboratories Department of Nuclear Sciences and Applications IAEA) %3

THEHERD A — /S THE L,

CEBEWE I T MNELREEY, BTN TREYE S BEHES TV ER
Lo, BEFARBIFICBI 28 EREIC >N T, BTIEFRT,

ORFAFEFTIZBT 268 1ME)
AFF: 201984 8248 (K)  13:00:%
AR -

© R a2 == AN

- WK EROYEE L OEBIZ >V T

- BALE . FUELO S BIR OSEFHIT 2N T
CFREDSITIC OV T

> Z OO

ORFHBFHIFIBIT 5¥TE8E 2MHA)
BEF: 201945 240 (&) 10:0005
N
s A = AT TC
* BT FRPRIRIC DT
C ¥R, MK T ORE, S, BN
» F Dfh,

- ABHE R OFHBEIERIZ R 2 —EOTREBIRE 1 125,

- LAEA 5 & OFRHRIA OB AR R IC BT 2 £H o EERRICD
W, #E, BTAEGMTHEHYE, BEoie ¥ —BRE, BERET 7V
J ABRBICA T THE L, BHRETER T,

(2) KR OYEELT O

TARA EMR & XA TRBIOBRIE £ T -, #/K, BELZEE USR5
MR 210, BTG ORI A B 3 12T, 70, TARA BPIF SRR OGO %
Falh I A RERR T A DIV E L R AR 1T o 7,

s AR DEEERGE B ML T, L RIES LT,



WEL ORI I AT W T, FE L EEE L.
CMKGEREL R ONVEETEEORIES R 3 I RT,

* 3 MEAREE R OWE LR ORI E

RUOME | WA | mAKR | AR s REE
oK T-D1 ST -3/
M-101 2 L/H#EE X8 1#Bi= 16 1.
M-102 Sr-90, Cs-134, Cs-137H
M-103 B0 L/HEEE X6 HEI=360 L
M-104 T-D1ODT»
, 60 L/HSRE X7 f#E8=420 L
Mt F-P04 3HiLA 6 kga B I
T-$3
T-S8

- BREHE A R OEAB 7R A 1 TAEA ROVE T AHEBITHEYE SREO ETRE
L7,

CREIUHEIZ WL, BFEERIEE S Y — X 16 [HREEREMHERE) (1983
FEHIE ) 2 U7, 38T TARA R OYRT VARITMYE CREO LERE L,
CFARHORERD T2 ORI TARA BRI ECR I Z IR T 5720, ROMEHE
DEEEHFRTLOOERMEED 2 R LT,

- ERESTERAENERT LI LE2EBEL, NAEMFZOBEMBFICHE
FICEBORBEAERTE S L) . BRI EREE L,
CHEKEEHIOWCHE, R T TRA B R E RS T AT o J BBICE
Dk, BERCED M 420 07 AnLREBESR (Fa—1FF—
KORY) 7oL R 2L B I Lin, VT EE L REERICA
T NEEB 3D X9 ﬁﬂﬁ%mﬁﬂ%r%ﬁ%bt RELE 5 OfT 5
FECOWTE, A4S T, Bl -3 T il 7E&5 13 AR
IEEE T, )



#® 4

O Cs-134, Cs-137 A

B KFAB OBRER DA B ONE A ik

HiE4 0 M-101, M-102. M-103. M-104
2307 No 1 2 3 4
o \ 1-1-1 1-2-1 1-3-1 1-4-1
K2 — R
1-1-2 1-2-2
M54 . T-DL
2307 No 1 2 3 4
- \ 1-1-1 1-2-1 1-3-1 1-4~1
RkE = — k
1-1-2 1-2-2 1-3-2
TR 2 — A B C D E F G
TR T — 1-1-1 | 1-2-1 | 1-3-1 | 1-4-1 | 1-1-2 | 1-2-2 | 1-3-2
@  Sr-90 F
iS4 0 M-101, M-102. M-103. M-104
2317 No 1 2 3 4
2-1-1 0-9-1 2-3-1 2-4-1
o ‘ 2-1-2 2-9-9
KR — R
3-1-1 3-2-1 3-3-1 3-4-1
3-1-2 3-2-2
a4 . T-DI
2317 No 1 2 3 4
2-1-1 2-2-1 2-3-1 2-4-1
e ‘ 2-1-2 2-0-9 2-3-2
AR 2 — R
3-1-1 3-2-1 3-3-1 3-4-1
3-1-2 . 3-2-2 3-3-2
AR = — A B . C D E F G
. . 2-1-1 | 2-2-1 | 2-3-1 | 2-4-1 | 2-1-2 | 2-2-2 | 2-3-2
EAT N —
3-1-1 { 3-2-1 | 3-3-1 { 3-4-1 | 3-1-2 | 3-2-2 | 3-3-2




@ H3H

L7 No 1 2 3 1
e ) 1-1-1 1-2-1 1-3-1 1-4-1
AR — R

1-1-2 1-2-2 1-3-2 1-4-2
SFPTHER 1 — R A B C D E F G H
EfFoE— 1-1-1{1-2-1 {1-3-1 | 1-4~1 | 1-1-2 | 1-2-2 | 1-3-2 | 1-4-2

(3) BEtOFILIER, DE, B4t
TAEA BEFAER & J[m) TRl D gl H] | HEEZ1T 572, £/, TARA EFAFH AT
BEDERIRMETEART D DIHMTE L R 5 ER T 72,
O K
(2) TEEL7-FPHT, TAFA L OFFED L, RESNWFFIEHE- THE
IR E AT 577,
< MU F U LGSO ARG, BT Lotk K 20 L 272 0 HEER 20 mL
FENFRCEM L,
- KRB ORI B A KIS AF o T RBAOBEM R VR L8
KRaeRBERSF (Fa—U7 ) KB TERICASAVT RO AV IICERE L,
F4OLITRAEDET-RE E SPEEEIIET L,
» b DU LG BIEKIZ oW TR, EER A RN I, S ATESEI T T LT,
CHERKEREHI DWW, BIERG T 7/ AT, BERERE A H LT TARA Bz E]
FE L,
@ WwELT
(2) THEEL7ZEBHI, JTAEA L OHED R, REEANEZFERN - THLE
IRABREIT o7, 7pds, MBI LIFEIRE, Mt e L TOMcAVWE,
HEELEREHIDWTIL, TARA E DO L, BREENEFEILE - THBIL
pial
HE LEEHT oW T, BRERE T 7 / A0 T, EEES %18 U T IAEA flic
Bl EELE,
RIERET 7/ ACKBA LCFREE., BE T OEAFEIC OV TIERSE
1R L7,



(4) HSSPErEf o o
KB ONBE TEREHI DWW T, & & 7 SRR L USRI 2R 512, H
AT B RO G EREREO S 2 £ 6 1071, £, BAGY v
H— e T REEE O NIRRT R T2, AASIT € 7 — O SR 2 5
WER 1S, o EmEEONITEEFMEBEER 2 IR LI,
SATTIRE, B ERIER Y ) — AR U, £, BRI #Hi 5T
b0, BRTLANFERCERTAIHRETRAREICDHNTT, £8 0

It FHER OB BV~

A2 L e,

IRE. T HIESE O TARA L RO ERE L,

Fo OATEREN XIEMAE N URRHK
=i i€ sk G
H-3 5 Bk
oK Cs-134, Cs—137 5 @t
Sr-90 5 R
. Cs—134, Cs—137 3 BE
et Pu-238, Pu-2391240 3 #OR
®6 BAERSHE 7 —ROGHTEBEEREOLSITEE
B ST E T St
H At o & — H-3, Sr-90, Cs-134, Cs—137
BEMET 7 /A H-3, Sr-90, Ca~134, Cs~137
PREE R B ERr H-3
ok
2 i R AR AR ENFEAT =3
FEAD—F 7 /o o—siai (fhsE T-D1) | 5r-90, Cs-134, Cs-137
AT Sr-90, Cs—134, {s-137
AASHtE - Cs-134, Cs-137, Pu-238, Pu-239+240
BT —5 7 ) av—#REH Cs-134, Cs—137
e+
—RBERE A NWNREE R GRS Pu—238, Pu-239-240
1E R Cs 134, Cs 137, Pu-238, Pu-239+240




RT7T BERGYrEzEF —ROSGHTERMSEOSHEE &
g 318 1%iE 55 MRS B M-101 M-102 M-103 M 104 T D1
B A 5 — 0. 0610 0. 0820 0. 0740 0. 0760 0. 0770
BERAT 7 /A 0. 0756 0. 0741 0. 0706 0. 0677 0.0823
IR
BRASHHERFSIFER | 0, 0790 0. 0870 0. 0770 0.0800 | 0.0560
e HE AR " .
et 0.1121 0. 1097 0. 1303 0.1325 | 0,094l
AARSiTE & — 0. 0009 0. 0012 0. 0010 0.0010 | 0.0011
RIERET 7 /A 0. 0012 0. 0011 0. 0010 0. 0009 0. 0007
ST R s no— |
AL - - - 0. 0017
MK -
EBR 0. 0008 0. 0009 0. 0007 0. 0008 0. 0006
(Ba/
) BARSHE % — 0. 0015 <0, 00090 | <0, 00090 | <0. 00088 | <O. 00085
k_g ............
BERET 7 /R 0. 0010 0.0008 | ND ND ND
LTI gt =5 s o— | 3 ; B 0
Bt
BEER ND ND ND ND ND
B ARt v s — 0. 0200 0,0119 0, 0113 0.0062 | 0.0042
BERET Y ) A 0. 0152 0.0110 0, 0098 0,0074 | 0.0035
Cs-B37 oo —5 7 s mo— | _ ~ - B 0 0037
iy -
A== 0. 0163 0. 0128 0.0115 0. 0072 0. 0030
A iR RTHEEY P04 T §3 T 88
BAMIv 4 — 1. 3000 0, 8700 2. 4000
Cs 134 EREAT—5 s s ol—pEREdE| 20300 ND 3. 0200
BEE 2. 5844 ND 2. 3038
AR & — 29, 0000 | 7.8000 30, 0000
Cs-137 BRAU—F ¥ ) nO—Ea| 27,6000 | 7. 6000 31. 8000
HE+ mEE 28,0310 | 7.5002 32.9130
(Bq/kg—dry) A A5t oo — 0, 0059 0, 0041 0, 0081
Pu-238 EEM 0. 0072 0. 0051 0, 0103
—IRBEIE ATLHHRIE B RIGS | <0.0082 | <0.0071 | <0.013
A AT 4 — 0. 4120 0. 3920 0. 3500
Pu-239+240 | B &R 0. 3994 0. 3869 0. 5RRT7
—RERATRE A FLNREEEBBS | 0.3970 0. 35490 0. 5490




K8 SIHTERUHEHBE L~V

Y S AT - MEFIE e | RILTIREFE
BARRRE - IR FL—3 g EHRE H-3 0.4 B/l
A@Pﬂtﬁgﬁi " an e Cs-134 1 mBg/L

Mg ok |7V E T AEERRHERC LD v RN B
ARy — Cs-137 1 mBg/L
REE, 7747 7§ AR |, ——
VFL—is g ABTE
105°CHtte . 2 mflBO.52 Vvt Cs—134 1 Bq/kglit
T = BEEABHANC L B y B ANY b
A RY— Cs137 1 Ba/ke¥r+
Yﬁﬂiﬁi J:;%E@ﬁiﬁé\ /S"%) l( \/J!']\'\t‘j— bf:ﬁ*ﬂ%ﬁ%{t#% PU_238 O. 02 Bq/kgﬁzj:

. @AY huA Y —

(PURMLEOEEICER L TREBIICL D5 (b _oag,e
LA ARV Pu-239+240

]

.02 Ba/kewz T

(5) BAFREIELT~DIEZEMR - Hi5 - FHRERRS
BEREGLT GBLRZET. BRAERAESEGSROBRERREES, LE
WIS CTEIRHRBIMARRREE) LT, BERET 7/ Azl LT, {EERH
RO Z LBITS U TIT) & & bio, B2 U TEERBROMAZT-
Tmo Flo ELGREITHICH L TERICLELRFHEB LT 1,

(6) FERFREOWMV ELHLRE
EEGRICOWVWTIL, &EE B ETH, 2RSS EEELZOL,
AR S LURFARBITESE ~BE L,
AT 2 —TH LN O RIC OV TR, TAEA FRIEDHERAIC &
4 r¥, 2019 4 11 B2, TAEA (Radiometrics Laboratory Environment

Laboratories Department of Nuclear Sciences and Applications IAEA) (7%

LfE A A —NVIDTERRE LT,




BIRE 1

ABHER B X OSBRI DTSR

E¥:

=G

20096 A2 R (B)

(OTAFA TP 2 45, ALMERA BFIF 2 A Wb E TN AR 7 IZEE,

OHAME L #—HE (Vo7 U /8% 34, REEASE
A, ETTERDHEE R b & f~BE),

OWbhEHTNAR T T T, TAEA FFFIE, ALMERA BEFYZ /NHEARES,
TER, EERKbEI—T T,

p019E 6 B3R (B)

CIARA BPR% 2 4., ALMERA EMFE 2 4. /MMEARE, BK. EiF
Ko l=A 7 o R 0 CHERNRTAT - 357 E~328h,

QFEFRECREFR. RERRBEANEE Y F—EUHIK D & 46,

OFEHTE L,

aA L R,

OFTFEIZ T, ﬁﬂ%ﬁ?b%% B IE ESE, RO R %
=iT 2.

ORERREANE Y 7 —BOIK, FARIZ TR

O THR, F7 /0 ~BE, FRRIKARE,

OFF 42T, TABA BEPAEE 2 4 . ALMERA %FI']%‘{_-Zﬁ\ TAEAT&%?}H

20186 H 4R (k)

CTACA B2PAZE 2 4. ALMERA P95 2 4. TABA WY 2 &, /b
RE.ZEES L v 7 oA X CHERRRIIAT - - E~TE,

OFPFHEIZEIF, &R ERFEANE v F— KRG &5,

ORBHRBOER,

O PN HHE,

OELF 7Y >, F-P04 CHEEL, M-101 KR IRM-103 0 2 HiA




OFFF#IIm .

OFEF#HIZT, ARERTT LIESE, SUBRSEEIEHIES. *itﬂﬁ%%ﬁﬁ
E17 5.

O?m%bmiﬂf“ﬁl tf//}’—-'ﬂlilltb;t &P R CRREE,

OEXEKTIR, F7T A3,

O/NMEA FAZRR,

20094E 6 A5 B (k)

OTAEA HFIZE 2 &, ALMERA BEfIK 24, TAFAIREEHY 24, —
&6&V{?DNXKTME§W-%Zﬁ%A%@c

SRPPEICELE, RBREBREANEE 7 —FRES L&

OBLEHERIER,

O L D 5 I,

OW Y70 2, M102 RTXM-101 O 2 #15 THEK 2 HRHR,

OAZ EBRZINE,

OAZIREIT T, SEHSET UIESE, sUESREmiEE, MHO% |
EEITD.

CEERREANE ¥ —THREK L IIAZ EHEIC TR,

OfFFER TR, BT ~BEL

O B TCARRE,

01946 A6 H (k)

OTAEA SMZ 24, ALMERA EMFE 24, TARAREHL 2 £ KA
K. KETRENEA~BZHE,

ORFEGHE - F--BR VB2 TRESE 7 —~158),

(OTAEA BEFHEE 2 4 ALMERA F5FHEK 2 4., TABA FER Y 2 £D%6
& L3 NIRERIC TR ASHE 2 —I&E 34 (BHaiiEy) 4
i, KERTNO KT A~TEE,

20196 B 7H (&)

O/hEARE, 28K (RFAHGT) 7o —io ThAR,

ORT AT, TABA BPA5T 2 4 ALMERA BEFA5E 2 4 . TAEA JRE&HA
Lok, SRR ZBERHEI—F 4T,

OTAEA BF95E 2 4. ALMERA EEMHZR 244, [AFATRESIBY 2 4. /I ik
KK, ZEIGE PESREST 7/ RISV (KINERE)
~FEE,

OmiEier 7/ Auﬂﬁ”\ﬁfﬁf“@% Hu&&ﬂ%f’k%i‘?ff* B AL ER(E
HEE,

OfFE#ETH, RKIRTINDERF L ~BE, /DIEARKITAREL




019666 A8 1 (1) | OmK, SR (RTHRMIT) LA

L QRT AT, TAEA % 2 4, AIMFRA EE 2 &4, “HIC.
B, RS LI —T 107,

(OTAEA FPHE 2 &, ALMERA HFAZF 24, 2K, #BEK, HiEKL
EBERET 7/ AR HET 8.

OBBRAT 7 / ATHUAF~EE, ALB{EEER., SLBE
SEH,

OFERT#®, KIRTROFTA~B8. ZFK, #iK, HEEE
PRHL,

201946 H9H (H) OIAEA HFA5Z 2 4, ALMERA P 24, IABAREEYM 24, AK
M F - TE 34 HEFR~BE.

ORFERUITKETAEE ~J| S,




B2 |

*0
[

ERE-FTFHRET @ '

A =R T h R '

BIEL BOHRIUB T O

.—'1:35—



5 et i AR

4 II'I

FR1 BRETORSER
(TAEA, ALMERA, JL-F-7)%iIT)

[ R

B 2-1 W+ OBRBCk

BH 2-3 WHELOBRBRR

Bl 3

BH 2-2 K L ORBURE

HH 2-4 HRERL i R0



T 7K EURHER X

GH 3-3 WK OEREURIR B 34 HEAKOFBCR



w36 26 Tl

B 4-1 BRI BIT4-2 R %R (R

HI4-3 PR Y HEH 44 BRI L7 HAKREHS
¥ 72 #I0N



MIRERL SR






NIRMENEN BARGHE &% —ORIE RS
(M)






Nuclide:

*H

Activity concentration

Ko data source stated
No units stated | M0 data source stated
' o data spurce stated

Input data
Methad (including pre-concentration, if applicable):

Sample waler was distilled after addition of KMaO4 and Na202, Distilled water applied electrolitic enrichement of H-3, After H-3 eprichment, sample water was distilled agaln. Filly mL of distilled waler
was mixed with SDmL of scindllator for measurement

Derection system (including method of calibration]:

Hitachd, Ltd. LSC-LBS{GQuenching correction curve by H-3 STD with different ratio of water and seindllacar)

Detection limit [Bq fg): G032

Nuclear data used
. Rarameter e Yalue Uncertainty Units Data source

Half life 123300 year
Decay enerpy

Particle emission enerey 1

H i+ | W

RESULTS
JReference tine and date 2019-06-03 12:00:00 UTC
|5ample number M-101

Bqg/kg Uncertainty {k=1)
Activity concentration {.0610]+10.0110

[ Value " Uncertainty ] Unils Relatlve uncerlainly
Met count raie 0.3830] £ |0.0686 count/minute 17 .95
Chemiral recavory 0.7400) £ (00204 2.8%)|
Detection efficiency 0.3070 £0.0088 2,994
Ed
*

L'bnl:rlbut{ng pai‘.imeters

Carrecton for radipactve decay 0.5780 0.09%|

Mass of sample S0.0001 ) £ |0.0208 E 9.80%

Other parameter (cnly if included in
jculgtion)

Cther parameter [only if included in

fcalculation)

Other parameter (only if included in

calculation)

Other parameter {(only it included in

calculation]

(Other parameter (only if included in

calon latiun

E3

I+




Nuclide:

a0
Sr

0.0009 £ 0.0001

Input data
Method {including pre-concentration, ifapplicable):

Seawater sample was concentrated to strontium preliminarily for ion-exchange resing Precipirabion of carbanare was pradoced from eluate Precipitation of carbonate was dissolved with hydrochiorig
acid and removed calclum by jon-excanged resins. The eluate was preformed evaporation to dryness and residue was dissolved in water, ¥-90 was removed in seavenging. Two weelks later,Y 90 co-
precipitated with Fe(OH)3 was filtered uslng filter paper(milking). The preclpltate on the Alter paper was dried and vsed directly for measurement of § -ray activity.

Delecton system {including melhod of calibration):

Hivachi:LBC-4211 Low background § -ray counter (by Y-20 of known activity co-precipitated with Fe[OH) 3,
Detecron Efficlency62.467%

Nuclear data used

FParameler Value Uncertainky units hata snuree
Half life 29.1200| % YE4T radiation data book(ln Japanese)
Tlecay energy L5460[ = eV i radiation data booli(in Japanese)
Particle emission energy 1 *
RESULTS
JReference fme and date 2019-06-03 12:00:00 U'TC
[sample number CMARL
Bg/kg Uncertainty [fr=1)
Activity concentrabion 0.0004] £]0.0001
ameters Value Uncertainty Units Relabive uncertain
00206 | +|0.0027 e _{COURt 5EC 13154
Chemical recovery 0.5432[£(0.0349 o o 37%
Detection efficiency 0.6247(+]0.0202 329
Correctlon for radloactve decay 108002 0.0%
Mass of sample —_— 40.0000| 2 0.6600 L 1.7%)
Other parameter (only ifincluded in i
bcalculation)
Other parameter (only iIfincluded in .
calculabion] B
(Other parameler [only ifincluded in
eatculaton} *
Otlier parameter (only ifinduded in 4
leulation}
(ther parameter [only I included In N
calculation




Nuclide:

134
C

s

Activity concentration

Input data
Method (including pre-enncentration, if applicakle):

Derection system [including methad of calinration):Chemical separation using AMP followed hy gamma-ray spectrometry.

Detection system (including method of calihration]:

Aetectan system {including method of calibration);F-type coaxial (Telative efficiency 3143 calibration with mult-gamma source

0.00088)

Nuclear data nsed

Farameltet Value Uncertainty Units Data source
Hatf life 2.0652]+ |0.0004 yaar EBvaluated Wurlear Structure Dara File, NNOE, Brookhaven
Principal y-ray emission energy 795.8640] +|0.0044 ke Evaluated Nuclear Structure Data File NNDC Brooknaven
y-ray emi energy 2 [Ifuged) 3
+
E
Ed

y-ray emission enecpy 3 [Ifused)
y-ray emlssion energy 4 (7 used)
-ray emission engrgy 5 (ifused

RESILTS
Reference tme and date 2019-00-03 12:00:00 UTC
[Sample number M- 101
Bq/hkg Uncertainey (k=1]
Activity concentradan 0.0015;+]0.0003

Contriboting parameters Value :
Net count rate 05622+
Principal ¥-roy emission prooability 0.8546]+
|Emission probability 2 [if used) +
IE ission probability 3 [if used) +
+
*
*

Uneeriainty Units Relative uncertainty
01128 covnt/1000s 20.1%
0.0006 ] 0.19

|Emission probability # [if used)

E probability 5 [If used)
Prineipal y-ray detection efficiency 0.0239
Datacton efficiency 2 {if used) *
Detection efficiency 3 {if used)
Brtecton efficiency 4 (if nsed)
Detection efficiency 5 {if used)
Correction for radluactive decay 04032 (00000 0.0%
Mass of sample 20.4600] (02926 kg 1.4%%
Other paramerer {anly if incloded Tn
calculation}

Other parameter {anly if included in
calculation)

Other parameter (only if included in
calcutation)

0.0007

I

Other parameter (only if included in
calculation)

I

Gther parameter [only if included in
calculation




Nuclide:

137
C

5

Activity concentration

Input data
Method (including pre-concentration, if applicable):

Detection system (Including method of calibration): Chemical separation using AMPF followed by gamma-ray spectrometry.

Detection system [including methad of calibration):

detection system [Including merhod of calibration]:P-type coaxial {relative cfficiency 31%) calibration with multi-gamma soutce

Detection

Nuclear data usad

Parameter Value Uncertainty Units Data source
Half tife 30.0800[ = |0.0500 year Evaluated Nuclear Soructure Data File NNEC Brookhaven
Pringipal y-ray emissian enargy 661 6570(£[0.0030 eV Evalusted Nuclear Struclure Data File, NNDC,Brogkhaven
-ray emission energy 2 {ifused] +
y-ray emission energy 3 {if used] L3
y-ray emission energy 4 [ifused) +
‘ray emission energy 5 [ifused

RESULTS
201%-06-03 12:00:00 UTC

lReﬁ:rnnce time and date
[sample number M-101

| Ba/kg

Uncertainty [k=1)

0.0011

Contributing parameters Uncertainty Units Relative uncertainty

Met count rate 11.7900] +|0.2062 count/1900s

Principal y-ray emissien praabific: 0.8510( 2 [0.0020

Emk: probability 2 [if used) x

|Emission probability 3 (if used) +

|[Emissian probability 4 [if used) +
+
t
+

Emission probability 5 [if used]}
Pritcipal 1-ray detection efficiency 0.0341

0.0010

Petection efficicncy 3 (if nsed)
Detection efficiency & {if uzed)

Delection gificency 5 {If uged)

Correcdon for radioactive decay 0.9930| 00000
Mass of sample 20.4600|+|0.2926
Other paramater {only if included in
calcutation)

Other parameter (only [f ncluded in
calculation)

Othar param cter (only if included in
catculatiog]

(Other parameter [only ifincluded in
calculalion]

Qther pararaeter (only if included in
calcularion

I+

— 24 —



Nuclide:

‘H

Activity concentration

"] Mo uncertainty stated . |peaE No data source stated
Na decay energy stated | o uncertainey stated Nn units staged  |No data source stated
Nu [l emission probability stated [ Mo uncertainty stated Ho dala source stated

Input data
Methed {inclng!ng pre-cancentratinn, if applicable):

JSample water was distilled after addidon of KMrQ4 and Na202, Distilled water applied electralidc enrichement of H-3, After H-3 enclchment, sample water was distilled again. Fifty mL of distilled water,
was mixed with 30mL of selntllator for measurement,

Detection system [including method of calibration):

Hitachi, Lid, LS¢ -LBS(Quenching correction curve by H-3 STD with different ratio of water and seintillator)

Nuclear data used

Parameter Value Uncertainty Units Data source
[Halt life 12 3300+ yaar
|Decay EOErgY +
rticle emissi

S
|Reference time and date 2014-06-03 12:00:00 UTC
I|5ample number M-102 ’ L .
Ho/ ke Uncertainty (f=1]
Aclivity concentration 0.06520]+|0.0110

Contributing parameters

Uncertainty Units Relative uncertalnty
el cauntrate

count/mlnute 13.2%(

03770+
Chemlcalurecnvery 0.7400] = |0.0204
Detecton efficiency 0.3070] = |0.0086
t
t

(Correction for radicactve decay 0.9780
Mass af sample 54.0400]
(Other parameter (only if tncluded in
calculaton]

(Other parameter [only ifincluded in
caleulaton)]

Other parameter [only ifinctuded in
calculation)

Other parameter (only ifinciuded in
ealculaton)

Crher parameter (only ff included in +
calculation

0.0208

I+

I+




Activity concentration

if=]No uncerLainty stated

No urcertainty stated
N certainty stated No data source stated

Input data
Method [inciuding pre-voncenlratian, if applicahle):

Seawaler sample was concenkrated to strontum preliminarily for jon-exchange resins.Precipitation of carbonate was produced from eluate.Precipitadon of carbonate was dissohved with hydrochlarie)
acid and removed calclum by ivn-excangsd resins, The eluate was prefurmed evaporation to drymess and residue was dissolved in water, Y-30 was removed in seavenging. Twao weeks later,¥-30 co-|
procipitated with Fe{OH)3 was Altered uslng filter paper(milking). The precipitate an Lhe filler paper was dried and used directly for measurement of # -ray actlvity,

Detection system (including methed of calihration):

Hikachd; LBC-4211 Low background @ -ray counter (by Y-40 of kmown acdvity co-precipitated with Fe(OH)3.
Detection Edficiency:62.341%

Nuclear data used

Parameter Value Uncertainky Units Data source
112 life 29.1200] £ year radiativn data bogk(ln ag ).
Decay energy 05460+ MeV radiation data book(in ] ]
Particte emission energy 1 +
RESULTS
|Reference time and date 2019-06-03 12:00:08 UTC
|Sample I M-102
R Ha/kg i Uncertainty (k=1)

Activity concentration. p.0012] +[non02

Contrihoting parameters Value Uncertatnty Units | Relalive uncertainky

Nel countrate 0.0267] +|0.0030 count/sec 11.25)

[ hemical recovery 1.9465] £ 00350 3.7%

Netection efficianey N.6234] +(0.0201 3.29

vorrection for radioactive decay 107359+ 0.0%

Mass of sample 40,0000 +} 06600 L L7%

(OUier parameter (only ifincluded in +

caleulation}

(Other parameter (pnly if included in .

caleuladon)

(Other parameter (only if included in .

caleulaton)

Other parameter (only iFincluded in

caleulation) *

Other parameter (only if included n R

calculation




Nuclide:

134

Cs

M-102

<0.000%0 uncertainty stated
: ' : Umicertaimties

H#VALUE!

