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Determination of Plutonium in Highly Radioactive Liquid Waste by Spectrophotometry using

Neodymium as an Internal Standard for Safeguards Analysis

Shigeo TAGUCHI, Naoki SURUGAYA, Soichi SATO #1,
Akira KUROSAWA, Masaru WATAHIKI, and Toshiaki HIYAMA

Technical Services Department
Tokai Reprocessing Technology Development Center
Nuclear Fuel Cycle Engineering Laboratories
Tokai Research and Development Center
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received May19, 2006)

A spectrophotometric determination using neodymium as an internal standard has been
developed for safeguards verification analysis of plutonium in highly radioactive liquid waste
which is produced by the reprocessing of spent nuclear fuel. The method offers reduced
sample preparation and analysis time compared to isotope dilution mass spectrometry. It
uses neodymium as an internal standard, which allows for determining an index for the
authentication of the analytical operation and the instrument conditions. The sample was
mixed with a known amount of neodymium as an internal standard. Subsequently,
plutonium was quantitatively oxidized to Pu(IV) by the addition of Ce(IV). Plutonium
concentration was calculated from a relation between NA(IID/Pu(VI) molar extinction
- coefficient ratio and their absorbance ratio. The expanded uncertainty of the repeated
analysis of plutonium (n = 5 ) was found to be +15 mg L1 (confidence interval 95 %) for a
highly radioactive liquid waste sample ( 173 mg L'1). The determination limit was calculated
to be 6 mg L1 ( ten fold’s the standard deviation ). This method was validated through
comparison experiments with isotope dilution mass spectrometry. The analytical results of
plutonium in highly radioactive liquid waste using this method were agree well with values
obtained using isotope dilution mass sp.ectrometry. The proposed method was successfully
- applied for the independent on-site safeguards analysis at the Tokai Reprocessing Plant.

Keywords: Spectrophotometry, Pu, Internal Standard, Nd, Highly Radioactive Liquid Waste,
Safeguards

+1 Technology Development Department, Tokai Reprocessing Technology Development -
Center, Nuclear Fuel Cycle Engineering Laboratories.
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T DHBICTEET D EBEEBEN  (Highly radioactive liquid waste; BAF HALW) #1ZiE, %+
~EE mg L1 DA —F —THED TN FZTLANEENT WS, ERREF/I#E (International
atomic energy agency; EA T IAEA) 1%, 1990 FERTH K O W E IR MR THAET D FEEYIC
NI BHREHEBLZEERL TETHY, HALWHO TNV FZULAHZDOHRER>TND, TZ
T, 1993 £ R DR THRAET S HALW B 2R EN TR (NX) U, IAEA OfREREES
HiFT (IAEAs safeguards analytical laboratory; AT IAEA-SAL) IC#iEt, OWEEKL T
CHALW D7) R ADBRRBET> TE, '

AWFEEL T, BYEOOTIZBNTRBEEEOREWRAMARFREZSHTE (Isotope
Dilution Mass Spectrometry; AN IDMS) V9 Z#H URRBEEBL TE~, UL, k&
VERINAR D BT2 B ANA 7 LEIEENS 7 ) 27 L OEREYE 2 iz N T HALW #BEES
U718, Bt R E T 5 LD IR 2RI TIAEA-SAL IZEVBIEZEHT 25D TH 5,
LAL, IDMS KEDRBIE T h o AR EHEICERTE ZEBNEMETH S KM, HH
JARPEHEIEMTHE I &, MM TENEM TEERSTEMABRETHS I E, I5ITH
EEED D LIEREHDE TRy A 2B LREHEE OB ERETE RN EVS L REE
FLTW3, ‘

IS OMBAEMRT 5720, AT, BRENMEET, HORELBENIFTE DR
HHEF I LD EESIMEORN 21T o /2. IV U AR, FEREES Tl LIV, VI O
fBREEZ &> THY, FTH Pul(VD IFAEEHICBWT PuIDEN PuV) & U =84E, 8
WIRINER U BIVRARBDIREN 9 . 2O Pu(VDDOWEZFIA LU 72BN R T &L B E BT
5.6 |, BAEMERO I NI ADWEE U TAHSEICHEINTEZLOWETH O, HEKE
IZIDMS 4% 50D, HALW HFO T )V N2 AOKRBBIZIZTakFik L EZ 5N,

- TAEA WEBETHER - REMTICBNTIE, BBCABEEBEREZED -0, HEEE
O, PIERCEET—5 OZUNEHICHRTINERD S, FOEDITIE, HEEED
Bk (F—toT4r—a) &kidng, BR - BB THEOSNEZT—FIZBOPED A
BN EEHERT DIODFENARTIREIRD, WHHEEE HALW ROV N LAHHIC
BRATHHE, TOERLERERICH EDWTT IV Mo L OTEE & B ORGSR M
BLOTINW N LBEEZRDD ZENTES, CORBBIECEZT—2>F4r—Tarel
T, WU LAOSERBIC L2 ONEZ NS, HIZE, IV by AOEERE 23
LOMEREL, TOBRERRMBEELETEIEIZLD, EBRUVFECHED NI &2
RBTED, LU, ZOFETEERANFHLL =TI oy LEERB 2B T O0END S
B, TIWVEZTAOBMODBNOREFEI NS EROEEROFZS>WE & L TIIBHENTIE RN, F
T, AFETIINEEERICERBL, ERNELRONEEREEZRNT IV U LZERT
LS5FREEZBRH L. COFEEZANDIZET, ERANNEEREEZ T 51> RERELTHES
U, ®REB e —ERBREA LR, T 20 ARUNEENEORLERE ORENS, TV
MU LAREZEHL, SS5ICNEEYEONUERRERRELLETZZLICKD, F—1>
TAT—2aOERBAREER 5, , '

WEREYE Y, Pu(VD ORI E— 2 5830 nm {35) D LEHEEE TH 5 795 nm (12 I
E—2%F9 % NAUD? Z#ERL 7z, ‘

AHRE T, NAUID 2 NEEEME & U EIRIC &% HALW 0 7))L b = LA DER (B
TRF D ANERERE) COWTRF LZERIZDWTENS, £/, A% TRP I2B1F 5 HALW
RO T 2 L OBREBAICER T 2720 DERFIRZ AR 1 ICEE Dz,
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B, AR, HAON IARA RSB TIEE (JASPAS-19) O—BT 19994 X0
EHLIZbDTH 5,

