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Precise and accurate determination of plutonium weight is necessary for material control
and safeguards. In this study, the controlled-potential coulometry, which is the absolute
measurement based on Faraday’s law of electrolysis, has been applied as a primary method
for characterizing the plutonium master solutions being used as alternative source material
for isotope dilution mass spectrometry spikes. The coulometry system compliant with
ISO12183 has been used for measurement. It has been calibrated using equipment which is
traceable to the International System of Units. Samples of plutonium standard have been
measured to confirm the accuracy. The relative standard deviation is below 0.05 %. The
results agree with the reference value within +0.05 %. It is found that the plutonium can be
precisely analyzed by the coulometry system. Then, the plutonium nitrate solution, which has
been purified from mixed oxide powder containing relatively high plutonium-239, has been
measured. The relative standard deviation is below 0.05 % and the expanded uncertainty is
less than 0.069 % at the 95 % confidence interval ( £ = 2 ). It is indicated that coulometric

assay of plutonium is fit for the purpose of characterizing reference materials.

Keywords: Plutonium, Coulometry, Precise and Accurate Analysis, Uncertainty
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1. FL®IZ
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YN 5, Pu DR IRk L UTEVEMBIE 7 —a X R = <hbmmbhTn g,
BACHEl 7 —r A MU —iX, HUNEEZ S L2 53lek o B WS 2 B 0 LTl
ELIZBREND 7 7 77 —OEANCESE T 21T ) HiETh D, ZOHEZ, HES
Brik & Skt EofTiE e LTMbLNTEY . HEREIZLORENRRETHY |, EXE
BLOMEOBEXITFLENS, BMEZRKEICERT DI ENARETH D, BALHLH]
J—a AN —IEMATLEREEIT. L7 bo=7 XSHERTHY . BIEDOBEME-
ERRBAENRE G 72 2 L b, PuDKEESHEL LTSN TE I 49, £72, BB
#ill 7 —m A hU—I2 X% Pudsptrid, 1995 FIC[E B T 5 18012183 THIMKL S 1,
2005 FITITH 2 iR, 2016 1T 3 A RITE TN D 9,

% Z T, ABFZETlE. kE Savannah River National Laboratory(SRNL) & $:[F#fF 42 T
AR 7 —a A U — % Pu WROMEM T OO 05 #E A Uiz, BIECITEF O
ISO12183 (ZHEMLY 2 A& - B 2 (] L EBRHEALR Td % STHLIZ b L—H T L 725+
s HOWTKIE L7z, £0%%, FEHERE 2 W CEEO MR ZFHn L Tl L F=v
DU DO oM 2 FEln LTz, AEREETIEL, AEICEEM U728 - e ORIER R, 7V b=
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2.1 AEK

WA, 7 R AT v 7 HEER RFD240NA 7&K Rl 4 & T A #% . MERCK
MILLIPORE % A10 Bk RIELE @ CMBE L7z b O &2 Lz, Mg, Foemisk T35
R GRIEAF IR, B H 57 :160~61 %) Z MK AR LT 0.9 M, 8M IZFHHE L7-, HifgiX, F
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KCHEMLT 1.6 M ICHHRE L7, F7o, il b/kFEKIT, BIH b7 REEER LK HEK (B0~
35.5 % &ETDOFEEMHH LTz,

2.2 BNMHEHIZ —a A Y —%E

BALEIH 7 —r A b Y —2L5E 3 2000 FIZ LB B A S U7 b 0 10 2 LT
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WEL, EEEL, Ortec ® 400lANIM BIN AEFE, RT3V FAZXy bV 2—V, T
CHENFEGEY a2, A= A= arE®Va—, TAY L= arE®E Vb, H
TEEIREEE . Ortec B 974 Quad Counter/Timer, Agilent 5 — X INE/AA v TF « 2=
(34970A), Dell # PC(Latitude D830)7 bk L. EEE /L LN DEHEIT I 0 —T R
v 7 ADMMUNCERE LT, BB, AT UV A ALy hEVa—)b, TUXNEHEY 2—
N, A= A=y arEVa—)b, TAVLb—rar®EYa—/L, HiEEEEX SRNL
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1A h v A L EM(Saturated Calomel Electrode; SCE, Thermo Fisher Scientific Inc.
il 13-620-79), XHRICZIX A4 EM(EFL:0.5-3.0 mm) &l L7-, Figure 2 (ZEM /L KO
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I% 8 M ffjlig CEMKRE A VEF L, ZREME CHSEMITIER L 2.6 mm JED/ 1 a2 —/L
T ARTH A Z:0.01 pm LAFNC LW T ZAERICHRET S 2L TREHC LD a4 3
F—varEhIE Lz, £72, HEFIL, Matsusada Precision Inc.f RK-80 [Hjit Al 4

FUZHEERE L - R CRB A T o L L bic, ABHOBRGERFELRET 2O, Tv
T A% 2.5 Limin Tk L7,
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2.4 b= AfERERE

Pu fE ¥ RHT . 8RN Pu &8 Y E (NBL CRM126) % & 7 KFE CTEEU% .. 7 v{bk
FE & IR ORRE TR L C 3 M R CER L1z W, Z OEIRZ EME /I Pu 23K 10~
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A U COMBNZE U7e, Zeds, BB BURESE O RAERE B, I EZ1T - 72 13),

2.5 FHERTZ )V b= AR

WlE PudaiRIZ, JFEHCH DIRA TR K & WiE CIAfR . [21 A4 A HtiE TR L
T L7299, ZD%, PulfdEalel L FERIC, B E/LIZ Puddf 10~15mg &7225 & 9
W2 E% . IR LK FE KT PuVICJEFEFAEE L, 8 M Hile C FEALEE A f L 7= 1%, JNZEL
W L7o, BB BRSSO RFEFERAE I OV T b, Pu EYERRI TR RRE, R A RHE L
7= 13,

2.6 TN b=vAREORIE
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VH A 2~ HTRERA LT/ — 1 A b —4E T PuDXEEMTHLEp, > 5H-0.26 V

DEALTEIT, Epy>5+0.24 V OEL TEML L7, WIEIL. BB EIINEHCEMN S -
WIIEGRIED 1000 430 1 LA FOERPBHIS N L ETHEM L, TOREOBEREL RO,
77 7 ORERE T HICFBEOHINEE &K OFIET Pu B E A2 HJE L, JEIE, PudlD =2
PuV) + e DEMSSZFH L, PudID PudV)~EfEIRL 5% & X I28ET HELKED
51T Pu BEROE, ok, AEETIE, BECE LERMEN T 7 > 7 Eifs o
FTHEAT DL, HINEEZ BEINICBE S TERSErIZe b EMERD, £ OEM
FEE TCOBLXELMETE D, ZHIZEYD, BREROZEL EMICTITEL X910
o TWD, EbIZ, AELE 7 7 v 7 MERECIE, RIERFERATE O FNRE L, RRER
DRBIZLDBENRKELI RDZEND, 7707 OREBREIZOWTEIR(2) THIE L
Too Eio, BALRONETTHKE TRFOEN & X EBENLO Nernst & OBIRN S Pu OEMHRE
KOOIV HEH L T MEERELEMECHRT D Z L T 100%EMRF OB EICHIE L7z,
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exp [ (Sox EPu) exp [ (Sred EPu)
fPu (3)
1+exp | F- —(SOXR.T]‘E ro) 1+exp | F —(Sre%.TEPu)]

Cru Pu % (mglg)

Qs REHAROFEHE A v~ M count )

Qb WIE#R DT Z v 7 EROMEM(pC )
Qv 7T IR OFER S v > M count )

C 717 v N B RS E SO HE S uCleount )
Arpu Pu ® 7' 7 145 (g/mol )
F 7 7 77 —E#(C/mol )

s Pu ikl ERE(g)

fru Pu O EMHER

Ep, PuoRXEBEM(V)

Is 77 v 7 bR OFEARETR(pA)

Is AEHIR LR D IR A B R pA)

tB 77 v OBEALRER(s )

ts ORI (s )

Box 7T v 7 AR O BRKENINEE(V)
Breda 7T BT ORECHIINEE(V)
Sox B LR O B FINEE( V)

Srea  UERE TR O RALEINEE(V)

R KR EE(J/mol K )
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3. BRHMI/—u A M) —EEORKIE

TS 7 —a 2 Y —%E@E T 2008 2T v 77 L— K& EH LTk, 18~20 » A
O JEH TEBREALR T 5 SLEALIC b L—Y 7 23R 2 W TRIE 2 32406 L T & 7=,
ARETIE, EENOFEGUE, WK, 7r v 7 BE2 kD%, WETHEEND
BRE~OERERZFML CEEORSMEAZMER L, DUTF, BIEEEOME, L
T 2R E N AR OIRPUE ., H )RR ORIERE R R E A~ OB E R O TR R 5 7~

3.1 RIELEE OBE
AT LB 7 —a A N Y —2EEORT AR Y y bV 2 — /LT ORL
MRT AR5y FNEBICIT BV L ESNIRE S 7 AR PTG EHE : 50 Q)73%iE
SINTW5, Bt/ TRAELEETOERSMRERIL. AMFEIIZ@EE L, #HTmm <
DOEBERE T RERIDRERIILGT D, 7T ZNVESEY 2 —VE, WHNTRE S 2
DODEE « AR BEBRIEENVFC#1, VFC#2, VFC; Voltage-to-Frequency Converter) & 7k
safRE)7-(QCO; Quartz Crystal Oscillator) THK XL, F(LART oA A% v NNOE
JERE T % B 52 ZH# L. Ortec i 974 Quad Counter/Timer THIEE S (I v MDD
EOEEZHT D, A—hA = a TP a—TiE, ERELORDYICHNEORIEM
P ELEHE : 100 Q&M LT, BEANKEIZ BV CRRIE LR N D VFC b0 v v
NMaEFHIIT 5 2 £ TERIIREEZITV, KON HA T v MUBEKEOEBRES C %RD
HILNTED, ZZTHRONEEBMEREZMND ZETHED Y MWL T 7 77—
DEKRANCHECT-MEETHLIBIELRDODLZENTE D,

C= %xme: %’é‘;xme (4)
C 0 NE D BERESDOEBES( uClecount )
Ic EIE(A)
te HEREE (s )
Qc MEH v h(count)
Ve FIIN&EEC(V)

Re HIEHAEHOEFIHE(Q)

F7-. Agilent T — X UL/ A A v F « 2= F34970A)TIX, FIINELE, BER L)
BRI EREOIRIEIC BT 2B TEEAFHIL, 7—% % PC~EEET D, il A
BT Pu ZEICEET 5720, VECH#L 121X, BILART A A% v b OBERS
FRICER T D155 & A4 7 v MEIEQ0.16V)AMEFE 4, VECH2 IZi13 4 7 & » FEEDOHD
ffa S, MEZELGIK 2 & T/ A ARG BIHE SN TEMERESFOALBHEE NS
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L oICEFFE TV 5,

3.2 A DIRIE

KIER, BILART oA 22y FPAOARHREL, A — M A —3a VEY 2 —LRNOK
IERRHL, 7 V2 NVREE Y 2 —/VNO VEC#H1, VFC#2, OSC 22\ T, Table 1 {Z/R
FEEET(A00 Q). TVHNTATFA =L — a2=N—HPA g8 XeFxp )T L—
Z—HWTHE L7z, 23, I LA FHEE 2R, ISO/MEC 17025 OFEE %521 72 SRNL
O ERER% I THRIE A F20E L, BIRBEEADND 30 /LA B L CREIRIEIC /> T B
Uiz, &z, HEERGUL, HEHENOREZRE L, BEUEOREMIEZIT 72,

AR T oA A%y NNOBAMEIIRiad XA — h A —2 3 VEV 22— LNOK
IEAEIIRa) DfEIE, HE Y 2 — LV KOG 2 Figure 3 (2R3 L oIk L, AT v
VHAAK y N TIVEZHMULRNR LT VXN~ LT A —H —THE P OFEE Vsed, Vioad.
Vioadz, Veal ZHE L TH(B), Ri6) 2> B3R DT, 7 T X NWFEE Y 2 —/LIND VFCHL, VFCH2,
OSC X, XU TFXFx VT L —HF— FTUXNINLNTFA—H— Z=N—W I h T X e
L, XvFXx VT L—H—T05~9V DELEZENNL RO S ER I E 2= —H
VoA CHIE LR IE & i L7,

_ Vload _ Vload _ Rstd

Rioad= “Vioa (5)
load Iload Istd Vstd load

Rioad LR T o F 2% v FNOAMEGI(Q)
Viead  BAMHEHIEHAIEEO AT i O BJIE(V)
Loaa  AMTHPEHAEE O AP~ DEFR(A)

Lsta FEHEHHT ~DEF(A)
Restd JEHEHHT O P TE(Q)
Vsta  FEYERPUESGOEL(V)