Warning! Net count rate uncertainty is =50%

Input data

Method (including pre-cohcentration, If applicable):

Detection system (Including methad of calibration):Chernlcal separation using AMP followed by gamma-ray spectromeny.

Detection system (including method of ealibration):

detectivn system (Including method of callbration):P-type coaxdal (relative eficiency 319) calibration with muelti-gamma souree

Derection limit (Bq/kg): 0.0D09]

Nuclear data used

Parameter Valug Uncertainby 1Inits

Data source

1alf life 2.0652) £ |[D0004 year

Eval d Nuclear Structure Data File NNDC, Brookhaven

Principal ¥ ray emisslan cocrgy 795.8640] +0.0040 kv

Evaluated Nuclear Structure Data Flle, NNOC Broakhaven

y-rav emission energy 3 (if used)

p-ray emissian energy 4 (if used]

-ray enlizslon energy b {if used

RESULTS

Ed
+
y-ray emission energy 2 {if used) *
t
+

|Referem:e tme and date 2019-16-03 1200000 UTE
|sample her M-102
Ba/kg

Uncerlainly (k=1)

Activity concentration

Coutributing parameters

Uncertainty "1 Units

R ive unce rl.':inljyr

Net count rate 01913
Principal y-ray emission probahility 0.8546
Einission probability 2 (ifused)
'F.m[ssinn prohahilicy 3 (if used)
IEmissiml probabilicy 4 (if used)
|Emission probability 5 (if used)
Principal y-ray detecton efficiency 0.0239
Detection efficiency 2 [if usad)
Detection efficiency 3 [if used]
Detection efficiency 4 (iF used]
Datection efficiency 5 [if used?
Carrection for radipactve dacay 0.8948| |0.0000
Mass of sample 20.4600| £ |0.2926

0.G006

0.0007

AL ALA LA LA LALS

0.1097 caunt/1000s

(Other parameter {only if Incladed in
lenlationl

[

(Other parameter {only if included in
caloulationg]

(Other parameter [only ifincluded in
calculation)

I+

rher paramerer [pnly if included in
calculadaon)

(rther parameter (only if included in
jcalculation




Nuclide:

137
€

5

Activity concen

Input data
Method [including pre-concentration, if applicahle):

Detectinn system (including method of calibradon):Chemical separation using AMP followed by gammia-ray speciromeiry.

Detection system (Including method of calibration):

detection system (including method of calibrabion]:P-type coaxial (relative efficlency 31%) calibration with mult-gamma saurce

Deteclion limit [Bg/ke): 0.0005]
Nuclear data used
Farameter Value Uneertainty Units Data source
Half life 30.0800] +(0.0900 year Eval d Nuclear Strncture Data File NNDC Erpakhayen
Principal y-riy emission energy R61.6570]+|0.0030 ke Eval d Nuclear Structure Data File, NNDC Brookhaven
y-ray emission energy & [ used] ]
y-ray emission energy 3 {if used] +
y-ray emission energy 4 (i used] +

RESOLTS
|Feference time and date 2019-06-03 12:00:00 UTC
[sample number M-102

Bg/kg

Uncertainty (k=1)

Activl (¢.0119 2 [0.0007

epnceniratlan

Contributing parameters

Net count rate 70300

Principal y-ray emission probabllity {8510

JEmission probability 2 (if used)

IEmissiun probabitity 3 (if used)

|E7m‘ sion probabikity # (I used]
E:

Uncertainty ke
01690 count/10400s
0.0020

mission probabifity 5 {If used]
Principal ¢-ray detection efficicncy 0.0341
Tierecton efficiency 2 [if used}
Betection efficiency 3 [if used)
Beteerion efficiency 4 (if used)
Detection efficiency 5 [if used)
Correction for radivactive decay 09924 [0.0000
Mass of sample 20.4600(1(0.2926
Other parameter [only [f Included 1n
calculation}
Other paranieter (only if included in
cateulation)
Other parameter (only if included in
calculation)

0.0010

W[ e [ b e [ e

I+

(Other parameter (only ifincluded in
calcutation)

I+

(Other parameter (only ifincluded in
calcuiation




Nuclide:

- . . Na uncertinty stated No data source stated
|No decay enerpy stated [ {Nu oneertainty stated Mo unils stated | No data source stated
T1is: . Na data sonree skated

Input data
Wethad fincTuding pre-enncentradon, If applicable):

|5ampla water was distilled after addition of KMn{4 and Na2{2. Distlled water applied electralidc enrichement of H-3. After H-3 enrichment, sample swater was distlled again. Fifty m]. of distilled water|
was mixed with 50ml of scintillator for measurement.

DetecHon system (including method of calibration):

Hitachi, Ltd. LSC-LBS{Quenching correction curve by H-3 5TD with different ratio ofwater and scintillator)

Detection limit (Bg/kg): 0.032]

Parameter Value Uncertainty . Units Dala suuree
Half iife 12 4300
Decay energy

B
2
a
=

H

RESULTS

|Reference time and date 2015-06-03 42:00:00 UTC

Sample h M-103

Bg/ke Uncertsinty (k=1)
Activity roncentration 0.0740| £]a.0120

Contributing parameters Yalue Uncertainty Units Relative uncertainty
Net caunt rate 0.4640]1|0.0693 count/minute 15.0%:
Cheoleal recovery 0.7400] +|0.6204 ZH%
Detection efficiency 0.3080{ +|0.0088 2.5
t
B

Correction for radloactlve decay 09780 100194
Mase of sample 50.0000) £(0.0208 0.0%))
(Hther parameter (anly if included in
calculaton)

(Other parameter [ooly i lucluded 1o
calentation)

(Other parameter (anly if Included In
valculation]

Other parameter [anly if included in
calculation]

Other parameter [ably ifincuded in
caleulation




Nuclide:

aq
Sr

Activity concentration

No uncertainky stated
:54h}{Na uncertainty stared

emission probability stated *|Mo uncertainty stated

Input data

Method (including pre-concentration, if applicable):

Seawater sample was concentrated to strontium preliminarily for ion-exchange resins Precipitation of carbonate was produced from eluate Precipitation of caroonale was disselved with hydrochloric
arid and remaved calcinm hy inn-excanged resins, The cluate was prefarmed evaporatlon 4 dryness and residue was dissolved In water. ¥.90 was remaved in scavenging, Two weels later,Y-90 ca-
precipitated with Fe[OH)3 was fileered using filrer paper(milking). The precipitate on the filrer paper was dried and used directly for measurement of B -ray activity.

Deteclion system [including wmethod of calibration]:

Hitachi:LBC-4211 Low background A -ray counter (by ¥-90 of known activity co-precipitated with Fa[OH)3.
Tretection Efficiency: 62 467 %

Detecdon Hmit (B /i

Nuclear data used
Parameter Yalue Uncertainty Unils Data snuroe
Half life 29,1200] ¢ year radiation data book{in |apanese)
e 054a0] % Me¥ radiation data book(in japanese)
misslomenesgy 1 L ) Al ___
RESULTS
[Reference time and dats 2019-06-03 12:00:00 UTC
|Sampte | M-103
Ag/kg Uncertaingy [ke=1]

Aclivity concentration 0.0010] +[0.50081

Contributing parameters Value Uncertainty Units Relatiye uncertainty

Nei count rate 0.0211)=(0.0027 Lounty/sec 12949

Chemnical recovery DLB745+(0.0324 3,704

Detecton efficiency N.6247| (00202 3.20;

Correction for radioactive decay 10529+ 0.0y

Mass of sample +0.0000] +|0.6600 L 1.7%

Other paramerer [(only if included in .

(Other parameter [pnly if included jn N

caleulation]

(Other parameter (ooly if included in R

cafculation] B

Other paramecer (only ifinclyded in R

caleulation}

Other parameter {only if included in 4

caleulation




Nuclide:

134
Cs

Activity concentration No uncertainty stated

Inputdata
Method (including pre-concentration, if applicable):

Detection system [ingluding method of calibration):Chemical separation using AMY follawed by pamma-ray specirometry.

Deatectign system [including niethod of calibralion):

detecton system (including imethod of calibration):P-type caaxial (relative efficiency 319) calihration with multi-gamma source

Nuclear data use

Parameler Yalue Uncertainty Units Data source
Half life 20652 £|0.0004 yEar Evaluated Nuclear Structuce Data File, NNDC Brackhaven
Principal y-ray emissian energy Fa5B640]+|0.0040 eV Evaluated Nuclear Sructure Data File, NNDC, Brookhaven
y-ray emission energy 2 {if used) +
[v-ray emission energy 3 {if used) +
y-ray emission energy 4 (if used) +
issi 5 {if uged +

RESIYLTS
|Reference ome and date 201%9-06-03 12;:00:00 UTC
[samgple number M-103

Ba/kg

lUncertainty (k

Actvity concentration

[Contribnting paramete Value Uncertainty Units Relative uncertainty
Net count rake 0.2208) £ |0.1101 caunt/1000s

FPrincipal y-ray emission prohability 0.0546| + [0.0006
|Emiszion prohability 2 [if used)
|Emissian prohability 3 (if used)
Emission probability 4 [if used)
Emisalon prehability 5 [if used)
Principal v-ray drtecrinn néficlency 0.0239
Detection efficiency 2 (if used)
Detection efficiency 3 (if used)
batactian sificiensy 4 (Tused)
Detection efficiency 5 (ifused)
Correction fur radlvactive decay 0.8982) [0.0000
Mass of sample 20,4400
Other parameter (only if included In
calculaton)

(Other parameter (only if included in
calculabon)

O¥her parameter [only il included in
calculabion)

0.0007

He (b 0 [ R [ e

(Other parameter [only if included in
calrulation)

(Other parameter [only if included in
calculaban




Nuclide:

137
C

5

Input data

Method [inel

pre-concenitration, if applicable):

Detecton system (including taethed of calibration):Chemical separation using AMP foll owed by gamma-ray speciTometry.

Detection system (including method of ealibration):

datecton system (including method of calibradow):P-type voaxial (relatlve effciency 3136) calibration with mult-garma source

Nuclear data used

PFarameter Value Uncertainky Unics Dala source
Half life 30.0000] 4606900 year Evaluated Nuclear Structure Data Fila NRDC Brockhaven
Principal y-ray emission energy AR1.6570]{1|0.0030 oy Evaluated Nuclear Structure Data File NWDC, Brookhaven

~ray emission enargy 2 (if used)

v-ray emission energy 3 [if used)

v-ray emission energy 4 (if usedy

-ray emission energy 3 [if used

|Reference time and date

|sample number

M-103

Uncertalnty (k=1)

Activity concentration

Contributing parameters

+

§.0006

Uncerlainly Units

Relative uncertainty

Met count rate

66740

0.1668

count/1000s

Principal y-ray emission probability

0.8510

0.0020

Emmnission probabilivy 2 (if uzed]

Emissian prabability 3 (if used)

IM@%‘#UF}' +(fused)
Emissien probabllity 5 {if used)

Principat y-ray detectian efficicncy

0.0311

0610

Detectian efficiency 2 [if used]

w {+ [I= 1= | |3 [

fIeteectinn cfficiency 4 [if used}

Detection efficiency 5 (if used}

Correction fur radioactive decay

0.9927

D003

Mass of sample

204400

E

0.2923

T

2.5%|8

Orhar parameter (anly If included in
calculation)

Other paramater (enly if mcluded in
cabculation)

Other parameter (only if included in
calculaton)

Other parameter [(only if included in
caiculation)

Other parameter (only if included in
calculation




Nuclide:

*n

Activity concentration 0.0760 £ 0.0120

No uncertaingy stated 3 Na data snurce srcr]
+:|No uncertainty stated Na units stated |No data senrce stated
No data source stated

Input data

hod (including pre-concentration, if applicable):

{5ample water was distilled after addition of XMnO4 and Na2012. Distilled water applied electrolitic enrichement of H-3. After H-3 eurlchment, sample water was distilled again. Fifty ml of distilled water
was mixed with S0mL of scintillater for measurement.

Detection system (including method of callhration):

Hitachl, Ltd. LSC-LAS{Quenching correctinn curve by H-3 STD with different ratio of water and seintllator]

Detection limit (Bg/Hg): {.033]

Nuclear data used
Parameter Yalue i Uncerlainty Units Data source
HalflIfe 123300; + year
Lecay energy +
Partlgle ernission snergy 1 %
o RESULTS
Reference dme and date 2015-06-02 12:00:00 UTL
Sample numher M-104
| Bg/kg Uncertainty (k=1)
Achvity concenlration 0.0760] £10.0120
Coniribuling paramelers Value - " Unceriainly . Onits Relatve uncertalnty
Het count rate 0.4670] *]0.0698 countfminute 14.9%
Chemical recovery 0.7400] £]0.0204 2,89
Detection efficienty 0.3070] £ 0068 2,09
Curreclion fur radivactive decay 05780+ (0%
Mass af samnle 50.0000] |0 -0208 0.0%
Uther parameter (puly if included in .
talewladan]
Qther parameter {onlyif included in
calculation) *
Other parameter {only if Included in N
calcubation)
(ther parameter (only if included in i
calculation]
(Giher parameter [ouly if included by .
calculation




Nuclide:

o
Sr

Activity concentration

Input data

Method fincluding pre-concentration, if applicable]:

Seawater sample was concentrated to strondum preliminarily for ipn-exchange resins Precipitadon of carbonate was produced from eluate Precipitation of carhonate was dissolved with hydrachlarie
acid and removed calcium by fon-excanged resins, The eluate was preformed evaporation ta dryoess and residue was dissalved in water. ¥-90 was remaved in scavenging. Two weels later,Y-30 co-|
precipitated with Fe(OH)3 was filtered using filter paper{milling]). The precipitate on the filter paper was dried and used directly for measurement of # -ray activity.

Deteclion system {including methed of calibraLion]:

Hitachi: LBC-4211 Low background # -ray counter (hy ¥-90 of lmown activity co-precipitated wich Fe(0DH) 3.
Detection Efficiency-62,3415%

Detection limit (Bq/hg):

Nuclear data used
Parameter Value Uncertainty Unlts Data source
Halflife 29.1200f % year radiabion data book(in | ]
Decay enerfy G.5460| £ eV radiation data book(in lap ]
Pardele emission enerpy 1 N _
RESTLTS
Rkeference time and date 2019-06-03 12:00:00 UTC
Sample number M-104
Bo/kg Uncertainty (k=1]
Actvity concentration 0.0010(4]0.0001
Fontribiuting parameters Valug Uncertainty Unils Liglative uncertainty
Met count rate 0.0215(+|0.0028 count/sec 132,65
Chemical recovery 0.9532 = |1.0353 3.7%
Detection effciency 06234 £|D.0201 329
Carreetlon for radlpacdve decay 1OB6B[+ 0.0%
Mass of sampie 400000 | #]0.6600 L 1.7%|
Other parameter (only if included in .
calculation)
Uther paraeter {only if included N
valeulation)
Other parameter {only [f includad In
caleulation) *
Other parameter {only if included in .
calculation)
Other parameter {only if lncluded in
calcolation *




Nuclide:

134
C

S

Activity concentration <0.00088 No uncertainty stated
Baertal '

WarnIngi Ne{ count rate uncertain

Input data
Melhod (ihcluding pre-concentration, ifapplicable}l:

Detecdon system (including method of ealbration):Chemical separation using AMP follnwed by gamma-ray spectrometry.

Detection system [Including methad aof calihration]:

detecton systetn [including method of calibrabon):P-type coaxlal (relative efficlency 319%) calibration with multi-gamma source

e uctlanllmu {Ba/kg}

Nuclear dala used

FParameter . \Ineertainky Units Data source
Half life 206521 + |0.0004 year Evaluated Nuclear Structyre Data Fite, MNDC, Erogkhaven
Principal y-riy mission energy 7U5.8640] * [0.0040 ke¥ Eval d Nuclear Structure Data File, NNDC Erookhaven

p-ray amission energy 2 [if used)
[r-ray emission onorgy 3 (ifused)
t-ray emigsion energy 4 [fused)
I 3 fifus

Ed
+
+
*
+
+

TRESULTS

|Reference time and date 2019-06-03 12:08:00 UTC
Sample by M-104
l
Uncertainty (k=1]

Activity concentration

a]ue Uncertainty
0.1062
00006

Contributing paramet
Net colnt rate N.1636
Pringlpal y-ray emisgion prabahility 0.8546
[Emission probabifiy 2 (ffused)
IEmissiun probabillty 3 [ifused)
[Enission probabikity 4 (ifused)
Emission probahiiiy 5 (if used)
Principal y-raw detection eliiviency . b2y
Detection efficlency 2 [ifusad] o
Detactlon efficlency 3 [if used)
Detection efficiency 4 [if used?
Detection efflclency 5 [If used)
(Corraction far radipactve decay 0.8915] |0.0000
tass af sample 20.4700|£]0.2920
Other parameter [only if included in
calculation)

Other parameter (only if included In
calenlation)

Other parameter (only if included in
calculakion}

Other parameter (only I included in
caleuladon}

(Other parameter [only ifincluded in
calculaton

0.0007

4 ik [ P e [ (e [




Nuclide:

137

Cs

Input data
Method (Including pre-concentration, if applicable}:

Detecton system (including method of calibraion):Chemical separadon using AMF followed hy gamma-ray specirometry.

Detection system (Inctuding methed of calihratian]:

detection system [including methad of calibration):P-type coaxial (relative efficiency 31%) catibradon with mult-gamma spurce

Detection imit {Ba/ke) 0.0005

Nuclear data used
Parameter Yalue Uncertainky Units Data source

Hall life 30.0800
Princigal yoray emission enacgl 6616570
1Ay omission energy 2 (it used)

*10.0900¢ year Evaluated Nuclear Structure Data Fite. lTNDC, Bruokhaven
&
+
Jr-ray emission energy 3 [if used) E
3+
+

0.0030 eV Evalvnated Nuclear Structure Data File, HNDC, Brookhaven

J-ray emission enevgy 4 (if used)
Egsi 3 [If used

Reference rma and date 2019-06-03 12:00:00) TS

ple number M-104
| Ba/kg

concentration

Uneertainty (k=1]

Activ: 0.00621+0.0004

Contribnting paramerers Units Relative uncer
Netcovntrate - 3.6660+)0.1387 ount/ 10002

Pringipal y-ray emission probability 08510 1]0.0020
E lan probabillty 2 [l used)
Einission probabality 3 [if used)
FEmnissian prahahilicy & [if used)
Eraigsion probability 5 [if used)
Principa: y-ray detection efflclency 0.0341
Delection efficiency 2 £Il uged)
Detection efficiency 3 {If used)
Detection efficiency 4 (1f used)
Detection efficiency 5 (if used]
Correction for radipactive decay 0.9921; [0.0000
Mass of sample i 20,4200 +|D.2920
Other parameter (only if included in
calculation)

£.0010

(e | [ e (e i

I*

Other parameter (only ifincluded in
ralolation}

Other parameter {only ifincluded in
ralculaton) B
Other parameter {only ifincluded in
caloulalion]

Other paraineter {only if included in
calculation]

I*




5 Yeéar Nuo dats seuvce stated
No uncertainty stated W units stated  [Ne data sonree stated
N tainty stated

Input data

Methad (Inciuding pre concentration, if applicahle):

|5ample water was distilled after addition of KMn{4 and Na202. Distilled water applied electrolitic envichement of H-3. Afrer H-3 enrichimeat, sample water was distilled again. Fifty mL of distilled water|
was mixed with 50mL of scinttlator for measurement.

Detection syitem (including method of calibration):

Hitachi, Ltgd. LSC-LBS(Quenching correction mrve by 11-3 STD with different ratio of water and scintillator)

T . [STp— NUCIeardau used
Parameter Yalue Uncertainty Units Data source

11alf life 12.3300| year

Decay energy *

Particie emission energy 1 *

RESLULTS ]
|Reference time and date 2019-16-03 12:00:00 ITC
|5ample number -0l
By/ky Uncertainly (k=1) ]

Activity coneentration 0.0770]+]0.0120

Cantrlhuting parameters Value Uncertainty Units Relative uncertainky
Net cquny rate 1.47490( 20,0700 countfminute 14.6%
Chemical recovery 0.7410 | +[0.0204 2.5
Detecton efficiancy 0.3070| £|0.0088 2.9%
Correction for radioactive decay 0.5780(+ 0.0%
Mass of sample 500000 +|0.0208 g 0.0%)
Other parameier (unly il ncluded in .

calculabon]

Other parameter {only if included in +

calcutation]

Other parameter (only if included in R

calculation)

{Other parameter (only ifincinded in .

cateulaton)

Dther paramerer (only if included in N

ratculaton

~37—



Nuclide:

aQ
Sr

No uncertainky stated
nty skated

Input data
Method (Including pre-concentration, if applicable):

Seawater sample was cancentrated to strantum prellminarily for ion-exchange resingPrecipiration of carbonate was produced from eluate.Precipitation of carbanate was dissolved with hydrochlarig
acid and remayed calcjum by jon-excanged tesing. The eluate was preformed evaporation to drymess and residue was dissolved in water. ¥-50 was remaved in scavenging Two weeks later,Y-30 co-|
precipitated with Fe(OH)3 was filtered using filter paper[milling). The precipltate on the filter paper was dried and wsed directly for measurement of § -ray activity.

Detection system (incleding method nfcaﬁhratlnn]:

Hitachi: LEC-4211 Low background 8 -ray counter (hy ¥-90 af imown actviry eo-precipitared with Fe(QH)3.
Detection Efficlency:6 2,467 %

Nuclear daea used
Parameter | Yalue lncertainty inits Data source
Halfllfe 291200+ year radiation data book(in | )
Decay energy N.54a0[ = MeV radiation data hnok[in Japanese}
Partlile emi *

RESULTS
[Reference time and date 2019-06-03 12:00:00 01'C
[sample numt T-B1
Ba ke

Activi

concentration 0.4
Contributing parameters Uncertainty Un
Wet count rate 0.0233] % (0.0028 COURESEE
Cheindcal recovery 0.A343]+|0.0332 :
Detection efficiency 0.6247{+0.0202
Coreecton for radioactive decay 10674
Mass of sample 40,0000
Other parameter (only if included in
ealrulation)
Cther parameter (ondy if ingluded in
calculation]
(ther parameter (ondy if included in
calpulaton]
Other parameter (only if included in
lculatlon)

[ B B

0.6600

I+

amer par;i';'JEter [only ifincluded in
calculation




Nuclide:

134
C

5

<0.00085 No uncertainty stated
. e .

Input data
Method [including pre-concentration, if applicable):

Detection system {ncluding method of calibration):Cheinical separation using AMP followed by gainna-ray speclrometry.

Tudi

Detection system [i g method of calibralion]:

detection system {includng method of calibration):P-type coaxlal {relative efficiency 31%] callbraton with muld-gamma source

a
Parameter Value Uncertainty Units Data source

LABERZEIDONaY e ] Evaluated Nuclear Sructure Data File, NNDC,Braokhaven
795.89640] 1 |0.0040 kaV Evaluated Huclear Structure Data File, NHDC, Brookhaven

Use:

Halfhfe._ PEFTTIN
Principal y-ray emissi eﬁergi( 1
-ray cmission energy 2 [Ifused) *
y-ray emission energy 3 [if used) S
1t
k3

y-Tay emission energy 4 [ifused)
-TAY emission energy 5 [if used

RESULTS
Reference time and date 2019-06-03 12:00:00 UTC
|Sample number T-D1
l | Ba kg Uncertainty (k=1)
Activity concentration <(.00085 | +

Cantrihuoting parameters Value Uncertainty Units Relative uncertainty
|Het count rate 0,1351]+]0,1041 count/ 10005 77.1%
IPr[nc[pal ¥-ray emission probability 0.8546| +|0.0008 0.1%
IEmission probability 2 {if used) =
|Emissian probabitity 3 {if used) &
IHmissiun probabitity 4 {if used) +
|Emission probabitity § (if used) B
Pristcipal y-ray detection efficiency 0.0239(=
Detection efficieney 2 (if used) =
Detection afficieney 3 {if usad)
Detecdon efficiency 4 {if used)
Deteclion efficiency 5 [if used)
Correctien for radioackive dacay 0.9067] |0.0000 0.0%
Mass of satnple 20.4200]+]0.2920 kg 1.4
Other parameter (only if included in
caleulztion)

Other parameter (only iF included in
calcufation)

(tthar parametcr (only [f included in
calculation)

Other parameter (only if included in
catculation)

Uthey parameter [only if included in
calculation

0.0007 4.59%




Nuclide:

Input data

Melhed (including pre-caoncentralion, il applicable):

Detection system (Including method of calibration]:Chemical separation using AMP followed by gamma-ray specorometry.