2 FFTLREEEORE

KO TIE, Pu(VD), NAAIDOWIEER, F1ZF4 830 nm KON 795 nm iF OPIN E— 2
N5 EMT 5, HALW it O 70 b= ABEE, 20 Pu(VDE NAIIDOEIEEL &, 5
BIKkERAWTH SN UOBRE L PulVD & NAAID DEIIVIRFEEEILOBEENSEHT 5,
Pu(VD) & NAIID DEIVIYEARELILE, TV b= 4 OEHERIKIC, WERE S U T NAAIDZEERS,
Bl —EERNL, WEESICX 0EEL R PuVD & NATID OUEE L E Pu(VI) & NATID D
JBERICL Oy R LUEEDOBEBRMNSRD S, ,
U B, HALW BN NA@IDZERER R 2 BRI U2 B A R O Pu(VD) & NdIID %
RELEZRET S, ZO&E, HALW #HEHZ NATIDEEFR ZHRML 23K FR 0 Pu(VD &
NAUID D EIEEL ReldEA FOQ)XTEREIND,

(A&?O ) X
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IINEEREY)E Th S NATIDDOBNEEERT

AOHEDOR SR E LTS HALW EHTIE, HETEE ORINAS 795 nm IZR 65N, LzR
2T, INEMET DHBEND 5720, AETIIAFEENEZARINL Tz HALW B 830
nm & 795 nm OWICELZRET 5, HALW B D 830 nm & 795 nm DRIEEL Rxid,
UTFD (2 ATRE2NS,

- (A,,)
R — 830 ~ X (2
* (A7.95)X )
@ Rz @ RERALT
(Asso )X ﬁ (A795) 3

NAAIDE W Pa(VDOWINELL, BIKRBOEIICHAIL, BIREEIZHFAIT S Lambert-Beer
DFEMNRONDDT, FNFNW, GRATEREINS, '

C .
(A7 ) =& N ,‘L (4)
95 7Y Nd A.WNd ]
C
(A, ). =g, Cr . )
530/ = €p aw, v

ZZTC, Cva, Cra 13FNEN HALW FD NATIDELEREHEE, IV U LBE, eva, emu
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HALW stEHC I Z 72 NdQIDERERE O BE Myvs, HALW SBIEE Ve & 958, @) RILK

©®
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DEIITERINS,
M .
(A795)Y = End T—/'S—TNVI};;
3) Rz ), OXERAT D EXAVLNELEICBIT S I E Dy ARER, TO (DT
RENB, . ’ | . _
C. = Ry - Rp _A-Wpu  End .MNd
?u By ~-R, AWy, &p, Vg
3 RER
31 HE
- @B 7)==, CRM 126:

New Brunswick Laboratory (NBL) 99.962 + 0.018 wt%
&BU S > JAERI -U4:
H A JFF IF5ERT 99.90%
#J8&™ <> NBL CRM 116:
New Brunswick Laboratory (NBL) 99.97%
W7 T At 7 AQV):
R b AR >95% (Ce(NH9)2(NO3)s)
7 vALKEEE HF): _
BAR LY RSERRR  46% 48%
- FE® (HNOs): : -
BEIbsE: BRI 60-61%
Bitr4 2L (Nd20s ):
BHILE >99%
Bt x4 P L (Nd20s) GtRRBRT/HER) -
FLUKA
W —8k - 7/Kf¥ (FeSO4-TH20 ):
BAIF b MERH  99.0%102.0%
+ 7 2 REiBE (HOSO:NHy):
- BRIk W >99.5%
HWiEEE T KU oA (NaNOg):
BRALE  AERHR  >98.5%
L-7AJ)VE B
BIs s AR
W o< N5 74— TEVA-Resin:
Eichrom Technologies, Inc (U.S.A)
242Pu spike

TAEA, 242Pu abundance 99.9057%, 242Pu/239Pu atomic ratio 1210.0 £ 5.9

32 MEHM
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PE LTz,

2) 7‘y4b7k,$—ﬁﬁﬁ-€%@§ﬁé'@ﬁ§
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3) T AEHER R .
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Ulze TOMOHBITER L=D T 2% ENL, TRP THULHM - #ﬁi-ié Ni==mgitw <
(82%) % 3 M HHBRICIEML, 1gL1iC Fjﬁaw_u

4) A DLAUDEEGE (WEREY'E)

#1.17 g DAL A D L% 3M BEBICIRB L%, XX TS5 X320 100 mL ICERL
T10g L OFEEREERHL, ZOEBERE —EBESIUTHEALRZ, IAEA, EHEO#H
ABTTHER U234 P A MIDERMERENT, 8 2 ¢ OBERA VL% 1M BMBICHERLT
25 mg gt DERFWRZFHL, ZOEMEFKE 50 mL =475 AT HBL, 120 CThHst
E’Z L= D& HNWE,

5) HHEE R Y LA
Bt x4 1171 g2 3ME T 100 mLICERL, ¥ 10g L L ORRIERRZRE L 72,
THEE R D AERIY, Z OEREE M 5—ERAML, 3M DIHBRAR CTHINLARL 2.,

6) FHEE ) RO LBE

. REEATEXERE TV R = rﬂv&7/4{:7J<7“’%EQ¢ET‘T“68ME%M\.BH¥% WRLI=DB, HHE
SHIETRWEL/ZDDE SM B THRL THAMLZ DD (9 2 mgPu g) 2EEFHKE Lz,
- CBEIVIRSCEREDPIEITH W T )V N 2 AMEHERIRIE, Z OEERKR) S —FE ’\HKL’C 3M
DIEEETHNL, &I N2 LBE OEHERIKR TS L /-,

7) TEVA-Resin
TEVA-Resin |31 /j:l T LT 0.5 mLi'EEb SMAEZ 10 mL A EBEmMLTa>5 1 >

az>r Ui,

3.3 HALW s&t#

BUETRIZBIT S HALW SpHIR®E (Tr"‘ﬁﬁ;%ﬁ) BEY, FORED, HEENIAR
IR E TEB P —CHERT 5729 ﬂﬂ%ﬁ#b,ﬁ#%ﬁék,%mbt%w%@ﬁb
77 ' :

34 EE
341 KT 7AN—RDHNE L RTLHE

Mﬁnfﬁﬁi U727 7 A N—KD I ER S A5 L DR % Flg 3-1 LT'ﬁ— zk/mei
JEIR, e (BE/rnA—%—), B, @B, dERIL, DEESOSEEOARY
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EEE V550 % F Wiz, BIET 5 HALW SHEBHIS QR TH 2720, HikeH L7z, 2
YN THEBTIHOE I BELNS S, 22 TREIVEAFT IV HNICREL, JEEMN S DX,
35 -CRESEHBERELLETY 7 AN—ZRET 5 EIED, IIVHNOREEZL
AUTz, 738, REBRICHER LS HRE OXFRICDWTHE 2 1ITRT