Vcal Vcal Rload
Req=r ==V, - 6
cal Vcal Vload2 ( )

Ical Iload2

Rl A= hA—3 3 FY 22— LNOKIEHEFOESHE(Q)
Ve BIERESTHEIHOELE(V)

Leal BIE A IRBTA~DERE(A)

Doadz  BEEHIEHEHAIRE O ARFHRIT~DEIR(A)

Vieadz B IEFHEHLEHAIR O AP G O BIE(V)
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FLORE #%iﬁwm4&\7/&w%\%/;~wm®VMﬁ1Vﬂﬁz(BC@mﬁ
JARE K O vy 7 B ORERERIE Figure 5 (28, ARFHRHTUR O IE AT OE]
FHETH D 50 Q. 100 Q £+0.14 %BLANTRAFIZ—H L, %%&MV@E%%LK@E@
PSR ER 2218, 0.01 %A F E BT L A CHER IR o7z, F£72, VFC#1, VFC#2
O AP, OSC D7 v v 7 HOREMIT, ZNENEEFHETH 5 1600 Hz, 1600 Hz,
10000 Hz/V £+0.05 %. +0.04 %, +£0.001 %LINTRAFIC—FH L, WERRICL 26857
FE bR SN e holz, 60, MELESHANAERKERVTF ¥ U 7 L—% —DH]
INEHE & OERAIX R=1.000 Th v, BAFREMRMELZ R LI, BIERK TR, JIE L7-AfR
Pr. BIEM#EGL, VFC#1 & VECH2 O A, OSC D7 v v 7 8Ol SRkl 7 —
A N)—EEOHRE T2 ST AN~AD L, TROORERI Y, BAHEIZ —a £ K
U —ENOEMEIZOWNT, ST HZIZ hL—8 T D X ITHBIIKRET D2 &0
T&T,

3.3 HUY MDD ERE~DEBER DM

F— A= a EVa—VHAOKRERBIZFEMNL, X700 F A%y FT1V OE
JEEINERC 31 5 ) JEH 5 RIS A I L TH Y v MDD EXE~DEHRES C 23R
Wiz, ¥, ZOEWER C L, EEOFHETD K OMIERIZ 500 F/[51T 10 [Hke, K
() TRD D EFHE O & bl L7z,

1 6 1 6
=———X - -
Con=1—r; <19 =50 % 10000 x 3 <0 ~1-0000 uCleount @)

Cn DUV MDD ERE~OHGHESES(puCleount )

Lr ARHRFTOIRBUE( 32FHE: 50 Q)

Rs TR NS EY 2 —LND VEC O ( 7% 5HiE:10000 count Hz V1 X 2 )*
XVFC ~OATNMEILEEF T 212780 L) ICRFF SN TN L 70

HIE LI HEE C i, 27T 0.9995~1.0005 pClcount OFIPHNTH Y . ZEHETH 5
1.0000 pCleount &+0.05 %LANTRAIFIZ—EHT 5 Z L 2R T& 72, £72. 10 [EIHIE DOFH
SHAEHEMRZEIZ. 0.0001~0.0002 % TH V. HEEORBEREHNOEELLRLERN ) A XD
B Lo ThTNILEHLTVDL DD, ZOfEIT IS012183 THRINLHFEETH S
0.002 %%+l e T A Th o7z, €I T, LIED Pu fFEHERE K OEEE Pu IR O
BT, Rl U2 FIECIEERNRO - ERER C 2T 528 & L,
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4. 7 —uv R kU —LEDOHEEFA

PudZ—u A MU= EICHIZ-> TE, T EME /L, B, HEREREOSRM T Pu

REBEN TH 5 Ep 2R, BRIEONMEBELBRETHLERD D, Z0O%, Pu &R

t%ﬁ%ﬁ O AR U7 AR YRR P O Pu iR EEAHIE LT, ABAHM 7 —o A B U —3EE D
P L7z, BAFICZE OFEM AT,

4.1 7N b=y AAXEENMOFME

R CHBOEMRAE T2 0.9 M iR 2 351) 2 Epy & LTIE, 18012183 1% 0.668 V
vs. SCE 9, W.D.Shults /% 0.69 V vs. SCE 5, A.Ruas 5% 0.673 V vs. SCE - #its LT
W5, ZHIHDEWT, HEHTEMELOR, EMRORIE, EMIROFEEE ORI
EoatborEZ LN, BAHEHZ —v 2 U —I2X D PuDBBESIICHTZ > Tix, EBERIC
S5 > AT LB 2 Epy 2 FRNCFHG L TR < MBERH 5, 2T, 18012183 (27D
WINTWDFNECHE, Pu EABERI DR 2 W T EMRER OWSHEEN 2 HIE L7223 6
Ep % R 7,

NEFER % Figure 6 (27, HIEIL, 77— X b U —3EEORIE &K OEEE Pu &K O H
EOFEER L. 2008 4E7 543 6 [FFEH L=, ME L7=Ep,lt. 0.67~0.70 V vs. SCE
OFPATH Y . Z DL, 0.69 V vs. SCE & W.D.Shults D E —FK L1725, £ Z T,
AT IEEEHIE O BT R D 72 Epy 2 5 PuID ~D 8 EA K O Pu@V) ~DE(LEN %
RELTHNET) Z & LT,

4.2 PIEREEE DT

BALEIHI 7 —a A B Y —Z2 T Pu BEERUEL 2 08T UL 2518 O I RS B 55 4 5T L 72,
FEHZ L Pu @ BIEEME D OFR L7 7 70— 7 OFEHSTD No.1~No. DA EH L7z,
Table 2 IZIFHEREIR & LT, K27 0—70O Pu RO/ I URIE O L) E &U\F’EE%’W
DREAFICH A b T = LEEICESWTEHE LR REZ R, kb, WERR
¥ ISO/BIPM Guide to the Expression of Uncertainties in Measurements
(ISO/BIPM-GUM) % & B2 A flgh S 2 f i L 7= 19, 7 AXUIERDEFHWT, £HEHRT
H5 Qs. Qv C. Arpu, F. s, fou ORHENS I 2 RIED . 26 O M6 G T HE
AT S 7 i L7z, RHlOFERZ BIR Ok 11, 70 b =0 SEEHEGE o I E il D A il

SFHM ) (2”9, Table 2 121%, [FHARHEIAS 95 % & 72 5 W ELREL k=2 TOILIERIED S
R Lo, B, RHENSIE, &7 —T7 0/ 0 IR LRIEEZ N EIIZONTRD, £
DI HRBRE RGO EEEO RS & L TRPICTRE LT,

ZOfER, ETO PutfERBOREMIL, FE L£20.05 %BUANIZH D | FHXHHER A
NEIE, 0.062 %L T Th o7z, WEME & FREORICA R LRETRR ST, mEiE, ~
WS OFPAN TRAAIC K L7, £, #Vik L@m@ﬁﬁﬁﬁﬁ%i 42T 0.05 %A
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TThY ., RENMHH 7 —a A M) —2E@BEZHHT 5 2 & TIHEFITHEVEE T Pu 2 JlIIET
X5 ENgnot, 1S012183 Tk, 7 —rv A MU —|2X % Pu OREREE L LT 0.1~
0.2 %G SN TV D, Pu HEERBIORIERRIT, Zha+2ieT 5L~ ThY
AECEBRMICHER LK YETPu 2 IETE 52 L0800 o Tz,

4.8 7—ni ) —KEORYLREEOH

WEORWZEMZ MR T 5720, PulEEREIOMER R L RREDLAEIFE L LT
R, WER®EICT ey LY T 7% Figure 7120~ T, £ORER, A4 CHIE % Fht L
7=HIFNTod 5 2008 4F 12 H~2015 4F 11 A 2B W T, Pu OFEIEEE, 11X 100 %ZE 7R~ L
TEY, WEBIZCEDOIMEOE EREBNIME I N2> 7o, AMETIE, Y+
AT F U AEEL LT3 MR LIEKIE, K ONRHEE & 8 M AR 2 W 7o /EH Bk i
DYEFEZ FE LTc, ZivD OB E R OVEFEEDRE RN, THEM E VD IFFIC
EOWHICHREREEDOEEMELZ RO LN TE, PUuZLEICHETELEEIOBND,
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5. FHERZ /W b =v AR OHIE

ATETE COREREEZ S LI, Pu 25 TRATRIEYIH R SRR L2 Pu I&iEH O Pu
BEOWE 2 I Uiz, Fi-. BIEMDORfHEI S22 T ISO/BIPM-GUM (255 & 54
L7 LFICEDFMAE RS,

5.1 WHERZ IV k=T LEERDSHTHRER
IREGTRE AR D RS L 7Sl Pu AR, PufEHERUEL & Rk O FIE CHIE 21T - 72,

AEHZIE, B DR D 3 VL — T O Pu iR (No.1~No.3) & f L7z, 78, 2T
OREPICTAEEREROT 7 0 (U) & #k[Fe) & G ATV, KERERM B 2 (ASTM;
American Society for Testing and Materials) Cix, U/Pu btk T10fF&E O UL, Pud
77— A N —HEICEELGRARNWI EaHmE LTS 10, Ziuk, U OFEERET
BALY Pu KV L RESAMICH D720, Pu ORIEIZE T 2% EEM ClEERILFH 72X
JIGERZ T Z TR ThH D, AREBHFO UREIL, HKRKTH 400 pg/g RETH D |
Pu iRE(10~15 mg/g) & HD & 1/25 DUF LHE~DREITE 2 bit/ev, —J7, Feld,
FHEATA IR TP CREERR IR SLFEAL DY 0.48 Vvs SCE & Pu LirE L T\ A 728 5, [RIRFICHIE
SNTLEWY, O RICEORELZEZX ZERNE D, 2T, ARBRTIX, 7—r X
N U —ORIERTICAEEE Pulsik O Fe I 4 55855 A 7 7 X~ 3 K0 Ko Hrik(ICP-AES)
THIE L7z, JEX, Eichrom # TEVA LYy & AW CREF O Pu ZH0 BRO D5
Seiko Instruments #! SPS7700 # M L TIHEMIECTER L, ZD%, X% AT
Fe JBEDEEEMIE L9, k. R(®)T D Fe OEMRIL, THOHIE L7z Fe OXEBEN
(0.49 V vs. SCE) () AT L TRz,

o,

¢ 1000-fp, A, e
Cs. HHIEE O Pu EE (mglg)
Cru HE L7 PuifE(mg/g)
Cre AREH D Fe I (ng/g)

C‘Pu:CPu (8)

fPu Pu ® %ﬁg %?‘
fFe Fe D %ﬁi }4__\,2‘

Arpu Pur o A\éi( g/mol)
Arre Fe 037:?‘5‘%%( g/mol)

BALHS 7 —u X b U —THIER. Fe O%F532HMIE LICHR Pu IWIRONTERHRZ

Table 3 1ZR7, WE L7z 3 Z A —7OELOM 0 K LHEOFEEIX, 15.599 mglg.
10.0446 mg/g, 10.0235 mg/g ThH V. FAMEERAITENZEH 0.02 %, 0.02 %, 0.05 %
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EIEFICTEWVEE CPUIRELZ DI T 52 LN T& -, iz, D=0 |23 L7~ IDMS

OFEFIL, 7 —m A MY =2 X HREMH L +0.13 %DFAN TR L7z, ZhbDhk
B b ., AECHEA LBAHRE 7 —a A R Y —3EE CIRAB R B RER L - myee
Pu iRz BAFIZHIETE D Z &R ol

5.2 FHEET /v N = U ABRIRDOARRED S FHmAE R

HIE U7 RgEE Pu IR ORIEM I\ T ISO/BIPM-GUM (25 %, K@) %zEF LA L
U CARED S 3l LTz, A S OFHBIC®H 72> Tid, 4.2 Hi & FRRICRKF oL EHEOR
WNSEZ RFED . 26O R MD O A BAEERHE) S 2500 L7z, 36O T2 5
%@HﬁTZE%ﬁﬂvﬁ:?A%W®ME@®I%#éﬂﬁjK%?;ﬂmESK@\%ﬁ
XEIAY 95 % & 72 Dl E R 8k k= 2 TOYLRAfEN S Zitfi Lz, 2B, AN S, &7
N—T O IR LRIEEZ N EIUTONTRD, 209 Bigb K& e b O & FIHHO i
MELLTRLE,