Detection system (incleding methad of calibration):

detection system (Including methed of calibration):P-type coaxial (relatlve efflciency 31%;) calibratien with multl-gamma source

Detection limit [Bg/kg) 0.00053)

Nuclear data used

| Parameter T N P tainty A Units Data source
Half lifr GEGO] +|0.0909 yERr Fvaluated Nucloar Structure Data File NNDC Arookhaven
Frincigal y-ray emission energy 661.6570; +10.0030 el Evaluated Kuclear Shructure Data Fle, NNDC Broakhaven

y-ray emissicn energy 2 (if used)
v-ray emission energy 3 (if used]
y-ray emission energy 4 (if used]
issi S (if

R AL B

_RESULTS
Leference time and date 2019-06-03 12:00:00 UTC
|Sample number T-Iil

By/kg Uncartainty (k=1]

Activity concentration

0.0003

ng parameters
Net count rate 2.4780
iPrincipal v-ray emission probability 08510
IEmissinn prahability 2 {if used)
|Emission probability 3 {if used)

!T‘ ission prabability & [ifused)
|Emission probability 5 [ifused)
Princlpat yray detection effidency. | L.
Detection officiency 2 [if used]
Detection efficiency 3 (if usad)
Detaction afficiency 4 (if uzed}
Datecrinn efficinney 5 (if used)
Carrection for radieactlve decay 0.9933) |5.000D
Mass af sample 204200(+|0.2920
(Other parameter {eoly if induded in
calculation]

Other parameter [only if inelnded in
calculation)
(ther parameter (only if includ:
calculation]

{ther parameter [only if included in
calcularion)}

Uncertainky Units Relative uncettainty |
.1300 count/1000s
D.0020

003100010 e

HoCH B [ e e (e

in

Other parameter [ooly if included In
calcutation
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Nuclide:

134
C

5

Activity concentration

Input data

Method (includfug pre-concentrativn, if applicable):

Detectiom system (including method of calibratian):Direct gamma-counting of the sediment sample {Cylinderical)

Detection system [including method of calibration):

detecrion system [Tneluding method of calibration]:P-type coaxial [reladive efficiency 31%) calibration with mull-gamma source

Nuclear data used

Parameter Valug Uncertainty " Units Data source

Half 1:fe o 2.0652| 20,0004 year Fvaluated Muclear Structure Data File NNDC, Broolhaven
Principal y-ray emission energy 795.8640| £ |0.0040 ke Evaluated Muciear Sbucture Data File, NNIC Bruvkhaven
y-ray emission energy 2 (if used) E
y-ray emission energy 3 (if used) 3
y-ray emlsslon enargy 4 (if used) E3

issign o 5 {if uged *

RESULTS
|Reference tme and date 2019-06-03 12:00:00 UTC
|Sample number: F-PD4 :
[ Ro,/ke Uncertainty [k=1}

Activity concentration {dr |0.3A00
Contributing parameters Yalue Uncertainty

Net countrate

count/ 10005

Principal v-ray emiszion probability

|Emission prabability 2 {if used)

|Emission probability 3 {if used)

|[Emission probability 4 {f used)

|Emissiun probability & (if used)

Pringipat v-rav detection efficiency

2] 3 [ifused)

Detection efficiency & [if used)

Detection efficiency 5 [if used]

(Coerrection for radloactve decay

Mass of sample

Other parametet (only if in<luded In
calculation)

Other parameter (only ifincluded in
calculatan)

(Other parameter (anly if included in
calculation)

Other parameter [only ifincluded in
calculation)

(Other parameter [only if included in
calculation




Activity concentration

Input data

Method (incl

ding pre-cancentration, ifapplicable);

Delection system (including methad of calibration)iDivect gamma-counting of the sedlment sample (Cylinderical)

Detection system (including method OfCalibranlg_m: T

Detection limit (Bq/kg):

Nuclrar data used

deterton system {including method of calibration):P-type ceaxlal (relative efficlency 31%) calibration with multi-gamma source

| FParameter

Value Uncerkainky [Inits Data source
[Haif life 300800 + |0.0900 year Bval d Nuclaar Structure Data File, NNDE Brookh:
Principal y-ray emission energy 6616570 £10.0030 ey Ewul ] Muclear Structure Data File, NNDC, Rroakh

y-ray emission enerpy 2 [if used)

y-ray emission energy 3 [1f used)

y-ray emissien enerpy 4 [if used)

@ 5 (if used

+
+
+
*
+
4

RESULTS

|Ref{:renf:e Hme and date

2019-06-03 12:00:00 B7C

|fample number:

F-PO4

Uncertainty [k=1]

Activity concentration [dr

Con

hg parameters

Value

Unils

Relative unct:lin I

Net count rate

408700

0.7720

Principal y-ray amission probability

08510

0.0020

JEmdssion probability 2 (if used)

[Emission probabiliy 2 (ifusedy |

IEmissinn prohahility 4 (1 usad]

|Emission prowahility 5 (if used)

Principal v-ray detection efficiency

0.0127]

0.0004

Delection efficlency 2 {if used)

itk W e e R

Detaction efficlency 3 (if used)

Detaction efficlency 4 {if used)

Detzclion efficlency 5 (if used)

Correctipn forradinactive decay

0.9929

0.0000

Mazs of satnple

01345

+

0.0000

county 1000z

=3k=] b2 |
=2 I

3.2%

(Other parameter (only if included in
calculation]

(Other parameter [only if incleded in
calculation)

I+

Other parameter (only ifincluded in
calculation)

Other parameter (only if included in
calculaton)

Other parameter (anly if mcluded in
caiculatinmn




Nuclide:

238
P

u

Activity cencentration 0.0459 £ 0.0015

No data source stated
No data source stated
0 data spurce stated

Input data
Method (Including pre-concentration, if applicable):

Jiediment samples were leached with aitric acid, Flutonium were separated with anion exchanpe resin caluean. Purified plutonium was electrodeposited on a stainless steel disc far alpha spectrometry.

DNetection system [inclinding method of calibration):

57 sermicanductor detector was used for pluronium measurement, {The calibration was carrled outusing MIST traceable Fu-242 wacer.]

Detection limit (Bq/kg): 0.0042

Nuclear data used
Parameter Yalue Uncertainty .. ... Units Data source
Halflife B7.7000| + year
Decay energy 54000 + Mey
varn H—
RESULTS
|Reference time and date Z019-06-03 12:00:00 UTC
Sample number: F-PO4
Bq/kg Uncerlainty [f=1)
Activity eoncentration {dr
Contributing parameters Uncertainky Units Relative unrettainty
Net eount rate 0.0750|+9.9190 counts/1000s 253548
Chemical recovery 0.9000| + |0.0180 2.0%|H
Betactian efficiency 0.2840) + 0.0% |
(Correcdon for radioactve decay 0.9970)+ . e 0.0% |
Mass of sample 50,5800 + |0.2508 g 0.5%]f
Other parameter (only if included {n s
calculation)
(Cther parameter [only if included In N
calculation)
{ither parameter [only if included in .
calculation)
ISOTOPE DILUTION TRACER Niclde Pu-242
Activity concentration 00342 + |0.0002 Bg
Met count rate 8.7300[ |0.1700 counts/1000s
Betecrian efficiency 0.2840 R 5
Correction for radioactive decay 1.0000
Mass of trager added 2.0000] [0.0030
(Other parametet [only [f included in N
raleulation) B
Other parameter (only if included ln 5
calculatlon)
(Crther parameter (only iF included in R
calculation




Nuclide:
235/240py,

No uncertainty s : o HE
No unceriahty stated No data source stated
No nncevtainty stated No data source stated,

Input data
Method (including pre-concentration, ifapplicab_!g_}:_l_

[5ediment samples were leached with nitric acid. Plutonlnm were separated with anion exchange resin column, Purified plutonium was electrodeposited on a stainless steel dise for alpha spectremetry.

Detection system {inciuding method ef callbrataon):

51 semiconductor detectar was used for plutonium measurerment. (The calibration was carried gut using MIST tracesble Pu-242 tracer,)

Nuclgar data used

Paramerer Value Uncertainty Units Data soutce
Half life 241100000+ year
Decay energy S1570(
Particle emission energy 1 $
RESULTS
|Reference rime and date 2019-04-03 12:00;00 UTC
|Sample B F-P34
Uncertainty (=1}
Conirlhuting parameters Uncertainty Units
Net countrate S.2700] £|0.1300 . counks /10005
Chemical recovery nannof«|o.n180 )
Detection efficiency {2840z
Carrection fr radinactive decay 1.0000} =
Mass of sampie 50.5800) £]0.2500
Qther parameter {only if included in
ralculagon) *
Uther parameter {only if included in .
valoulation]
Other parameter {only if included in R
rajculaton) -
150TOFE DILUTION TRACER Nuciide Pu-242
Activity concentrabon 00342+ |D.0002 B
Wet count rate 8.2300] 01700 counts/ 1000s
Detection afficiency 0.2840
Correcton for radinactive decay 1.00400
Mass of racer added 2.0000] |0.0030
Other parameter [oniy if Included n .
calculation] -
Other parameter [only if included in N
calculadon}
Other parameter [only ifinclyded in ,
Jtulation -




Nuclide:

134

Cs

Delectlon system (including methed of calibration]:Direct gamma-counting of the sediment sample {Cylind erical]

Detectinn system (including methnd of ealihratian):

detection system (including methad af calibration):P-type coaxial (relative efficiency 31%0) calibration with mult-gamma saurce

Detectlon Ilit [ a/kg):

Nuclear data used

RESULTS

Parameter VYalue Uncertainty Units Data saurce
HalF il 20652+ | 00004 yaar 1 Nuclear Structuce Data File, NNDC, Brookhaven
Princlpal y-ray emission energy 795.8640| 1 | 00040 ke¥ d Nuclear Structure Dara File, NNDC, Brookhaven
[ ray emissian enevgy 2 {If used) L3
t-ray jon, enargy 3 [if used) *
v-ray amission engvgy 4 (if used) k3
f-ray emission energy 5 (if used

Referenco fime and date

{5ample number:

2019-06-03 12:00:

00 UTC

Uncertainty (k=1]

Contributing parameters

2900

Uncertainty

Units

Relative nncertainty

Net count rate
Pringipal y-ray

- nprobab.][w B

1.0030

0.3312

0.8546

0.0006

Etuission prabability 2 (If used)

|Emission probability 3 (if used)

IEmissEnn pronahility 4 (Ifused)

[Emission prabability 5 (if used)

AL L AL

Privicipal y-ray detecthon efficiency

0.4100

0.0003

Detection efficiency 2 ([f used)

1+ [

Detaction efficlency 3 {If used)

Detection efficiency 4 (If used)

Detection efficieticy 5 (i used]

Correction for radinactive decay

09003

G.0000

Maszg of sample

n.1522

Ed

0.0000

counts1000:

Other parameter {only if inchuded in
catculation)

I+

Other parameter {only ifincluded in
calculation]

I+

Other parameter (only iffncluded [n
calevlation]}

Other parameter (only If Included In
calculalon]

I+

Gther parameter {only If Included in
calculadon

3

— 47 —




Nuclide:

137,
Cs

Detection system (including method of calibration):Direct gamma-counting of the sediment sample (Cylinderical]

Detectipn system (including method of calibration):

detection system [{ncluding method of callbration):P-type coaxial [relative efficlency 3125) calibration with multi-gamma source

Nuclear data used

Farameler Value Uncerkainty Units Data source
Half Tife 30.0800( +|0.0900 year Evaluated Nuclear Structure Dala File, NNDC Braokhaven
Principal y-ray emission energy £61,6570]+|0.0030 LY Evaluated Huclear Structure Data File NNDC, Brookhaven

y-ray emission energy 2 [if used)

y-ray emission energy 3 [if used)

y-ray emission energy 4 [if used]

emission energy 5 [if used

|Rzference time and date

2039-06-03 12:00:00 UTC

|sampie number:

T-53

I

concentration {d

Activl

Contributing parameters

Unecrtainty {(k=1]

Uncertainry

nits

1al|ve urnce rtainty

Net caunt rate

12.3800

04705

Principsl y-ray ign probability

0.8510

1.0029

|Emission probability 2 (if used)

IEmissiDn probability 3 [if used)

IEmissinn probability 4 [if used)

[Emlzsion probability § [ifused)

Principal v ray derection sffivicney

0.01724

0.0004

Detection efficlency 2 [if used]

Detection efficiency 3 [if nsed]

Botection efficiency 4 (if used)

Detection efficiency S (if used)

Correcton for radivactive decay

0.9928

0.00040

Mass of sample

01522

+

0.0000

count /1040

{Other paramercr (anly If included in
calculation)

Other parameter [only if included in
calenlation)

{Other parameter (only if included in
calculation)

{Other parameter (only if included in
calculation]

(Other parameter (only if included in
calcalation




Nuclide:

238
Pu

No data source stated
Nu data source stated
Np data source stated

Input data
Method {including pre-concentration, if appticahfe);

JSediment samples wers leached with nitric acid. Plutonium were separated with anion exchiapge resin column, Purified plutonium was electrodeposited on a stainless steel dise for a1gha specirometry,

ﬁemction system (including method of calibration):

5i semiconductor detector was used for plutonium measurement (The calibration was carried out using NIST traceable Pu-242 tracer.)

| 00057

Nuclear data nsed

FParameter . Value | Uncertainty Units Data scurce
Hall life B?.?{JOC_P' t year
[Decay energy 549907+ Mev
Farticle emisslon energy 1 +
] RESULTS
jReference time and date '3019-06-03 12:00:00 UTC
sample mambier, 53
| Bg/kg Uncertalaly (k=1)
Actvity concentration {d: 0.0041{+[0.0016 e
Contributing parameters Value Uncertainty Units Relative uncertain
Nel count cate_ 0.0047] :[0.0018 counts/1000sec 2A.3%
Chemical recovery 0.8620( 00180 2.1%
Tretectan efficiency Q2660+ 0.0%
Correction for radioactive decay 04,9970+ 0.0%4
Masgs ol sample. 506400 +]0.2500 [} 0.5%
Other parameter (only if included in ,
calewlation) -
(ther parameter (only if included in .
calculation)
Other parameter (only if included in "
fralculaton) B o
- ISOTOFE DILUTION TRACER Nuclide Pu-242
Artivity concentratian 0.0342|+0.0002 Bg 0.5%
Ner count rate 7.8300| |0.1600 counts/ tiMHs
Deteclion efliciency 0.2660
Carrection for radioactive deray 31.0000
Mass of tracer added 2.0000| [0.0030 m]
Other parameter (only if included in N
calculation)
Other parameter (only iFincluded In
fraleulativn) s
OLker parameler (only if included in N
fralculation




Nuclide:

z9/240p,

Activity concentration

No uncertainty stated & Mo data snurce stated
Ne uncertainty stated L No data source stated
Nao uncertainky stated N0 daka source stated

Input data
Merthod [including pre-concentration, i applicahle]:

ples were leached with nitric acid. Plutanivm were separated with anion exchange resin column. Purifiad plutonium was electrodeposited on a stainless steel disc for alpha spectromeatry.

Deteclion system {including method of calibration]:

i sermiconductor detactor was used for plutenium measurement. (The calibration was carried out using NIST traceable Pu-242 racer)

Detectionlimic{Ba/kgh | o002

Huclear dawa used

Parameter Value Uncertainty Units Data 50uTce
11alf life 241100000} = year
Tecay BNeTjy 51570| = MeV
Particle emissinn energ

RESILTA
2019-06-03 12:60:00 U

Reference time and date
|samyple her: T-53
Bg/hg

rfvitv concentratdon (d K1

Uncera!nry =] )

[Contri E parameaters Value Uncertaioty Doits Relative uncertainky
et count rate 4.5100]=]0.1200 counts/1000sec
Chemical recovery 0.8620| = |0.01BD
Detertion efflcicney 0.2660]+
Correction for radioacive decay 1.0000] +
Mass of sample 50.6400] +|3.2500
(Other parameler [unly ilincluded in
calculaton) =
Other paratneter |orly ifincluded in ]
calculation) =
(Gther parameter [only IFincluded in
caleulation} *
150TQPE DILUTION TRACER Nuclide Pu-242
Activity concentralion 0.0342|x|0.0002 By
NEt count rate 7.H300| [D.1600 counts/1000s
Detaction efficiency D.2660
Carrection far radloactlye decay 1.0000
Mass of rracer added 2.0000| [0.0830
Other parameler [only if included in
calenlation} *
(Other parameter (only if included in
caleulatian} *
(Other parameter (only if included in
calculation £




Nuclide:

134
C

5

Activity concentration

2.4000 £ 0.3800

Input data

Method [including pre ratian, if applicable):

Detecton system (including methad of calfbradon): irect gamma-counting of the sediment sample [Cylinderical]

Detectian systent (including method of calibration);

Detectian limit (Bq/kg)

detection system (including method of calibration):F-type coaxial (relatve efficiency 31%) calibration with mult-gamma souree

uclear data used

Parameter Value Uncertainty Units Data source
Half life 20652 +{0.0004 year Evaluated Muclear Stracture Data Fi]e,NNDC,ankh:wnn__
Principai y-ray emission energy TO5.8640| £]0.0040 kel Evaluated Nudear Structure Data File, NNDC,Brookhaven
¥-ray emlssion energy & (if used) ]
p-ray emlssion energy 3 (ifused) +
t-ray erission enerpy 4 (1f used) *
ay emlssk 5 (ifused

RESULTS

|Reference time and date

|sample number:

T-58

2019-06-03 12:00:00 UTC

By/ke

Uncerlainly (k=1)

Activilty concentration [dr

Contributing parameters

2.4000(+{0.3800

'm'ertalnty Unlrs Relative unrermty

Net countrate

24%10) +]0.368%

Principal y-ray emission probability

count/1000s 14.3%}

0.8546(+{0.00056

|Emission probability 2 (if used)

|Em1ssio_='1l_pmh ability 3 (if used)

|Emission probability 4 (if usedy

[Emissian proLability 5 (ifused)

Frincipal y-ray detection efficiency |

00102 +10.0003

Detection efficiency 2 fif used]

H 1 | e | (e |

Detectlon efficiency 3 (if used]

Detectan efficiency 4 {if used)

Detection efficlency 5 (if used)

Correction for radivactive decay

08891 10.0000

Mass of sample 0.1352|£0.0000
Other parameter (only il fncluded In

calculation} *
(Other parameter [only if included in

calculation} *
(Other parameter [only if included in

calculabion} 4
(Dther parameter (only if included in

calvulabion} #
(Cther paraieter [only if included in

calculation *




Nuclide:

137
C

5

Input data

Method (including pre-conceniration, if applicable):

Detecdon system (including methad of calibration):Direct gamma-caunting of the sediment sample [Cylindecical)

Detection system [including method of calibration]:

detectan system (ineluding methad of calibraton):F-type coaxial (relative efficiency 31%;) calibrabion with multl-garmima source

Nuclear data used
Uncertainty Units Data source

01.0500 year Bvaluated Nuclear Structure Dita File NNDC Broakhaven

0.0030 eV Evaluated Nuclear Structure Data Pile NNDE, Brockhaven

Farameter Value
Half life J0.0800
Princip] y-ray emission energy 8616570
v-ray eml energy 2 [(ifused)
y-ray emission energy 3 [Ifused)
y-riy emission energy 4 [If esed)
—ray emission energy 5§ [Ifused

= [ |

I [ [

RESULTS

Reference time and date 2019-06-03 12:00:00 UTC

[samgple ber: T-54

By ke Uncercainty (k=1)
Activity eonceontration (d 3000004 +]1.6004]

Lontributing parameters Value Uncertainty Units Relative uncertainty
Net connt rate T 42,6600 +10. 7832 count/1000s 1B
Priocipal y-rai emmission probalbility DLB510( + |0.0D20 0.2 %
|Emission probahility 2 [if used) +
IEmissiun probability 3 (If used) *
|Emi_ssinn probability 4 (1 used) &
j
E

Ernission probability 5 (if used)
Principal y-ray detection efficiency 0.0126
Detection efficiency 2 {if uzed]
Detection efficlency 3 (1f used)
Decection efficiency £ {if used)
Detecton efficiency 5 {if uzed)
Curcection for radipactive decay 0.9920| [0.0000 0,087
Mass of sample 0.1352) +|0.0000 Fif:d 0.0%
Other parameter (anly if included in -

calculation)

Other parameter {only if included in
calculation)

Other parameter (only if included in
calcutation)

0.0004 3.2%

(Other parameter [only if included in
ralculation]
Other parameter [only if Influded in
calculation}




Nuclide:

23 sPll

No data sonrce skate
No uncertainty stated i o data sauvee stated
No uncertainty stated No data snurce stated

Input data
Method [including pre-cancentration, if applicable]:

Sediment samples were leached with nitric actd. Plotonium were separated with arivn exchange resin column. Purified plutonium was electrode posited on a stainless steel disc for alpha speclramelry.

Detecton system (including method of catibration):

51 semicandnctor detectar was used for plutanlum measurement. [The calibration was carried outusing NIST traceable Pu-242 wacer)

Detection imit (Bq/kg): 0,004

Nuclear data used

Parameter Yalue Uncertainty Units Data spurce
Half1Ife 37.7000] + year
Decay energy 5.4990] & Mey
Partlele emission eter)

|Reference time and date
|S:|mple numhbcer: T-50

Bo/kg

2015-06-03 12:00:00 UTC

Activity congentraban (dr QO0ET | = |D0MHE

Contr g parameters Units

Ner count ran: 01000 +|0.0220 counts/1000s
Chemical recovery [.9160] +|D.G1HO .
Detectlon efficlency 02680 (=
Correction for radloactive decay 0.9970) =
tags gf zamnple 50.5800|+|0.2500
Other parameter (only ifincluded in .
calculatipn)
Qther parameter (only if included in
calculabon) *
Ocher parameter (only if ihchaded in j
calculation) il
ISOTOFE DILUTION TRACER Huelide Pu-242
A ctivity concentration 0.034-%] & [0.0002 Eq
5Bt count rate 0.3900| (01608 counts, 1600s
Detection efficleney 0.2680 i
(Correction for radioactive decay 1.0000 ;
Mass of tracer added 2.00001 [0.0030 m]
Cther parameter [only ifIncluded in N
caleulation)
(Other parameter [only if included in .
calculation] B
(Other paramerer fonly (fincluded in
calculation *




Nuclide:

239!240Pu

No uncerlainky stated No data source stated

No uncertainty stated No data sounrce stated

N0 uncertainty stated ' W data snurce stated

Input data

Method (including pre-concentration, if applicable):

Sediment samples were Jeached with nitric acid. Plutonium were separated with anion exchange resin column. Purified plutonium wag «lectrodeposited un a stalnless stee! disc for alpha specromebry.

Detecon system (including methed of calihration):

51 semiconductor detector was used for plutonium measurement. [The calihration was cartied out nzing NIST rraceable Pu-242 tracer.)

uclear data use
___ .. Paramerer Value Incertainty Units Data source
Halflife 24110.0000] + year
Decay energy 51570+ Mey
Particle emission energy 1 +
RESOLTS T
|Ret'erence Hiowe and date 2019-06-03 "12:00:00 UTC
|Sample number: T1-58
| [ Bgfhg Uncertainty (k=1)
Activity concentration [d: 0.5500] +|0.0170
Conftributing parameters Value Iincertalncy Tinits Relative uncertainty
Wet count rate 6.7700(1)0.1500 countsy 10005 2.2%
Chemical recpvery 0.9160]+[0.0180 2.0%
Deterdon efficiena 02680+ £.0%
Carrecton for radioactive decay 1.0000| = 0.1+
Mass of sample S0.5800) £)0.2500 0.5%|
Other paramerer (only if included in N
caleulation) *
Dther parameter [anly if included in
ralolation] *
ISOTOFE DILUTLON TRACER Nuclide Pu-242
Activity concentration 003421 +£10.0002 Ba 11554
Met count rate 8.3900] |0.1600 counts/1000s
Detection efficiency 0. 2680
Correction for radipactive decay 1.0000
Mase of racer added 20000] [d0a30 ml
Other parameter (onlyif included in .
caleulation} " B
Nthet parameter (only IFincloded in | Y.
calrulation} =
Other parameter [only if included in R
calgulation ~
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Nuclide:

atllntsabapa Poithet Dats Briok 10th Editior
adinizoiape Pockik Data Bpid 10th Editis
tated

Input data
Methad (including pre-concentration, if applicable):

The samples were puvified by using distllatlon apparatus of plass made so a5 to keep the concentration of tritium i water wochanged befure and afler the distillation, Net, 1 liter of distilled water was|
electenlytically concentrated by using a sclid polymer electvolytic flm.Far the liquid scintillation counting, 50mL of the sample was inixed with 5hnl of selnl-cocklil{Mima Gold LLT{PerkinBlmer|
japan Cn. Ttd]] in a teflon bortle, The scintillation due to lew energy beta-ray of tritium was determined by the low background liquid scintiflation counter for 1000 winutes.

Detection system (including method of calibration):

Liquid scintillation counrerdecuFLEX LSC-LB7{Hlitacki, Ltd)
Mumber of palnts In the efficiency corve: 10 points, Type of calibration:quadratic curve

Nuelear diata used

| ... .. .. Paramuler " Value Uncertainty Unlts Data source

Halllile 17 3200 +| 0.0200 vear TRadioisotope Pocket Data Book 10th Edilion
Deeay energy - 16.5940] [ 0.0080 eV Radioisotope Focket Data Book 10th Edition
Particle eni

RESULTS

Reference time and date 2019-04-03
Sampl. L M-101

[ Bg/lg
Acthvity concentraton 0.0756] £

Contributing parameters Uncertalnky

Net count rate 0.5330] +|0.0837 cpm 15.790§
Chemical recovery -} '_
Detection efficiency 0.2775 [ £k0.0u77 _
Correction for radicactive decay 0.5749 [ +10,0002
Mass of sample 44,7900 | £]0.0011 i 0.0%
Concenlration faclor 8.7200) 10,3527 D%
Other parareter {only 1E neluded it .

calculation) B

{Other parameter {only if included in

caleulslion) F

(Other parameter {only if included in

ralculatinn} i

Other patameter {only if ocloded in

calenlation) :
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Nuclide:

*ogr

0 BNCoTEYIn

Input data
Methed [including pre-concen
T Was COTCeNtrated USng ion exchange resinlDowei SUW-9K; Of aUetlE & . Solunen Wi
sepatated and purified Sr sat more than 2 weeks untll Sr-Y became radicactively In equilibiium. After being in radicactive equililin luny, ¥ wis separated using Fe co-precipilalion methed, and Y-90]

radlpactivity was measured from a Y-90 collected flter using 2 gas-flow counter for 100 minutes. $1-90 concentration was determined froln Y-90 1adivactivity reewvery rate, decay correction, and|
athor lenlat

Getection syst;:i'ﬁ fiﬁclﬁt‘ilng method of callbration):

2m gas-flow counter:LBC-42028 [Hitachi Aluka Medical, L)
INumber of points in the etficiency 11 poitts [Average value of & samples)

Detection limit {By

Nuclear data usad

Tarameter Value Uncerkatnty Units i Dala souree
Haiflife i f416] +[0.0312 hour FRad|oisnlepe Packel, Tata Book 1¢th Editon
Cecay energy 2279.8000] 411,740 ke Padloisutepre Pucket Data Book 10th Edition
Particle e |+

RESULTS
Reference thime and date Z019-06-03 12:00:00 UTC
Samiple number

Uncertainty Relative imeertainty

Mst count rake 1.0740] £[¢1421 cpm 13.2%
Cherrical recavery D.B794] £|0.0297
Datection &fficiene 05290 | *[0.0137
Correction for radleactivedecay | D.7695 | +]0.0000 _
Mast of sample 420400 t|n.oos2 kg 0.0%
(Other parameter [only if included in .