3.4.2 RTFAREBDMLER
3.4.2. (1) sFeEEst
SIEHEEET DAk % Table 8-1 1R T

342 (2) X77A4/)N—
T 7 IN—D{Fk% Table 3-2 IR T,

3.42. 3 ®#HEL

BRIV OME % Fig. 3-2 1RT, AERNDKFOBAR K2 EBBLDOET 2 <7z,
B VESERaBmHEE Lz, £i87 v AN, KR RIVTH U THEAMIELAA, Jb
SR EFEmB LI AR, BV RENTEIETHORADD/IRNEEE Uz, MEIN
HEEEERL, ATV AMBE Uk, E2ilBlid, BREBECIDIIMOENITBNTE
FUNANOHBDANBEAZEZITT LD, B2 —EBLEMA S ZEITX0HFEEIIA
DIEREBRT D54 —N—T 0 —HEHEMA Lz, £z, BREEROHE (2L —%—) %
WS ERETIE, MPWEESHIREN, 2D, HOMABPEETH 5720, MHRIVRAD
AUBHZ VR E R EBHR IR, RHIVITGRWERIIMD S 2 E0b 5., DD, H¥EV
ERXT 2V AMBORE, MEHED O-U > 72 L) a2 BOOX 0 7 THEET S5 C
ERKDHEREZRNSE, PNV EAT 2V ARBORE ORI OB EZN <HiE & L.
BV D AROHF IV OMER, MHRHBEZZE L AERE Lz, £z, JE)L OmEN
NZELBRAL, AEHEROMBNOIERITEEN TS EZZ 5N IENS, HFRIVAIKA
T VAMBORE 2R, WBHRIEHCEA U252 TESMEL L.

1)

343 EOHERE
R R ORI ORBUTITMIN T2 o 27 ) O 7/] O HEBRB SR REEE (TD-2S) %,
MEDOTIMZIZIA MO —LINFHOBHE 2Ly b (665 8) ZEH L7z, EHERCRA I
FEMOEHE 2 Ly bOKIERRZAME 3ITRT . BT Uz EAL AR RE &5 ik
(IDMS) D7)V b= ARG ORIEICIX, Finigan BOXRMEMHEE ZHHE (TIMS)
MAT262 Z /2,

3.5 ORIRE
3.5.1 RFAPLARNEEE

HALW #BHE, HEBRRERERZ AW TRT P AMDEEXB DA > /- 50 mL =fA 7
FSAAEEOZATITAAL, TNENT NPT LABERZGLC T 2mL~4mL )Lz, 2O
2DD=/AT 5 A NTHEI L 7z HALW 3B O aiLEREY, DITERRICIT o /2. HALW B
DEBECHZEND TN P LI, 0.025M 7 w{bkHEEEE 8M M S 2 5E % 2 mL F
U7z, #9150 CIicim# Lzt —4 — L CHESTRIE TMRT 2 Z &I X VIR L 2. HmiE,
SMEHRZ 14mLIFMUEBZEHRM L2, 2T 0.5M U U AAVEKZ 2mLFN (28
16 mLIZEZR) UT1HMERETo2%, b4MKEL 7V = L% Pu(VDIZEEL 7z, I
ERTOREHI TR 2 8B, A (ADVANTEC No.5C) ZHWTHRELE., BR#EL, 27T
By MEIVOAEDEEIE Ly FEEHLUTEML =, '
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BT BRIEZ ORIE B Z, 3M SRR ThiZz SN TWaAEEHIVAGML, XEEIVAD
BIREBHR LUz, JXFTNVNOBKIE, S5oRMELUERIGELER, AR MVERIELT
Pu(VD & NAUID DPE & KD Tz,

Table 3-3 I EFH ORIESHEZ, Fig. 3-3 ICHIE 7 O—2ZFNZFIRT,

3.5.2 FEIaHREESITE
- HALW iBHE, F—IVEXRY FERWNWT 22Pu /851 7 DA 72N IV &, HU@M%E

@A47W%L,%h%hlmLﬁﬁbto;thD@A%?WﬁkﬁWbthﬂNﬁH@
RIALERIRIEIY, ENTNLLT OFIBIZHEWFRRICT - 72, :

WU DIZ, HALW RBHCE ENDBEFO I b2 A, 0.01M 7 wib/kERE & 8M
BN 572 BIEEE 3 mL ZEINE, /N1 TIVIRER 150 CITn#& L 7z b —% — L TEEFETE T
BUTHMELUZ, BN, BB IMEEZ 5 mLIRNUEBERLZ. BRMBOBIKIE, A%
— T2k D 1 HMER Lz, RIZ, BETAEREINA A I RBEOI/ 0 T T T74—HF A
ERWTHHEL, 2REEHHBEBFEREEZRANT 50 mL =A7 7 AITHEL, 3M HEE
EHEMUTEEE 40mL KFER Lz, X%, BRIZIAY—7—7T, 158HBLE, Z0RE
Z, 10 mL N1 7IVRIC 0.1 mL WL, Voo AZIMCETLT 5720 0.2 M FREE S —gk
0.5 M 7 I REEEBEEZ 0.2 mLEML~Z, T0%, 95 CiIc#l zb—&—ET, 10 2N
B/, 51T, 1M BEEBEF M) IAZ 05 mLIEMLT AV 2T A% IVARICEL L7212,
EEATECEK L, 2T, SMBEZ 1oL ML CEAMEL 72, TEVA-Resin 0.5 mL %
FRELENTLCHEARKEZRL, VRO LZHH L2 Z0%, SMAEEZ 2mL 328 [H
WL, U RUESEERY FP) 2B LU~ &FBIC, 0.1M M + 5.7x102 M 7 A
INEVEEZE 0.5 mL 9D 3EEML, IO LESEE - B LUz, ELUETIV DT A
WIRICIBIEEEZ 1 mLiRNL, TAINEBOMREEITo 28, NEk, &EZTV, 1 M s
1 mL THAMH Lz, ZOWIK 1 pL ZEEDWE (MAT 262) A7 4 A2 MNCBH L,
0.7TATHEEL, WBlZzliKkE, 20A THRBZEEMIT. 2074 SXA D NEEEDHTENCE
v U, FENEHRORIE 21T 72,