ZDRER, 3 7N —T OFRHLEAH S 1L, 0.064 %, 0.069 %, 0.063%THV, T
ISO12183 IZFi#k SN TV A KEHE 0.1~0.2 %% T L-UL THEIZPuz o TETW5
ZENbhotl, £, WIE L 3 7V — T OREEE PuisiRIZ oW T, FEANENHIEDOR
NS H 2 DB EEBET D0 A NI OWNRE RO, iR % Figure 8, Figure 9,
Figure 10 |27, ZOFER. 3 VN —T7 2T THROREIRENEE HOT- RN S OERIX
ARENAROFER T 7 > M Qs & 7T V7 IRIROWPEM Qp TH Y . TNENAMN I 2K
DF) 40%, 20%% DTz, ZOMOERK L LTiE, PuilkBloORERE s, Pu OEMFE
feu 2380 . ENENAHED S BILDK) 20%, 10%% HDTVZ, Qs. Qb (T KD ARHENS
BNELTHEHICE, EENOKEP, VFC & QCO D%, KO v M bHE
R[RE~OEMREH C X EMICAEL 2LERH Y, R CHEM LI EBORESEDEE
WNRIERE DM LD DI CTEETH DL Z ENDhot, o, s KO feu Il & D AT
NSNS T LHDITIE, A ORMLE A EHEICERT D & & b2, PudXEBNIZD
WTHKETRICAE S D UNERH D,
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6. £&®

BOLEE 7 —a A B Y —Z2HWCIRAIEH AR DR L7 fi2 Pu ‘@rﬁimﬁﬁﬁ@
DO FE Lz, 7—nr A MY —2#E X, SRNL & OILFEBFFEIZ L D, ST B
L—H 7L SR 2 WV TR ISR IE Lz, T OMESE, EEO@REMEZ2HRT 5720
WSROIy v NI bERE~OEBER C X, &EMETH S 1.0000 pClcount &
+£0.05 %LANTRAFIC—F L, WEOMED K LA EERFZ2$ 0.0001~0.0002 % &
1S012183 Tk %maﬂ?ﬁrﬁ%ﬂa\é:?ﬁﬁﬁéf Y S AV gV et

LB OVEREREAT O 72 D12 Pu & JBIEEWE D & 5 U 72 AR MESORL 2 204 L 7o 3. e fE
I3 FRME & +£0.05 % LA, ,%éi; D3R LHIE OFIHERERF D 0.05 %LL T CTH 0 IEF 2 m\ O E
TPuZGMTELZ ENgooTe, o, THEMEV I EHMIZIES Pu OREMIZHA
BEREESIMREINT, A7 —a 2 M) —EETRIFZ PuDBENTE 5 ERGrol,
% 2T, 29Pu & HEHIZ < STIRAEIIH R DR U 2 Pu SR OER T D720
DoHT & Flii Uiz, RSO R 3 7 —T OB HIE L%, o0 EIX, 15.599
+0.010 mg/g (RSD0.02 % ). 10.0446 + 0.0069 mg/g (RSD 0.02 % ). 10.0235 + 0.0063 mg/g
(RSD 0.05 % ) Tdh -7z, BIERHEIL. IS012183 [C#H SN TWBHTERE TH S 0.1~
0.2 %% +7IZiE T 2ETHY , igsmHr & LCEEHE L7 IDMS OWERR & $+0.13 %
DFPFHNTRIFIC—H LIz, ZNHOMERNS, REMBH 7 —a 2 M) —2 AT 52
ETUEEMBEORELEE LTCORBEZHRE T H2KECTHEICPur ERTH I ENTET,
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Isolation
Module
l Linear DC Power Supply ‘
l
Reduqtion Oxidaj:ion | | Digital || Ortec || Digital
Potentiostat || Potentiostat] Integrator Counter/Timer Analog
Converter
Automation
Module Control
NIM BIN Computer
Retrenee |17 | Date
Electrode cquisition
Module
N
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1
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el
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I

1

1

1

Glove box

Figure 1 Block diagram of the coulometer system used in this study

The system was composed of cell assembly located inside the glove box, and the other
components located outside the glove box.

Reference

electrode ' Stirrer

Counter
Vs electrode
¥

Working
electrode

Figure 2 Schematic drawing of the cell assembly installed into the glove box

A glass cell of 30 mL volume was used as a measurement cell. A gold electrode, a
saturated calomel electrode and a platinum electrode were used as working, reference and
counter electrode, respectively.
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Table 1 Test equipment used for component calibration of the coulometer system

An ISO/IEC 17025 accredited calibration laboratory at the Savannah River National
Laboratory calibrated all equipment in the table.

Calibrated test equipment Manufacturer Model
Standard Resistor (100 Q) Automatic Systems Laboratory Model RR100
Digital Multimeter Agilent Technologies 34401A
Universal Counter Agilent Technologies 53131A
Standard Voltage/Current Bench | Martel Electronics Model 2000
Calibrator
Digital Multimeter Digital Multimeter
: (Agilent 34401A) (Agilent 34401A)
g ; ------------------- Istd - Iload ------------------- g g Ical — Iloadz nu-cl.-o-nc-a-o-nu-: g
, Standard Oxidation Standard Oxidation | (v, ... ‘
Resistor Potentiostat Resistor Potentiostat
R 100 Q Ry.ai 50 Q R.q 100 Q Ryaat 50 Q
L | Automation . Automation
Module Module .
R, 100 Q R, 100 Q :
(a) Circuit diagram at oxidation potentiostat (b) Circuit diagram at automation module
calibration calibration

Figure 3 Circuit diagram during calibration implementation

Oxidation potentiostat applied 1 V during both calibrations. The digital multimeter was
used to measure voltages between each resistor.
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100 r G S © S S ©
a
o Bt
=
&)
=
o)
g2 50 f = = = = n
8
@
%
=
25
-# Load Resistor (Designed Value 50 Q)
-©-Calibration Resistor (Designed Value 100 Q)
O 1 1 1 1
2007/4 2009/3 2011/2 2013/1  2014/12 2016/11

Year / Month

Figure 4 Resistivities of load resistor and calibration resistor

The rectangular dot indicated the load resistor value inside oxidation potentiostat. The
circle dot indicated the calibration resistor value inside the automation module.

1640 10050
N A 7S A A A A 4 10000
T 1620 | Z
B =
= 1 9950 &
o
g =
g'1600 | o—=& &— —&—— —&——® Q
o~ o
= o
e 1 9900 :’i
2, an
) N
2 1580 : 2
o -8-VFC#1 (Designed Value 1600 Hz) 1 9850 ~
-©-VFC#2 (Designed Value 1600 Hz)
—-Quartz Crystal Oscillator (Designed Value 10000 Hz/V)
1560 ' : : ' 9800
2007/4 2009/3 2011/2 2013/1 2014/12 2016/11

Date

Figure 5 Frequencies and clocks of equipment inside digital integrator

The rectangular dot indicated the VFC#1 frequencies. The circle dot indicated the VFC#2
frequencies. The triangle dot indicated the QCO clocks.
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Figure 6 Measurement results of plutonium formal potential in 0.9 M HNO3

The formal potential measurements were performed before Pu sample measurements.
The average value of plutonium formal potential was 0.69 V vs. SCE.

Table 2 Analytical results of plutonium standard samples

The samples were prepared from CRM126 plutonium metal. The measurement and
referenced values include total uncertainties at the 95 % confidence interval ( k=2).

Coulometric Measurement Results Referenced Values

Group

. . Relative .
(Replicates) C(;’fn;in(‘glat/m)n Expanded RSD (%)*1 Csfn;in(t;at/“’)n Diff. (%)
'8 Uncertainty (%) &'
Sg)_%'l 5.0172=0.0030 0.060 0.05 5.0192+0.0015 10.04
S'(FD E;Z 171730 0.00090 0.052 0.05 1.71655+0.00051 0.04
n:
S'(FD ?2(;3 4.9836+0.0027 0.054 0.02 4.9843+0.0015 -0.01
n:
S'(FD ?5(;4 4.7164+0.0029 0.061 0.04 4.7164+0.0014 0.00
n:
ST(D 1\51;)5 47947+ 0.0029 0.061 0.03 4.7247+0.0014 0.00
n:
ST(D 1\51;)'6 8.9413+0.0055 0.062 0.04 8.9402+0.0027 0.01
n:
ST(D 1;1;7 1.6980-0.0010 0.058 0.03 1.69881-+0.00051 -0.05
n:

*1: RSD stands for relative standard deviation of coulometric measurements.
*2: Diff. stands for difference of coulometric measurement result from referenced value.
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Figure 7 Measurement date dependency of coulometric results

The recovery indicated the ratio of coulometric results and referenced value.
The error bar was uncertainty at the 95 % confidence interval ( k=2).

Table 3 Analytical results of plutonium nitrate solution from mixed oxide powder

The measurement values include total uncertainties at the 95 % confidence interval ( k= 2).
The samples were also measured by IDMS to compare with coulometric results.

Coulometric Measurement Results
(Rsa?lpli ) Concentration Relative Diff. (%)"2
eplicate of Pu (me/e)! Expanded RSD (%)*1
ge Uncertainty (%)
No.1
15.599+0.010 0.064 0.02 -0.06

(n=8)
No.2

10.0446+0.0069 0.069 0.02 0.02
(n=12)
No.3

10.0235+0.0063 0.063 0.05 0.13
(n=11)

*1: RSD stands for relative standard deviation of coulometric measurements.
*2: Diff. stands for difference of coulometric measurement result from referenced value.
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Concentration of Fe in the sample, Cg,: <1%

Fraction of Pu electrolyzed Other: 3%

during measurements, fp,: 7% \

Integrated current
blank signal, Q) 15%

Figure 8 Relative contributions to the uncertainty of Pu nitrate solution No.1

The contribution of each parameter was evaluated from sensitivity coefficient from
ISO/BIPM GUM uncertainty calculation results.

Concentration of Fe in the sample, Cg,: 2%

Other: 5%
Fraction of Pu electrolyzed er 0%

during measurements, fp,: 7%
Integrated current
blank signal, Q) : 24%

Figure 9 Relative contributions to the uncertainty of Pu nitrate solution No.2

The contribution of each parameter was evaluated from sensitivity coefficient from
ISO/BIPM GUM uncertainty calculation results.
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Concentration of Fe in the sample, Cg,: <1%
Other: 2%

Fraction of Pu electrolyzed
during measurements, fp,: 8% \

Integrated current
blank signal, Q) : 25%

Figure 10 Relative contributions to the uncertainty of Pu nitrate solution No.3

The contribution of each parameter was evaluated from sensitivity coefficient from
ISO/BIPM GUM uncertainty calculation results.
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NS & LTRDGED 7 ML Qe DAED S ALy w(Qo) i SRNL TR L 7= i % 4t il
L7, 2 zR(A-3) THME, SRNL TRk L 725 E RN OIREZE(IC K5 AN S HR
gy &R0 IR UIE OFEMEIR 727 b 3l L 7 i SRy 2 iz T u(C) & L7e,

QREERDOEE N U v MK Qs DRRED 5y u(Qs)
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DARMENS & LTRDTZ, ulfr)ld Fe OFXNEBAL OV I UHIERE D 55 L 72 R
S ZERABICAN L TRDT=, ulArre) L 2006 £ CODATA HELEfE 2N 5 Rd 7= AD, DL
EOFERN S RO TR Pu iR DO AN S(k=1)% Table A-67~A-97 I[Z/~R 7,

2E R
A1) Mohr, P.J., Taylor, B.N. and Newell, D.B.: “CODATA recommended values of the

fundamental physical constants: 20067, J. Phys. Chem. Ref. Data, 37, 2008,
pp.1187-1284.
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Table A-1 Uncertainty budget for sample No.1 of STD No.1.

Table A-2 Uncertainty budget for sample

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9995660 pC/count | 40.0 X106 uC/count 5.0 1.8%
Qs 4.30346 X 106 count 900 count 1.2X 1076 48.5 %
Qv 9858 uC 800 uC -1.2X 106 38.3 %
fru 0.9990700 90.0X 106 -5.0 9.0%
S 2.121900 g 100X106 g 2.4 2.4 %
Avpy 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40 X103 C/mol -52X 106 0.0 %

Cru 5.01627 mg/g 1.51 X103 mg/g

No.2 of STD No.1.