Ieulatinn) =

Cther parameter [only ifincluded in
calculation) =
Other patamater [only if included in
caloulation)

Other parameter [only if included in
caleulation)

Dther parameter [only i included in
calvulation

I+
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Nuclide:

Input data
Method [inclhuding pre-c -ation, it applicalile):

Added nltrale Lo 201 of agueons sample and adjust pH to about 1.6, Added 0.39 g of CsCl and mixed well; then added 6 g of AMP and mixed well again, Solution was settled overnight and collected|
AMP/Us Ly filtering. Diied AMP/Cs al rostn Lemperature and calculated recavery rate by weighing. Insert AMP/Cs to teflon tube container, then measured (5-124 using well-type germanium ssimi-|
conductar detector for 100000 seconds,

Detection system (including method nf-éﬂiii:raﬁun]:

{Uermanium semiconductor detector : GWL-90-15(0RTEC), Soflware:Gamma Station[SEIKG EGEG €0, LTD.)
Number of prints in the efficiency curve : 3 points Type of callbrativnquadratic curve

Nurlear data used

Farameter Valus Uncerlzinly Lnits Dala suurce
Heiflife 20624 +]0.0050 ¥ Table of Isplopes(7ih Edition]
Frincipal y-ray emission Energy GO4.6600] *]0.0200 kev Table of Isotopes(7th Edition}
y-ray emission energy 2 {ibused) E
yeray emission energy 2 fifused) 3
Ty emission encegy 4 {ifused) +
-TAY Emi gy & (if used

Reflerence time and dale 2019-06-03
Samplemuuaber M-101
Bg/kg
oncantration 0.0010] 200002

Unecertalnty [k

Contributing parameters
MNet count rate ] n.ont1
Erincipal y-ray emission probability 0.9756
Emisslon probability 2 (if used]
Emission probability 2 {if used}
Emisslon prohability 4 (I used]
Emission probability 3 {ifusedl
Principal y-ray delection effici . 0.0587
Detection efficiency 2 (if used) )
Detection elliciency 3 (ifusad)
Detectian efficiency 4 fifused)]
Detection efficiency 5 (if used)
Carrection for radicactive decay na288| |p.oooL
Maze of sample 21.1900) +|0.0245
|Recovery rale ol o
precipitation[AMP /x)
Other parameter [only ifincluded In
leulation)
Other parameter [only if included in
lenlation)
Cther parameter [owly if includad in
calculation)
Gther parameter [only if included in
catoulation

Uncertalnty Relntive uncertainty

23.4%

DO003
00032

0.0013

e [re e [ Jow [0 [ [

+

09304 &|0.0157 2.0%)|

I+

+
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Nuclide:

. 13_.7C

S

Input data

Method {including pre-concentration, if applicable):

eopductor detectar for 130000 seconds.

#dded nitrate to 200 of agueous sampte and adjust pH to about 1.6, Added 0.39 g of Cs00 and mixed well; then added 6 g of AMP and mixed well agaln. Solution was setied overnight and collectad
AMP /L5 by Altering. Dried AMP /75 at room temperature and caloulated recovery rate by weighlng. Insert AMP/Cs Lo tellon Wube container, then measured Cs-137 using woll-type germanium semi-

Detection system (Including 1

1ol calibralion):

Germaninm semiconductor detecter : GWL-90-15{0RTEC), Software:Gamma Statien(SEIRU EGEG €O, LTD,)
Number of prints in the efficiency curve : 3 points, Type of calibratlomquadratic curve

Muclear data used

FParameter

Value

Uncertainty

Unlts

Data sgurce

30,1740

1.0340

Table of |sotopes(7th Edition]

Frinciyal -rayv

BneTEy

6516340

(LU

LV

Talle of Isotopes{7th Edilisn)

t-TAy emission energy 2 (if used)

[y-ray etnlsslan energy 3 (ifused)

-ray emission energy 4 (if uscd)

t-ray emission enevgy 5 {ifused)

4 [ [ e 1=

RESULTS

Refarence tire and date

2019-06-03 12:00:00 UTC

|Sample number

M-101

By/lg

Uncertainty (k=1)

Activity concentration

Contrthuting parameters

0.0152

Value

ES

Uneertzinty

Units

Relatve unecreainey

Ne: count rate

00278

Cps

Erincipal -rav emission probability

ORE00

Emissiot probability 2 {If used}

Er_l_l_ls___siun probatbility 3 {ifused}

Emissiub probabilily 4 {If used}

Emission probability 3 {if used}

Frincipal y-ray detection sMicency

1040

0.00824

Letection efficiency 2 (ifused)

Retection efficiency 3 (if used)

Detection efficlency 4 (1fused)

Betection efficicncy 5 {ifused)

Correction for radicactive decay

02950

0.0000

Mazs of sample

21.1500

1.0245

2.0%
0. A%

|Recovary rate of
precipitation[AMP/Cs)

0,980

t

00197

Other parameter (only if included in
calowation)

I+

Other patameter (anly if included In
calcuiation]

Other parameter (only if included in
el culation])

-

Dther parameter (andy if included in
calculation

o
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Nuclide:

f-lH

Activity concentration

Input data
Method {fucluding pre-concentration, iFapplicable):

The samples were purified by using distillation apparatus of glass made €0 as to keep the concentratlon of tritium in water unchanged befnra and a frer the distllation. Wext, 1 lirer of distilled water was
eleclrulytically concentrated by using a solid polymer electrolytic e For the liquid scintillation counting, S0mT. of the sample was mised with 50mi. of scintl-cocktail (U1ma Gold LLT(PerkinElmer,
[apan Co, Ld.]Y in a Lellon bottte, The scintillation due to low energy beta-ray of tritiu s determined by the low background liquid seintillation coutter for 1000 minutes.

Detection sy: ™ [1ni:.1|.1d.[n"g mcthod oftaiﬁ:ratlon}',

Liguid sclatillation counler:AccuFLEY LSC-LB7(Hitachi, Ltd.)
Hnnber of padute in the cMcietcy cuove: 10 pobnts, Ty pe of calibration:quadratic curve

Nuclear data used
Pararmctar Halue ] Uncerlainky Urits Data spurce
13alF life 12.3300] +[0.0200 year H-3 NIST Standard Certiflicale
Deczy enaigy 18,5940 + H-3 KIST Standard Certilicate —
i BE3

ontributing parameters
Netcountrate 5070
Chemical reco'vei}'f' -
Detection eficiency ) 0.2762
Cerrection for radicactive decay ' 0.9748
Miass of sample 45. BTN}

W[t e |

Concentranion facter 9.4500

Other parameter (only if included in
calaudation)
{ther parameter (ooly ifincluded in
caleufation)
Other parameler (enly ilincluded in
wileulztiung)
Dther parameter (only (Fincduded in

caleulation)
S

I+

I+
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Nuclide:

1)
AT

;90T NTST Stavidard Ceptifizard

| Na vmeertninty stated

Input data
Method {including pre-concentration, if applicable}:
OF BqUenus samiple. Lall
separated and puritied Srsat roate Ban 2 weebts unlil Sr-Y became radicactively in equilibrium. ARer being in radioactive equilibrium, ¥ was separated using Fe ca- prcmpll:mon rm:daod and Y-90)
radigactivity was measured from a Y-90 collecked litter using 21t gas-ilow counter for 100 minules, Sr-90 cancentration was determined from Y -90 radioactivity recovery rate, decay cotrection, and|

ather pececsan calr

Detection system [including method nfcam)rarion]:

2m gas-flaw counter:LBC-42028 (Hitachl Aleka Medical, 1.td.)
Number of points in the efficiency :1 points (Average valuc af & samples)

data used
Parameter Yalue ! Uncertainty
Half life G4.0416] +[anz12 hotr 90Y HIST Standord Certificate
Deray g 2279.8000| +| £.7000 kel 0% NIST Standard Certificate
+

P Licie emisslon pnerpy §

Data source

RESULTS
Rcference time and date 2019-06-03 1 UTC
Eample number M-102
| Bq}l_lg i Uncurlainly (k=1)
Activity concentTation 0.0011] +]0.0002

Contribuling parameters VYalue Uncertainty Units Relatve uncertatn
Wetcount rate 0.8600[ £|0,1350 [xl11] 15.3%
Chemieal recovery 18413 [ (00284 14%
Deleclion eMiviency 45290 +|0.0137 L6%
Correction for radipactjve decay £.7038( +[0.0000 0.0%
Mass of rample 42.4000| +|0.0061 kg 0.0%
(ther parameter [only if included in
ralculation]

Other parameter (only if in<luded in
calenlation]

Olher parameter [only ifinduded in
calculabion}

Other parameter [only ifincluded ln
calculatinm)

Qther parameter [only ifincluded in
catoulation

| [+ i [

I+

I+

+
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Nuclide:

134
Cs

M

Detactioi systam:
s

Input data

Method (Including p.l.'.c-m.)nééntraﬂon, ifapplicablc):

conductor detector for 100000 seconds.

Added nitrate to 201 of aquecus sample and adjust pH to about 1.6. Added 0,39 g of C+Cl and mixed weli; then added & g of AMF and mixed well again. Solution was settled overnight and colkecled)
AMPfCs by filtering. Tried AMP /5 At roam temperature and caloulated recovery tate by weighing. Insert AMP/Cs ta teflon tube container, thet measured C5-134 using welltype germanium semi-

Detection system [inciuding method of callbratlon):

DBetection Umlt [Ba o

Germaniutm semiconductor detector : GWL-20-15{0RTEC), Softwarr:tamma Station[SEIKQ EG&G CO., LTD.)
Mumher of points in the efficiency curve : 3 polnts Type of calibratinnquad ratic curve

data uccd
Parameter Value lncertainty Linits Data saurce
IHalt I 20620 =|D.DO5SD b Table of Isotopes(7th Fdition]
Frincipal y-ray emission energy G04.6600] = [0.0200 ke Trhle of [sotopes(7th Edition}

'f:ray etnlsslon energy 2 [[fused)

f-ray emission energy 3 [ifused)

v-ray etnission energy 4 [Wused)

ray enission energy 5 [Husedl

RESULTS

Reference fime and date

201%-06-03 12;00:00 UTC

Sample number

M-102

Ba/ke

Uncertainty [k=1]

Activity concentration

Cuntributing parameters

0.0008] +

0.0032

Uncertainty

Relative uncertainty

precipttation[AMP /05)

Mot count rate 00U | 0.0003
Tvincipal wrav 2ission probability 0.9756] £ 00032
Emission probahility 2 {if usedy +
Emissict: probability 3 [if used) +
Emissicn probability 4 [if used) *
Emissiot probalslity § (i Used) +
Prircipal w-ray detection efficiency 00591 10,0014
Detection efficiency 2 {ifused} +
Detection efficiency 3 {if used}

Delection efficiency 4 (il used}

Detection elficiency 5 (il used)

Correction fur rgdivactive decay 09457 ( 10.0001
Mazs of sample 214000 | 110,0247
Recavery rate of 0.9805 | {00197

Other parameter (erly if included in
caleulation]

Other parameter (only i induded in
caleutation}

Other paratneter (enly IF [bcduded n
calculation)

Other parameter {only if included in
calculation
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Nuclide:

137
Cs

Retéction. systear

R

Input data

i Editiin

Method (includlng pre-

atiun, if appli

Tt
i

conductar detector for

100000 seconds.

Added nitrate te 200 of agueous sample and adjust pH La aboul 1.6, Added .39 g of Cstl and mixed well; then added 6 g of AMP and mixed well again, Solution was scttled mvernight and collecred|
AMP s by filtering, Dried AMP/Us at oot tetrpetature and calcu]aled recovery rale by weizhing, Insert AMP/Cs to teflon tube container, then measured Cs-137 using well-type germanium semi|

Deteclion system (including method of calibration):

Germanivm semiconductor detector ; GWL-40-15{ORTEC), Softwan

Gaumina Slatien(SEIKO EGEG €O, LTD.)

Number of points in the efficiency curve @ 3 points, T'ype of calibratien-quadratic curve

Nudlear data nsad

Parameter ¥alue i Uncertainty Lnits Data source

Eaiflife 30.1740 £|0.0340 ¥ Table of [sotopes( ?th Editien)
Frincipai y=rav crission energy &61.6380| 2|0.0190 ke¥ Tabsle ot | 7th Edition]
[r-Tay emission energy 2 [if used] 4

f-ray emission energy 3 [iMwsed] &

-1y emission enevgy 4 [if used) +

f-ray emisston energy 5 [if used i

RESULTS
lieference tme anl date 2019-06-03 1Z2:00:00 UTC
|sample number " _M.102
Bg/kg Uncertainty (k=13

AcHvity convenbralivn 0.0119] +]9.0004

Contributing parameters Value Uncertainty Units Reladve uncertalnty
Met count rate 0.0205 | +[0.0005 Cps 24%
Principal y-ray emissi rohabiliny 0.8500|+|0.0050 (1.6%
Liission probability 2 [if wsied) *
Iim ssion probebility 3 (i used) A
Ifrm'ssion probahility 4 [if used] +

Emission prohability 5 [if used) +

Prinipal yoray detection efliciency 01064 | £]0.0025 23%
Detactian effictency 2 {1if used) +

Detection efficiency 3 [1f used)

Detection efticiency 4 {f0sedy | ||

Detection efficiency & [if used) T
Carrection for radioactive decay 09562| {0.0000 D.di’};
Hass of sample 214000 +{0.0247 kg 0.1%
Recovery rate of

pl_ecip.“;’t.wnr NP Cs) N 09905 | £{0.0197 2.0%
Other parameter {only if included in- .

leulation} *

(ther parameter (only ifincluded in

czlralating) *

tther parameter (only ifincluded in .

calculatlon) "

Other parameler {only iFNinctoded in .

caleulatlon -
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Nuclide:

Input data

Methed (including pre-concentration, iF i )i

The samples were purified by using distillation apparatus of glass made so asta keep the concentration of tritiom in water unchanged before and after the distillation. Nexr, 1 liter of distilled water was
electrolytically concenrrarad by using a solid polymer electvolytic Glm.For the lignid seintllation counting, 50mL of the sample was mited with S0mL of scint-cocktail{Ultima Gold LLT(PerkinEimer
Japan Ca,, Lid.]} n a teflon bottle. The scintiilation due ta law energy beta-ray of tritium was determined by the low background liquid scintiilation counter for 1000 minutes,

Detection system (including method of calibration):’

Liguld scintillatlon counter-AccuFLEX LSC-LE? (Hitachi, Ltd.)
Kumber of points in the eficleney cutve:10 prints, Type of calibration:quadratic curve

Detecton limit (Byg /gy 0.036

Nuclear data used
| _Parameter = Value Inceriminky Data source
Hall lile L A23300[£[0 0200 year Radioisolope Pocket Data Baok 10th Editon
Ttecay energy 16,5940/ +[0.00/0 ke¥ Radioisotope Pocket Data Book 10th Edition
Farticle emission energ T+

[Referenre time and dare
[Sample number M-103
’ Baske

Activity concentration

2019-06-03

[Contributing parameters Relative uncertaint

Net count rate 0.49340 | ] H.0635
[Chemical recovery .

[etection efficiency 0.2753| #|D.0075
[Correction [or radivactive decay 0.9747[ x| 00002
Mass of sample 45.8G00) = |D.0012
Concenlrabion facior A.7200] £| 03527
Uther parameter [only it included in .
caleudation) I I
(ther parameter [only if included in .
caleulatian) *

(Jther parameter [only if included in .
calculatdon) -

Other parametet [only if included |n
ralculation)

I+
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Nuclide:

a0
Sr

Input data
Method (Including pre-concentralion, iTapplichle]:

5T WaF concenirated sing 100 exchange r=3in[Dowes b
separated and purified Sr sat more than 2 weeks until Sr-Y became radioactively in equilibrlun. Alfter being in radleactive squilibriom, ¥ was sep d using Fe ca-precipitati |,

radinactivity was measured from a Y-50 callected fAlter using 2 gas-flow counber for 100 minukes, $r-30 concantvatlon was determined from Y-90 radicactivity recovery rate, decay correction, and)
Eher llabineg

Detoction system [Including methad of clibration):

imgas-Hlow counter-LBC-4202E [Hllachi Aloka Medical, Lid.)
Humber of points in the eiticiency 11 points{Average value of 6 samples)

Detection limit (Hg /kg

MNuclear data used

Parameter Value Uncertaingy Units Datas c
Half life 64.0416[4(0.0312 haur ... Radigisotope Pocket Data Boak 10th Edilian
Decay energy 2279.8000] +(1.7000 Radinizotape Pocket Datz Book 10th Editian
k3

Patticle emission ene

RESULTS
_E‘._g_rl__'_r_‘_r_:nr:u Lline and dale 2015-06-03 1Z:0M:00 UTC
fraruple number M- LS

Uncertainty (k=1]

Ac

g parameks; . Ifncertainty Rolative uncertaingy
Mat count rate DLADEN| +|0.1322 Lb.4%
Chemlcal recovary 0.7834] +[0.0267 T
Detaction efficiency 0.529%] £{0.0137
Coreection fat radivactlve decay 0.7442| +|0.0000
Mass of sample 42.5000] +|0.0063 00, 0%
(Other parameter (only if included in
calculaliun) *
(Other patameter [only if inchided in .
calculatian)
(Other parameter (anly if included in
calculation) &
(Other parameter [only it heluded in .
calculation) =
(Other parameter [only if included in
caleul
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Nuclide:

134': 5

HalfJife °-

Input data

. TRVALUE!

Table flgotanes{7th Editiah) . .

Method [including pre-concenbaton, tFappHeabla):

Added nitrate to 20L of agueous sample and adjust pH ta about L6, Added 138 g of (s and mixed well; then added & g of AMP and mixed well again. Solution was settdled overnight and collected|
AMP Lz by filtering. Dried AMP fCs at room temperature and calculated recovery rate by welghing. Inscrt AMP/Cs 0 teflon lube contalner, then measured Cs-134 using well-type germanium senti-
conduelar dutector for 100000 secands.

~“Detection system [including mothod af calibration):

11,0007

Germanium: semiconductor detector : GWL-90-15{0ORTEC), Software:Gamma Statdon{SELKD EG&G CO, LTD.)
Humber of points in the efMclency curve : 3 points, Type of calibration:guadratic curve

Nuclear data used

Parameter

VYalue

Uncerkzinty

Units

Dl sapree

Nalf Lifu

20620

0.0050

Table of Isstopes{71h Edition)

Fricipal j-rav emission ene: gy

04,6600

0.0200

leeV

Table of Iscropes(7th Edition}

y-ray emission energy 2 (if used)

y-ray emission energy 2 (if used)

[+-ray emissinn energy 4 {if nsad)

v=ray emission epergy 5 {if usad,

4 [ L [t [ie [

RESULTS

Reference time and date

2019-06.03 12:00:00 UTE

Sample numhber

M-103

Bg/kg

Uncertainty [k=1)

Activity concentraton

Contribubing parammeters

Value

HD

Uncertainty

Units

Relative uncertainty

Ml colint e

Frinclpal y-ruy emission probahilisy

Emission probability 2 [if used)

FEmitzslon prohabillty 3 [if used)

Emission probability 4 [if used)

Embssion probabiilty 5 [If used)

Principul -ray detection cficiency

Detectlon ullivieney 2 {if used)

+4m [ e [+ [+

Dretection efficiency 2 (if used)

retection efficiency 4 ( uséa]m' T

[etection efficiency S {if used)

Correction for radioactive decay

Mass of sample

kg

HYALUE!
HYALUE!

#YALLE

HTALUTE!
#YALUE!

|Reccvery rake of
precipitation[AMP/C5)

#VALUEI

{Other parameter (only if included in
ca]culation)

{Other parameter [only ifincluded in
calculation

I+

Other parameler {vnly ifincluded in
valculalian)

I+

Other parameter {only INincluded in
caleulation

I+
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Nuclide:

Input data
e
Method {including pr tration, if applicable):
fidded nitrate tor 200 of ayuecus sample and adjust pH w about 1.6, Added 0.39 g of CsCl and mixed well; then added A g of AMP and mixed well again. Solution was settled overnight and collected
AMP/Cs by filtering, Dried AMP/Ls al room Lemperature and caleulated recovery rate by weighing, Inscrt AMP#Cs to teflon tube container, then measured C5-137 using well-type germaniutn semi-
conductor detector for 190000 seconds,

Detection system (including method of éaﬁ.braﬁon]:

Germanium semiconductor detector : GWL-90-15{0RTEC] , Soltware:Gamma SLation{SEIKD EG&G €O, LTD.)
Wurmber of polnts in the efficiency curve : 3 points, Type of calibratutguadratic curve

Nuclear data used
I Parameter Valueg Uneertainly Units ... Data source
Halflife: 20.1740F = | 0.06340 v Table af jsulopes7ih Edition)
Princips ¢-ray enission snerpy B61,6380F=(0.0190 ke Table of sotopes{7th Edition)

f-ray emission enetEy 2 {if used)
f-ray emlssion voergy 3 (if used)
4 {ifused)
S {if usad

i fue e Jie e

leterence fime and dute Z019-06-03 1 00 UTC
Sample k . M-103

| Ll TR
Actviky concen i

Contributing parameters Uncertaingy Relative uncertainty
Wet count rate - 0.0164] +[0.0005 16%
Princips! y-ray emission peolability 0.8500] +|0.0050 p
Emission probabillty 2 (ifused]
Iirnissiun probagility 3 fif used)]
IE isgion probability 4 [if used]
Emission probability S {if used]
Pritecipal reray delechion: elfiowoncy {.1058
Detection efficiency 2 [if used]
Detectinn efficiency 3 [1F uged]
Derection efficiency 4 (ifused)
Detection efficiency & (if used)
Corrretion for radioactive decay 09950 |0.0000
ass of sample 21.3300] +|0.0246
|Recovery rate ol
precipitation(AMPfCs)
Other parameter (galy if included in
caleulation])
Uther parameter (oaly if included in
calculation]
Qther parameter (oaly if included in
calculation)
Other parameter (only if included in
calenlati

0.0025

i [ [ [ [ e |10

09781 £|0.0197

I+

i+

I+
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Nuclide:

3

Input data

Method (incl

=

pre-concentraton, ifappllcahle);

The samples were purified by using distillation apparatus of glass made 50 as to keep the cancentration of britium in water unchanged before and after the distillatlon. Mext, 1 liter of distilled water was
electralytically concentrated by using u sulid pulymer slectrolytic flm.For the liguid scintillation eounting, S0mL af the sample was mixed with S0ml of seint-cocktail[Ultina Gold LLT{FeckinEtmer|
fapan Ca, Ltd,)} ik a teflon bottle. The scintillation due to low enetpy bela-ray of trilium was determined by the Yow backgraund Ilguid seintillation counter for 1000 minutes.

Detection system [Inc]udin-g Trthod of callhratinn);

Liquid seIntillation counter.4ccuFLEX LSC-LB7 [ Hitachi, Lid)
Nuinber of points in the efficiency curve: 10 points, Ty pe of calibrativiguadratic curve

Nuclear data used

RESULTS

Farameter Value Uncertainty Units Data suurce
Halfllfe 12,3300 +[0.0200 yeat Redisisotope Pocket Data Book 10th Fdition
Decay anergy 18.5940/ +[0,0080 kev Radisisotope Pocket Data Book 10th Editicn

2019-06-03 12:00:00 UTC

Uncartainty (k=11

Unecertainty

Met count rate

Chemical recovery

Detection efficency

Carraction for radioactive decay

0.9745) = |0.0002

Mass of sample

| £]-
0.2770}+|0.0077

9. 5600, = 10.0012

[Cancentration factor

4.4200] £|0,3465

Other parameter (only ifincluded in

caleulation)

{Other parameter [only ifincluded in

caleulation)

4

{Other parameter [only if included in
calenlation

-

(Other purametar [only ifincluded in

Jcaleulatinn)

*
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Nuclide:

90,

5r

isisotopi Picket ata Biiok 10t Edido
Radipisotope Pocketlata Bool 10th Bditio
No dats source stated

Input data

" Method (including pre-cencentration, it applicable):
S wias cancentraled neng 167 eNChangs Team[Jower = FATHI ChRiGThate fTealfnelt was perlolmed T SEparate and puTily Sr, Salulon wi

separabed and purified Srsat mors than 2 weeks until St-Y becrme radicactively in eqoilibriutn. After belng in radieactive equilibrium, ¥ was separated using Fe co-precipitation wethod, and ¥-58
radioactivity was measured from a Y-90 callected filter using 2 gas-flow counter for 100 minutes. S-30 eoncantration was determined from Y-90 radivactivity recovery rate, decay cotrection, and)
inther iz calen|aHing.

Deleclion system {including method of calibration}:

2 gas-flow counter; LIC-4202B (Hitachi Aloka Medical, Lod.]
Number of paints in the efficiency ;1 points{Average value of & samples}

Tetection limit {Ey/kg): 00057 £

Nuclear data vsed

Parameter Yalue Uncertainty Unitlts Data source
Halfllfe 640416 £{n.0512 haur Radicisotope Focket Data Book 10th Edilion
Decay energy Z279.8000) (1 7000 Lkl ] Radicisatope Pocket Data Hook 10th Edition
30T anergy 1 +

RESULTS
Referencs tiswe and date 3 . 2019-06-03 12;00:00 UTE

Sample CMags
| Ba/kg

Achvity concentration

Uncertainty [k =1])

+[0.0001

Contribuating parameters
Metcount rate 0.8180
Chemical recovery 08327
Detectinn efficiency 0,5290
Carraction for radioactive decay 08292
tdass of sampie 42,1900

Other parameter (goly i included in 4
ewation) .