4 BRBRUER

4.1 X7 7 AN—KDHXERT O MBS AR DREL
4.1.1 N=RS5A4 2D/ A ARVTFEE

DHHERFIZBNT, R—RA T 2D /) XRFHE, IEECEELZIETHETO—
DThD. FEBRTHERLUZSHAEFGFTIE, HENSTEHREINT 7 A N—2REL TR
IWVIZART %, SdBIEBERLERIL, IBIET 7y AN—2KRE L, RlBicREEINS, 20
W, WK T 7 AN—2BRTHEETHEMITL, TORBENSESNTR—-ZAF1 M
RREELIED ZENTFREND, £IT, BCHEREEROEZEERD ) A AL RNV ER—2
SA HEZFMT A EE L, :

ZDHEBETFITEED /A XL RIVERET D701, 830 nm ITBT BEHE 0 £H5E DA
1t% 120 BBEE LR OUSLEDORNE (/1 XL 1X, +0.0003 Abs TH o7z (Fig. 4-1
S, RIT, N—AT51 > FHEAEELTREEEINIC3M M2 AN, AV Y MESam T
N=Z 1 BERTV, BRICKEEEZT>T, TOBESNEARY MVOTHEE (R—
T4 OIHEE) 13+0.0005 Abs Th o7z (Fig. 4-2 2H). '

IN5DOMER, FEEDHKRTHD /A ALN)), R=ZX I L FHELRETHD, X7 7
AN—ZHNBZELITEB /MK LALRR—Z 51 > AR E DFERELIZ R S N2 h o 7,
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412 F-N=T7O0-BEIAOBRDOERKE

AEBRTHEHA L TWAEEEEF ORI IVIEE BB O ST IVRICREST 5729
HIREREEEEEE LA —N—T7O0—B2HEALTWS, F—/)\— 7u~&twm,t%tW%ﬁ
12, Wb z2—EBU EEATEIEICES>T, HBEENEDITAD TWEBKREHRLHELT
BYMTHBETHD, TIT, ZOF—N—70—8E)LRNOREZBHT 2 DICHERIKEIC
DWTHFR LTz, ’ '

FREEOREHAR & U T, MBERA DLARKE AWz, BEE, HALW BN NEXEY & 25
U0 NdAID OB KEEEZEELT, 25gL1& L, BHEDIT, F—N—T7o0—-EtILH
A2 3M AR Z 20 mL IRINL, RICHWHEER T D LBEIREHRM L /2. Z OO NdIID) O B A%
BB EEZREL, F—N—T70—BY))NOBIEEBRREZ2ENLZ, —/N\—T7 10—
BV N OSIRIE R, B R A D LIEHE 30 mL BIR L =R OUDLEICH T B lb e E#k Lz,
Fig. 4-3 ICIHM U =HEEE XA D AR DIR R L BREDBGRERT, TORKE, BIEE 14mL
LB BWTERERRIL 9% L ETzo 72, 6o T, UIBOERTIE, ﬁ—A~7m—mtw
IZ 14 mL A EOEBIZHRMT B EE L,

413 RUv MEOR#E{L - :

HALW # @ Pu(VDOESEDORIFEIZBIT S, DHHEFFOAY v MEOE#ELEZRE L,
AUy MEICED, HOBEEZARY FIVNY RIENREILT B, AT MIVNY RigE#ELST5
EPRAEIIN T DAL OREN WA T B0, BIEEREIR LY 5 ANHIERS I T 95 A
E725, SENE, AUy MEELT0.2nm, 1.0 nm, 5.0 nm Z2R L, HALW B 2HlE L.
Table 4-11Z HALW B D& X 1 » MEIZBUT 2 PulVD) D EOEEE DHEIE #EE K& N7 DA E YRR
EERT . TORR, AU v MEANE W ESHRER LICHEWEIERE S W LT 50, HEEE
MET ZEMMNEED 54, AU v ME 5.0 nm OB OMIERERFZEL, PulVD, NAUID#HIZZ
NZTN 1.2%, 5.4% THRH/NINWEZRLE,

FMFEDO BN THHREEBMTICBNTIE, NEBRENBEERINS Y, UTOERICE
WTIERY v Mg 5. 0 nm CTHIETAHZEELE,

4.2 BILIBESR G D ERIE L _
4.2.1 HALWEHBICEENIEREROTI b= AOBRICHER 7 v{LKERRNE

TRP 705 F4T 5 HALW BIRAMORREYE, BE&ES2EURIHERYROEEE S
W REN SIS D RBMRIEDRBEZEATNS, LENST, ZOBEBERIZEFNTNES
CVRZULABRBKRFDO TN b A EPFRTEMEIT 5720, BIERO I N A EERT Bk
ERHD, BEROTIV ST LAOBEMRT, 6.3 MEFRICT vib/KEREZFENL, NRATSZ
EIZXDfTo7,

RO TN R = WA@F%km T KR BEORIMNENTH Y, HWERO TSI b=
L DERIDER T vIbKEBORNEERET 5720, 7y {b/KERIEEEZ0~3x102M D
HHETELSERLEED, TSIV LABERRE L, Fig. 44 1CHE70—%, Fig. 4512
Mﬁ%%%r? TORER, REZSBELZ HALW 5B 0 7)) =7 ABEEL 30.6 mg L1 T
HolDIIHLT, BEZ2EOREZE 63 M OMERTHMERLZEO ) hoy ABET
328 mg L1 &2, M 7%EML=. T, MBS THRATEIEICLD, BEFO ) A=
DU LD—IRINEMRT B EERLTWS, F/27 wib/kKEEED 3x105 M P EOE:, SV k=
LREERTEEH O0mg Lt &30, I5ITH20%BIML, 7 vilb/KkKERZRMLEBO S N2y
LBEIIRNEICEDLS T —EDEERLZ,.