,26,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000020 pC/count | 40.0X 106 pC/count 5.0 1.8 %
Qs 4.28984 X 108 count 900 count 1.2X10°% 48.5 %
Qb 6997 uC 800 uC -1.2X106 38.3 %
fpu 0.9991200 90.0xX 106 -5.0 8.9 %
] 2.114600 g 100X 106 g 2.4 2.5%
Arpy 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -52X 106 0.0 %
Cpu 5.02292 mg/g 1.52X103 mg/g
Table A-3 Uncertainty budget for sample No.3 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000010 pC/count | 40.0X 10 uC/count 5.0 1.8 %
Qs 4.29822 X106 count 900 count 1.2X10% 48.5 %
Qv 6407 uC 800 uC -1.2X 106 38.3 %
fru 0.9991500 90.0x10°¢ -5.0 8.9 %
] 2.121400 g 100X106 g 2.4 2.4 %
Arpu 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40x103 C/mol -52X 106 0.0 %
Cpu 5.01715 mg/g 1.51X103 mg/g
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Table A-4 Uncertainty budget for sample No.4 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996850 pnC/count | 40.0X10°% pC/pulse 5.0 2.2 %
Qs 5.21232 X 10% count 1000 count 960 X107 51.4%
Qv 7146 nC 800 uC -960 X 1079 32.9 %
fru 0.9987700 90.0X10¢ -5.0 11.3 %
s 2.572700 g 100X10¢ g -2.0 2.1%
Avpy 239.07290 g/mol 1.20X10® g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -52 X106 0.0 %
Cpu 5.01779 mg/g 1.34 X103 mg/g
Table A-5 Uncertainty budget for sample No.5 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996840 uC/count | 40.0X10°6 pCl/count 5.0 2.2 %
Qs 5.23091 X 108 count 1000 count 960X 10 51.4 %
Qb 7404 uC 800 uC -960 <10 32.9 %
fpu 0.9990300 90.0X10°¢ -5.0 11.4 %
s 2.583300 g 100X106 g -1.9 2.1 %
Arpu 239.07290 g/mol 1.20X10% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol 52X 10 0.0 %
Cru 5.01349 mg/g 1.34X10% mg/g
Table A-6 Uncertainty budget for sample No.6 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996760 uC/count | 40.0>X106 uC/count 5.0 2.2 %
Qs 5.21299 X 106 count 1000 count 960 X109 51.4 %
Qv 6734 uC 800 uC 960X 107 32.9 %
fru 0.9990300 90.0X10°¢ -5.0 11.3 %
s 2.574000 g 100X10¢ g -1.9 2.1%
Aspy 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -52X10°¢ 0.0 %
Cru 5.01495 mg/g 1.3410-3 mg/g
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Table A-7 Uncertainty budget for sample No.7 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index

C 0.9996790 uCl/count | 40.0X106 uCl/count 5.0 2.2 %
Qs 5.18391 X 106 count 1000 count 970X 109 51.5 %
Qb 8041 uC 800 nC -970x10° 33.0 %
fru 0.9991000 90.0X10°¢ -5.0 11.2 %
s 2.558100 g 100X 10% g -2.0 2.1%
Arpu 239.07290 g/mol 1.20X10% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10% 0.0 %
Cru 5.01633 mg/g 1.35X10% mg/g
Table A-8 Uncertainty budget for sample No.8 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9995660 uCl/count | 40.0X106 uC/count 5.0 2.2 %
Qs 5.20135 X 106 count 1000 count 960X 109 51.4 %
Qb 6344 nC 800 nC -970x10° 32.9 %
fru 0.9990900 90.0X10°¢ -5.0 11.3 %

s 2.569700 g 100X10¢g -2.0 2.1%
Avpy 239.07290 g/mol 1.20X10°% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -52X10° 0.0 %
Cru 5.01163 mg/g 1.35X10% mg/g
Table A-9 Uncertainty budget for sample No.9 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000130 pC/count | 40.0X106 uC/count 5.0 2.4%
Qs 6.42740 X% 108 count 1300 count 780X 109 61.0 %
Qb 6395 uC 800 uC -780X10° 23.1%
fpu 0.9991500 90.0X10° -5.0 12.1%

s 3.173400 g 100X 10% g -1.6 1.5 %
Arpu 239.07290 g/mol 1.20 X107 g/mol 0.021 0.0 %

F 96485.33990 C/mol 2.40X10% C/mol 52X 107 0.0 %
Cpu 5.01790 mg/g 1.30X10"% mg/g
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Table A-10 Uncertainty budget for sample No.10 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000120 pCl/count [ 40.0x 106 uC/count 5.0 2.4 %
Qs 6.37973 X 106 count 1300 count 790X 100 61.1 %
Qb 10578 uC 800 nC -790X 1079 23.1 %
fpu 0.9989800 90.0X 106 -5.0 11.9%
S 3.146900 g 100X 106 g -1.6 1.5 %
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -52 X107 0.0 %
Cru 5.02014 mg/g 1.31 X103 mg/g
Table A-11 Uncertainty budget for sample No.11 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000090 pC/count [ 40.0X 106 uC/count 5.0 2.3 %
Qs 6.36270 % 106 count 1300 count 790X 10 61.1 %
Qb 9000 pC 800 nC -790X 107 23.2 %
fru 0.9990500 90.0X 106 -5.0 11.9%

] 3.140200 g 100X106 g -1.6 1.5%
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40 X103 C/mol -52 X106 0.0 %
Cpu 5.01828 mg/g 1.31 X103 mg/g
Table A-12 Uncertainty budget for sample No.12 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000080 pC/count | 40.0X10°¢ pC/count 5.0 2.3 %
Qs 6.36876 X 106 count 1300 count 790X 109 61.1%
Qb 7886 uC 800 pC “790x10° 23.1 %
fru 0.9990200 90.0x10¢ -5.0 11.9%
s 3.143600 g 100X10¢g -1.6 1.5 %
Avpy 239.07290 g/mol 1.20X10°% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40x10% C/mol "52X10°° 0.0 %
Cpu 5.01866 mg/g 1.25X10% mglg
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Table A-13 Uncertainty budget for sample No.13 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996840 pCl/count | 40.0x 106 pC/count 5.0 2.3 %
Qs 6.34458 X 106 count 1300 count 790X 109 61.2 %
Qb 7931 puC 800 pC 790X 109 23.2 %
fru 0.9990100 90.0X 106 -5.0 11.8 %
s 3.130500 g 100X 106 g -1.6 1.5%
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -52X 106 0.0 %
Cpu 5.01889 mg/g 1.32X 103 mg/g
Table A-14 Uncertainty budget for sample No.14 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996790 pC/count | 40.0 X106 pC/count 5.0 2.3 %
Qs 6.36928 X 106 count 1300 count 790X 10° 61.1 %
Qb 6632 uC 800 pC -790 X 109 23.2 %
fru 0.9990000 90.0 X106 -5.0 11.9%
S 3.145200 g 100X 106 g -1.6 1.5%
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -52 X106 0.0 %
Cpu 5.01595 mg/g 1.31 X103 mg/g
Table A-15 Uncertainty budget for sample No.15 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996640 uCl/count | 40.0x10°¢ pC/count 5.0 2.3%
Qs 6.35204 X 106 count 1300 count 790X 109 61.2 %
Qb 10285 uC 800 uC 790 X109 23.2%
feu 0.9991500 90.0x10° -5.0 11.8 %
s 3.133700 g 100X 10% g -1.6 1.5 %
Arpy 239.07290 g/mol 1.20X10° g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40%1073 C/mol -52X10° 0.0 %
Cru 5.01700 mg/g 1.32X10% mg/g
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Table A-16 Uncertainty budget for sample No.16 of STD No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996630 uC/count | 40.0X106 uCl/count 5.0 2.3%
Qs 6.34432 X108 count 1300 count 790 X107 61.2 %
Qv 6428 nC 800 nC 790X 10 23.2 %
fru 0.9989500 90.0X10°6 -5.0 11.8 %
s 3.131600 g 100X10° g -1.6 1.5 %
Avpy 239.07290 g/mol 1.20X10°% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10¢ 0.0 %
Cpu 5.01831 mglg 1.32X10% mg/g
Table A-17 Uncertainty budget for sample No.17 of STD No.1.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9995660 uC/count | 40.0X106 uCl/count 5.0 2.3%
Qs 6.36752 X 108 count 1300 count 790X 10 61.1%
Qb 7003 uC 800 uC 790 X109 23.2 %
feu 0.9991800 90.0X10° -5.0 11.9%
s 3.142500 g 100X10¢g -1.6 1.5 %
Arpu 239.07290 g/mol 1.20 X107 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10°¢ 0.0 %
Cru 5.01711 mglg 1.31X10°® mg/g
Table A-18 Uncertainty budget for sample No.1 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000460 pC/count | 40.0X10°¢ pC/count 1.7 2.4 %
Qs 6.73422 X106 count 1400 count 260X10° 64.4 %
Qb 6165 nC 800 pC -260x10° 21.0 %
fru 0.9990300 90.0X10°6 -1.7 12.1 %
s 9.718000 g 100X10¢g -0.18 0.2 %
Aspy 239.07290 g/mol 1.20X10°% g/mol 7.2X103 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10¢ 0.0 %
Cpu 1.717209 mglg 445X 106 mglg
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Table A-19 Uncertainty budget for sample No.2 of STD No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000460 pC/count | 40.0X10°6 pC/count 1.7 2.4%
Qs 6.77261 X 106 count 1400 count 250X 109 64.2 %
Qv 6655 nuC 800 nC 250109 21.0 %
fru 0.9990900 90.0X10°¢ -1.7 12.2%
s 9.771000 g 100X 10% g -0.18 0.2 %
Arpu 239.07290 g/mol 1.20X 10 g/mol 7.2X10°% 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10% 0.0 %
Cru 1.717413 mglg 443X10°% mg/g
Table A-20 Uncertainty budget for sample No.3 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000450 pC/count | 40.0X10¢ pC/count 1.7 2.4 %
Qs 6.78473 X 106 count 1400 count 250X 109 64.2 %
Qb 6326 uC 800 nC 25010 21.0 %
fru 0.9990300 90.0X10°¢ -1.7 12.2 %
s 9.788200 g 100X10¢g -0.18 0.2 %
Aspu 239.07290 g/mol 1.20X10°% g/mol 7.2X103 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10% 0.0 %
Cru 1.717650 mglg 443X10% mg/g
Table A-21 Uncertainty budget for sample No.4 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999970 uCl/count | 40.0x10°¢ pCl/count 1.7 2.4 %
Qs 6.78064 X 106 count 1400 count 250X 109 64.2 %
Qb 5618 uC 800 uC -250 X109 21.0 %
fru 0.9991500 90.0X10°¢ -1.7 12.2%
s 9.786000 g 100X 10% g -0.18 0.2 %
Arpu 239.07290 g/mol 1.20 X107 g/mol 7.2X10°% 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10% 0.0 %
Cru 1.716891 mglg 443X10% mg/g
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Table A-22 Uncertainty budget for sample No.5 of STD No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999770 uCl/count | 40.0X106 uC/count 1.7 2.4%
Qs 6.75637 X 108 count 1400 count 250107 64.3 %
Qv 6358 uC 800 nC 250X 10 21.0 %
fru 0.9991500 90.0X10°6 -1.7 12.1 %
s 9.758100 g 100X10° g -0.18 0.2 %
Aspy 239.07290 g/mol 1.20X10°% g/mol 7.2X103 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10¢ 0.0 %
Cpu 1.715409 mg/g 444 X10% mg/g
Table A-23 Uncertainty budget for sample No.6 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999780 uCl/count | 40.0x10° pC/pulse 1.7 2.4 %
Qs 6.79733 X 108 count 1400 count 250X 109 64.2 %
Qb 5584 uC 800 uC -250 X109 20.9 %
feu 0.9992200 90.0X10° -1.7 12.3 %
s 9.802200 g 100X10¢g -0.18 0.2 %
Arpu 239.07290 g/mol 1.20 X107 g/mol 7.2X107 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10¢ 0.0 %
Cru 1.718132 mglg 442X10° mg/g
Table A-24 Uncertainty budget for sample No.7 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000010 pC/count | 40.0X106 pC/ecount 1.7 2.4 %
Qs 6.77094 X 106 count 1400 count 25010 64.2 %
Qb 5380 uC 800 pC 25010 21.0 %
fru 0.9989100 90.0X10°6 -1.7 12.2 %
s 9.776300 g 100X10¢g -0.18 0.2 %
Aspy 239.07290 g/mol 1.20X10°% g/mol 7.2X103 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10¢ 0.0 %
Cpu 1.716612 mglg 443 X106 mglg
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Table A-25 Uncertainty budget for sample No.8 of STD No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000000 pC/count | 40.0X10°¢ pC/count 1.7 2.3%
Qs 6.63318 X108 count 1400 count 260X107 64.6 %
Qb 6802 uC 800 nC 260X 10 21.1 %
fru 0.9988900 90.0X10°¢ -1.7 11.8 %
s 9.567500 g 100X10° g -0.18 0.2 %
Aspu 239.07290 g/mol 1.20X10°% g/mol 7.2X103 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10°¢ 0.0 %
Cpu 1.718023 mglg 452X10% mg/g
Table A-26 Uncertainty budget for sample No.9 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000360 pC/count | 40.0X10¢ pC/count 1.7 2.4%
Qs 6.75130 X 10€ count 1400 count 250X10° 64.3 %
Qb 5758 uC 800 uC -250 X109 21.0 %
fpu 0.9991100 90.0X10°¢ -1.7 12.1%
s 9.738400 g 100X10¢g -0.18 0.2 %
Arpu 239.07290 g/mol 1.20X 10 g/mol 7.2X10°% 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10% 0.0 %
Cru 1.717912 mglg 445X10°¢ mg/g
Table A-27 Uncertainty budget for sample No.10 of STD No.2.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000350 pC/count | 40.0X10°¢ pC/count 1.7 2.4 %
Qs 6.79450 X 106 count 1400 count 250X 109 64.2 %
Qb 6663 nC 800 nC 25010 21.0 %
fru 0.9991200 90.0X10°¢ -1.7 12.2 %
s 9.800300 g 100X10¢g -0.18 0.2 %
Aspu 239.07290 g/mol 1.20X10°% g/mol 7.2X103 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -18X10°¢ 0.0 %
Cpu 1.717744 mglg 442X10¢ mg/g
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Table A-30 Uncertainty budget for sample No.3 of STD No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count | 40.0X106 pC/count 5.0 2.2%
Qs 5.53421 X108 count 1100 count 900X 10 55.3 %
Qv 5510 puC 800 nC 900X 10 29.2 %
fru 0.9991300 90.0X10°6 -5.0 11.3 %
s 2.751200 g 100X10° g -1.8 1.8%
Avpy 239.07290 g/mol 1.20X10°% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10¢ 0.0 %
Cpu 4.98398 mg/g 1.33X10% mg/g
Table A-29 Uncertainty budget for sample No.2 of STD No.3.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count | 40.0X106 pC/count 5.0 2.2%
Qs 5.54462 X 108 count 1100 count 900X 10 55.3 %
Qb 5726 uC 800 uC 900 X109 29.2 %
feu 0.9991000 90.0X10° -5.0 11.4 %
s 2.756100 g 100X10¢g -1.8 1.8%
Arpu 239.07290 g/mol 1.20 X107 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10°¢ 0.0 %
Cru 4.98445 mg/g 1.33X10% mg/g