Uncertainty Relative unccrtainty

0.134%
0.0282
0.0137
40000
0.0081

H [ [ | |1+

Other parameter (only if included in
caleulatian)
(ther parameter (ooly if inchided in
calculation)
(ther parameter [enly if included in
calenlation)
OUier patameler (ooly if included in
caloulation

tt

I+

I+
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Nuclide:

134cs

Input data

Method {including pre-concentration, jfapplicable):

conductor detector for 100000 s,

[Addeel nilrale to 201 af agoegus sample and adjust pH to about 1.6. Added 0.3% g of £=0] and mixed well; then added & g of AMP and mized well agaln. Selution was setiled overnight and collected}
AMF/Cs by filtering, Dried AMP/Cs al rocm temperature and calealated recavery rate by weighing. Insere AMP/Cs to teflon tube container, then measuped Cs-[34 using well-type germanivm semi-]

“Detection system (lucluding mathad of calibration):

Detecton Howit (B

Germanium semiconduetor detecter : GWL-30-15(ORTEC) , Software:Gamma Station[SEIN0 EGEG GO0, LTD))
Mumber of peints in the efficiency curve @ 2 polnals, Type ol eslibralion:quadratic curve

Nuclear data ugsed

F Farameter Value Uncertainty Units Data source
Halflife 2.0620( 2(0.0050 ¥ Table of 1sotopes(7th Edition)
Frincips] Jray Bmission BN G046500[ £/ 0.0200 ke Takhle of Isotopes(7th Edition)
¥-tay emission energy 2 [if uwed) +

[r-ray emission energy 3 [if used) +

-ray emission energy 4 [ifuscd] kS

k issi 5 [ifused 4

Refuroncs time and dale

Uncertainty Units Relative uncertain

Metcount rate . ST p HYALLUE!

Frincipal -rav ermission probabiliny BEIE

Emission probahility 2 (if us=d) + _

Emission probability 3 (i used) +

Fmissioh probahility 4 (if nsad) + =

Emission prebability 5 {if used) + _

Principsl y-ray delectior efficiency -11]-

Derection efficiency 2 (ifused] + _

Detection efficiency 3 [if used) _

Datechion efficiency 4 [if used) I
|Betection efficietey 5 (iFuged] —

Carrection fr radiactive decay d |-

Mass af sample 14]- kg HVALUL
|Recovery rte o ]

precipitation[ AME /Cs) kb % #VALUE:

Othet patametot [onky if included in

caleulation) *

Other parameter [nnly if included )

calculation) *

Uthet parameter (only i ineluded in .

calculation) =

Other parameter (onky if included in .

ca|culation -

— 129 —




Nuclide:

157
Cs

Input data
Method [Including pre-cuncentration, if applicable]:
Added nitrate to 20L of aqueous sample and adjust pH to about 1.6. Added 0,39 g of C5Cl and mixed well; then added 6 g of AMP and mixed wall again, Solution was sertled overnight and ecllected

AME/Cs by filtering. Drled AMP/Cs at room temperatare and calculated recovery rale by weighing Insert AMP/Cs to teflon tube container, then measured Cs-137 using well-type germanium seml-|
canducror detector for 100000 secopds.

Detceton syslem {including method of calibration):

Germaniura semiconductar detectar : GWL-90-15(0RTEC) , Software:tamma Station (SEIKD EG&G £0, LTD)
Numhber of points in the efficiency curve : 3 points Type of ralibration:quadratic curve

Nuclear data used

Parameter Value Uncertainty Unils Data source
HalElife 30,1740 [0.0340 - Tale ol lsutapes(7 U Edition)
Prinelpal y-ray emission energy 661.6300 £|0.0190 ke¥ Table of |satopes(7th Edition)
r-Tay emission encegy 2 [if used) * »
-y ion enecgy 3 (if used) +
f-ray enmission etictgy 4 [ used) *
¥ emission enetgy 5 (if used)

Reference time and date
Zample number

. _2019-06-03

Contributing pacamaters Uncertainty Relative nncerminty
Mer count rate 0.0137) +| 00034
Principal y-ray eiission probability (L8500 | +]0.0050
Emission probability 2 [IMused)
Emission probabiliy 3 (if used)
Emission prubabilily 4 {il used]
Emission prolability 5 {Ifused]
Principal y-ray detechon =fliciency 0.1058
Metertion efficiency 2 (ifused)
Cetectinn efficiency 2 (ifused)
Cetection efficiency 4 [iFused)
Ceetection efficiency 5 [{Fuscd)
{Correction for radleactlve decay 0.9956| |dO0a0
Maxs af sample 211:i00|2|0.0244
Recovery rate of
precipitation[AMF/Cs}

(Other patamelet [only ifinctuded in
caloulation)

Other parameter [anty If included in
caloulation]

Other parameter [only if included in
ealoulation)

Other parameter (only i€ included in
ca) i

v (W[ 1

40035

1+ i H H

09752 00196

I+

I+
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Nuclide:

Input data
Method [including pr: aticn, ifapplicable)!

‘The samples were purlfied Ly using distillation apparatus of glass made sa as to keep the concentration of tritium in water unchanged hefure and after the distillation. Nexe, 1 liter of distilled water ways
electrolytically concentrated by using a solld poly mer electrolytic film For the liquid scintillaticn counting, S0iaL of the sample was mixed with Sml. of scinti-oocktail{Ultma Gald LLT(PetkinEbmer]
Japan Co, Ltd.)]) in a teflan bottle. The scintiltation due to leny ctietgy bela-ray of tritium was determined by the Tow background liquid scintillation counter for 1000 minutes,

Detection system {including method nfcaltbi'.arlou]:

Liguid scintilation counter: AccuFLEX LSC-LB7]Hitachi, Lid.)
Number of points in the efficiency curve: 10 points, Type of calilirationguad alic curve

Nuclear data used
Parameter Yalue Uncertainty Unils = Data source 1
HalFlife 12.3300] £|0.02400 year Radlulsota pe Fueked Dals Bogk 10th Edition
Dreay energy 185940 £|0.0080 5y Radloisotape Pocket Dala Back 100h Edition
Particle & 1 -

o RESULTS
Heterence timme and dake 2019-06-03 12:00:00 UTC

Unrermainty (k

Uncertainty

Ketcount rate DL.EE10| +|D.0R40
Chemical pecavary i -
Letection effici 0.2774
Correction ‘or radicactive deray 09744

Mass of sample 432100

3t s J1e

0.0077
0.0002
001z

[

Concentration factor B.7200;+|0,3527

-

Other pammct'c\r' G)nly iflncluded In
czlcuiation)
Other paramerer (only if included in
ralcufation]
Uther parameter (only if included in
calcuiation)
Qther parameter {only if included in
valcutztlon]

I+

I+
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Nuclide:

0.0007 = 0.0002

Input data
Method (lucluding pre-cuncenlration, IFapplicable}:
SCWas concentraled using 100 exCHANES resin| Jowex SUW-BA) front 4UL ol ayoenus sample. CATHoRare and Oatiuin ChioTTate tealment was perlormed [0 Separalc and parily Sr. Rolubon with

separated and purified St sat more than 2 weehs until 5r-¥ became radioactively in equllibrlts, After being in radioactive squilibrium, ¥ was separated using Fe co-precipitation method, and ¥-90,

radigactivity was rmeasured from aY-90 collected filter vsing 27 gas-flow counter for 100 minutes. S1-90 concenbration was delermined rem Y-90 radisactivity recovery rate, decay cormectian, and
ather pesarye ralenlatinm . .

Detecton system [including mathord of calibration):

21t gag-tow covnler:LBC-4202H (Hilachi Aloka Medical, Lid.)
Number of points it the eflciency -1 puinls{Average value of 6 samples)

Nuctear data used

Parameter Value Uncertainty Units " Data source
Half life 64.04156(+(0.0312 heaur Radicisotope Focket Iata Back 10th Editlan
Decay enerpy 2279.8000] +| 1.7000 kel Radigisotope Pocket Data Book 10th Edition
+

Reference time and date

gk T-M

lncertatnty

Net count rate N.6240 | +]0.1274
Chemical recovery 08219 +]0.0282
deteclion efficiency e 05250) £)0.0137
*
*

Carrection Pr radioactive decay 07675 | «|0.0000
Mass of sampie 3 42 8800 | x| ¢a062
Cther parameter (only ifincluded o
calculation)
(ther parameter (only ifincluded in
calculation)
Qther parameter (only ifincluded in
cateutarion)
Othet paraneler {pnly ilfincluded jn
ralculation)
Other parameter (ealy [Fincloded In
catcutation

[

I+
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Nuclide:

134
C

§

No uncertainty stated
prertainties.

Inpul data
Meathad (including pre-concentration, ifapplicable):
Added nitrate to 20L of aquecus sample and adjust pH to about 1.6, Added 0,39 g of CsCland mboed well; then added 6 g of AMP and mixed well again. Solution was settled overnight and colleeted

AME/Cs by filtering, Dried AMP/Cs at roat temperablure and calculated Tecovery rate Ly weighing. [nsett AMP/Cs to teflun Lube cobtainer, then measured Cs-134 using well-type germanium semi|
comductar detector for 100000 seconds.

Detection system [including method of caiia Hon):

Cermanjum semiconductor detector : GWL-B6-15[DRTEC), Software:Gamma Station(SEIKY EGRG CU., LT
Numhber af paints in the efficiency curve : 3 points, Type of calibraticn:quadratic curve

data used
P Value : Uncertalnty Units Data source
2.0620] +{p.0050 ¥ Tahle of Isotopes[7th Edition)
ay emlssion enerpy GO4BEDN| #|1LU200 kev Table of sotopes[7th Edition)
v-ray emission energy 2 (ifused) E
f-ray emission eoergy 3 (if used) +
-ty enlission energy 4 [if used] +
¥ gv 5 (i +

Refercuee time and date Z2019-06-03
|Sample mumber T-D1

By/hg

Contribubing parameters
Met caunt rate -

Principal j-ray emission probability _
Emission probability 2 [f used)

Emission probability 2 (if used)
IE ission probabllicy 4 (17 used]

Emission probability 5 (if used)
Principal 3-ray detection efliciency -
Detection efficiancy 2 [if nsed)
Dctection cfficlency 3 (if used)
Detection cicleney 4 [if used)
Detection efficiency 5 [if used)

Uncwurkainty Relative uncertainky
HYALUE!

HVALUE!

Wk g | D (1 [ [

Cotrection for radinactive decay -l |- #VALLE!
Mass of sample - 1]- HVALUE!
|Recavery rate of

precipitation[AMP/Cs) -t % HVALUEZ!

Uthen parawimeter (otly if eluded in

calculation)

Other parameter (only if included in
eailation)

Other parameter (ooly if included in

ralculation)

Qther pavameter {only if included in

cafculation

e

I+

"
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Nuclide:

Input data

Method (incl

E pre-concentration, if appli )

conductor detector for 10UDUG seconds,

Added nitrate to 200 of ayueaus sample and acdjusl pH to about 1.6, Added 0,32 g of CsCl and mixed well; then added 6 g of AMP and mixed well again, Salution was settled overnight and collected)
AMP/Cs by Hltering, Dried AMP/Us at roato telnperature and caleulated recovery rate by weighing, Insert AMP/Cs to teflan tube container, then measured Cs-137 using well-type germanium setmi-

Detection system {including method of calibran onl:

Germanium semisenductar detector : GWL-90-15[0RTEC) , Sultware:Gamma Station(SEIXC EG&G €O, LTRL)
Humber of paints bn the efficiency curve : 3 points, Type of calibration: yuadr atic curve

Aatn used
I_ Parameter Value Hucertainty Units Data svurce
Hairlife 301740 +]0.0340 ¥ Table of Isulopes{7th Edition)
Principal y-1ay enussian energy 661 63A0) +|0,0190 kel Table ol Isolopes{ 7th Edition]
v-ray emissioh enerey £ [if used) *
y-ray enerpy 3 (IMused) *
y-ray emission energy 4 (if usad] £
r oo energy & (if used 3

RESULTS

Reterence fime and dute

2019-06-03 12

Sample number SR
i

T-Di

Bo/ly

{0 UTC

Uncertainty (¥

Achvity concentrati

Contributing parameters

LOGSS

RS LLXINIAFS

Uncertainty

Net eount rate

5.0058

0.0003

Prinuipal y-ray emission probabilice

B.BS00

0.0050

Emission probability 2 (i wsed)

[Emission prabahility 3 (if used)

Fmissiun prabability 4 ({Fused)]
Emizsinn prabahility 5 (ifused)

Principal ¥-ruy deteslion efMliciency

01067

0.0025

Detertinh efficiency 2 [if used)

1 [ [ [ Jie bt [ [

Detection cfficiency 3 [2fused)

Derection efficiency 4 [if used)

Dratertion efficiency 5 [iFased)

Carrection for radioactive decay

0,5953

0000

Maszs of sample

19.5200

+|0.0225

|Recovery rate af
precipitation(AMFPfCs)

D472

£| 00195

Other parametzt (only ifincloded in
caleulation)

i+

Other parameter [only ifincluded in
rcalcalation)

Other parameter [only ifincluded in
ealeulaton)

Other parameter (gnly ifincluded in
valculatlon

I+
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Nuclide:

g

Activity concentration

.02

:1 Mo unceriainty sated Nuo upits stitedd |Wo daln source stated
| No § emission probzhilily stated |- Mo uncertainty stated N dala source sated
Input data
Method (including pre-concenlration, il applicable):

Distillation, electrolytic entichonent and liyuid scintillation counting,

Detection system (including methad of calibration):

Low-hackground liquid scintillation counting system [Hitachi Aleka Medical Ltd, LSC-LAS)
Quenching cotrection : sample channel ratio method

Nuclear data used

Paramater Yalue Uncertainty . Units " Data source
Halfkife 12.3120) +[0.0250 year [DDEP
Tincay encTEy *
Particle emission energy 1 *

[ RESULTS
Heference time and dato 2019-06-03 12:00:00 UTC
Sample number ] M-1011

Mncerkainty (k=1})

[Activity cancenlraling 0.0140

Contributing parameters Unrerkai
Met count rate
Chemical recovery
Detection efficiency
Correction for radicactive decay
Mass of sateple

Otlier paratneter (enly if included in
loutakion)

Relatlve uncertainty

(Other paraeeter (oaly Ifncluded in
calculation)

[Other parameter (only if included in
celculetion)

{Other parameter (only if included in
caleulatlon]

(Other parameter (only if included in
caleulation
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Nuclide:

D025

TORER

INo decay enevgy stated 1| No pncertainty stated Ho upits stated |[Mo dain source stated
L erissioT. probah; ) | Mo [l emission probability stated  E-{No unecrtainty stated No datz source statcd
Input data

Methed [{ncluding prue-conceplration, iTapplicable):

Distillaton, eleclrolytic enrichment and liquid seintillation counting.

Detecdon system [Including method of calibration):

Lowe-backgrownd liguid selatillalion counting system (Hitachi Aloka Medical Ltd. L3C-LES)
(uenching correcton : sample chatnel ralio method

Detecton Nk [By g

Nurlear data uged

RESULTS

Parameter Value Uncertainty Units Data source
Halflife 12.3120] +|0.0250 year DDEF
Docay energy *
Tarticle emlssion enerpy 1 *

Refurencs Lime and dale 2019-06-03 12:00:00 UTC

ple nu M-102
[ Bq/kg

Uncertainty [k =1)

ity comcentration 0.08708 ] 0.0140

Contrlbubing parameters Valuo Uncartainty

Relative unpertatnty

het count rate ] 0.26158 +[ 00424
Chemical recavery . 08670 +L0.0059
Detection efficiency 25,0530 £]0.0250
+
+

Cortectlan for radivactive decay 1.00450 +[0.0020
Mass of sample 10.0000] +F0.6050

- T

o C.2%|

" ooviee
0.1%

14.5% |8

Other parameter {only if included in
abeutatinn}

Qther parameter {only if includad in
cateulation)

Other parameter fonly if included in
calculadon}

I+

Other parameter (only if included in
calculation)

I

Gther parameter (only ifincluded in
calcutation

I+
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Nuclide:

“H

{DRER
No decay energy stated | Ko wacerkainty sated No units stated |No data source siabed
*|N. s hahi L5t} fated o daia source siated
Input data
Method [including pre: ation, ifapplicable):

T1stllaticm, electralytic enrichment and liguid scintitlation counting

Detection system {including method of ca m:ration]:

Low-background Hgutd scintillation counting system (Hitachi Aloka Medical Lid. LSC-LBS)
Quenching correction : sample chanmel ratia method

Detecion Hmlit (Ba /K,

Nuclear data used

Farameter Value Tnceriainly Units o " Data source
[Halt like o 123120 [00250 year DDEP
IDecay energy 1
Particle em|ssion epergy 1 +

RESULTS
Reference time and date 2019-06-03 12:0:0:00 UTC
; b M-103
i Bg/ ke Uncertainty [k =1}

Acthvity concentration 0.07701 +|0.0443
Contribuling parameters Value Unecertainky Units Relatve nncertainty
Wet count rate 0.2562[40.0419 palL 16.4%
Chermical recovery DB650[+|0.0069 0. 5%
Deleclion eficiency 250140 +[0.0630 0.3%
Cerrection [or radivactive decay L0045 | +(0.0020 .28
Mass of sample 10.0000 | +10.0850 2 D.1%
{ither parameter (only if included in .
calculatian] -
Other parameter {only if included in .
calculatian} -
Other parameler [only if included in .
calculation) -
Other patameter [only IF lncluded in .

Lenlatio H
Other parameter [only if included in .
calculation -
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Nuclide:

6.0800 = 6.0140

ZEF

No units stated {No data source siated

0 data source skated

~140—

Input data
Method [including pr ation, itapplicable):
Distiliation, electrolylic enrichment and liquid scintillation counting,
Detection system {including method of calibration):
Low-backgtuund liguid selobillalion ceunting system (Hitachi Aloka Medical, Led, LSC-LBS)
Juenching correction : sample chatinel vatlo method
Nurlear data usad
Paranieter Valun Unewrlainky Unils Data source
Halflife 12.3120]#[0.0250 Y¥Ear o
Decay energy +
Particle emissian energy 1 +
RESULTS
Reference Lime and date 20159-06-03 12:00:00 UTC
Sampl 1 M-104
Rq/hg Uncertainty [k =1}

Activity concentration 0.0800] 1 {00140

ing parameters Value Unceriainty Unlts Relative uncertainky

026721400421 cpam 15.4%;

Chemical recovery 0.8700] ;00070 8%,
Detection efficlency 249560 +/0.0720 RPN L .
Correction for radisactive decay 1.0045] +£0.0020 0.2%
Mass of sanple 10.0000] £]0.0050 # 1%
{Other parameter (only ifincluded in .
calculation]) -
Dther parameter [only if incladed in .
calculation] -
Qther patameter (enly i ncladed in .
caleulaton] -
Other patameter (ooly iMincluded in .
calculation) -
Other parametet {only if included in .
calculation ~




Nuclide:

{0REP:
No units stated |Ne data source stated
o i emission probahility stateml o uncerbainky skiled 0 data source skated

Input data

Method _(Iilr_lcl_ul_c!i:_'l_g_p;e-concentratiun. ifapplicable]:

Distillation, electralytic envichinent atd Yiguid scinbillalion counting.

Delection system [inclwiling method of calibraton):

Low-background liguid scintillation counting system (Hitachi Aluka Medical, L, LSC-LES)
Quenching correction : sample channel ratio method

Nuclear data nsed
I_ Parnmetar Value Uncertainty Units Data source
Halflife

123120] +|0.0364 year LDEP

Decay energy
Farticle emission energy 1

RESULTS
2013-08-03 150000 UTC

i
Sample number

concenlraliun

Uncertainty [ =1}

Actlvil

Contributing parametars
Het caunt rate ] 0.1673{ [0.0411

5
Chetwical rocovery 0.06004 +|0.0069
Detection efficiency 253030 +|0.U550
+
+

Uncertainty Relative uncertain

Correction for radicactive decay 1.0045] £|0.0024
Mass of sample 10.0000| +[0.0050 &
Other pavameler {only ilincluded in ’
cileulation]

Other parameter (onlj'"if!nciudcd in
calculation} T
Other parameter {only if included in !
cajculabion]

Uther parameter (only it included in
calicutation} -
Qther parameter {only if included in
caleulation -
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Nuclide:

50
5r

Wo uncertainty stated

| We sneertainty stated
| N uncertai stated

Input data

Method (including pr

ration, if

JSn'ontium was separated hone seawater by alkaline precipitation with sodium carbanate (Ma2£03), and strontium was separated using cation exchange chromatography and reprecipitated as|
strontivm carbonate (STCUZ), After vorium 90 reached leng-term equilibriut, 90V was sepataled Using an fren hydrexide voprecipitation method and measured with a gas flow counter.

Netection system (including method of calibration):

Detecton Ilmik {Bg/kg)

Caliration of the preportional counter (low-bachground gas low proportional courter) was performed by using the yttriam oxalate preclpitates produced by standard 51-90 solutlon.

00006324
Nuclear data used
Parameter Value Onecrtalnty Units Crata source
IHalllite 2R.7400] + year Radial pi Pocket Data Book 10th Ed.
Diecay uhe 0.5460( £ WeV Radioi pe Pocket Data Book 10th Ed.
Particle emlssion en

RESULTS

Radigizolope Focket Data Book 10th Ed.

Reference time and date

2019-06-03 12:00:00 UTC

Sumple number

T-D1

Ba/kg

Activity concentraton

Contributing parameters

Uneerealuty

Relative uncertminty §

Netcountrate .

Chemical recovery

Detection efficiency

Correction for radioactive decay

[#iass of sample

400000000 +) 200, B000

Other paramcter (ouly if included [n

calculatien]

Y 3 4
(ther parameter [onty if included in .
clewlatian]

Qther parameter (only if included in N

Qeher parameler [ooly il included in

calaulation)

Oeher patameter [ooly Winchoded in
calculation
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Nuclide:

134
C

g

input data
Method {including pre-concentration, if applicable}:

Adsorptan an AMP [; phuspt fyhdate] and subseq pamma spectTometTy.

‘The AMF suspension was allowed to settls and the spertatant solution is decatled away.

IMeasurement was carried out by uging gamma-spestronietry by means of a p-type coaxlal HPGe. The speett uom analysis was performed by using 3 soflware named Gamma Studlo (SELKD EGRG).
) De\!g}:__t__i\q_n_ system including method of calibration):

Efficiency callbration by mrans af standards in Vg type polypropylens container {Cd-109,00.57.Ce-139,Cr-51,5r-85,05-137, Mn-54,Y-B8 and Co-60) coincidence summing cozrections, self-abserptian|
carrections.

Nuclear data used

[ Parameter i Yalue Uncertainky [Fnils Data source .
FLalf Life 2.0624) £]0.0050 year Table of [sotopes Fth Ed.
G604.6600 | +]0.0200 ke¥ Table of sotopes Tth Ed

[i-Tay emi;

- TaY erniss|

- ray emlssion cnergy 4 [sMused)
H ission 5 [if used

Bl o dw e [+ e

RESULTS
Z019-06-03 12:00:00 UTC

JRelerence time and date
[Sample number T-D1

By g

concentration

Relative uncectainty |

rinelpal v-ray emissian prahabili

P
|Emi55iun prohability 2 (if used)
Emlssion probability 3 {if usec)

1
+
L
£
Emlssion probability 4 (if used] B3|
Emlsslon prohahility 5 (if used) +
IP mzipal wray detection elficiency
Detection efficiency 2 (if nsed) +
Detection efflciency 3 [Ifused)
Detection efficiency 4 [if used]
Detection effiviency 5 [if used)
Cortection for radluactive decay
Mass of satuple +
Other parameter (only il included n
calvulation]
Othet parametet [anly il included in

el I-”"] 1

Other paramarer {only if induded in
calculatlon}
Other parameter [only if incheded in
calculation)
Dther parameter {anly il included In
calcwlation}
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Nuclide:

ISTCS R

Activity concentration 0.0037 + 0.0004

~ Input data

Hethod .[i. Claicii pre-concéﬁtmtlnn, ifappllcable):

AdsorpHon on AMP [am i hosph lybdate]) and subseq Bammia spectrometty.
The AMP suspension was allowed to scttle and the spernatant solution is decanted away,
Measurement was carried out by using gamma-spectrometry by means of a p-type coaxial HPGe, The spectrum analysis was performed by using a software named Gamma Studio (SEIKO EG&G).

Detection system [ Including method of caltbralion):

Etficiency callbration by raeans ot standards in UB type polypropylene container [€d-109,Co.57,Ce-139,Cr-51,5¢-85,05-137 Mn-54,¥-88 and Co-60] coincidence sumining corrections, self-absorptaon
carrections,

Nuclear data used
Parametar Value [ Uncertainty Units Data source

Half Yife 30,1740} £(0.0340 year Tableaf pes 7th Ed,
Principal s-ray emission snet gy 661.63801 +|0.0150 ke Tabte of pes 7rh Ed,
[-TAy emission enetgy 2 (if nsed) +
p-ray emission energy 3 (if used] i
r-ray emlesion energy 4 (il uzed] +
-1 gy 5 [ifused.

- mission

Reflerence tine and date 2019-06-03

Uncertainty ik =1)

Q04

Cantributing parameters ; _ Uncertainty
Wet connt rate
Princlpal v ray emigson probabil by
Emii probabilivy 2 {if used)
Emizsicn probability 3 (ifused)
Cimission probability 4 (M used)
Emlission probability 5 (if usad)
Prinzipal »-ray detection effciency 352.8000
Detection efficiency 2 (if used)
Getection effleiency 3 (I used)
Detection efficiency 4 (if nsed])
Detection efliciency 5 {if used)
Correction for radloactive decay
Mass of sarple 20000,0000] | 100.0000
Other parameter [anly if incheded in
calalation)

Other parameter [anly if includad in
calculation)

Other parameter {onky i included in
caleulabian)

Other parameter {ehly If included in
calculation)

diher parzmeter [ealy if induded in
calculation

HE.0004

9.3452

[ ok [ [k fer Tk [
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Nuclide:

132
C

S

Activity concentration

Input data
Methad (Including pre-con rentrat_[pn, ifapplicabie):

For gamma-spectrometric measurements, the sample was transterred ta I8 type polyprepylens container and seighed. Measurement was rarried sut by using gamma-spectrometry by means of a p-
type coaxial HPGe. The speclrum analysis was pecformed by using a software named Camma Studlo {SEIKQ EG&C),

Detection system (Including d 6l calibration):

EMiciency caltbration by means of standards In UB type palypropylene cantainer (€d-109,00-57,0e-13%,0r-51,5r-85,05-137 M- 54 Y-80 and Co-60) eoincldencs swmming corrections, self absorption
carrections,

uclear data used
Parameter Valug Uncertainky Units Data source

Halllife 20620 4[0.0050 year Table of sptopes 7th Bd,

00200 ke Table of isotopes 7th Ed.

i
arincipal y-ray elnissicr:'é-:'\a:b,y a4.6800 [+]
¢ ray cmission cncrgy 2 {If used] i

+
+
£

7-ray energy 3 {ifused]
{-ray emission energy 4 (if used]
p-ray arission enetmy 5 (I used

RESULTE

Peference time and datu 2019-06-03 12:00:00 UTC
le number: F-FO4

Bo/flkg Uncertainty (k=1)

Achivity concentration fdry ] 2.0300] £|0,2420

Contribnting parameters Value T Uncertainty Unils Relative uncertainty
Het count rate 269.4000 +]31.1000 county 1135%
Principat y-ray emission probability 97,5600 +]0.3200
Emission probablilty 2 {1 used]
Emigslan prabahlllty 3 (if used)
Fmissian prabahility 4 fif nsed)
Emission probability 5 (if used)]
Pilneipal -vay doeteelion efficiency 352.8000
Dataction efficlency 2 [if used)
Tetection efficiency 3 [if used)
Tetectlot elficlency 4 [if uad)
Detectinn efficiency 5 [if used)
Correctinn for radigactive decay .
Mass of sample 100.0000 | +]0.0001 0.0%
(ther parameter {only {f inclnded in

9.3482 7%

b (H e T e (e [

lon}

Qther parameter {only if included in
calculatinn}

Other pararteter (only [f included n
caleulation)

Uther parameter {only if included in
caleulatan)

Other parameter (only If included it
calculation
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Nuclide:

187
C

s

ity concentration

- ~ Input data
Methed (tncluding pro-c attan, if applicable}:

Fat gamma-spectrometric measurements, the sample was tausferred to U8 type polyprapylene container and weighed, Measurement was carried put by using gamma-spectrametry by means of a p-
type coaxial HPGe. The spactrurm analysis was performed by slng a software named Gramma Studic (SELKO EG&G).