LEDREEN S, A5 DHROT IV =7 LOBMRITIT, 7/457@&&3“051\4@(1:“}*]
ByoHZ &L,



JAEA-Technology 2006-040

4.2.2 BEREICEBT 57 v kEBEOT I l~ D ABEICRIZTEE

AEFFETIE, HALW B PICE ENIREFT O T I N2 ADBED DI, 7 vbKkFEEZE
WL, MAZToOTWS, TVLKEBIS TN AT L LEEETRRY 252 &35 TW
bo T T, 7b/KKREEOGEM, MEDBIENT I I\:WA?%EE:E}K%%%L‘KD»VC&%#L
7z

T2 AERERIRE RWT, 3.5.1 OBRMEICHE> T HALW ik & Rk ORILIE 2T, 7
VR ABEERIE Ui, TORE, 7LD ABEITTEEITE U TR 40%DEEE R L
Teo THUT, BOLEETHRINU 727 wAb/KEEERY, MATIZR2ICERETIC—HNEAL, 20
7 o bk EEE & OSEBRIC LD Pu(VDORIENELL, TV b= 7A{%}#73\{£€{Eéﬁbta
HHIZTN S,

7wty & ORI IS DWW T, U(VI)VJX Pu(VDE B LU TR O REIEEERT
%9 ZEMWS, MERIIERE TS 7 vIkFRIL, UVDERMNTSEIEIKED NV RZoLE
DERERENHI TES EFHEIND, TIT, IV Moo MMERIRIRICY T > % BRI RN
U, JtAEBELETICBI IV O LABEZRELZ. #ER%Z Fig. 46 1277, 7T
JBEE 5.25x105 M LA LK, 7L b2 AJEEEVIEEEUE & -0.2%~2.5% DE T RIFIC—5T 55
EAE SN, UL, IV RS ADEIED 0.65 FICHNS L, ZNBL Y S 2 REmT S,
INEERICRE T 5 7 v KRB IE Pu(VDOUSEERIE #HEL RN ENbho 7,

EFFEOXNHRET S HALW 13, ZORGEHEZTBEOY I D EFLIENS, NAEIIHE
BB T ALKRBBOBEITZVWENVWRS, 2, BIVIEREBREIEORE TV b oy LERER
BOBIENBERE S, T vIbKEBEBROZEZFET S0, TIVIZTLDEIED 0.65
BoUSEeREmTaZ&EELE,

4.2.3 HAIWHHBPOTIL b= ADBELICHEL CeIV)RME

AETH, BRI HALW 10 101, IV, VI OBLREZES>TWA IV T AZESE
B IVICEMET 2B ENH 5, 2T, HALW B0 7)) h=o hz 4R VI icBid 3
DITHETS Ce(IVIRITDWTHRA L. Ce(IV)DIFINE L Pu(VDDRINEDRRZ Fig. 4710
KT, Ce(IV) DEFMEMN 6.7x10"mol L EITBNWT, PuVDDBIEEIZ—E &2 o7z, Lizdis
T, Ce(IV) % 6.7x107mol AL (LB TTIINRNZT LD L5 ELUL) BT3B EiCk>
T, HALW RO TN = L2 28 Pu(VDIZEETE, NDBEO CeIV)ZIRML THRAIEI
2 Pl A Ay V5 1Y T

P OFERICBNWTIE, HALW 2R T 202 DMROLEHEEEZEL T, 7)% AN =
STEEILTES Ce(V)DEE LT, 1x10°3mol DIFMEZEHRE L=,

4.2 4 CeIVEETICHITS HALW HBHRO TV b= A6 HOREM
1108 mol ® Ce(IV)IHMEFD, HALW FIZBIF 5 PulVDOLEEIZ D WTH N/, Fig. 4-8
IZ, HALW H O Pu(VDDOPLEDREELERT . TOME, Ce(IV)ZHMEE, 140 5 F THI
EBITo 7, Pul(VD)DWLE O MM IERERZEDT 1.1%&??25@ Pu(VD DR EDE(IT A
SNIEN 5T,
~ HALW ?tﬂ@rﬁﬂﬁ’z_% WTIE, Ce(IV)Z#EMNE 30 ﬁulfﬂkwﬁﬁfﬁﬁ’*@“é Ens, Pu(VD
DREMED L TIIREN RN & 2R L,

4.2.5 BRI LABREBEIIN PO ABROBNARY ML

Pu(VD) & NAUID QWA EICFHR LN EZ2HRT520, T TLSR D A% & OFE O
AR SVEREL . WX ABIRE, BAOZAERYDELTEENTVS NAAIDAS
10 g L't ® HALW A BHCWEZHEE TH S NdIID % 15 mg ~ 50 mg DHF THRML =K% K
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EL, 0.65gL1~4.23 gLVITHB L, WEET )L b= AR, Pu(VDZS 26.8 mg L1 IZHR%
U7z Fig. 49 IZHEBERA D LBIRE, WRT IV 20 AEEOTINARY BV D HEZRT,
FTOEER, Pu(VDOEIUREKEEMEIL, NATIDORIUIFH LN 2R Lz,

4.2.6 . HALW @ Pu(VDRU NAIID E— 2 & Ol A%

Fig. 4-10 I HALW QHINANRY MV ERT . HALW 130 R4 k%E4% < @ilz?“rcze%‘:a/u
THO, AHESICERELZERNSRS NS, Pu(VDZHEIET S 830 nm iAEEICIE, 795 nm IT
NA(I QWD 5115, £z, HALW B D Pu(VD ORI — 713, B ZL4E R D IT
DEERTBD, NvI T35 RELTORNMRESNSE EEDIC, EAJFHOE—7 M5
LRV, TDD, WIBKKEEICBIT2HEZ, PuVDOEROEKN EL L THWS I &
WEE Y TR, ’ '

T, PuVDOEROWEZFES 2 HiEERit Lz, FikliE, PuVDOBIE —2 O
W UONR—AT1 T2 3EEE, HOREOHRERZAMEL LT XU ET/RERZX—
A5 ETBH2HEEIED 2 HEIIDNT, R Z2T o7, Fig. 4-11 @I 3HEHEOHS
MZ2RT, 3ERIFEIIBIT S PulVDOISELENL, 830 nm 1B 5 Pu(VDORINE —7 DEkE
lDZEHh 5 838 nm( F ) S BRI DO 45 825 nm( E ) D 25 A IR(EF ) ZR—ZA 51 >
EL, PulVDORIERERICB T 5EE( CD )R, THEWLEET2HETHD, Fig.
4-11 I 2WEEOEKEZRT ., 2HEEIL, 830 nm IZBIF3 Pu (VI) ORINE—7 D
WRA DA 838 nm(E)EMHME LT, XBICTITFAN—Z 51 > %51E, Pu(VD ORIUE
RFERICHBITBEE(CD)ERD, TNERHNEELTEHETHD,