,35,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count | 40.0X106 pC/count 5.0 2.2 %
Qs 5.54271 X 106 count 1100 count 900X 10 55.3 %
Qb 5655 uC 800 pC -900x10° 29.2 %
fru 0.9990800 90.0X10°6 -5.0 11.4 %
s 2.755600 g 100X10¢g -1.8 1.8%
Avpy 239.07290 g/mol 1.20X10°% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10°¢ 0.0 %
Cpu 4.98379 mg/g 1.33X10% mg/g




Table A-31 Uncertainty budget for sample No.4 of STD No.3.
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Table A-33 Uncertainty budget for sample No.6 of STD No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count [ 40.0X 106 pC/count 5.0 2.3 %
Qs 5.55258 X 106 count 1100 count 900X 109 55.2 %
Qb 5745 uC 800 uC -900 X 109 29.2 %
fpu 0.9990000 90.0 X 107 -5.0 11.4 %
s 2.760000 g 100X 106 g -1.8 1.8 %
Arpu 239.07290 g/mol 1.20 X 10°3 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40% 10 C/mol -52X 106 0.0 %
Cpu 4.98504 mg/g 1.33X 103 mg/g
Table A-32 Uncertainty budget for sample No.5 of STD No.3.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000630 pC/count | 40.0X10¢ pC/count 5.0 2.2 %
Qs 5.54343 X 108 count 1100 count 900X 10 55.3 %
Qb 5614 uC 800 nC -900x10° 29.2 %
fru 0.9990700 90.0X10°¢ -5.0 11.4 %
s 2.755900 g 100X10° g -1.8 1.8 %
Aspy 239.07290 g/mol 1.20X10°% g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol -52X10° 0.0 %
Cru 4.98397 mg/g 1.33X10% mg/g

,36,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000630 pC/count | 40.0X10¢ pC/count 5.0 2.2%
Qs 5.51265 X 106 count 1100 count 910X 109 55.4 %
Qb 5761 uC 800 uC 910 X109 29.3 %
fru 0.9990400 90.0X10°¢ -5.0 11.3%
s 2.740100 g 100X 10% g -1.8 1.8 %
Arpu 239.07290 g/mol 1.20 X107 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10°% C/mol 52X 10 0.0 %
Cru 4.98487 mg/g 1.34X10% mg/g
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Table A-34 Uncertainty budget for sample No.7 of STD No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000790 pCl/count [ 40.0x 106 uC/count 5.0 2.3 %
Qs 5.55270X 106 count 1100 count 900X 107 55.2 %
Qb 5591 pC 800 nC -900X 1079 29.2 %
fpu 0.9991000 90.0X 106 -5.0 11.4 %
s 2.761200 g 100X 106 g -1.8 1.8 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0%
F 96485.33990 C/mol 2.40X103 C/mol -52X106 0.0 %
Cru 4.98268 mg/g 1.33 X103 mg/g
Table A-35 Uncertainty budget for sample No.8 of STD No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000820 pC/count [ 40.0X 106 pC/count 5.0 2.2%
Qs 5.54637 X 106 count 1100 count 900X 10 55.3 %
Qb 5441 pC 800 nC -900X 107 29.2%
fru 0.9991400 90.0X 106 -5.0 11.4 %

] 2.758100 g 100X106 g ‘1.8 1.8%
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -52 X106 0.0%
Cpu 4.98254 mglg 1.33 X103 mg/g
Table A-36 Uncertainty budget for sample No.9 of STD No.3.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9997980 pC/count | 40.0 X106 pC/count 5.0 2.2 %
Qs 5.45090 X 108 count 1100 count 910X107 55.5 %
Qb 5268 nC 800 uC -920X 10 29.4 %
fpu 0.9990500 90.0X 106 -5.0 11.0 %
s 2.710200 g 100X 106 g -1.8 1.9 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -52X106 0.0 %
Cpu 4.98242 mglg 1.35X103 mg/g
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Table A-37 Uncertainty budget for sample No.10 of STD No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9997980 pC/count | 40.0X 106 pC/count 5.0 2.2 %
Qs 5.54052 X 106 count 1100 count 900109 55.3 %
Qv 5680 uC 800 uC -900 X 109 29.2 %
fpu 0.9989700 90.0X 106 -5.0 114 %
S 2.754000 g 100X 106 g -1.8 1.8 %
Avpy 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -52 X106 0.0%
Cpu 4.98391 mg/g 1.33X 103 mg/g
Table A-38 Uncertainty budget for sample No.11 of STD No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998810 pC/count | 40.0 X106 pClcount 5.0 2.2 %
Qs 5.45408 X 106 count 1100 count 910X10°9 55.5 %
Qb 5867 uC 800 nuC -910%x 10 29.4 %
fru 0.9992600 90.0X 106 -5.0 11.0 %

s 2.711200 g 100X 106 g -1.8 1.9%
Arpu 239.07290 g/mol 1.20 X103 g/mol 0.021 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -52X 106 0.0 %
Cpu 4.98232 mglg 1.35X103 mg/g
Table A-39 Uncertainty budget for sample No.12 of STD No.3.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998800 pC/count | 40.0X 106 pC/count 5.0 2.2 %
Qs 5.50788 X 106 count 1100 count 910X 109 55.4 %
Qv 5953 nC 800 nC -910X 107 29.3 %
fpu 0.9992500 90.0X106 -5.0 11.2 %
s 2.737200 g 100X 106 g -1.8 1.8%
Avpy 239.07290 g/mol 1.20X 103 g/mol 0.021 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -52 X106 0.0 %
Cru 4.98369 mg/g 1.34 X103 mglg
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Table A-40 Uncertainty budget for sample No.1 of STD No.4.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000740 pCl/count [ 40.0x 106 uC/count 4.7 1.8 %
Qs 4.29668 % 10¢ count 900 count 1.1X 106 48.6 %
Qb 4902 pC 800 nC -1.1X10°¢ 38.4 %
fpu 0.9989600 90.0X 106 -4.7 9.0 %
s 2.257900 g 100X 106 g -2.1 2.2 %
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -49X 106 0.0 %
Cru 4.71504 mg/g 1.42X 103 mgl/g
Table A-41 Uncertainty budget for sample No.2 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000090 pC/count [ 40.0X 106 uC/count 4.7 1.8 %
Qs 4.29718 X106 count 900 count 1.1X106 48.6 %
Qb 8288 nC 800 nC -1.1X10°¢ 38.4 %
fpu 0.9993700 90.0X 106 -4.7 9.0 %
] 2.254500 g 100X106 g 2.1 2.2 %
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40 X103 C/mol -49X 1076 0.0 %
Cpu 4.71673 mglg 1.42 X103 mg/g
Table A-42 Uncertainty budget for sample No.3 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999660 pC/count | 40.0 X106 pC/count 4.7 1.8 %
Qs 4.28821 X 10% count 900 count 1.1X10% 48.7 %
Qb 5413 uC 800 uC -1.1X 106 38.4 %
fpu 0.9991200 90.0X 106 -4.7 8.9 %
S 2.252000 g 100X 106 g -2.1 2.2%
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %
Cpu 4.71624 mglg 1.42X103 mgl/g
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Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000090 uCl/count | 40.0x106 pC/count 4.7 1.8%
Qs 4.28393 X108 count 900 count 1.1X10°% 48.7 %
Qv 8295 uC 800 uC -1.1X 106 38.5 %
fpu 0.9992400 90.0X10°¢ -4.7 8.9%
S 2.247300 g 100X 106 g 2.1 2.2%
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -49X 106 0.0 %
Cru 4.71783 mglg 1.42X103 mg/g
Table A-44 Uncertainty budget for sample No.5 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000180 pCl/count [ 40.0X 106 pnC/count 4.7 1.7%
Qs 3.72302 X< 106 count 700 count 1.3X10°¢ 37.7%
Qb 7649 uC 800 uC -1.3X 106 49.2 %
fru 0.9992300 90.0x10°¢ 4.7 8.6 %
S 1.954000 g 100X 106 g 2.4 2.8%
Arpy 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -49X 106 0.0 %
Cpu 4.71507 mglg 1.45X103 mg/g
Table A-45 Uncertainty budget for sample No.6 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999590 pnC/count | 40.0X 106 pC/count 4.7 1.8%
Qs 4.28390 X 106 count 900 count 1.1X10°% 48.7 %
Qb 5327 nC 800 nC -1.1X10°¢ 38.4 %
fru 0.9988500 90.0x 106 -4.7 8.9%
S 2.251400 g 100X 106 g 2.1 2.2%
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -49X 106 0.0 %
Cru 4.71408 mg/g 1.42X103 mg/g
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Table A-46 Uncertainty budget for sample No.7 of STD No.4.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999110 pC/count | 40.0X106 pC/count 4.7 1.8 %
Qs 4.26763 % 10% count 900 count 1.1X106 48.7 %
Qb 10547 uC 800 nC -1.1X10°% 38.5 %
fpu 0.9993000 90.0X 106 4.7 8.8 %
s 2.237600 g 100X 106 g -2.1 2.2 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0%
F 96485.33990 C/mol 2.40X103 C/mol -49X 106 0.0 %
Cru 4.71698 mg/g 1.43 X103 mg/g
Table A-47 Uncertainty budget for sample No.8 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000500 pC/count [ 40.0X 106 uC/count 4.7 2.4 %
Qs 6.40243 X 106 count 1300 count 740X 109 61.1 %
Qb 5566 pC 800 nC -740X 107 23.1%
fru 0.9991100 90.0X 106 -4.7 12.0 %
] 3.364900 g 100X106 g ‘1.4 1.3 %
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -49X 1076 0.0%
Cpu 4.71490 mg/g 1.23 X103 mg/g
Table A-48 Uncertainty budget for sample No.9 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0002840 pCl/count [ 40.0X 106 uC/count 4.7 2.4 %
Qs 6.41885 X108 count 1300 count 740X107 61.1 %
Qb 5654 nC 800 uC -740X 109 23.1 %
fpu 0.9989500 90.0X 106 4.7 12.1 %
s 3.371800 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %
Cpu 4.71913 mg/g 1.22 X103 mg/g
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Table A-49 Uncertainty budget for sample No.10 of STD No.4.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999200 pC/count | 40.0 X106 pClcount 4.7 2.4 %
Qs 6.41856 X 106 count 1300 count 740X10°° 61.1%
Qb 7790 uC 800 nC -740X107? 23.1%
fpu 0.9985500 90.0X 106 4.7 12.1 %
s 3.370400 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %
Cru 4.71947 mglg 1.22 X103 mg/g
Table A-50 Uncertainty budget for sample No.11 of STD No.4.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998820 pC/count | 40.0X106 pC/count 4.7 2.4 %
Qs 6.40700 X 108 count 1300 count 740X 109 61.1%
Qv 5906 nC 800 nC -740X107? 23.1%
fpu 0.9992800 90.0X 106 -4.7 12.0 %

] 3.366400 g 100X 106 g 1.4 1.3 %
Avpy 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49 X106 0.0 %
Cru 4.71432 mglg 1.22 X103 mg/g
Table A-51 Uncertainty budget for sample No.12 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999590 pC/count | 40.0 X106 pC/count 4.7 2.4 %
Qs 6.40260 X 108 count 1300 count 740X10°° 61.1 %
Qb 5858 uC 800 uC -740X 109 23.1 %
fpu 0.9984100 90.0X 106 4.7 12.0 %
] 3.364800 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %
Cpu 4.71783 mglg 1.23 X103 mg/g
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Variable Value Standard Uncertainty | Sensitivity Coefficient | Index