Detection system (inciuding method of calibration):

Efficlency callbratien by means of standards in U9 type polypropylene containgt (Cd-109,Co-57,Ce-139,0r-51,8r-85,C5-137, Mn-54,Y-88 and Co-60) cvincidence summing corrections, self-absarption
carrections.

Detectlon limit (Bg /e): .645

Nuclear data used I
Farameter Yalue Uncertalnty Units Dala source
Half life 3007401 [ 0.034] year _Table of 1sotopes 7th Ed.
Prinicipal - ray evission enerpy 661.6380 £|0.0154 keV Table of Isotopes 7th Ed.
y-ray emission energy 2 (if used)
vy el eherpy 3 (] used)
[p-ray emission energy 4 (1f used)
-rav emission cneegy 5 (Ifused

A

HESULT,
Reference Hime and date Z019-06-03 1
Sample numher: F-PO4 ;

Bg/kg

Uncertainty (=1}

Actlviby concentrali

B ED
Mat count rate IREE000
Frineipal - ray emis probability 85.0000
Emission probability 2 (if used)
Ernizsion proballlity 3 (1F wsed)
Emizssion probabilily 4 {if used)
Emissian probability 5 (if used)
Principal y-ray deteetion effloicuey 3528000
Detectlon efficlency 2 [if used)
Delection efficiency 3 [if used]
Detectlen efffclency 4 [if used]
Detection efficiency 5 [if used]
Caryect|oh for radigactive d;_ca_v
Mass of sample 3 100.0000 | 2| 0.0001
Dther patameter [only il induded in
caloulation)

Other parameter [only if included in

i Relative uncertaingy

A5, 1008
45000

B340z

wh ek e b | H [ (W

Other parameter [only If included In
valculation)
Other parametet [only if included in

inn)

Other pammeter (only if Included in
caleulation
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Nuclide:

134—C5

Activity concentration ND

Input data

Method [including pre-concentration, iTappllcble]:

For gamma-spectrometrle measarements, the sample was ransferred to UG typa polypropyiens container and weighed. Measurement was catried out by using gamma-spectrometry by means of a p-
type coaxlal HPGe. The spectrum analysis was performed by uslng a software named Gamma Studio (SELKD EGE&G).

Deteclion system (including method of callbratiun};

corrections.

Efficiency ralibration by means of standards in U8 bype polypropylene container [Cd-109,Ca-57,Ce-139,00-51,51-65,05- 137, Mn-54,Y-88 and Co-60) culneldence summing correclions, self-absorption)

Muclear data used

Parameter Yalug Uncertalnty Linlty Dats source
Half lif= 2.0620] +]0.0050 year Table vf Isolapes 7th Ed.
arirgipal y ray emlssion erergy GORGEO0] +10.0200 kel Table ol Isolopey 7th Ed-

[t ray erzisslon epergy 2 (5 used)

[f-ray emissian energy 2 [if used)

- Ay emizsion energy 4 [:f used]

we b (e dn B (W

LTs

Beference tne and dale

2019-05-03 12:0000 UTL

Sample number:

T-53

Bo]/kg

Uncertainky (k=1]

concentration {dr

Contributlng parameters

. Uncertainty Unlts

Relative uncerkainty

Met count rate

Principal y-ray emission prababillLy

counts

Emission prababllity 2 (IT used)

Emissian probehility 3 {if used)

Emission probability 4 [ifused)

Emission birehabllity & (1M used)

Prinvipal y-ray delection efficiency

Detectlon efficiency 2 [if nsed]

| [ e | [ [0 [

Detection efficlency 3 [if used)

Detectlon efficiency 4 [if ns=d]

Detectlon efficlency 5 [if used)

Correction [or radioactive decay

Mass of sample

ither parameter (only if included in
calculation?}

‘Other parameter {only if Included n
calculatinn}

-

(Other parameter (only if Included in
crlcnlationy

{Other paramebter (ondy if Included tn
calculation}

s

(Other paratneter {only if Induded in
calculaticn)
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Nuclide:

137
C

s

Input data
Method [including pre-concentration, if applicable]:

Far gamntra-spectromelric mesurements, the sample was transferred to 11 type polypropylene container and welghed. Measurement was sarried out by using garaima-spectiometty by means of a p-
Cype coaxial HFGe. The spectrom analysis was performed by using a software named Gamma Studie [SEIKO EG&G).

Detection system (Including method of calibration):

jtficiency callbration by means of standards in UB type polyprepylene container [0d-109,0o-57 Ce-139.0r-51,5r-85 Cs-137.Mn-54,¥-88 and Co-60) coincidence sunuming coreectons, selfabsorption
carrections.

uclear deta 1se

Parametar Valug i Uncertainty Bnits Data source
Hall tife 301740 2100340 Yuay Table of Esatopes 7th Ed. |
Prlncipal y-ray emissian energy 661.63080) +10.0190 he¥ Table of Isotopes Tth Ed. ’
y-ray emission ensrgy 2 (ifused) +
W-ray cnergy 3 (if used) +
¥ ray emisslon energy 4 (if user) +
¥-ray emisslon energy 5 [if used

RESULTS
Reference fime and date ] 2019-06-03 12:00:00 UTC
Sample number: T-53

Uncertainty {(k=1)

Acttvity concentration (dr

Uncertalnty

Met counl rate 1071.3000
Peloclpal y-ray emissian probabilice 15,0009
Emission probability 2 [if used)
Ernisslon probability 3 [if used)
Emnisslon probability 4 [if used)
Frrisslon probahility 5 {if used)
i’rinciga] p-ray detectlon efficiency 352.8000
Derection efficiency 2 (if used)
Deeection elMciency 3 (if used)
Detection eMcicncy 4 [if used)
Detection elficiency 5 (if used}
Carrectlot for radivactive decay
blasy of sample 1000000 | £| 00001
Other patameter (only iFincluded in
ralculation)
Other parameter (ealy if included in
lculation)
Other parameter (only if included ln
caleulatiany
Dthar parametar (only [ included in
calaulation)
Uther parameter (only it included o
calculation

42,6000
1.5000

5.3483

W (o Tee o (1 |4 [l
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Nuclide:

Principal y-ta

Input data

Table 5l sotopes. ?th £d. «

Method [.i.n.c[ud ing pre-concentratlon, ifapplicable}:

type coaxial HPGe. The spectramm analysls was performed by using a software named Gamma Studic (SEIKO EG&G).

For gamtna-speciyometric measurements, the sample was transferred b UB Lype palypropylene container and weighed, Measurement was carcled aut by uslng gamma-spectrometry by means af a p-

Delectlon system [

of calibration):

Efficiency calibration by means of standards in UB type polypropylene contalier {Cd-109,C0-57,Ce-139,0r-51,8-85,(x-137,Mn-54Y-B8 and Co-60] coincidence summing earreetions, selfabserptian)
lcarrections,

RESULTS

Farameter Yalue .. Uncertainky Units Data source
Elalf ife 2.0620( +0.0050 year Tabic of [sotopes 7th Ed,
Princlpal v-ray einission energy 6046600/ +(0.0200 keV Table af [sotopes 7th Ed.
y-ray emission energy 2 {if used) +
y-ray erlssion energy 3 (WM used) T
y-ray erlssion enerpy 4 (if used) +
-TAY EMission energy 5 (U used) L

Refrrence time and date 2019-06-9F 12

Sample t T-56

Uncerialnly fk=1)

Activity concentration [dry

Caontrlbut| N parameters

Mt count rate 417.5000
PBrinvipal 3-ray emission probability 97.5600
|Emission probability 2 (it used)
Emissioﬁ probablity 3 {1Fusud})

Einlssfan probabilily 4 {if uzed;
Emizsian probability 5 {if wsed}
Prinripal y-tay derection efficiency 352.8000
Detectipn efficiency 2 [if used]
Delectivn efficiency 3 [if used]
Detectlon efficiency 4 [if used)
Pelection sificiency 5 [if used]
Corvaction for radwactlve decay
Masz af sample 100.0000] + | 0.0001

93492

o L [ e [ e e [

-

Cther paratmeter (enly I incuded in
caloulation)

Other parameter {only if included in
calculabion)

Dther parameter {on]}lii included in
aleulalion)

Other parameter {only Fincluded in
calculation) *

(ther parameter {only il included in
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Nuclide:

137CS

Input data
Methed (incliding pre-cencentration, [fapplicable):

For gamma-spectrometTic nieasurements, te sample was Lansferred to UB Lype polyprapylene container and weighed, Measurement was earried oyt by Using gamima-specootuey by means of a p-|
type coaxial HPGe. The spectium analysis was pertormed by using a saflware named Gamma Studio [SEIKO EC&G).

Detection system [incleding method of callbration);

Efftelency callbratfon by means of standards In U8 type polypropylene container (€d-109,Ca-57,Ce- 139 0r-51,50-A5,C5-137, Mn-54.Y-88 and Co-60] calbcidence summing carrectons, soli-zbsoiplion)
corrections,

uclear data use

Farameter . Value Uncertainty Units Data source
Flalf life 30.1740] £ 00240 vear ‘Table of [sotopes 7th Ed
P rincipal -ray emission energy G 1A3AN] £| 0.0190 key ‘Table of [sotopes 7th Ed
y-ray emission energy 2 (ifused]
y-ray emisslot enerpy 3 (if used)

y-Fay emissivn energy 4 (if used)
N-ray emission energy 5 [if used

s (e v e (W

RESULTS

Reference time and dace 2010-D6-03 12

Sample number: T-58 -

Bg/lg Uneertainty (k=11
Bl

Actlvity concentratinn (dry

Contributing parameters ¥al
Met count rate . 42052000
Prigeipal - ray gmission probabill by B5.0000] +
Enission pr Uity 2 1F usucl +
Etflisslon probanlllty 2 {iF used :
Etnissian probahility 4 {if used E

-

Emission prabability 5 {ifuscd
Frincipal ;-tay detection efflctency 3528000
Detection efficiency 2 {1f used)
Detection efficiency 3 {if used)
Detectlon efficiency 4 {if pued)
Delection sfticiercy 5 (F uged]
Carrectian for radioggltive decay
Mass of yample . 1000000} = | 0.0001
Cither parameter {only il included in
calculation}
Dther parameter [only if included in
catculation] =
(Other parameter [only if Included in
calculztion)
(Cther parameter [anly if included in
calculation]

Cther parameter (only if included m

2| 8.3452
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Muclide:

M101-1-4-2

Iuput data

stethed (including pre-concentration, if applicahte];

[The seawiter swiuples were puified by distillation, and then teltum bt the sample was concentrated by an electrolytic envichment methnd (5400 ol te 50 mL}, Enriched sample was Rurther purilied Ly
digtillation 50m] of the distilled water was mieed with 54 mL of Witma Gold uLLT scintllation cocktail.

Netectinn gystem (including mettied ol calibration}:

[ ray of the sample were measured vsing a Kitachi AceuFLEX LSC-LBY low background liquid scintillation counter, By nsing 8 standard samples with known concantrations of gidum and varlabid
quenching levels, relaton ship hatwseen conning cfcencies ant exteraal stawdard chinmel raos was decived The relalionship was used ko estimate coonti ng efficlencles for each sample.

Nuclcal data used

Parameter

Value

Uncertainty F Units " Datd source

Half life

|ycar Evaluated Muclear Structure Data File

Decay epermy

Evaluated Nuclear Structure Duta File

Evaluatcd Muclear Structure Nata File

RESULTS

JReferencs tme and tate

20

Satrple nimber

19-06-03 1%:00.00 UTC

T.Ina!rmillry [f

Uncertaingy

Met count rate

ZHELDODDE: [45.6470

¢ hetnleal rerovery 6.2350|
Detection cllicie noy 24,1145
Correctinn Far padlnackive decay 3I7567]
Macs of sample SHODO0) 1.
(Other parametar fonly if included [n

calculation)

(Okher paratoeler foandy if induded In
cotrulstion)

(Hher parameter [only if induded in
calculation

(icher parameter Lobky of Induded

Cthier parameter [wkly Hincladed in

mlcttlation)
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Nuclide:

M102.1-4-2

Input data

Mothod [including pre-cancentration, if applicable]:

distillation. 50ml of the distilled water was mixed with 50 mLof Uidina Gold uLLT seintillation eacktail,

The seawater saimnples were purlfied by distillation, and then tritium (o the sampie was concentrated hy an eleciralytic entiehment method (500 mL o 50 mLY, Enviched sample was farther purifed by

Detection system (including nicthod nrcn]Thratlnn):

[ ray of the zample were measured using 4 Hitachi AccuFLEX LSC-LET low backgraund Tiquid scintillation counter, By using 8 standard samples with lmown concentrations of tribum and varlable]
muenching levels, relationship between counting efliciencies and external standard channel ratios was derived. The rel

hip was used to £ st counting efficlencies for sach sample.

Faramatar : Value ] Uneerlsinty Units Drata source
Half life 12.3200(+ [0.0200 Evall i Murlear Sirochure Data File
Decay energy 1A.5004) # |0.0032 Evaluated Muclear Stycture Data File

RESULTS

Evaluated Nuctear Structura Data File

Reterence me and date 2015-N6-n3 1
Sample number MI10Z-1-47

Bafkg

0.1087] £10.0220

Contributing parameters

Ungeitaluty

Relative uncertaind

Hel count rate 2510000

495724

*
Chemical recovery 5.55A0[+{01559
Detection efficiency 28.1235) 10,7825
ICarrecton for rad) ive decay 09767 {00001
*

Mags of sampie

14.59

[ 2a6ul

S0.0D00)+{0.0207
Other {enly fincluded in
calculation)
Other parameter {oaly if [ncluded in
calculation)
Other paranieter Lonby i inciuded in
chlculation)
Other parareter (only I Included in
calculation)
(het parameter {ooly i included in

calenlad
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Nuclide:

atéd Hu

Input data

Eriloated Nuslear Stmchire Hats fife
; -

Triika-Rile.

Method [including pre-concentration, Ilapplicable):

The seawater samples were purlfied by dlstillalion, and then tritium in the sample was concentrated by an electrolytic cnrichment method (500 ml.to 50 ml}, Enriched sample wag further putified by
distillation, SOmE of the distilied water was mixed with 50 mL of Ultima Gold uLLT scintillation cocktail,

Detectlun systein {incloding melhod of calibration]:

i ray of the sample were measured using a Hitachi AcouFLEX LSC-LB7 low background fHiquld sclntillatioh eounter. By using A standard samples with Ymown concentrabons of tritlum and variable)
nenching levels, retatonshlp benwee n counting efficlencies and external standard channel ratlus was dettved. The relationship was used Lo estimatz counting efficiencias for each sample.

uclear data used

Partice eny

Parameter Value | Uneertainty | Uisles Dals suurce
Half life 12.3200] +]0.0200 [year Eval | Nuclear Structure Data Fite
Decay energy 1R5904 :lTJ‘DDSZ v Eval d Huclear Stritciure Bata Flle
1000000 + LR

RESLULTS

Evaluated Nuclear Struchure Bata File

2019-06-03 12:60:00 UTC

M103-1-4-2

Relerence time and date
Sample number
|

Bg/lp

Uncertainky [

Contrikuting parameters

Uncartainty

Hel count rate 281.0000] +]47. T4
Chenical racovery 1]
Detection efficiency ZE.0094)+|0.7817
(Correchan for radioactve decay 19766 t|n,0001
Mags of sarnple Soo0d i|D.020?

(Other parametar [anly if included in
calculation)

Relative uncer taini
17.6%)

2.8%

0.0%

Other parameter [only ifincluded in
calculation]

t

(Other parameter [only i included in
calculatinn)

(Orher parameter [only I included in
ealculabon)

(Other parameter (only if included in
ralculation
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Nuclide:

Input data

Methed (including pre-concentiatiow, i uppllmble]:

The seawater samples were purified by distillation, and thes Lritium in the sample was concentrated by an eleciralytic enrlchment methad 500 ml.es 50 ml), Enriched sample was further purified by}
dlstlllatan. Siml of the diskilted water was mised with 50 mL of Wtima Gold uLLT scintillation cocktail

Detectlon system (Incleding method of calibration):

B ray of the sample were teasured Using a Hilachi AccuFLEX LEC-LB7 low background lguld sclntillation counter. By using 8 standard samles with known concentrations of titlum snd vaciable
quenching tevels, relationship henween countng efficlendes and external standard <hannel ratios Was derlved. The rel hip was used to st ing elficiencies for each sample.

Nuclear dals used

Parameter Value | Uncertainty | Uniiy B Dats source
Hatt 1Ife 123200 +{0.0200 [year Livalnated Nuglear Structure Data Fle
Liecay znerpy 18,5004+ (00032 [ Evalttated Huclear Sgucture Rata Fila
Particle emission cnergy 1 100,0000]+ Eyaluated Nuclear Structure Data Flle
RESULTS
Reierence Hene and date 2019-06-03 12.00:00 UTE
Sample numher M104-1-42
gtk Uncertainty (k=1}
Activily eoncenteation | L8 K F 1R erae )
Contribuling parameters Yalne Uneertainty — Units Relatlve whicerLabii:
Het countrate 3440000 +150 2039 3 14.6%
Chemical recovery 6.2756[+0178T 2B%)
Detecticn elliciency 28.2360[+]0L7FHEH 2.Boh)
Correcton for tadicaclive decay DSTE4| £]000001 0.0%
Mass of sample S0,0000) +)0.0207 0,00
Gther parameter {oniy I incTuded in
caloulativig =
(Other parameter {ondy If included in
cakenlatlon) =
Uther parameter {gnby iFincluded in .
Other parameter [only if inchuded i
valculation) F
Other parameter (paly if inchuded in
calculaban =
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Nuclide:

5]
Radioactive dicay

Input data
Method [incinding pre-concentration, ITapplicable):

The seawater samples were putificd by distillation, and ien tritium in the sample was concentr ated by at slectroby licenrichmenl methad {500 mL ta 5& mL}. Enriched sample was firther purified byl
distiflation S0ml of the distilled water was mived with 50 mL afUltima Gold ULLT scintillatian cacteail,

Detectfon system (Including method of calibration):

B ray of the sample were measured vsing a Hitachi AriFLEX LSG-LUT low background liguid scintilfation counter, By uslng B standard saraples with lmown cancentrations af tritum and varlable
quenching levels, relatonshlp belweesn counting efficiencies and external standard channe] ratios was derived. The rela donship was used W estinate couninyg efficiencies for each sample.

Nuclear data used

Parameter " Value 1T Uncertainty | Units Data source
Half [Ife 123200 +|0.0200 |year Evalinated Muclear Structure Data File
Decay energy 16.5906] 10,0032 kel Eyaluated Nuelear Soucture Data File
Particle emission enermy 1 L00.0000]+ Evaluated Nuclear Struciore Data File
RESULTS
Mefzrence dme and data 2018-06-03 12:00:00 UTC
Sample number T-N1-1-4-2
Bg/ky I Uncertainty [f=1)
[Activity enncentration 094 H 110203
Contributing parnmeters ) Value Uncetainty Units Helatlve uncertaing
Hebconnt rate 232.GH00] 40,6750 ] o A1.2
jChemical recovery 5A772] = [0.1677 2.B%
jLicicction efficienc: 28.1522|=|0.7636 2.B%
Correclion for radigactive decay 09767(£|0.0001 110
Mass of sample sn.ogaa)-|9.0207 0.0%
Dther parameter {only il included it .
Other paratneter [only #f incloded in .
uleulation) -
Other parameter fonly Tfincluded in .
calenlabion) B
Uther parameter (enly i included in .
calculation) =
(Other paramater (onlyif ineluded In .
calculalinn -
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Nuclide:

738
P

u

Wauning! et sample count rate uncertainty is >5lﬁ’u

Input data
Method {Including pre-concentration, ibapplieable): o
|50 g dried sediment samples was heated at 450 *C overnight Pu-242 tracer was added, and Fu in the sediment sample was extracted with 8M ninic acid, The extracted solution was heated and

concenlraled and adjusted to 8M nilric acid, Sodium nilrite was added to adjust Pu oxidation state, Pu separation and purification was carried out using anion exchange resin {Dowex 1x8 100 - 204
mesh). The purified Pu was electtodeposlied on the slainless stee] plate and { by i seeniconductar deleciyr,

Deteclion system (including method of calibration):

CANHERRA Alpha Analyst, energy calibrated with Am-243 sourse,

Nurlear data used
Parameter Value Uncertainty Units Data source

1 Labf ke £7.7400] +]0.0300 year BIPM-5 Table of Radtonucides Vol.G

Decay energy 55593.2000) £30.1900 ka¥ BIPM-5 Table of Radionuclides Vol5

JParticle emission 2neray 1 0.7104) £10.0006 LIPM-G Table of Radionuclides Yol.5

RESULTS

Relerence Lime and date 20159-06-03 12:00:00 UTE

Samnple number: F-FO4

By /kg Uncerminty (£=1]
Activity concentration {dry ] =0.0032] +

Elll;'lh_l_lﬁng parameters Value Uncertainty Unitz Relative uncertainty
Met count rate - . 0.0D00] +]0.0000 140.0%
Chommical rocovery . S
Detectian efficiency *
+
+

Correction for radicactive decay

Massofsample 7 50.0000]

Other parameter {anly if included in
leulation]

Other parameter {only if included in

calrulrtion}

Cther parameter {enly if included in

cafed]ation)

0403 gdry . S - &)

I+

IS0TOPE DILUTION TRACER Nuclide Fu-242
Activity concentraticn 17.2598| +|0.4373 rﬁB[{f mL 2.5
Mel counl rate 00103 100004 Ccps
Detectict oficiensy

Lprrection for radioartive decay
Mass of racer added 2.0000| |0.0058 mL
Other pavameter {only ifincluded in
Jealculation)

Dither parameter {(only ifincluded in
calculatinn)

Crher parameter (oaly IMincluded o
cateulation)

*

I+

I+
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Nuclide:

239?550#1'1"

P 239 bl i 24400 ¢ 13 year(BIPM:S Table o Radioniictit

[nput data

Fir39 8l pha SReTEY § w430 4 ke V-UBIFM5 TablE of R
Pu-239 probability : 0.7079:5 40010 {BIFM-5 Table of Rad

Methed [ineluding pre-concentration, if applicable):

50 g dried sediment samples was heated at 450 ¢ overnight. Fu-242 tracer was added, and Fu in the sediment sample was extracted with 8M nitvic acid The extracted solubion was heated and
concentratad and adjusted to BM nitric acid. Sadyum nitrite was added to adjust Pu oxidation state, Fu separation and purification was carried out using anien exchange resin {Dowex 135 100 - 200
mesh]. The purified Puwas electredepaosived an the stainless steel plate and measured by S1 semicanducter detector,

____Detec\'ionsystem[' Indi

method of calibration]:

CANBERRA Adpha Analyst, energy calibrated with Am-243 sourse,

o

" Parameter

Yalue

UnceTtainty

Units

Nata source

Half life

24100.0000] 1

110060

year

Pu-239 half-life; 24100 # 11 year (BI"M-5 Table of

5244.4300] +

0.1400

Particle cmlsslon cherpy 1

L 07079+

0.0010

RESULTS

Reference time and date

2019-06-03 12:00:08 UTC

Sample number:

F-FO4

By/ky

Ackivity concentration [dry )

Conbrlbubing parameters

0.3970] +

Yalue

0.02940

Ancertainty (k =1)

Uncertainty

el

Units

Pu-239 alpha enerpy : 524443 + 0,14 keV (BIFM-E Table nf

Pu-239 probability : 0,707 2 00010 [(BI[M-5 Table of

Relatve uncertainty

Met rount rate

0.0059

a003

Chemical recovery

[

Detectlon effclency

Carrecticr for tadloactive decay

Mass of sample

T

S0.0000

0.03403

iy

4605

0.1%

Other parameter [only if included in
calculatian)

Qther parameler [only ifincluded in
valvulation)

I+

(tther parametet [only Ifincluded in
rcaleulation)

I+

iSOTOPE DILUTION TRACER

Kuclide

Pu-242

Activity ronsertTation

17.2596]+

04373

mBg/ml

2.5%

HNet count rate

103

0.0004

Letection efficiency

Correclivn Jor radicaclive decay

Mass of tracer added

2,000

00358

cps

mL

ther parameter (anly 1f included in
caleulation)

I+

Olber patatoeter (obly il induded in
calculation)

Other parameter (only if included n

caleulation)
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Nuclide:

tid
ZSP

FVALUE!

Input data
Method (including pr ration, ifapplicable)
[50 g dried sediment samples was hented at 450 °F overnight. Pu-242 tracer was added, and Pu in the sediment sample was extracted with 8M nitric acid, The extracted sclution was heated and
fconcentrated and adjusted to BM nitric acid. Sodlum nitrite was added ta adjust Fi axidation state. Pu separation and purification was carried out using anion exchange resin [Dowex 1x8 100 - 200]
mesh). The purified Pu was electrodepasited on the stainless steel plate and measured by 5i semicenductor detector,

Tietection system {including method of cal=i=bration):

CANBERRA Alpha Analyst, energy callbrated with Am-243 sourse,

Detection limit (Bg

e dae

Parameter Value . Uncertainky Uniks o Data source
Halflife B7. 7400 Year BIFM-T Table of Radi lides Vol &
Lecay energy 5593.2000 BIPM-5 Table of Radi lides Val5

Pa: i 7 | " : B1PM-5 Tahte of Radionuelides Vol &

RF LTS
F019-BA-03 12300,00 UTC

Conbibutng paratneters Value Uncertainty
Net count rale 0.0001] 1 [0.onoo

Chwernital recovery

Detection efficiency
Correction ke vadivactive decay
Mausy of sainple S0.00a0
Other patameter [aniy ifinclided in

Yehab,

[T S e

0.0403

[

Other patametar [anby i ircluded in

calculation)

Other parameter {only if included in
Jewlstion)

I+

"I50TOFE DILUTION TRACER Nuclide
Activity concentraljun 17.2595[+|0.4373 mBg/mk
Met count rate o.01t0] [pooog s
Detection efficiercy A
Correction for radicactive decay B
Masz of tracer added 2.0000) |n0058
Other parametet fonly i included In
calculation)

Other parameter fonly if included in
caleation]

Uther parameter {only if included i
calouletion}

+

-
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Nuclide:

o z39;szu

Inpu a

Methnd {including pre-concentvatinm, ifapplizahie);

50 g dried sediment samples was heated at 450 € overnight Fu-242 tracer was added, and Fu in the sediment sample was extracted with BM nitvic acid. The extracted solution was heated and|
concentrated and adjusted to $M nitrlc acid. Sedium nitrite was added to adjust Pu axidation state. Pu separation and purification was cartied out using anion exchange reslh (Dowex 1x# 100 - 200
raesh). The purified Pu was electrodeposited on the stainlass steel plate and measured by 51 semiconductor detector.