Fig. 4-12 17, HALW & NdIIDZEHEANE K O Pu(VDEEERIKR DWIN AR Y ML O HEZRT,
Znns, Pu(VDOKEEROZEH A 825 nm 13 NAIID® PulVD S ORIROER DR SN
5. HALW QA RY RV D—RM3 2 U= % %fa: Fig. 4-13 125”9, 503 nm 10 [ZRIE
MELIN, HALW IO RERME LT Am 28D TREEEZET 5 &, ZOIEIEIE AmdID
CBETZHDTHEEEZ LGNS, HESIN TS AmJID ORI E—27 1043, Pu(VD O IR
KFETHS 830 nm TIZBNWT, HEMNZNS, AmAIDORINOT—U > ZNEA5NS, L
U, HALW ) Am(IDDHERZZET 2 &, Pu(VDORNMAREIZBIT 2 AmIID ORI
I Pu(VD) ORHEICEBICHET S HDTIIR., £/~ 830 nm FEHN 5 Pu(VD) DRI E— 27
D EMOZEM A 838 nm OFIFHICHEWTIE, AmUIIDORINIBE S NM Tz, Fig. 41012
BT, 500 nm FHEIC UVDER D Ce(IV)DRINNBER I N B, Zhbid, Pu(VD) D WA A
WEMEICERZ#72T, Pu(VDORICERIE ZHE LT,

U723 T, HALW H D Pu(VDDO E— 7 & 31, Fig. 4-110)ICRT 2 HEEZHWTIHES
LHOMBETHBENED, F/= Nd(m)@r: TEEITONTD, Pu(vDamib_ 2 BRI
L DEEL 7=,

427 E)lxﬂ&fcﬁiﬁlﬂzo) HIE

AEICBNT, SRy ABEE (8) Hh bﬁﬂjéhéo L7221 > T, Pu(VD & NAAIDD
BN IAREL ep/ ena ZTFOREL TBIMBENRDH S, FIT, Pul(VDE NAIID DR SR
PR 3.5.1 DIEICHEN HALW & RRRORTALE 21T 5 2%, Pu(VD & NAIID D BRLE %8
FL, Pu(VDE NAAIDDIBEICH LTI Oy L7z, FOHE, Fig. 4-14 TR EB DA
FREGN 0.999 UL LD BIFRERME: 2R BEIBRAE S Nz,

Z DEHRDESIETIVEICAREUL epo/ ena ZR L TR, HIEAEZL AT 6 BRIELEEER,
epu/ ena DL 34 TH O MR RZEILN 8.1% S BRI sBENME SN,
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4.3 *#9AW%$%E&6%%%%

4.3.1 EEYEL LTORA D AUDDRME ,
Wﬁ@%ﬁf%%%ﬁ/Awﬁmg®W§@7wh v MBEMTICE 2 B FECDWTHEN

7zo EHHE HALW EUTC, 7V h =0 LEEN 142 mg L1 OREHIDWNWT, NA(IIDZ 15 mg,

30 mg, 50 mg & FNZNRM LD T )L h =7 AJEEE % Table 4-2 I0RY . & NAIIDRME

BB oy ABEORTEEMOEEEICONT, ~TRBECLPEEERERT

43 Table 4-3), BOWHEORTHBICHZKYE 5% THEEND S LIEEZRN >,
L7 T, REIZBWTIE, Nd/Pu kT 70~236 @%I’CFEJ%EKK T N LB R

ETEDTLEMRBL,

4.3.2 BEBERRODHIBR
BIERED I S = ABEEDS 3.67 mg L'1~18.36 mg L1 OB &R L, Aodrikick DflE
%:»ﬁbx FBUE - DR T o T2, HR% Table 4-4 2R, TOHR, TV MU LNMEBRE
, MR 7.6% TH -2, 9.18 mg L1PLEIZBWTIE, MHEREN 2% O EFRH
iﬁ\—l ETH o, . ' ,

4.3.3  HALW OH#HER - ‘

HALW &5 2 B Wz, Rk EHTREBRIEIC L 25 E%E Table 4-5 IR, TORKE, RiE&
R BREODBICII R EREIIED S NRB N2 2b DD, REORKEIMERBERIEITE -
Tro E7z, BEBIO 5 BOWFTAWREEOERRFED 10 FEEETRE L TEFHMEL ZH5H
6 mg L'l (HALW; 173 mg L)) THo/z, Lo T, HRBREZ4ABFERET S &, HALW
FROERETRIZ 24 mg L1 EFHEINZ, 512, ISO-GUM .12 [ZED EARHAB ORHEN S
ZEH (N488) LizEl?, EEREANBIZT 9B %ERTAERK k=2 EUTEHELE
S RIRAHEN S 1 8. 9%‘(359710 Fz, BB WERIIEAEZED TR 4 KETH
27,

4.3.4 AT LAAE#EEZE IDMS O HALW SR O FERO LS

ANHEICEK D, TRP O& BB ERRIFE L D RSNz 5 BEO HALW B Q27 217
W, IDMS Kk 2 EBHMR LR U E, SHECE > THELS NS EOHM RN S (8
SRR k=2.0) EEHLE,

59} No. 1~No. 3 U No. 51200 TliEn=2"T, No. 42O\ Tlin=3T% forb FNF
NP &I 21T I, #5R% Table 4-6 IT7R Y. AHHEIC K B0HHEIL, IDMS IZH LT,
-8.9%~9.8%DHIEH T—HK LIz ENE SNz, BRECRKEHCOWTIE, A& IDMS 2L
BEZEMN 34 mg L1 EBTREN D, ZHIRMBORBLDBEOERNE NI EITLVELS
REOTREEENEREEZEZL NS, :
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b E&®

PTFCHERABRICE > THEDS mt-f‘%%’a”:gﬁ'é‘é

1)

2)

3)

4)

5)

6)

7)

:mmw@ﬂ¢@7»h:aAm,miﬁﬁwffwr:WAiwLaﬁuL@cwm%
BT 5Z&ickD, NV ULDEEZ 6 ICERILTSZENETH D, £

Ce(IV)EEINER, 140 73 £ TRIE L7, Pu(VDOBEEITELIZB 5NN 7,

HALW #8t 0 Pu(VD ORIEER, Pu(VDORINE —2 Ok RAIOZ A~ 838 nm &5
I x WIS HTREREN-ZT71 &L PuVDOBRIMEAERIZB I E—-I @S %
S D ZENBELTH S

PMWMzwmmbﬁgmtﬁbf,W%@&%E%%fuvbbt%%,Eﬁmﬁﬁﬁ
PEBN, TOMED BENVIERKILEIEL, 7)) ko ABEERD S T ENTE
7: ° : .