C 1.0000550 pCl/count [ 40.0x 106 uC/count 4.7 2.4 %
Qs 6.41757 X106 count 1300 count 740X107 61.1 %
Qb 5697 nC 800 nC -740X 107 23.1%
fru 0.9992100 90.0X 106 4.7 12.1 %
s 3.372000 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0%
F 96485.33990 C/mol 2.40X103 C/mol -49X 106 0.0 %
Cru 4.71556 mg/g 1.22X103 mg/g
Table A-53 Uncertainty budget for sample No.14 of STD No.4.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999100 pCl/count |  40.0X 106 pC/count 4.7 2.4 %
Qs 6.42243 X106 count 1300 count 730X109 61.1 %
Qv 7493 nC 800 nC -730X107 23.1%
fpu 0.9991400 90.0X 106 -4.7 12.1 %

s 3.375300 g 100X 106 g ‘1.4 1.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X10% C/mol -49X10°6 0.0%
Cpu 4.71285 mglg 1.22 X103 mg/g
Table A-54 Uncertainty budget for sample No.15 of STD No.4.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998850 pnC/count | 40.0 X106 pC/count 4.7 2.4 %
Qs 6.38949 X108 count 1300 count 740X107 61.2 %
Qb 5411 uC 800 uC 740X 109 23.2 %
fru 0.9993500 90.0X 106 4.7 12.0 %
s 3.353900 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %
Cpu 4.71899 mg/g 1.23 X103 mg/g
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Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999590 puCl/count | 40.0X 106 pC/count 4.7 2.4 %
Qs 6.38971 X108 count 1300 count 740X109 61.2%
Qb 7454 nC 800 nC -740X 107 23.2 %
fpu 0.9989900 90.0X 106 -4.7 12.0 %
s 3.350400 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20 X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49 X106 0.0%
Cpu 4.72463 mg/g 1.23 X103 mg/g
Table A-56 Uncertainty budget for sample No.2 of STD No.5.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000810 pCl/count [ 40.0X 106 uC/count 4.7 2.4 %
Qs 6.40483 X106 count 1300 count 740X 109 61.1%
Qv 5753 uC 800 nuC -740X 109 23.1 %
fpu 0.9992200 90.0X 106 4.7 12.0 %
s 3.358900 g 100X 106 g -1.4 1.3 %
Arpy 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %

1.23X103 mglg

Cpu 4.72458 mglg
Table A-57 Uncertainty budget for sample No.3 of STD No.5.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999200 pC/count | 40.0X 106 pC/count 4.7 2.4 %
Qs 6.39719 X 106 count 1300 count 740X 109 61.1 %
Qv 6706 pnC 800 nC -740X 107 23.2%
fpu 0.9983600 90.0X106 -4.7 12.0 %
s 3.355200 g 100X 106 g -1.4 1.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49 X106 0.0 %
Cru 4.72675 mglg 1.23 X103 mg/g
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Table A-58 Uncertainty budget for sample No.4 of STD No.5.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9999600 pC/count | 40.0 X106 pC/count 4.7 1.7 %
Qs 4.26339 X 106 count 900 count 1.1X10% 48.7 %
Qb 5640 uC 800 nC -1.1X 106 38.5%
fru 0.9984100 90.0X 106 -4.7 8.9 %

S 2.237300 g 100X 106 g -2.1 2.2%
Arpy 239.07290 g/mol 1.20X103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -49 X106 0.0 %
Cru 4.72279 mgl/g 1.43X103 mglg
Table A-59 Uncertainty budget for sample No.5 of STD No.5.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000790 pC/count | 40.0X 106 pC/count 4.7 1.8 %
Qs 4.28778 X 106 count 900 count 1.1X10%¢ 48.6 %
Qb 4606 pC 800 nC -1.1X10°%¢ 38.4 %
fpu 0.9990300 90.0X 106 -4.7 8.9 %

s 2.248500 g 100X 106 g -2.1 2.2 %
Arpy 239.07290 g/mol 1.20X 103 g/mol 0.020 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -49X 106 0.0 %
Cpu 4.72496 mg/g 1.42X103 mg/g
Table A-60 Uncertainty budget for sample No.1 of STD No.6.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 uC/count 40.010-6 pC/count 9.0 1.7%
Qs 4.11818 X 108 count 800 count 2.2X106 40.6 %
Qb 5740 pC 800 nC -2.2 X106 40.6 %
fpu 0.9991000 90.0X 106 -9.0 8.7 %
s 1.140400 g 100X 106 g -7.8 8.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.037 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -93X 106 0.0 %
Cru 8.94231 mg/g 2.73X 103 mg/g
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Table A-61 Uncertainty budget for sample No.2 of STD No.6.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 pC/count |  40.0x106 pC/count 9.0 1.7%
Qs 4.09209%108 count 800 count 2.2x10°6 40.7 %
Qb 6822 nC 800 nC -2.2x106 40.7 %
fpu 0.9990400 90.0x10¢ -9.0 8.6 %

s 1.132500 g 100x106 g -7.9 8.3%
Arpu 239.07290 g/mol 1.20x103 g/mol 0.037 0.0 %
F 96485.33990 C/mol 2.40%x103 C/mol -93x10°6 0.0 %
Cru 8.94573 mg/g 2.75x10% mg/g
Table A-62 Uncertainty budget for sample No.3 of STD No.6.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 puCl/count | 40.0X10¢ uCl/count 9.0 1.7 %
Qs 4.07898 X 108 count 800 count 2.2X10°6 40.7 %
Qb 7916 uC 800 nC -2.2X10°6 40.7 %
fru 0.9989900 90.0X 106 -9.0 8.6 %
] 1.128900 g 100X 106 g -7.9 8.3 %
Avpy 239.07290 g/mol 1.20 X103 g/mol 0.037 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -93 X106 0.0%
Cpu 8.94350 mg/g 2.75X 103 mg/g
Table A-63 Uncertainty budget for sample No.4 of STD No.6.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998830 pC/count | 40.0 X106 pC/count 8.9 1.7%
Qs 4.10581 X108 count 800 count 2.2X106 40.7 %
Qv 5002 uC 800 uC -2.2X 106 40.7 %
fpu 0.9992000 90.0X 106 -8.9 8.7%
s 1.137900 g 100X 106 g -7.9 8.3 %
Arpy 239.07290 g/mol 1.20 X103 g/mol 0.037 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -93 X106 0.0 %
Cru 8.93575 mg/g 2.73X10% mg/g
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Table A-64 Uncertainty budget for sample No.5 of STD No.6.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998830 pC/count | 40.0 X106 pC/count 9.0 1.7 %
Qs 4.09392 X 106 count 800 count 2.2X106 40.7 %
Qb 7081 uC 800 nC -2.2 X106 40.7 %
fru 0.9990700 90.0X 106 -8.9 8.6 %
S 1.133700 g 100X 106 g -7.9 8.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 0.037 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -93X 106 0.0 %
Cru 8.93946 mg/g 2.74X 103 mg/g
Table A-65 Uncertainty budget for sample No.1 of STD No.7.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 pCl/count | 40.0X 108 pC/count 1.7 1.9 %
Qs 4.14763 X 106 count 800 count 410X 109 44.1 %
Qb 8931 nuC 800 nC -410X 107 44.1 %
fpu 0.9991200 90.0X 106 -1.7 9.6 %
s 6.045300 g 100X106 g -0.28 0.3 %
Arpy 239.07290 g/mol 1.20 X103 g/mol 7.1X103 0.0 %
F 96485.33990 C/mol 2.40 X103 C/mol -18X10°¢ 0.0%
Cpu 1.697638 mg/g 494X106 mg/g
Table A-66 Uncertainty budget for sample No.2 of STD No.7.
Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 pC/count | 40.0 X106 pC/count 1.7 1.9%
Qs 4.14413X10% count 800 count 410X107 44.1 %
Qb 5683 nC 800 uC -410X 10 44.1 %
fru 0.9991500 90.0X 106 -1.7 9.6 %
S 6.041900 g 100X 106 g -0.28 0.3 %
Arpu 239.07290 g/mol 1.20X 103 g/mol 7.1X103 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -18X 106 0.0 %
Cpu 1.698438 mg/g 494 X106 mg/g

,47,




JAEA-Technology 2017-014

Table A-67 Uncertainty budget for sample No.1 of Pu nitrate solution No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996640 pC/count | 40.0X 106 pC/count 16 1.5 %
Qs 6.31358 X106 count 1300 count 2.5X106 39.2 %
Qb 6499 uC 800 uC -2.5X 106 14.8 %
fru 0.9988900 90.0X 10 -16 7.5 %

S 1.002300 g 196X106 g -16 35.3 %
Avpu 239.14000 g/mol 1.15X 103 g/mol 0.065 0.0 %

F 96485.33990 C/mol 2.40X10% C/mol -160X 106 0.0%
Cre 2.764 uglg 0.142 pglg -2.2X 103 0.4 %
fre 0.5040 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 103 g/mol 110X 106 0.0 %
Cp, 15.60241 mg/g 5.14X 10 mg/g

Table A-68 Uncertainty budget for sample No.2 of Pu nitrate solution No.1.

,48,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000120 pCl/count [ 40.0X 106 uC/count 16 1.5 %
Qs 6.28718 X 106 count 1300 count 2.5X106 39.3 %
Qb 8906 pnC 800 nC -2.5X10°¢ 14.9 %
fru 0.9991000 90.0X 10 -16 7.4 %

S 0.998000 g 196X106 g -16 35.4 %
Arpu 239.14000 g/mol 1.15X103 g/mol 0.065 0.0 %

F 96485.33990 C/mol 2.40X103 C/mol -160X 106 0.0%
Cre 2.764 uglg 0.142 ugl/g -1.7X103 0.2 %
fre 0.3960 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 107 g/mol 84 X106 0.0 %
Cp, 15.60149 mg/g 5.16 %10 mg/g
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Table A-69 Uncertainty budget for sample No.3 of Pu nitrate solution No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000120 pC/count [ 40.0X 106 puC/count 16 1.5%
Qs 6.28387 X 108 count 1300 count 2.5X10°6 39.3 %
Qb 8134 pnC 800 nC -2.56X10°6 14.9 %
fru 0.9990000 90.0X 106 -16 7.4 %

s 0.998100 g 196X 106 g -16 35.4 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.065 0.0%

F 96485.33990 C/mol 2.40X103 C/mol -160X 106 0.0 %
Cre 2.764 pglg 0.142 pglg -1.6X 107 0.2 %

fre 0.3700 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 103 g/mol 79X106 0.0 %
Chp, 15.59550 mg/g 5.16X 10" mg/g

Table A-70 Uncertainty budget for sample No.4 of Pu nitrate solution No.1.

,49,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000120 pC/count | 40.0X 106 uC/count 16 1.5 %
Qs 6.28758 X108 count 1300 count 2.5X106 39.3 %
Qb 7748 uC 800 uC -2.5X 106 14.9 %
fru 0.9989900 90.0X 106 -16 7.4 %

s 0.998500 g 196X 106 g -16 35.4 %
Arpy 239.14000 g/mol 1.15X103 g/mol 0.065 0.0%

F 96485.33990 C/mol 2.40X 103 C/mol -160X 106 0.0 %
Cre 2.764 pglg 0.142 pglg -1.6X103 0.2 %

fre 0.3710 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 103 g/mol 79X 106 0.0 %
Chp, 15.59957 mglg 5.15X 10" mg/g
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Table A-71 Uncertainty budget for sample No.5 of Pu nitrate solution No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000070 pCl/count | 40.0X 106 pC/count 16 1.5%
Qs 6.28476 X 10° count 1300 count 2.5X10°6 39.2 %
Qb 7904 pC 800 nC -2.56X 106 14.9 %
fru 0.9991500 90.0X 106 -16 7.4 %

s 0.997800 g 196X 106 g -16 35.4 %
Avpy 239.14000 g/mol 1.15X103 g/mol 0.065 0.0%

F 96485.33990 C/mol 2.40X 103 C/mol -160X 106 0.0 %
Cre 2.764 nglg 0.142 pglg -1.9%X103 0.3 %
fre 0.4320 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 103 g/mol 92X 106 0.0 %
Chp, 15.59980 mg/g 5.16X 10" mg/g

Table A-72 Uncertainty budget for sample No.6 of Pu nitrate solution No.1.