Detection system [inclnding methed of calibration):

(CANBERRA Alpha Analyst energy calibrated with Am-243 sourse,

" Nurivar dats uyed

Parumeter Value Uncertainty Units Data saurce
|Eialflifc 24100.0000] +111.0000 year Pu-239 hall-lifc: 24100 + 11 year (RIPM-5 Table of
|Becay energy 5244.4300| +|0.1400 ko Pu-239 alpha encrgy : 524443 + 0.14 ke (BIPM-5 Table of
Darticle e +| 00010 9 ahility 079 2 )

¢} 5T

RESULTS
Reference time and date 2019-06-03 12 0 UL
Satnple nuniber T-83 i

[ Bey/ky Uncertainty (k=1]
i [21]

~mmtributing parameters
Met count rate 00057 +
Chemriea] recovery +
Tietectinr efflciency +
+
+

0.0003

{orrectian {or radicactive decay
Mass of sample 500000
Other parameter (only it included in ,
calculation) -
Other parameter (only if included in
caleulalion)

00403

I+

[ither parameter (ooly ifincluded in
zalculation) -
ISGTOFE DILUTION TRACER
Activity concentration 17.209E8| + 0,4373

MNet count rate 001310 [0.0004
Detection efficiency

Carreclion for radioactive decay
Mass of tracer added zooon| [ooosa
Other parameter (only iFincluded in
caleulaticn)

Other parameler (only included in
cleaston)
Other parameter [only if included in

calrulation *

I+
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Nuclide:

Z38

Pu

Input data
. Method [including pre-conc ation, if applicable):
|50 g dried sediment samples was heated at 450 *C overnight Pu-242 tracer was added, and Fu in the sediment sample was cxtracted with 8M nitric acld, The extracoed solution was heated and|
cuncentrated and adjusted Lo BM nitric acid, Sodium nitrite was added o adjust Pu oxidation state, Pu separation and purification was carvied cut using anion exchange resin [Dowex Ix8 100 - 200
mesh). The pucified Pu was eleclrodeposiled on Lhe slainless sleel plate and measured by Si semiconductor detector.

Ty

Detection system (i method of calibration):

CANHERRA Alpha Analys:, energy calibrated with Am-243 sourse.

wlear data use
Parameter Valuc Uncertalnty Unlts Daka solrce

1lalftife B7.7400] +[(.0300 year BIFM-5 Table of Radionuclides ¥ol.5

Decay energy 5563 2000 £)|0,1900 sy BIPM-5 Table of Radionuclides ¥ol.5

[Particle emission eneray 1 0.7104] £|0,0006 BIPM-5 Table of Radionaclides Vol.5

v {i+

+

RESLLTS

Reference time and date 2015-06-03 12:00:00 UTC

Sample number: T-58

Rq,/lp | Uncertainty [k =1}
Activity concentration [dry ] =[LU15) 4

[Lontributing parameters Valug Uncertainty Units Relative uncertainty

Met count rate I 0.00014 +|0.0000 cps S0.0%

Chemical recovery )

Petection efficiency

Correction for radigactive decay

Mass of sample ) 50.0000

Cther parameter (only if included in
lesiation}

(ther parameter (only if included in

ralculation)

Other parameter (ooly if included in

caleulatlon)

4 i 1

|1

0.0403 g-dry 0.155

I+

I+

ISGCTOPEDILUTIONTRACER Nuclide: Pu-242

[Activity concentration 172508+ |ndazs mBg/ml, 2.5%
ilel counl rale 0.0058] 1d.0003 Cps
Detection ciliciency

(orrection for radinactive decay
Mass of racer added 20000 {04058 L
Cther pavameter (caly ifinctuded in
Jealeulatian)

(rher parameter {only iFinclnded in
icalculatian}

Qther parametar (only ilincluded in

calenlatian)

I+

i+
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Nuclide:

23 f;',-r;uup n

Input data
Methed {including pre-cor ation, if applicable):
159 g dried sediment samples was heated at 450 "C overnight Pu-242 tracer was added, and Pu in the sedimcnt samplc was extracted with 8 nitrie acid, The extracted solution was heated and

concentrated and adjusted to BM nitic acid, Sodivm nitrite was adided to adjust Pu oxidation state, Pu separation and purification was catried ot wslng anion exchange resin (Dawex 1x8 100 - 200
me=sh). The purified Puwas electrodeposited on the stainless steel plate and ineasuied by 5i semiconduclor delecter,

Deteclivn systein [including methed of calibration):

CAMBERRA Alpha Analyst, energy calibrated with Am-243 scurse.

Detection limit

Nuclear datansaed
Parameter Value Uncertainby Unity Dala suurce

Halflife 24100.0000] £[11.0000 year Pu-230 half-life: 24100 + 11 year (BIPM-5 Table of
Deray energy S244.4300] 40,1400 haV Fu-239 aipha energy : 5244.43 4 0.14 eV (B[PM-5 Table of
Particte emissioh eneegy 1 07079 +[0.0010 Fu-23% probahbility ; 0,7079 20,0010 (BE[PM-5 Table of

RESULTS
Eeference thne and date 2019-06-03 12;00:00 UTC
Fample number: T-58

: Bg/lkg Uncertainty (k =1}
Activity comcentration (dry | _ . 0.5490] +[0.0480

Contributing parametnrs Value Uncertainty TUnits Relative uncertainty
Net count rare 0.0046] +|0.0002 cps 5.2%
{Chemlcal recovary +
Detoction cfficiency +
E3
+

Corvection for radinactive decay
Mass of sample S0.0006
{(ther parameter (only if incduded in .
caleulation) -
(OLbver parameler (only if included in
caleulating)
Other parameter {only ifincluded in
lculation)

0.0403 2-dry 0.15

ISOTOPE DILUTIONM TRACER . Noclide Fu-242

Activity coneantration 17.2558]+(0.4373 ] mbgfmL 2.5%
Het count vate . o058 000603 cp3
Trebection efficiency '
L orrection for radivactive decay
Mass of tracer added 2.0000] |0.0058 ml
Other parameter (only ifincluded in
calculation)

‘Other parameler {vnly ilincluded in
caleulation) )

Other parameter (6n|y IFincluded in

calculation)

I+

I+
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Nuclide:

an,
Sr

Activity concen

No unity skated | Ne datz source staled

-JNo decay energy stated d |MNn dnts sonrce stared

Ho @ em ropahi N data source staled

Input data

ﬁetl:od lincluding prlg-cﬂnceutratluu. ifapplicable):

of ¥-20 b 1-geparated from Sr-90 and another elenients with Fe-precipitationatd on-cxchangs method

Detection system (includlng method of calil l‘dE‘L‘I‘I"J‘}:“

tow-baclground Beta counter callbtated with standard ¥-90 snurre

Detaction |imit {Eg/kg) 0000525932

Nuclear data used

Value

Dats source

Unceriainty Unlts

Prrametar
Eall lile

Decay energy

Farticle emission energy 1

3

Referance tims and date

2019-06-03 12:00:00 UTC

Sample humber

M-101

Relatlve uncertalnty §

Wt comnt Pate

27,0000

Chemical recovery

0.9954

20310

Betection efficiency

0.2648

0,055

Correction for radloastive decay

Mass of smmple

405200

07518

{ther patzmeter (ondy il included in
calculation)

{(het parameier (ondy il included in
calmsiation)

{Othet patatmetet (only if included in

{(ther paramcter (ondy il included in
caload; ¥

Other parameter {only if Included in
calculation
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Nuclide:

134
C

5

Activity concentration

E No uncertainty stated k

Input data

Nn daa source stated

Method (including pre

Tation, it applicahle):

Chemical separation of cagsium by using ammmenlum molybdophasphate(AMI] and manganese dioxide(Mn02) followed by gamma-ray specirometry with a HEGe detector

DetecHon system (meluding method of calibration):

CANBERRA Genie 2000
{Calibratlon with rault -gamima seuree)

“Nuclear data used

Parameter

Value

Uncercainty

Tinjts

Data source

Halrlife

20600

year

Principal ¢-ray encrgy

95,7600

kel

y-ray emission energy 2 [(if used)

y-Tay emission energy 3 (if used)

y-ray emission energy 4 [ifused)

-ray emission energy 5 [if used

e (H e e (1

RESOLTS

Reference time and date

2019-06-03 12:00:00 UTC

le number

M-101

B/l

Uncertainty (f=1)

Acdvlty cancentration

Contributing parameters

Value

NB

1|

Uncertainty

Units Relakive uncertainty

Net connt rate

0.0006

<0000z

Prinipal y-ray emission probaility

BR.4400

0.3800

Emluxion probahilily 2 (i used)

Emizslon peobability 3 (if n=ed]

Emiss]u_r_l__g.!robability 4 [if used)

[Emission g'robabilit_',r 5 [if used]

Principal v-ray detection efficiency

216590

0.0B96

Detection efficiency 2 (if used)

ST BT

Detection efficiency 3 (if used) _

Detection afficiency 4 (if used)

Detection etficiency 5 (if used)

Correction for rodicactive decay

11664

Mass of sample

204548

+[0,2925

kg

36.3%)
Q.4%

i

0.0%
1.4%

Chemital separation

100.0004

*(1.2600

13%

Weighl measurement

46,3700

+|0.0199

0.0%

Helght measurement

13020

+|0.0027

cm

n.2%

Other pavameter [only IFincuded in
ealculation)

*

Other paratneter [only ifincluded n
catoulatlon}

I+
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Nuclide:

137
C

s

Input data

Method (Including pre -ation, ifapplicable]:

Chemical separation of caesium by using ammmeninm molybdophosphare{ AMP) and manganese dioxide{Mnt¥2] followed by gamma-ray spectrometry with a HPGe detector

DetecHon system (including method of calibration):

CANBERRA Genie 20D0
[Calibratlon with roult -gamma searce)

Tletecton limit (B ﬂ(

uclear used

Parameter

Value ] Uncertainty Units Data source

Half life

ag.z0a0 year

Brincipal y-ray emissi enuri.;;\;.

6616400 eV

y-ray rmissicn energy 2 [if used)

y-ray emission energy 3 [1fused)

y-ray emission energy 4 [ifused)

Ll Gl Kl ol 154

-ray erssion energy 5 [if used

Peference Hme and dats

Sample humber

RESULTS
2019-06-03 12: 0 UTC ’
M-101

Activity concenbration

Coniributng paramcicrs

Oq/kg Uncertainty (k=1)
0.0163 11

Value

Het count rate

G.0D83

Frinclpal y-ray emlssion probability

A5.1000

Ewnixsion probabilly 2 (if used)

Emisslon prabability 3 (if used)

|Emission probability 4 (if used)

Emissivn probadillty 5 (if vsed)

Frincipal y-ray deteclion effiriency

29620

Detection efficlency 2 [if used)

A 0 el i i e

Detecton efficiency 3 [if used)

Detection efficiency 4 {if used)

Detection efficiency 5 {ilused)

(Correction for radinactive decay

10107

Mass of sample

20.4548

Chemical separation

100.0000

Welehl measurement

46,5700

Height measurement

13030(:

Other parameter [only if included in
caleulation)

(Other parameter (only If included in
calculation)
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Nuclide:

905[‘

Activity concentra

M-102

0.0009 = 0.0002

Beteation system sited
No hatilife stated

No uncertainty mted [N daka source slaled

Nu tlecay energy stated
Hu isslun probabil

No tal its stated |MWo data sourcestated

{ Mo data scurce stated

ity stated

]put data

Method (inctuding pre-concentration, if applicable]:

Measurement of Y-50 chembcal-separated from 5r-59 and ancther elements with Fe-precipitationand ion-exchange methed

Detectinn system [including method af calibration):

low-background beta counter calibrated with stapdard Y-90 source

0010562381

Nuclear data used

Parameter

Value

Uncertainty [Inits Data source

Halflsfe

Iecay energy

Parlicle emission energ

RESULTS

Reference tme and date

2019-06-03 12:008:00 UTC

5 lo tumber

M-102

By/hy:

Uncertainty (k=1)

Activily cuncenlraticen

Uncertainty

e count rate 310000) 2| 6.4420
Chemleal reeovery DH905] o | D320
Detection efficiency 02648 +[0.0055
Carrection for radioadtjve decay z
Mass aof sample 40.9200] +

Cther parameter {enty iMoclided In
lewlation)

(ther parameter (anly if included in
calenlabion)

COther parameter {only if included in
calculatian)

Other parameter [only if ineluded in
caloy|ation)

{ther parameter (enly if incladed in
calculation
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Nuclide:

ND No uncertainty stated

-Ukiggriinties

Warningl Net count rate Lm[‘L‘I'Ile\t_‘;' i5=500%

ﬁ' Mo uneerkalnty stated

Input data
Methad [inciuding pre-concentration, if applicahle]:

(Chemical separation af caeslum by using lum molybdophosphate{AMP] and

dioxide{Mn(2) followed by parama-ray spectrometry with a HPGe detactor

Detection system (including d of cafibration):

CANBERRA Genie 2000
(Calibration with mmult -gamma source)

nclear data use .
Parameter Value _ ... Uncertinty Dnies Data source

Halfdife 2.0600 year
Principal y-ray enission eneryy T95. 7600 ke¥
-ray emission cnergy 2 (1 wsed)
¥-ray emission energy 3 (f used)
-ray emnission gnergy 4 (if wyed)
-ray amlssion energy 5 (if used

+
+
E
*
+
+

RESULTS _
2019-06-03 12:00:00

Reference time and date

M-102
Ag/kg

Uncertalney fk=1)

Uncertainky Relabve uncertainty

Value
Nt count rate 0.0004
Prrlycipal «-vay emission probability B5. 4400
Emlssion probability 2 (if used?
Emission prebability 3 (if used}
Emission probabiliy & (if used)
Emission prebabilicy 3 (if used)
|f‘|'ir|r:ipn] v-ray detection cfficiency 21840
Reteetion eMclency 2 [if used)

Detecrion efficiency 3 (if used)
Detection efficiency 4 [ifused)
Detection efficlency 5 [ifused) .
Correction for radicactlve decay ) 1.1693
Mazy of stample 20,4591 | 02428

00002
0.3800

(| e [

0,0903

H ] 1-

Chemical separation 100.0000| £| L2600

Weight measurement 46.2800| £| 00204

Height measurement 1.2560| +|0.0025

Qther parardeter (only if included in
caleulabon)
(ther parameter {only ifincluded in
calcutation)

I+
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Nuclide:

137
C

S

Inputdata

Mo data source skted

" Methed [including pre-concentration, ifa

Churnkeal separation of

By usingamme,

| r

AMP] and mang

dioxide (Mn02) fallowed by gamma-ray spectromeny with a HPGe detactor

Detechion system (including method of calibradun):

CANBERRA Genie 2000
(Calibration with muold -gainma source)

RESULTS

cle ta us L
Farameter Yalue Uncertinty Unity Data source
Halflife . IN.2000]+ vear
P rincipal y-ray emission enermy 61,6400 + keV
y-ray ion energy 2 {if used) +
y-ray energy 3 (ifused) *
y-ray 1 energy 4 (if used) +
ay emigsion enecgy b (If used +

Peference tme and date

2019-06-03 12:0:00 UTC

Sample |:

M-102

Bo/hg

Uhncartalnty (k=1)

Activity concentraton

Contributing parameters

Units

HNet count mte

0.006&

Frincipaly-iay ewissian probability

851000

I [H
=2e
=
=
=
-+

Erndssion probabilily 2 [ifused)

Emission prohabiltiy 3 [ifused]

Emission probal?illl.y 4 [ifused)

Emizzion probabilily 5 [ifused)

Principal y-ray detection efflclensy

2.5900

0.123%5

Dretection efficiency 2 (jfused)

I [ (1 (1 (14 [1=

Tretection efficlency 2 [if used)

Detection efficiency ‘1—[1f used)

Detection efficiency 5 [if nzed)

Correction for radicactive decay

10108

Mass of sample

20.4551

*[0.2924

_| Relative uncertainty
) 5. 3%

Chemical separatian

1u0.0000

*[1.2600

Weelght measuremenl

46,2800

4100204

Helght measurement;

1.2561

+|0,0025

Uther parameter {only [fincluded in
calculalion)

Other parameter {only If included In

cateulatlon)
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Nuclide:

- Mo nncertainky stated stated |Wo data souree stated
Mo decay energy stated <4 Noumcertainty stated tabed | No data sourve staked
No isgion pribabili B No data source sialed

Input data
Method (including pre-concentration. il applicable]:

Measurement of Y-90 chemical-separated from Sr-40 and another elements with Fe-precipitationand ion-exchange method

Detection system [including method of calibration);

low-background beta counter calibrated with standard ¥-90 tource

Detection b (Bq/kE

Nuclear data used

Parameter Value Unecertainty Units Data zource
Cecay energy S +
Parlicle Fy

RESULTS
Refersnce time and dite 2015-06-03 12:0060 UTE
Sample humber M-103
Bofhy

Uncertainky {k

Actlvity eoncentralivn

Uncarlainty

(Chemical recovery 0.9529) +{.0274

Delection elficiency 0.2648) =

Correclivn for radioaclive decay L S

Mass of sarmple 40.8600( 07511 kg

{Gthet parameter (anky 1fincluded In

calculation) *

f¥ther parameter {noly ifincluded in

calcutation)

Dther parameter {anly if intluded in

caleubatian)

Crhier parareter [anly iF ineluded in
atian])

Uther parameter (ooly if insluded in

calcutation

Net count rate 2541000 ﬂs_gssz

L0055
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Nuclide:

13‘1—CS

#VALUE!

Input data

HNo data sanrce stated

Method (incl

ding pre-cancentralion, ifap

Chemical separation of caesium by using

mium malybdophospl

[AMP) and manganese diuxlde(MnOz) followed by pamma-ray spechrometry with a HPGe dutector

Detection system {including method of calibration]:

CANBERRA Genie 2000
(Calibration witl tutd -gamtna sourse)

c]e d.a use

Parameter

Value

Uncertainty

Units Data source

Half life

2.0600

year

Principal v-ray energy

T95.7600

he¥

v-ray eim ission energy £ (if used)

y-ray ermission energy 3 (if used)
h-r;ty emission energy 4 (if used)

-1ay erisslon energy 5 (If used

T T T

RESULTS

Referance Hme and date

2019-06-03 12:00:00 UTC

Sample number

M-103

Bg/leg

Uneertainty {k=1)

Actvity comcenbralion

Contributing parameaters

ND| &

Value

Uncertainty

[Inits Relative uncertainty

Met count mte

0.0007

0.0002

Frincipal y-tay emlssion prabalility

B5.4400

0.3600

Emnission prabability 2 (il used]

FEmission probabillty 3 (if used]

Emiszion probability 4 (if used)

Emixsiun probability 5 (if used]

Princigal p-ray detection efficiency

21760

e [ie [ [ [ie [ie [ 13

0.0893

Dietection efticiency 2 (I used)

Detectton efficiency 3 [if wsed)

Detectlon efficiency 4 [if wsed)

Detection efticiency 5 [IF used)

Correclion for radicactive decay

1172

Mass af sample

2043710 &

0.2923

ke

30.5%
0.48%

(Chemical scparation

140,0000] +

1.2600

(Welght measurement

46.2400) £

00203

Helght measuremens

1.2830|+

00027

<m

(Uther parameter (unly if Included in
calculatiuny

(Other parameter (only if included in
calculation]

I+
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Nuclide:

26:2] -] No uncertalnty stated 3 No data source stated

Input data

Method [including pre-concentrstion, if applicable):

Chemical separation of cassium by using ammmontum malybdophosphatel AMP} and manganese dioxide(Mo02] followed by garnma-vay spectrometry with « HPGe detector

Deteclion system (including method of calthratlon]:

(CANBERRA Genic 2000
[Callbration with mubd -garmma source]

Nuclear ta used

l’arameler_ o Valup Uncertainty Units Data source
Halflife 20.2000 year
Frincipal ¢-ray ettisslon cnrrgy 6616400 he¥
y-ray emigsion energy 2 (if used)
y-ray emlssion energy 3 (ifused)
v-ray emlssion energy 4 (if nsed)

-Cay emission energy 5 (if used

I+ [+ |+ | H[H FH

. RESULTS
Refzrence time and date B | 2019-06-03 12:00:00 UTC
i

Sample number

Unceytalnty (k=1)

Activity concentration

Fantributing parameters I Uncertainty i Relative uncertainty
Net count rate 0.0059| +lo.0003 5.1%
Principal p-ray enission probahility §5.1000| +]0.2000
Emission probahilloy 2 (Ifused)
Emission probability 3 [1fused)
Emission probabilloy 4 [IFused)
Emission probahilloy I [Ifused)
Principal y-ray detection efticiency 29740
Detection afficiency 2 (ifused)
Cetection efficiency 3 [ifuzed)
Cetection efficieny 4 (il used)
Detectjun elficiency 5 [if used)
(Correctlon for radloact bve decay 10109
Mass of sample 20.4371] +|0.2923

01228

+ [he [ e | [ [ [

(Chemical separatan 100.0000 | £11.2600

Weight measurement 46.2400]+|0.0203

Height measurement 1.2B30|1|0.0027

(CAher parameter (only if included in
leulation) -

(Gther parameter (only it included in
calculation)

I+
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Nuclide:

‘JUS

T

No halk Ilfe stated

rertninty stated

Mo units stated |No data suurce stated

No decay epergy stated

3 No uneerlainly stabed

erlainty stated

Inpt data

Mo units statell |No data source stated
Ve M o daka source stated

Methad (Including pre-concentratian, ifapplicable]:

Mzasurement of ¥-20 chamical-sepacated froro Sc-00 and another el

with Fe-precipi

d on-exchange methed

Detectlon system (including method of caRhration]:

low-backgrownd beta counter Calibrated with standard ¥-20 source

Detecttan timit [Bg/h 0000573544

Nuclear data used

Parameter Value [ Uncertatnty Units Tdaka sonrce
Hall Lkfe +
Decay cnergy ﬂ
Particle emission energy 1 +

RESULTS

Reference time and data
Sample b

b1t
Ba/kg

concentration

Activi

Cant)

ng parameters Relative uncertainty
et count rate L0000 £ 59562 2364
Cherrical recovery = 00277
Detecbon efficency 4| L0055
Correction for radivactive decay +
Mass of sample 40.8400) | 07504 1.8%

Other parameter [only il included in
1 ionR)

Othet patameter fonly Hincluded in

Other patameter fanly il included in
calcutaton)

Other parameter fonly if included in
]

Othet patameater [anly if included in
fati
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Naclide: 1AERTLC2019-01/RMLINTERLARORA TORY. COMPARIS0

Ne uncertainty stated  Bq kg’
Unvertaiitiay -

Ko daia seurce stated

Zabl: INe uncertainty stated |

— 183 —

Input data
Method (including pr ration, I applicable]:
Chetnival separadon of caesium by using ammmoninm malybdophosphate(AMP) and manganese dioxide{Mn02) fullowed by Eamma-ray spectrometry with a HFGe detector
Detection system (including method of calibratien]:
CANBERRA Genie 2000
[Calibration with mult -gamma seurce)
Detection limit /|
ata u:
Parameter Value Uncerainty Units Data spurce
13alf life 2.0600( year
Principal y-ray emissicn encrgy TUL.7ED0{ & ke
r-ray emission energy 2 (ifused; +
Y-ray emission energy 3 [ji'us:r__i_} +
y-ray emission energy 4 (iFused] +
-ray emission energy 5 [if used +
RESULTS - ~
Reference tire and date 2019-06-03 12:00:00 UTC
Saniple nuntber M-104
Do /k | Uneertainty (k=1}
AcHvity concentratian I
Contributing paramietces " Vaine Uncertainty Units Relabve uncertainty
Mk count rate -0.A002 ] +| ©.0002 5 -137.7%
“ncipal y-ray einission probability 85.4400|1/0.3G00 G.4%
slon probabilily 2 [if used) *
Fmission prebabllity 3 [if used) *
Emission probability 4 [if used) B
|Emisshon prebability & [ifused) +
Trineipal v-ray detection eficiency 2.1940{ +[0.0906 4.1%
Detection efficiency 2 (if used} + -
Dete ctinn efflciency 3 [if used) .
[etection eificiency 4 (if used)
Detection efticiency 5 {if usud)
Curreciion for radipactive decay 1.1737 0%
Mass of sample 20.4240) =|0.2921 ke 1.4%
Chemical sepatation 104.0000| =| L2600 1.3%
Welght messurement 46.0600| +|0,0203 E 0.0%
Tlelght measiurement 1.2350|L (00025 om 0.2%
tther parameter (only if included in .
caleulation] B
Other parameter {only ifincluded in .
calculation] _




Nuclide:

137
C

S

Activity concentration

501.2]-{ No uncertainty stated ; No dala source stabed

Input data
Method (including prre-cancentration, if applicable):
Chewnleal separalion of caesium by using ammmanium molybdophosphate[AMF) and B dioxide(Mo{2) followed by gamma-ray speclrumelny with a HPGe detectar
Detection system (including methnd of calihradon):
CANBERRA Genie 2000
(Calibration with muld -gainma source)
Farameter Value Tncertainty Units Data source

Half I:fe 30.2000] + year

Principal y-ray emission encegy 66164001+ eV

r-ray emission energy 2 (if used) +

v-ray emission energy 3 {if used) £

¥-ray emission energy 4 (if used) +

Ay ermission energy 5 {if used £

~ RESULTS
Reference time ard date ] 2019-06-03 12:00:00 UTC '
Saniple number e M-104
Ba/hg : Uncertainty [(k=1) |

Activity concontration 0.0072] +10.0007 ] |

Contribuling parameters Yalue T R Uncertainty Units Relative uncertainiy
Nef eaunt tate 0.0037} +|0.0003 B 8.1%
Frincipal y-ray emlssion probabilily #5.1000} +|0.2000 _ 02%
|Exnission probability 2 [if used) + B
|F,mlssinn probabllicy 3 [if used) +
[Emissicn probabllity 4 [ifused) fH o Hearaaas 000 090090 _
|Etnission probabilily § (if used) + .