NIZHEYE Tdh 5 NdIAIDOFEMEZ 15 mg~50 mg @ﬁﬁ]fkﬂﬁéﬁf%"*ﬁfﬁN@ﬂ/
B3Il Tz,

T NI AERERIREABIC L OME L E T3, EEEFEMT 2.0%~7.6%D%
BHT—B L=, |

A& B HALW SUEHI73 meg L) O 48R OMHLE RN = (0 = 513 8.9% (S8
PEFE 95 %) THD, HALW BEHIERIZBITS 7L b oy A JBEE O B T B % Ml
ZDI0B/ELTIMEL =R 6 mg L1 Th o7,

AOWNEIZ L B0HEI, IDMS T LT, -8.9%~9.8% D@ T—8 L 7=,

AR T, BENMEE T, TEAENTIEER, Nd ZREENE & UERESEEERICE S
HALW Q) b 20 AOFERIEEHRFE LUz, TOHEIZ, BRI L ZNEEDE RS
LB Z2RWT IV o AEEZERL, X 5I1CHERSR & NEEYE ORIERE & £RE
BT AZ LR, Ik Fa4r—a R TAIENTRETH S, T, HHICE
T HREEIIRIIEZE DT 4ARBETHY, IDMS KENTHEEIRS 2 NRBRICONEREED Z
ENTE, BYEHEE EOBERENKENC ﬁi@é HERFETDH D IDMS & DB O E,
ME OSHEIRIFIC 3L, REELEERICEWN TERANELE T S B G ER O 7

bz

TLADHEE U TERAMNARTH 2 Z L 2R L2, '
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Fig.3-1 Schematic diagram of spectrophotometric system installed in shielded cell.

Table 3-1 Specifications of spectrophotometer

Model V550 UV/VIS Spectrophotometer (JASCO)
Single monochromator double beam type
Optical system UV/VIS region: 1200 lines/mm plane grating
| Czerny-Turner mount
Resolution 0.1nm

Light source

Deuterium lamp: 190 to 350 nm
Halogen lamp: 330 to 900 nm

Light source changeover

wavelength

Any wavelength between 330 and 350 nm can be selected

Wavelength range

190 nm~900 nm

Wavelength repeatability

+ 0.1 nm (at a spectral bandwidth of 0.5 nm)

Wavelength accuracy

+ 0.3 nm (at a spectral bandwidth of 0.5 nm)

Spectral bandwidth

0.1,0.2,0.5, 1,2, 5, 10 nm

L2, L5, L10nm (low stray-light mode)
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Response Stray light

0.015 %T
(220 nm: Nal 10 g/L aqueous solution)
(340 nm: NaNO:2 50 g/L aqueous solution)

Photometric mode

Abs, %T, %R, Sam, Ref

-Photometric range

-2~3 Abs 0~200 %T

Photometric repeatability

+0.001 Abs. (0 to 0.5 Abs.)

Photometric accuracy

+0.002 Abs. (0.5 to 1 Abs.), = 0.002 Abs (0 to 0.5 Abs.),
+ 0.004 Abs. (0.5 to 1 Abs.), 0.3 %T

Response

Quick, Fast, Medium, Slow

Wavelength scanning

4000, 2000, 1000, 400, 200, 100, 40, 20, 10 nm/min

Wavelength moving speed

8000 nm/min

Data pitch

0.025, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10 nm/data

Baseline flatness

+ 0.001 Abs.

| (value obtained after baseline correction when
temperature valiation is within 5 C, wavelength: 200 to

850 nm, response: Medium, spectra band width: 2 nm, and

wavelength scanning: 100 nm/min

Baseline stability

+ 0.004 Abs/hour

(value obtained more thah one hour after turning ON the
power when temperature variation is within 5 C,
wavelength: 250 nm; response: Slow, and spectral
bandwidth: 2 nm) ’

Detector

Photomultiplier tube
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Table 3-2 Specifications of optical fiber

Quartz optical fiber (MITUBISHI CABLE INDUSTRIS)

Model
ST230D
Optical fiber Core diameter: 230 pm, Fiber diameter: 250 pm

NA:0.2+0.02

| Rate of disconnection

Within 2 %

Heat resistance

A section of sleeve: .120 C  Others: 80 C

Permission curve R

Over 80 mm

The number of fiber core

Sample cell — Detector .
Reference cell — Detector

164 core

Spectrophotometer — Sample cell

Spectrophotometer — Reference cell

108 core
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Table 3-3 Measurement conditions of spectrophotometer.

Model
Band width

Response

Measurement range

» Data pitch
Scanning speed
No. of cycle

Reference

JASCO V-550

5.0 nm
Medium
850 - 780 nm
0.2 nm
40 nm min‘!
1
3 M HNOs

— 17 =
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I HALW sample l
\ 4 l 4
I Stirring I
v v v
Sampling X mL Sampling X mL Sampling X mL

Rinsing X mL HNO, 8M

Rinsing X mL HNO; 8M

Rinsing X mL HNO; 8M

13

v

l "

. Aliquot 1 -
Empty flask

Aligout 2
Flask containing Nd standard

Aligout 3

Flask containing Nd standard

JV

y

v

| Add 2 mL mixed Acid (HNO, 8 M+HF 0.025 M) |

l

Heat at 150°C until near dryness

\4

l Leave the flask for 15 minutes at room temperature I

l

l

Put a stirrer bar into each flask

A 4

A4

v

IRedissolve in 14 mL HNO; 3 M, add 2 mL Ce(IV)0.5 M (Volume adjustment total 16mL)|

l

l

Stirrer for 5 min.

\4

Wait for 5 min.

v

Filtering (No.5C)

A

|

\ 4

I Transfer the solution into the measurement cell and wait 5 min. for room temperature l

A 4

\4

A 4

I Measure the absorption spectra of Nd and Pu in the range of 850 nm to 780 nm I

X=2~4mL

Fig.3-3 Analytical procedure of plutonium in HALW. using Nd-internal standard

method.
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Fig. 4-1 Absorption spectrum of blank for 3 M HNOs ranging from 0 s to 100 s at 830

0.001

0.0005

-0.0005

-0.001
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0 20

- 40 60 80 100

time /s

nm. Slit width: 5.0 nm, Data interval: 0.2 s.

Absorbance

0.001
0.0005 f[r------rmmmmmm e g oo
O _ 1Y YR 1 TR 1 ~JdN A - -~ _f_ _ o 1
*0.0005 [ e
-0.001 ' ' *
780 800 820 840
Wavelength / nm

Fig. 4-2 Absorption spectrum of blank for 3 M HNOs rahging from 850 nm to 780 nm.