,50,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000080 pC/count [ 40.0X 106 puC/count 16 1.5 %
Qs 6.28124 X108 count 1300 count 2.5X106 39.3 %
Qv 10373 uC 800 nuC -2.5X 106 14.9 %
fpu 0.9990100 90.0X 106 -16 7.4 %

s 0.997000 g 196X 106 g -16 35.4 %
Avpy 239.14000 g/mol 1.15X 103 g/mol 0.065 0.0 %

F 96485.33990 C/mol 2.40X103 C/mol -160X 106 0.0 %
Cre 2.764 pglg 0.142 pglg -1.6X10° 0.2 %
fre 0.3660 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 103 g/mol 78X10°6 0.0 %
Cp, 15.60042 mg/g 5.16X 10 mg/g
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Table A-73 Uncertainty budget for sample No.7 of Pu nitrate solution No.1.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996790 pnC/count | 40.0 X106 pC/count 16 1.5%
Qs 6.28361 X 108 count 1300 count 2.5X10°6 39.1 %
Qb 7120 pC 800 nC -2.56X10°6 14.8 %
fru 0.9990000 90.0X 106 -16 7.4 %

s 0.997400 g 196X 106 g -16 35.3 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.065 0.0%

F 96485.33990 C/mol 2.40X103 C/mol -160X 106 0.0 %
Cre 2.764 pglg 0.142 pglg -2.6X 103 0.5 %

fre 0.6170 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X103 g/mol 130X 106 0.0 %
Chp, 15.60019 mg/g 5.17X 10 mglg

Table A-74 Uncertainty budget for sample No.8 of Pu nitrate solution No.1.

,51,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9996640 pC/count | 40.0X106 pC/count 16 1.5 %
Qs 6.28945 X 108 count 1300 count 2.5X106 39.2 %
Qb 7023 uC 800 uC -2.5X 106 14.8 %
fru 0.9990400 90.0X 106 -16 7.4 %

s 0.998600 g 196X 106 g -16 35.3 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.065 0.0%

F 96485.33990 C/mol 2.40X 103 C/mol -160X 106 0.0 %
Cre 2.764 nglg 0.142 pglg -2.4X103 0.4 %

fre 0.5520 0.0500 -0.012 1.3 %
Arre 55.84500 g/mol 1.15X 103 g/mol 120X 106 0.0 %
Chp, 15.59608 mg/g 5.16X 10" mg/g
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Table A-75 Uncertainty budget for sample No.1 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count [ 40.0x 106 puC/count 10 1.4 %
Qs 4.79011 X 10° count 1000 count 2.1X10°6 38.2 %
Qb 5843 nC 800 nC -2.1X10°6 24.4%
fpu 0.9990100 90.0X 106 -10 7.1 %
S 1.180700 g 196X 106 g -8.5 24.1 %

Arpy 239.14000 g/mol 1.15X103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 nglg -2.2X103 2.1%
fre 0.5030 0.0400 -0.014 2.7%
Arpe 55.84500 g/mol 1.15X103 g/mol 130%x 106 0.0 %
Cp, 10.04665 mglg 3.40X 103 mglg

Table A-76 Uncertainty budget for sample No.2 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count [ 40.0X 106 pC/count 10 1.4 %
Qs 4.79342 X108 count 1000 count 2.1X106 38.0 %
Qv 5923 uC 800 uC -2.1X10°¢ 24.3 %
fpu 0.9991100 90.0X 106 -10 7.1%
S 1.181500 g 196X 106 g -8.5 24.1 %

Avpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 3.267 ngl/g 0.227 pglg -2.3X103 2.4 %
fre 0.5450 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X 103 g/mol 140X 106 0.0 %
Cp, 10.04503 mg/g 3.41X10° mglg

,52,
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Table A-77 Uncertainty budget for sample No.3 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000650 pCl/count [ 40.0x 106 uC/count 10 1.4 %
Qs 4.79928 X 106 count 1000 count 2.1X10°6 38.1 %
Qb 5965 pC 800 nC -2.1X10° 24.4 %
fru 0.9991000 90.0X 106 -10 7.1%

s 1.182900 g 196X 106 g -8.5 24.1 %
Arpu 239.14000 g/mol 1.15X103 g/mol 0.042 0.0%

F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 pglg -2.3X 103 2.3 %
fre 0.5260 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X103 g/mol 130X 106 0.0 %
Chp, 10.04570 mglg 3.40X 10" mg/g

Table A-78 Uncertainty budget for sample No.4 of Pu nitrate solution No.2.

,53,

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count | 40.0X 106 puC/count 10 1.4 %
Qs 4.79494 X 108 count 1000 count 2.1X10% 38.1 %
Qb 6858 nC 800 uC -2.1X10°¢ 24.4 %
fru 0.9990800 90.0X 106 -10 7.1%

s 1.181900 g 196X 106 g -8.5 24.1 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%

F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 3.267 ngl/g 0.227 pglg -2.3X103 2.3 %
fre 0.5330 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X 103 g/mol 130X 106 0.0%
Chp, 10.04333 mg/g 3.40X 10" mg/g
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Table A-79 Uncertainty budget for sample No.5 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000650 pC/count [ 40.0X 106 uC/count 10 1.4 %
Qs 4.78507 X 10° count 1000 count 2.1X10°6 38.1%
Qb 5634 nC 800 nC -2.1X10°6 24.4%
fpu 0.9990700 90.0X 106 -10 7.1 %
s 1.179600 g 196X 106 g -8.5 24.1 %

Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 nglg -2.2X103 2.2 %
fre 0.5150 0.0400 -0.014 2.7%
Arpe 55.84500 g/mol 1.15X103 g/mol 130%x 106 0.0 %
Cp, 10.04509 mg/g 3.41X10°% mglg

Table A-80 Uncertainty budget for sample No.6 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000650 pC/count [ 40.0X 106 puC/count 10 1.4 %
Qs 4.78866 X 108 count 1000 count 2.1X106 38.0 %
Qv 5731 uC 800 uC -2.1X10°¢ 24.3 %
fpu 0.9991000 90.0X 106 -10 7.1%
s 1.180800 g 196X 106 g -8.5 24.1 %

Avpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 3.267 ngl/g 0.227 pglg -2.3X103 2.4 %
fre 0.5410 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X 103 g/mol 140X 106 0.0 %
Cp, 10.04154 mg/g 3.41X 107 mglg

,54,
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Table A-81 Uncertainty budget for sample No.7 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pCl/count [ 40.0x 106 uC/count 10 1.4 %
Qs 4.79736 X 106 count 1000 count 2.1X10°6 38.1 %
Qb 5908 nC 800 nC -2.1X10° 24.4 %
fru 0.9990500 90.0X 106 -10 7.1%
s 1.182600 g 196X 106 g -8.5 24.1 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 pglg -2.2X103 2.2 %
fre 0.5230 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X103 g/mol 130X 106 0.0 %
Chp, 10.04490 mg/g 3.40X 10" mg/g

Table A-82 Uncertainty budget for sample No.8 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count | 40.0X 106 puC/count 10 1.4 %
Qs 4.78750X 108 count 1000 count 2.1X10% 38.1 %
Qb 6113 uC 800 uC -2.1X 106 24.4 %
fru 0.9990400 90.0X 106 -10 7.1%
s 1.180700 g 196X 106 g -8.5 24.1 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 uglg -2.2X 1073 2.2 %
fre 0.5130 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X 103 g/mol 130X 106 0.0%
Chp, 10.04016 mg/g 3.40X 10" mg/g
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Table A-83 Uncertainty budget for sample No.9 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000660 pC/count [ 40.0X 106 uC/count 10 1.4 %
Qs 4.79606 X 10° count 1000 count 2.1X10°6 38.1%
Qb 5979 nC 800 nC -2.1X10°6 24.4%
fpu 0.9990700 90.0X 106 -10 7.1 %

s 1.182300 g 196X 106 g -8.5 24.1 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %

F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 nglg -2.3X103 2.3 %
fre 0.5250 0.0400 -0.014 2.7%
Arpe 55.84500 g/mol 1.15X103 g/mol 130%x 106 0.0 %
Cp, 10.04434 mglg 3.40X 103 mglg

Table A-84 Uncertainty budget for sample No.10 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000630 pC/count [  40.0X 106 pC/count 10 1.4 %
Qs 4.79325 X108 count 1000 count 2.1X106 38.1 %
Qv 5891 uC 800 nuC -2.1X10°¢ 24.4 %
fru 0.9990200 90.0x10°¢ -10 7.1 %

S 1.181300 g 196X 106 g -8.5 24.1 %
Avpu 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %

F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 3.267 pglg 0.227 pglg -2.2X10°3 2.2 %
fre 0.5140 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X 10 g/mol 130X 106 0.0 %
Cp, 10.04775 mglg 3.40X 10" mg/g
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Table A-85 Uncertainty budget for sample No.11 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000630 pCl/count [ 40.0x 106 uC/count 10 1.4 %
Qs 4.76689 X 106 count 1000 count 2.1X10°6 38.2 %
Qb 6191 pC 800 nC -2.1X10° 24.4 %
fru 0.9990600 90.0X 106 -10 7.0 %
s 1.175000 g 196X 106 g -8.6 24.1 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 pglg -2.2X103 2.1%
fre 0.5140 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X103 g/mol 130X 106 0.0 %
Chp, 10.04497 mglg 3.42X 10" mg/g

Table A-86 Uncertainty budget for sample No.12 of Pu nitrate solution No.2.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 1.0000630 pC/count | 40.0X 106 uC/count 10 1.4 %
Qs 4.75097 X 108 count 1000 count 2.1X10% 38.2 %
Qb 5911 uC 800 uC -2.1X 106 24.4 %
fru 0.9990500 90.0X 106 -10 7.0 %
s 1.171000 g 196X 106 g -8.6 24.2 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 3.267 nglg 0.227 uglg -2.2X 1073 2.1%
fre 0.5150 0.0400 -0.014 2.7%
Arre 55.84500 g/mol 1.15X 103 g/mol 130X 106 0.0%
Chp, 10.04625 mg/g 3.43X 10 mg/g
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Table A-87 Uncertainty budget for sample No.1 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9997980 pCl/count | 40.0X106 pC/count 10 1.6 %
Qs 5.06320 X 10° count 1000 count 2.0X10°6 39.2 %
Qb 6571 pC 800 nC -2.0X 106 25.1%
fpu 0.9990900 90.0X 106 -10 8.1 %
S 1.250400 g 196X 106 g -8.0 24.7 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40 X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.2X10° 0.4 %
fre 0.5190 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 66X10°6 0.0 %
Cp, 10.02652 mglg 3.17X 10 mglg

Table A-88 Uncertainty budget for sample No.2 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9997970 pClcount | 40.0x106 pC/count 10 1.6 %
Qs 5.11722X 108 count 1000 count 2.0X106 39.2 %
Qv 6515 pC 800 uC -2.0X 106 25.1 %
fpu 0.9990500 90.0X 106 -10 8.3 %
s 1.265600 g 196X 106 g -7.9 24.6 %
Avpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.1X10° 0.3 %
fre 0.4910 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 63X10 0.0 %
Cp, 10.01263 mg/g 3.13X 107 mglg
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Table A-89 Uncertainty budget for sample No.3 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9997980 pCl/count | 40.0X106 pC/count 10 1.6 %
Qs 5.06474 X108 count 1000 count 2.0X10°6 39.3 %
Qb 5981 puC 800 nC -2.0X 106 25.1%
fru 0.9989600 90.0X 106 -10 82 %

s 1.251300 g 196X 106 g -8.0 24.7 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%

F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -1.9X10° 0.3 %
fre 0.4460 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 57X10%6 0.0 %
Chp, 10.02536 mglg 3.16X 10" mg/g

Table A-90 Uncertainty budget for sample No.4 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9997970 pCl/count | 40.0x106 pC/count 10 1.6 %
Qs 5.06176 X 108 count 1000 count 2.0X106 39.3 %
Qb 5306 pC 800 uC -2.0X 106 25.1 %
fru 0.9990200 90.0X 106 -10 8.1%

s 1.250400 g 196X 106 g -8.0 24.7 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%

F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.0X103 0.3 %
fre 0.4690 0.0400 -7.1X10°3 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 60X 106 0.0%
Chp, 10.02723 mg/g 3.17x10% mg/g
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Table A-91 Uncertainty budget for sample No.5 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998810 pC/count | 40.0X106 pC/count 10 1.6 %
Qs 5.06532 X 10° count 1000 count 2.0X10°6 39.2 %
Qb 8184 puC 800 nC -2.0X 106 25.1%
fpu 0.9993300 90.0X 106 -10 8.1 %
s 1.251400 g 196X106 g -8.0 24.6 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.8X 1073 0.6 %
fre 0.6480 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 83X10°6 0.0 %
Cp, 10.01703 mglg 3.17X 10 mglg