I'rincipal p-ray detectlon efficiency 3.0030( +|0.1240 4.1%
Detection efficiency 2 [if used) +

Detection fficiensy 3 {if used)

Detectlon efficiency 4 fifused) | [ N 0
Betection efficiency 5 {if used) e

Cuorreciion for radioactive decay L0110 0.0%
Mass of sample 20.4240) £70.2921 kg 14%
Chemical separacion 100,000 | £)1.2600 1.3%
Welght measuremenl 46.0600| £ {00403 E 0.0
Height measurement 1.2250| +(0.0025 <m 0.2%:
(Other parameter {oaly [f Ihcluded in .

caleulation) -

(ther parameter {only Ifincluded in .

caleatation) _
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Nuclide:

‘B‘L"}S

Ko hall-llfe skated

Mo units stated |No data source siated

Mo decay energy stated

Ko [ emission probabil iy siated

Input data

Na unlts stated |No data source stated.

No data sourca stated

Method (Including pre-concentration, ifapplicable):

Measurement of Y-90 chemical- separated from Sr-90 and annther elements with Fe-precipitationand ton-exchange method

Detection system [1

nmethed of calibration):

luw-background beta counter calibrated with standard ¥-90 source

Detection Hmit (Bg fl): 1.00050762(9

Nuclear data used

Farameter

¥alue

Uncertatnty

Unles

Data spurce

1alf Hie

Decay energy

FParticle einission ene

RESULTS

Reference time and date

Z0158-06-03 12:00.

Sampie number

T-D1

Ba/kg

a6 UTe

Uncertainty [k

Activity concenation

[2 tng pa:

00402

Uncertainty

Mt counl rale

19,0004

5.4314

Chentical LECOVETY

09633

0310

Datectlon efficiency

0.2648

00055

Carrection for radioacthve decay

Mazs of samanle

A0.8400

0.7504

Other parameter (auly i inciuded it
caleylation)

Other parameter fualy iT included Tn
calcylation)

Qther parameter [ooly il included in
\culaton

QOther parameber'ia nly if included i
caleulalion)

Other parameter {auly ifbcloded o
calculation
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Activity concentration ND

Ne uncertainty stated

ntfes:
v

Bq kg

#VALIE]

Warning! Net countrate nncercainey is >509

6l INo uncertminty stated

Input data

Nu data source stated

) Method (including pre-concentrabon, If applcable]:

Chemical separation of caex|um by using amr

Torbvd b
muolybdop i

1 AMT) and t

dioxide(Mn02) followed by gamma-ray spectreimnelyy with a HPGe detecter

Defecton syatem (including method of calibratdan):

CANBERRA Genie 2000
(Calibration with mull -gamuma source)

[ Detection limit (A /Rg):

Kuclear data sd_ '

Parameter

Value

Uncertaloky

Units

Da@ gource

Half life

20600

year

Principal y-ray einl SO Eneygy

795.75600

kel

t-ray emission energy 2 (1N 0%ed)

7-ray emission energy 3 [IMused)

I+ [H [+ [H

v-ray emission energy 4 (il used)

-ray emlssion ensrgy 5 (ifused

|-

RESULTS

Reference Hme and date

201%-06-08 12:00:00 UTC

Sample number

T-01

Ea/ke i

Uncertainty [k=1)

Actvity cuncenlratiom

Contribubng paramelers

WO +

Value

" Unee rtainty

Units

Relative uncertainty

Net count rate

00400

G.0002

Frincipal -4y emission probabiliy

B5.4400

1.3800

[Emission probability 2 (if used)

Emizsion probakility 2 ([ used)

Emission prabability 4 (ifused)

Enission probahility 5 (Ifused)

Princlpal y-ray detection efficiency

21360

0.0861

Netection efficinncy 2 [iF ased)

Detection efficiency 3 [ifused)

Detection efficiency 4 (ifused)

Detection efficieney 5 [ifused)

Correction for radicactive decay

11734

Maxx ol sample

Z0.4285 |+

02921

kg

640.9%
04%

4,05

0o
14%

{Chemica] separabion

1w.0000|

1.24600

1.3%)|

Weight measurernent

46.1200) =

0.0z03

0,054

Height measurement

1.3500] +

0.0030¢

cm

0.2%

Cther parameter [ooly if included in
calculation]

(Gther parametar [only if included in
caicilaton)
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Nuclide:

562/ Nouncertanty stated |

Input data

Method [including pre-concentralivn, il applicable)

Cheean vzl separation of eaesium by vsing ammmeonlim melybdophosphare{ AMP) and manganese dioxide(MnU2] followed by gamena-ray spectrometry with a HPGe delector

Deteclion system (including method of callbration):

CAMBERRA Genie 2000
[Calibration with raultl -gaimima seurce)

De tection limit { By

Muclear data
Parameter L Valoe Uncertainty Units Data soupre

[lalf life 30,2000 year
Prinetpal y-ray emissian energy 6516400 ke¥
y-ray emissien energy 2 [if used}
y-Tay etnission energy 3 [ifused]
y-rity emissicn energy 4 [if used}

-ray ciigsion enecgy S [if used

Ll il Bl 1

RESULTS
Reterence time and date o 2019-04-03 12:00:00 UTC

ple number TR
Hg,/lg Uncertainty (=1}
Activity concentration 0.0030] £]0.0005

Contribubing parameters Uncertainty Relative uncertainty |f
Met count rate 0.0015] *|0.0003 )
Frincipal y-r inn prohahility BS,1000] £(0,2000
Ewmjsshon probabidily 2 (if used) +
Emission prokability 3 [if uscd) *
Emission probability 4 [ifused) +
Tmission probability 5 (iF used) t
Principal y-ray detection efficiency 24160] £|D.1175
Detection efficiency 2 (3f used) +
Detectlon efficiency 3 (if used)

Detection efficiency 4 (if used]

Deteckion afticiency 5 (i used)

Correction for radicactive decay 10110

Mass of sample 204285| #10.25921
Chemical separation 1000000 |+ 1.260¢
Welphl messurement 46,1200| | 00203
Fielght measurement 13500 £]0.0030
Uther parameter {only If included in ) .
caleu)ation) B

Other parameter {only Lf included in .
calculation) -
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Nuclide:

Wetcount rake
Pringipi
Prificipal yeray emfis
P&'inclgalz_ vl
[Radigactive dex
W s

Input data
Method (Including prs-concentration, If applicable):

faammma-ray spectrometry with a HPGe detector

Dotoction system (including method of calibration):

CANBERRA Genic 2000
(Calibration with multi-gamma saurce)

Nuclear data nsed

Parameter Value Uncertainty Units _ Data souree
Half lite 2.0600 year o
Prireipal y-ray emission snergy 795.7600 kel
r-ray emission energy 2 (If used)
v-ray emission nnorg}l; 3 [lf used)
r-ray emisslon energy 4 [if used)
-ray emisslon energy S [If used

1 ] e [ 3 |

RESULTS
Reference ting and date 2019-06-03 12:00:00 UTE
Sample number: F-PO4

Bg/kg

Uncertainky {fi=1]

Activity comcentration (d

Contrlbuting parameters Uncertainty
Net count rale 2.0027
Principal v-ray emussion probabiliby A5.4400
Emission probability 2 [if userd) )
Emission probability 3 [If used)

[Emission probability 4 [if used)

Emissivon probability 5 [ifused)

Principal y-ray detection ctlicicncy 14220

Delection efficiency 2 {ifused) '

Cetoction efticlency 3 (il used}

Delection efficlency 4 {if used]

Deteatinn eificlenty 5 (if used]

[Carrection for radivactive decay ’ 11279

Mass of saniplc 00956 +|n.0000

Relalive uncertain

0004
lixc1zIne]

0.0586

[ L L e

Height measurcment 3.84H0| +(D.0062

Gther paramater (only if included ln
calculation)

Other parameter (only if included In
caleulation)

Other parameter [only if included in
calculation)

ther parameter [only if incloded in
caleulation)

I+

I+

I+

I+
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Nuclide:;

137
Cs

- Input data
Method {including pre-concentration, if applicable):

|gammrea-ray spectromelry wilh a HPGe detector

Detectivn syslem (including methad of ealibradion):

CAMBERRA Genle 2000
{Catibration with muld-gamma saurce)

Detection limit [Bq/kg):

Nuclear data used o
Parameter Value Uncectalnty Units Dala solirce

Hall Iife o 30,2000
Principal y-ray emisslon r&nn.rm; £61.6400
v-ray emisslon energy 2 (If used)
v-ray emission energy 3 (if used)
v-ray emisslan energy 4 (if uged)
¥ emission energy 5 (if used

¥ear
ke

W | e [ [

RESULTS
Reference time and dare Z019-146-03 1

plenumber: F-Pia

Activity concentration {d

Contributing p & Yalue
Hetcountrate 0.0412
Principal y-ray emission praobabiligy B5.1000
Emission prebabiity 2 (if used)
Eralssion prebabitity 3 (if used)
Emission probability 4 {if used)
Lmission prebabibity 5 (if used)
Principal v-ray detection sfficlency 1.8220
Detection efficiency 2 [if used)
Detection efficizncy 3 [ifused)
Detection efficiency 4 (il used)
Detection efficizncy & [if uzed)
Carrection for radioactive decay 1.0083
Mass of sample 1 0.0955| [ 0.0000

Uncertainty

00008
02000

0.0751

Al A L

Helght nieasuretnenl 3.8480] 1(0.0062

Other parameter [only if included in

ealculabon) .

Other parametet (anly I ncluded in

calculation) |
Other parameter [anly f included in
calrulatian)

Other parameter [anly If ineluded in

calcllation)

I+

I+
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Nuclide:

238
P

u

Activity concentration

Radivisaropé padoet data Hook.1 i editivn-
[Ridiaignbope padtetiin Hiold L E i editior

Input data
#Method (Iucluding pr ration, if icable):
After conditioning plutouivm valence using reducing agent, purificated plutanium by anion exchange ciliumn was sdhered to stainless stee] plate elacttlcally,
Detectnm system [inciuding method ofcaﬁrnﬁon]:
Silicon semiconduetor detector caliblaved by alpha reference source certified by LRDA,
[ Detochon bt (Bafhay |~ o00a19)
uclear daka used .
Parameter Value Uncertainty tinits Nata source

Halflife £7.7000| £[0.0000 year Radicisntope pocket data book 11th editon
Dieray energy £.4990) £)0.0600 MeV Radioisotope poclet data book 11th editien
Partlele emlssion anergy 1 . 99.5000] +{0.0000 Radictxulope pocket data book 11th cditon

- RESULTS
Tieference time and date o 20EF/E/L 12:00
Sample nnmber: F-pa4

B /lg Thncertainty (k =1)
Activity concentration (d 000721 {00014
Contributing paramcters Value T Uncerlainky Unlts Relative uncertainty
Het calnt rate 0.0195910.0021 hm 15.2%
Chemical recovery 79.9010] +[2.2370 2.B%
Detection fficiency 0.3146| +{0.0000 0.00%
Correction for radipactive decay +
Mass of sample 100.1000| +|0.0200 I 0.0%:
Other parameter [only if included in
ralculation) E
Other pavameler [only if included in
calculation) *
Other parameter {only if ineluded ln R
Iculation)
ISOTOPE DILUTION TRACER Nuclide Pu-242

Activity eoneentration 0.9533]+|0.0062 dpma/mL 0.7%)
Net connt rate £.4793] (00134 cpm
Detection efficlency 0.3146] [0.0000
Correction fer vadinactive decay 06533 |onoo1 _
Mazs oliracer added 2.0000] 0.01040 ml
Other parameter {only if Included in N
caloulation)
Dther parameter (only if included i .
calewlation) -
Other parameter (only if included in .
calculalion ~
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Nuclide:

238 ,.’?.4-0Pu

SernirAlTataen

SRiTIc Geteatin AMclency

Tadin

" Input data

—
Methed {including pre-c

abion, if;

Alter conditiuniig plulsnium valence using reducing agent, putificated plutantum by anlon exchaoge culnmn was adhered to stainless steel plate efectrically.

DetecHon system [including method of calibration):

Silicon semiconductor detactor raliblated by alpha reference source certified by LROA.

. Huriear ddta use

souo]

RESULTS

Parameter Value Uncoriainty Daka snurce
Half lifr 6564—,00_0_@1 Radioi: pe pocket data beok 11 th editinn
Decay enerpy 5.1500 Radlviselope packet data bool 11th edidan

Reference tfima rnd dare

20197671

Sarmple number:

F-POd4

Bg/lp

Actvi

[Contributing parameters

MEet count rate

06030

Chemizal recovery

Too0L0

Datection efficiency

314610

{Caorrection for radioactive decay

Mass of sample

i0G. 1000

(Other parameter [only if inciuded in

Iocilation)

{Other parametet only it included in
calculatlon)

(Other parameter [enly if included in
calculalion)

caloulation

—~191—

1SOTOPE DILUTION TRACER Nuclide Pu-242
| Activity concentration 05533 +|0.0062 diptmn/ml.
WNet count rate 0.4793| [0.0134 CpT
Cerection efficieney DAT46) |0.0000 e
{orrechion for radioactive decay 0.9533F |0.0001
JHass of tracen added 2.0000]  [0.0100
{ther parameter (ooly if included in .
caleulatlon} -
(Other parameter [only if included in
calculation) :
Other parameter [only if included in N




Nuclide:

#VALUE!

]Warning! Netcount rate uncertainty is »50%;

Input data -
Method {including pre-concentration, if applicable):

|gammma-ray specirometry with a HPGe detector

_Detection system (including method of callleaten )

CANBERRA Genle 2000
[Calibration with multi-gamina souree]

Nuclear data uszed

Parameter Value Uncertaluty Units Data source
Half life 20600+ year
Principal y-ray emisslon enaryy 795.7600{+ kel
¥-ray embssion chergy 2 [if used) ®
y-ray emt energy 3 [ifused) +
y-ray ion cnergy 4 [IF used) &
—ray emtssion enerpy 5 [if used +

RESTILTS
Reference time and date 2019-06-03 12:80:00 UTC
Sample numhber: T-53

Uncercainky (k=11

Activily

Eontributing parametars Uncertainky Relakive uncertainty
Met caunt rate 0.0005] +|0.0003 54.7%)
Principal y-r2y emissian prehabibisy 8544004 £|0.3000
Emisgion prokabllity 2 (If used)
Emission probability 3 (if used]
Emission prohability 4 (if uscd)
Emission probability 5 (1f used)
Frincipa y-ray detection ufTtriancy 13020
Netection efficiency 2 [1f usad)
Detection efficiency 3 [if used)

00536

H [ [ [ e e [

Deteciion efficiency 5 [if uzed)
Correction far radioactive decay 11294
Mass of sample 01192 +|0.0000

|
]
|

0.0%)

Height measurement 4,4270 £(0.0053 G148

Dther parameler (anty ifinciuded in
calculaton)
(her pariwneler (anly ifincluded in
calculation}
Other parameter (saly ifincluded in
talculalion}
Cther parameter (outy iMHocduded in
caluulalion]

I+
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Nuclide:

Method (including pre-cancentrativn, { applicable):

|eammma ray spectrometry with a HGe derectar

“Tietection system (including metiiad of callbration]:

CANBERRA Genie 2000
{Calibratian with multi-gamma source]

L Muclear dats used
Parameter Value Uncertainty Units Data soutce

Half iifz 202000
Principal v-ray emission energy £61.6400
ye-ray emlsslon energy 2 {if used)
¥-ray emlsslon energy 3 (if used)
v-ray emission energy 4 (if used)
-ray emission energy S (if used

. |year
kel

W[+ iw (s |+

o RESULTS
Relerence time and date 2H9-016-03 12:08:00 OTC
Sample number: T-53 ;

Bg/kg

Uncertalnty {k=1] ‘

Activity concentration (d

Relative uneertainry
3.8%

et count rate 0.0124
Principal y-ray emission probability A5 100
|Emizsion probabillly 2 (il used)

£]0.0008
N
+
Emsslon probapility 3 (3 used) +
Emission probability 4 (it used) i
+
+
+

| 2000

Emission probabillay 5 {if used)
[Principal y-ray detectivn efficiency ' 1.6510
Detectien efficlency 2 [if used?} i
Delection efficiency 3 (if used?
Detectfon efflclency 4 (1§ used]
Detectian efficiency 5 (if used)
'Correctian for radicactive decay 1.0083
Mass of sample 0.1192) +j0.0000

0680

fHeight measurement 44Z70( £[0.0053

Other parameter (ooly if included jn
calculation)
Other parameter (only if included in
calculation)
Other parameter (only If Included in
calculation)
Other parameter [oniy If included in
calculation)

1+
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Nuclide:

238
P

u

Input data

Methaod (includi:

pre-concenbration, if applicable):

After conditioning plutenium valence using reducing agent, purificated plutonium by anion exchange culumn was adhered o stalnless steel plate electrically.

Detection system (1|1é1uding method of calibration):

Sillean semlconductot detector caliblated by alpha reference source certificd by LRQA.

Detection Lt (Bg/ke):

uclear data use.

- 194 -

Farameter Yalup Uncerkainty Units Daka source
Halflife E7.7000[+(0.0003 year Radivisotope pocket dala book 11th edition
Tecay enerpy 5.4590( ¢ |L.000D MoV Radioisctape pocket data book L1th edition
Particle emizsion cuergy 1 99,9000 +0.0000 s Radicisotope pocket data book 11th edition
RESULTS
Referenca time and dare T
[Sampie number: T-53
Bo/kg t Uncertainty [k=1}
Activity concentration [dry ) 0.0051] +|0.0012 .
Contributing parameters Value : Uncertainty Units Relative wiearkainky
‘Net count rate 0.0075) & |0.0018 Lo 23.5%
Chemical recovery FRAL110} 4| 21890 2.B%
Netection efficiency IL7ET0L4|0.0000 [). 0%
Correclion for radisactive decay i
Mass of sample 100.0500¢ +|0.0200 g 01.0%
Other parameter {only if included in .
fralenlation) -
{ther parameter {only if included in
calculation) *
Cther parameter (only ifinduded in .
lealeulation]
ISOTOFE DILTUITION TRACER Nuclide Pu-242
Activity concenLration 0.9533{+|0.0062 dpm/ml 0,75
Net cnuink rate 346911 [0.0133 Cpim
Detection efficiency 0.3179] |0.a006 )
Correction for radipactive decay 0.9533] (000l
Mass ol acer acded zo000] [oa100 mt,
(ither parameter (only ifincluded in N
fcalculation)
Other parameter (only if included in N
caleulation)
Cther parameler (only if included in .
calculatian -




Nuclide:

B 2p

Inpul data

Methad (including pre-concentration, if applicable):

After condivioning plutoniu valence using redueing agent, purificated plutonium by anion excliange culumi was adbered Lo slainless slee] plate elecirically,

Detection system [ncludi. 1 ‘o[callizl.;raﬂun]:

Silicon semiconductor detectsy eallblated by alpha reference source certified by LRQA.

o uclear data u.

| Farameter Value Uncerkainky Linits Data source
Halllile ) 65640000 +|0.0000 year Radinisctope poclet dala baok 11th edition
[Decay eneray - 5.1500] +{{, D0 Mey Radioisntope pocket data book 11th edition
Particle emissi s + : diod iri
Relerenee Ume and dale 20197641

Séﬁlple nuntber; T-52

Uncerkzinty (k=1)

Aclivily concentration [d

Contributing parameters

Met caunt rate NA7IS|+|00146

Chemieal recovery 77.4110| =| 21850

Detertian efficiency 317870 +|0.0000

Cotrection for radloactive decay *

Mass of sample 100.0500| +|0.0200 E

{Other parameter (only if included in .

calculation] B

Other parameter (anly ifinclnded in .

caleulation) -

(Other parameter {nly ifincluded in .

calculation) B .

ISOTOFE BILUTION TRACER Huclide Pu-242

Activity cancentration 04533 | +|0.0062 dpm/ml

Met counl tale 04691 |D.0133 Cl

Detection efficiency 03179 [D.0000

Catrection fot radloactive decay 05833 | 0.0001

Mass of tracer added 2.0000| 00100

(Othet parameler {only iFNinctuded in .

loulaticn] B
{Other parameter (only Fincluded in .
lculation) *
(Other parameter {only il included in ,
calenlation -
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Nuclide:

}.34(-:5

clivity conceatration

No data source stated

Input data
Method fincluding pre-co nggg_{ra!i?_q: if applicable):

Jeawmmma-ray spectometry with a HPGe detector

Detection syylem (i ling method of calibration):

LCAMBERRA Genie 2000
[Callbration with multi-gamma source)

Nuclear data usel
I_ Parameter Yalue Uncertainty Undls Data source
Halflife

20600
Erincipal y-ray emisston energy FOS.7EO0
-ty emission energy 2 [(if used)
f-ray emission energy 3 [ilused)
y-ray emission encrgy 4 (ifused)
t-Tay emission anergy 5 [if used

year
heV

ol G A G G

RESULTS
Ruferuhce Lme and date 2019-06-03 12:00:00 UTC

i o Rq kg Uncertainty [k =1)
centralivn {dry ) 2.3038] £|0.3145

Contrjbuting parameters I Value Uncertalnty Units Relative uncertainty

Wet count rate _0.0025] £{0.0003 5 13 0%
[Principal y-ray emission probhabilig: B3, 4400] +| 02800 0.4%.
Ecnisslon probability @ (il wsed]
Emission probability 3 (if used)
Fmisslon prabability 4 (ifused)
Emission probability & (if used)
Principal y-ray deleclion eMciency L 13230
Detection efficiency 2 [if used) o
Detection efficiency 3 {If used)
Detection efficiency 4 [ used)
Detection efficiency 5 [if used)
Carrection for radicactive decay 1,1301 T oo
Mass ¢f sample 0.1114]=|0.0000 " kg .00

0.0545 4.1%

e o [0 T 1 1 T

anrertainty(height measurement] 43540 | LVOST o 0.1%

Other parameter (only if included in
ralculation) -
Other parameter [only if included in
calculaion)
Other parameter [only it included in
calclation)
ther parameter [only ifincluded in
calculatian)

T e

I»
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Nuclide:

37
s

Ny data source stated

Input data

Method (incieding pre-concentration, ifapplicable);

[Eammma-ray spectiometry with a HPGe detecior

LetecHon systew [Iucluding imethed of wlibralion};

CANBERTA Genie 2000
[Calibration with mult-gamma source)

Value

Uncertainty

Luits

Data source

F Farameter
Halflife

30,2000

Wedr

Principal y-ray emissinon EMEITY

6616400

kel

y-ray emission energy 2 [if used)

-ray emlsslon ensrgy 3 (ifused)]

- ray emission energy 4 [if used)

-ray emission energy 5 [ifused)

[ =

RESULTS

Referanca bme and date

Sample number;

T-58

“Z019-06-03 12:00;00 UTC

lncertainty (k

Met connt rate

Frincipal y-rav emission probability

85,1000

0.2000

Ermission probabillly 2 (ifused)

Emission prebability 3 {it used)

Emiszion probability 4 {if used)

Emission probability 5 {if used)

Frincipal y-ray detaction efficiency

1.6820

00653

Datertion efficiency 2 (ifused)

Detection efficiency 3 (iFused?

Detection efficlency 4 (I usad}

Detection efficicney 5 (1 used}

Carrectlon for radioactive decay

10084

Maszs of sample

01114

£.0000

|Height measurement

4.3340| £

00057

Othet parameler {ealy il induded in
calcalation]

I+

Other parametet (only i§ included in
calculation]

Other paramercr {enly if included in
caloulation]

I+

Other parametet (only i tacluded in
calculation]

I+
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Nuclide:

238
Pu

Input data

M=thod (Inchuding pre-concentration, ifapplicable):

After conditioning plutonium valenze using reducing agent, parificated plutonium by anion exchange culuton was adbered Lo stajnless steel plate eleclrically,

e
Detection system |including wethod of calilvabon):

Silicon semlconductor detector caliblaled by slpha reference source certified by LRQA

R

[T scd .
Parameter Value Uncertainty Units Data source
Halflif= B7.7G00| [ 0.0000 year Radi pe pocleet data book 11th edition
Ducay enerpy 54990 £]3.0000 Mel ) pe pocket data book 11rh edition

Reference Lime and date

20197671

Sample nutiber:

T-58

Ba/kg

Activity concentration (d

Contributing parameters

Value

Nef count rate

0.0139) «

Chemical recovery

TN.34E0

Detertion efficiency

31.7910

Mass of saniple

1003000

(ther parametet (only if included in
cafculation]

(ther parameter (only if included in
calculatlon)

Other parameter [nly if included in
calealation}

I+

ISOTOPE DILUTION TRACER Nuclide Pu-247
Activity concentration i £.9533| +|0.0062 dpmy/ml 0.7%

calculation)

Mel counl rale } 04264 |DDO1Z7 cpin
Detection efficichey i 317910 [0.00DO

Correctinn for radicactive drery i £.5533) |0.0001

Wass of tracer added | 20000} [0.0100

{ther parameter [oaly if included in

cafrulation} *

Other parameter fonly ifinchidad in N

Other parameter (only {f Included in
calculation)

— 1928 —
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Nuclide:

ERETEEE

Activity concentration

1 9y

o +1,0000

x peg L
Radivizoty pe packet data Donk 11 thedithn

Input data
Method (Including pro-o traton, if applicable):

After conditioning plutonium valence bslng reducing agent, purificated pluton]um by anlen exchange culumn was adhered to stainless steel plate electrically.

Detechion system (Including metliod of cARTTation):

4ilicon semliconductor detactor caliblated by alpha reference souree cerlified by LRQA,

Nurlear data used

Parameler Value Uncertrinty Units Dals SUUrce s
Halflife 6564,0000| +[0,0000 year Radloisolepe puclwet dats book 11Eh editlon
Docay encrey 515001+ Radicisotope pocket data book 11th edition
Farticl Radinisotope pocket data book 11th edition

Referenec time and date
| Sample number: T-58
EBn/kg Uncertainty [k=1]

5567) |

20194571

AcHvity comcentration {d

G g parameters

Uncertainty Relalive uncertalnty

Nelcount @te 0.7519| +| 00168 03] 2.2%8
Chemical recovary 703480 +{Z.0880 P .
Detection effcizicy il 31.7510][0.0000 '
Cotrection bor vadioactive decay + —
Mazx of sample 1030.3000 | » [0.02030 2 0.0%
(ther parameler (ooly ifincluded In .

catculation} ~

Gther parameter {only if ineluded in .

cateutation) -

Other parametet (only it included in .

caloulation) -

1SOTOPE DILUTION TRACER Hurlide

Activily consenlration 059533 |+ 00062 dprmfml
|Fet count rate 0.4264| |0.0127 cpm

Betection effci 3L7910) 190000

Caorrection for radinactive decay 0.0533] |0.0001

Mass of tracer added 2.0000) 100100

Othet parameter [anly if included Lo
raleulolion]
Other parameter (only if included in
calenlation)
Other parameter (only if included in
calculation

I+

[
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