Table A-92 Uncertainty budget for sample No.6 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998800 pC/count | 40.0X106 pC/count 10 1.6 %
Qs 5.06351 X 108 count 1000 count 2.0X106 39.2 %
Qv 9411 pC 800 uC -2.0X 106 25.1 %
fpu 0.9992600 90.0X 106 -10 8.1 %
S 1.249600 g 196X 106 g -8.0 24.7 %
Avpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.5% 103 0.5 %
fre 0.5930 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 76 X106 0.0 %
Cp, 10.02652 mglg 3.17% 107 mglg
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Table A-93 Uncertainty budget for sample No.7 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998810 pC/count | 40.0X106 pC/count 10 1.6 %
Qs 5.06542 X 108 count 1000 count 2.0X10°6 39.2 %
Qb 5756 pC 800 nC -2.0X 106 25.1%
fru 0.9992700 90.0X 106 -10 8.1%
s 1.251100 g 196X 106 g -8.0 24.7 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%
F 96485.33990 C/mol 2.40 X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.5X 107 0.5 %
fre 0.5890 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 75X106 0.0 %
Chp, 10.02546 mglg 3.17X 10" mg/g

Table A-94 Uncertainty budget for sample No.8 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998800 pC/count | 40.0X106 pC/count 10 1.6 %
Qs 5.06210X 108 count 1000 count 2.0X106 39.2 %
Qb 6550 pC 800 uC -2.0X 106 25.1 %
fru 0.9991800 90.0X 106 -10 8.1%
s 1.250300 g 196X 106 g -8.0 24.7 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0%
F 96485.33990 C/mol 2.40X 103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.3%103 0.4 %
fre 0.5400 0.0400 -7.1X10°3 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 69X 106 0.0%
Chp, 10.02497 mg/g 3.17x10% mg/g
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Table A-95 Uncertainty budget for sample No.9 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998810 pC/count | 40.0X106 pC/count 10 1.6 %
Qs 5.04525 X 10° count 1000 count 2.0X10°6 39.2 %
Qb 6216 pC 800 nC -2.0X 106 25.1%
fpu 0.9992500 90.0X 106 -10 8.1%
S 1.246900 g 196X 106 g -8.0 24.7 %
Arpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40 X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.4X10° 0.4 %
fre 0.5710 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 73X106 0.0 %
Cp, 10.01854 mglg 3.18X 10 mglg

Table A-96 Uncertainty budget for sample No.10 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 puClcount | 40.0X106 pC/count 10 1.6 %
Qs 5.06437 X108 count 1000 count 2.0X106 39.2 %
Qv 7651 uC 800 uC -2.0X 106 25.1 %
fpu 0.9992500 90.0X 106 -10 8.1%
s 1.250400 g 196X 106 g -8.0 24.7 %
Avpy 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.5% 103 0.5 %
fre 0.5770 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 74X10°6 0.0 %
Cp, 10.02550 mg/g 3.17x10° mglg
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Table A-97 Uncertainty budget for sample No.11 of Pu nitrate solution No.3.

Variable Value Standard Uncertainty | Sensitivity Coefficient | Index
C 0.9998790 pClcount | 40.0X106 pC/count 10 1.6 %
Qs 5.05594 X 108 count 1000 count 2.0X10°6 39.2 %
Qb 5947 nC 800 nC -2.0X 106 25.1%
fru 0.9992500 90.0X 106 -10 8.1 %
s 1.248400 g 196X 106 g -8.0 24.7 %
Arpu 239.14000 g/mol 1.15X 103 g/mol 0.042 0.0 %
F 96485.33990 C/mol 2.40X103 C/mol -100X 106 0.0 %
Cre 1.6600 pglg 0.0866 pglg -2.4X 107 0.4 %
fre 0.5680 0.0400 -7.1X103 0.8 %
Arre 55.84500 g/mol 1.15X 103 g/mol 72X106 0.0 %
Chp, 10.02826 mglg 3.17X 10" mg/g

,63,




This is a blank page.




EBREAL R (SI)

# 1. ST FEAHL F 2. FARHAL A FV TR S5 SIS BT O ] # 5. SI BEuzE
R T = P SIFHSTERfT T | 4% | s | m& | 4w | s
i T = ﬁ% ol 0 2 2 Y | 0 |7 ] a
E &[x =+ A m L BFHA— b m 102 [ | z 102 |& v F ¢
o - o % B|SL G A — R v mi P a lls .
21 BlF¥n s T L kg WX, E E|A— M AER -~ 10% |= 7 #| E 10. N Ul m
53 ] i s o H JE| A — N AR R m/s? 10% |2 %l P 108 |=A2znm|[ u
H w7 =7 A i | A — b o 102 |5 sl T 10° |+ A .
BAEEE s L E | K O, WRE EYesIAEIA— MY | kg/m® 100 [¥ # ¢ [w02|g = p
W OE EE 2| mol WO E EFRZTARELA—-MV | kegim® 108 [#  # M | 108 |7=ar| ¢
* gy v 7 5| od K * Ml A= rrfExr s 70 | mikeg wlx = x |welr 1 a
EOWR B ETUTEEFA-NV | A/m? 102 |~27 K n 102 |2 7 1| 2
e R o W S|TUTEA— L A/m 0 |= s 0% |2 2 ¢
BB E @, 9 EAETA— R mol/m® 2 z
B R’ E[xerssamilii—ba | kgm®
i BE|h o F 5 mEHA— v | cd/m? ) . "
B = O &FEo) 1 1 #6. SUCES 7223, STEPFH & 5 Hifr
% B ok ® GFEo) 1 1 5B o SI Hifizic L % i
(a) i (amount concentration) (ERFRFRALAED 5 CTIIETHEEE b min |1 min=60 s
(substance concentration) & & Lifh 5, — P
(b) 2 SElitd B VHYGE 1 & bR Tl B8, 20T & B b [1h =60 min=3600 s
B THHEFO 1 ILEFITRE LR, H d |1 d=24 h=86 400 s
. . B °  |1°=(#/180) rad
%3, [FHOAH L B TR SN DS N I
SI FHSZ AL 43 1’=(1/60)°=(=/10 800) rad
HANZ L o o | MOSTEALIC K5 [ STEABLIC X 5 i ? |17=(1/60)=(=/648 000) rad
' e #LK #L) ~J B ha |1 ha=1 hm?=10*m?
¥ i 2 797 ® | rad o wm Uy b | L 11171151 dmP=10%em?=10"m’
b AT ZIT sr¢ 1 m“/m L —103
= % =Nt s o ko t |1t=10°kg
Val —a—hv N m kg s
E A, s Hszan Pa N/m? m’kgs® ) y X ”
T RAF =, A, BB J Nm mPkg 5 £7. SICBERVAS, ST A SAS HIC, STHALT
HE®, TR, ks r W Ils mkg s RENDBEHPEBHI/EOND L O
1 5 & Blr—ny C SA Eis S ST Hifr TH S5 Hil
EhrE (|IE) , & & AR R v WI/A m’kg s3AT # o A L B eV |1eV=1.602 176 53(14)x10'%J
ﬁ% = i 7 o Cv m’kg's'A® % A b | Da |1Da=1.660538 86(28)x10%"kg
& £ # Hi|A— L Q VIA m?kg 9 A% AT EEEM u |1u=1Da
ERIN N A S DA 7S S ANV mZkg's®A? K X H 7] ua [1ua=1.495978 706 91(6)x10"'m
73 H == Wb Vs m’kg s?A’
73 H b i1 b T Wh/m? kg s?A?
A4 v Xy H v A~rU— H Whb/A m?kg s2A?
t AL v oy 2 R EeryemzEe| C K #£8. SITESZVA, SIEJHH Sh 2O AL
U A
b/ F— R Im cd sr® cd R A SI BN CH Sh 55l
- ( f))E o (d) x i mf cd N - Wl bar |1bar=0.1MPa=100 kPa=10°Pa
} ; Fl i 8 = -
TR PR AR O JA e g Vi 15iy s AKGHES U A — R mmHg| 1 mmHg~133.322Pa
TR, b= x ¥ —50 5. |, 2 2 . .
it g Gy Jikg m?s? Arv 7% hu—24 A |1A=0.1nm=100pm=10""m
2 i, 2 (o) ) o S s
iR A, AR~ T | SV Wiz m’s K= Y| b |1b=100fm’=(10%em)?=10%m?
i * {63 | 52— kat s mol J v K kn [1kn=(1852/3600)m/s
(SHEFFRAEA O & F & 785 & F ML L AR DETHATE 5, Lo UEIEZ L7z 0T 1350 R = 23| Np y -
SkE—L b TEAL, . STHAZ & DELAE A 722 BIFRIZ,
BT VT v AT T VT T O LISk 5 BALORBIAR4 T T, RICOWTONE S 2 5 diciibiu s, - & KPR D TE R AE
FEBKCIE, AT DRHCIFREBradk Vst VG D A28, B & L THSIEAL L L TORE Th 450 1135 > ¥ X ] dB
TRENRY,
@WHFETIIAT FTVT v VD AL i FsrZ PLOE LT OHIC, TOEEHREL TS,
@A~V IEHBRIC DN TR, X7 LB O EIBRIC DWW TORMER Sh 5,
@ BNV T REZFVE L OFRNRLTHT, EAVTRAREEZRT ZOIEAShS, BAVTIRELILEYD . . s e e
HEOKE SRFA—ThB, LitioT, MEACRENRELZEZTKINLE S ORI TELTHLRLTHS, D 03%.%&%099%’%1%%”‘ r—
ORFHEZREOHUHRE (activity referred to a radionuclide) (%, LIE LiEi - 7= 5k Tradioactivity” & i2 S5, 45 s SI Bifir T S 5 HE
(QHf > —~L b (PV,2002,70,205) 22\ TiXCIPMAE2 (CI-2002) % &M, ES v | erg |1 erg:10'7J
" - N , 4 A dyn |1 dyn=10'5N
A g R L Bl P ST B AL O 15 9 ;
K4 WEOBICHFTOMH L 7B % & LS B O] # 7 P |1 P=1dyn s cm®=0.1Pa s

ST AHZ Hif7

7
v
x
F — 27 %[ St |1St=lem’®s'=10"m?s’
7
k

HAST R o s | SIEARMIZED A i i
E% A F sb |1 sb=1cd cm?=10*d m™
picl 4 A % Pas m? kg st 7 * ph |1 ph=lcd sr em? =10%1x
h o ' — A v MM=a—brr—tn Nm m’kg s> bl V| Gal |1 Gal=lcm s?=10?ms?
* i} & Hl==z—bhofgEA— L N/m kg s ~ 7 A U = JU| Mx [1Mx=1Gcem’=10°Wb
14 ; S }f% T R rad/sq m m'i s'i:s'; H 74 Zl G |1 G=1Mxcm?=10"T
£ i i 7 o7 v ERED rad/s” mm’s?=s" - = o 1 (a) 3 -1
B om B, M B ED MEEEA— L Wi [kes® R
g ) > . a) 37ERDCGSHALR & SITHIEHEBE TE AV, H5 [ & )
ARE, = br b —|Pa— Iy JIK m’kg s2K! FEHISBIRE T b DO TH B,
HEER, oy hr E—|va—rmxarsamires (Jikg K)  |m?s?K?
b = x L ¥ —|Pa—nrEXursIs Jlkg m?s?
# I b H|U o MEA— ESAEY (W(mK)  |m kg s?K? #10. STZJE S 72 Z DAt AL D ]
M = x L X —|Ya—nAmilA— ML [Jm? m'kg s? EAa %3 SI HLAZLTF S5 HE
& R o B EEArEA-bL Vim mkgs®Al ¥ = U~ Ci |1Ci=3.7x10"Bg
& i # ey —w o fmszi A — 4 |Cm? m?®s A v v b 7 ¥ R [1R=2.58x10"Clke
?'f - %ﬁj fé,_ " ?’j Z’“ = /Eulgj - ;ﬂ/ C/mz m'z sA 7 K| rad |1 rad=1cGy=107°Gy
HOREE, XXM — kv |C/m m-sA _ 02
% & |77 5 1A= P F/m mP kg5 A2 ; 5 i o 1 reinl_l,rc_slv(ﬁg Sv
% 53 B~ Y —fFEA— Vv H/m m kg s?A? > - < ! 1 ;;/::__1 fm=10"m
E L T %X L F —(Pa—n@mEL J/mol m?kg s mol™ CMABHT ; _ \; ,T _ _ -4,
EATY h B E—, EABER| Y2 A e EY [Jmol B) [m?keg s K mol™ ARRC 1 A=MERTD S PElRgSEITis
WS (XERO, ) [7—nvmrnrsa Clkg T A . . U Torr |1 Torr = (101 325/760) Pa
W 0 P 5 =l it st Eo# Kk &K JE|[ atm |1 atm =101 325 Pa
58 & bzt BTy MEAT VT Vv Wisr m*m?kg s?=m’kg s” Vil =1 J || @ ||P A (L5Cy = V=), 4.1868]
& i i FE|7 o b A= iz 7 o7 |Wim2sy) [m? m?kg sP=kg s (MMsa Y =), 4.184d (BL2E B a Y —)
B 6 M S mr S A— b |katim®  m®s!mol S 7 2 v op | 1p=1um=10"m

(FH8HR, 20064F)