Slit width: 5.0 nm, Scanning speed: 40 nm min't.
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100 : : " L2 4x 2 —&
| .
80
o\o -
60 ¢
é.)‘ .
2
§ 40t
20
O 1 1 ! ! L ] ] i ! ] ! ! 1 | ! I ! l 1 ] 1 I 1 I
0 5 10 - 15 20 25
Added volume / mL

Fig. 4-3 Recovery of neodymium(III) solution in flow type optical cell. Recovery/% =
[Measured absorbance at 795 nm when a certain volume of neodymium(III) solution
was added to the sample cell] / [Measured absorbance at 795 nm when 30 mL of
neodymium(IIl) solution was added to the sample cell] X100. Neodymium(III) solution
was 2.5 g Lt

Table 4-1 Effect of slit width on plutonium(VI)» absorbance and neodymium(III)
absorbance in HALW.

~ Slit width 0.2 nm 1.0 nm 5.0 nm
Pu(VI) absorbance 0.0110 + 0.0001 0.0076 = 0.0007 0.0067 + 0.0001

RSD % 1.2 (24.7 %) (8.6 %) (1.2 %)
Nd(III) absorbance ~ 0.0115+0.0018 0.0049 + 0.0004 0.0042 + 0.0002

RSD % 1.2 (15.4 %) 7 (8.0 %) ' (5.4 %)

1) Relative standard deviation; 2) n = 3
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HALW sample

v

'

g

l Filtration I i

Acid concentration 6.3M

\4

v

Added HF

y

IHeat at 150 °C until near drynessl

A 4 i L i

[Acid concentration 3M| Redissolve 3M HNO; l

'

'

v
|

Added Ce(IV)

v

'

'
|

Measurement I

3

Fig. 44 Preparation procedure of plutonium dissolution in HALW.

70
- 60 r
!
g 50
g
-% 40 r . u . =n ®
js( N
§ 30 r
=
8 20 |
= .
Ay HALW sample solution without sludge : 30.6 mgL”
10 ¢ HALW sample solution without HF:32.8 mgL’
0 i [ » |
1.0E-08 1.0E-06 1.0E-04 1.0E-02 1.0E+00
HF concentartion /M
Fig. 45 Relation between plutonium concentration and hydrofluoric acid

concentration. Nitric acid concentration was 6.3 M. The saniple was heated at 150 °C to

near-dryness after addition of hydrofluoric acid.
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1.0E-04

8'0E_O5 be-eone { ------------------------------ §.-»-----v-----——-~------------:-—---—~~-§ -----------
6.0E-05 |
’ S

4.0E-05

T

Pu concentration/ M

2.0E-05

T

0.0E+00 ——————
0.0E+00 2.0E-04 4.0E-04 6.0E-04

U concentration / M

Fig. 4-6 Effect of uranium addition on plutonium measurement with hydroﬂuoric acid.
The dotted line shows the taken value of plutonium concentration. The sample solution
was heated to near-dryness after the hydrofluoric acid concentration was adjusted to 3 x
103 M. '

0.03
_ gﬁg 0.02 |
k . .
§ ¢
£
< 001 |

,0.00"7""""'

0.0E+00 1.0E-06 2.0E-06 3.0E-06

Added Ce(1V) / mol

Fig.4-7 Effect of cerium(IV) on the oxidation of plutonium in HALW. Measuremént

wavelength was 830 nm.
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. Fig.4-8 = Stability of the hexavalent state of plutonium in HALW with cerium(IV).

0.3

- Nd{din

Absorbance

780 790 800 810 820 830 840 850
Wavelength/ nm

Fig.4-9 Absorption spectra of neodymium(IIl) and plutonium(VI). Neodymium(II)
concentration: a) 0.65 g L1, b) HALW 1.30 g L1 ¢ 4.23g L% plutonium(VI)

concentration of; 26.8 mg L1,
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0.6
Nd{ID at 5;76 nm
0.5 | /
: Pu(VI) at 830 nm

: v
g 0.4 + NA(IID at 795 nm
@ NA(ITD) at 740 nm
2 03 | \

0.2 r /

Am(ID) at 811 nm
0.1 : — :
400 500 600 700 800

Wavelength / nm

Fig. 4-10 Absorption spectrum of HALW. Plutonium was oxidized to plutonium(VI)

with 1 mmol cerium(IV).
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Fig.4-11 Determination of plutonium(VI) absorbance and neodymium(III)
absorbance using (a) three-point method and (b) two-point method.
Three-point method designates 3 points to determine the baseline and two-point

method designates 2 points to determine the baseline.
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0.08
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0.06 | f (///f//
. : /l ‘\\ b
gs 0.04 / Am(ITI) absorption o
§ (811 nm)
o
<0.02
0

780 790 800 810 820 7 830 840 850
Wavelength / nm

Fig.4-12 Comparison of absorption spectra of a) 1.3 g L1 neodymium(IID), b)

HALW with cerium(IV), ¢) 0.025 g L plutonium(VI) in 3 M HNO:s.

0.002 [
0
B -
2 -0.002 |
E §
-0.004 |
: L Am({IID
-0.006 - ' -
450 550 650 750 850
Wavelength / nm

Fig.4-13 First order derivative spectrum of HALW. Plutonium was oxidized to
plutonium(VI) with 1 mmol cerium(IV).
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0 0.005 0.01 0.015

Concentration ratio Pu(VI) / Nd{IID

Fig.4-14 Relation between plutonium(VI) / neodymium(III) concentration ratio and -

plutonium(VI) / neodymium(III) absorbance ratio.

Table 4-2 - Influence of added amount of neodymium(II) as an internal standard on

plutonium concentration in HALW.

Taken neodymium(III) Found plutonium ¥ SD2 RSD?®
/ mg /mg L1 / mg L1 ! %
15 13.3 0.51 3.8
30 | 13.0 0.02 0.1
50 13.3 0.17 1.3

1) n = 3; 2) Standard deviation; 3) Relative standard deviation

Table 4-3 Analysis of variance.

F
Factor of o Degrees of i Observed
o Variation Variance . . (Significance
variation freedom variance ratio
level: 0.05)

Factor 0.2221 3 0.0740 0.9264 4.0662

Error 0.6392 8 0.0799

Total 0.8613 11
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Table 4-4 Analytical results for standard solution using Nd-internal standard method.

Sample Taken plutonium D ~ Found plutonium 2.9 Difference 4
No. / mg L1 / mg L1 1%
1 3.67 3.96 : 7.6
2 9.18 900 20
3 18.36 - 18.00 | 2.0

1) Neodymium(II) concentration was 0.01 M in each samples; 2) n=2;
3 neodymium(III) as an internal standard concentration was 0.01 M; 4)

Difference%=| (Found)-(Taken) | / (Taken) X 100

Table 4-5 Analytical results of plutonium for HALW using Nd-internal standard

method and calibration curve method.

Determination method
Neodymium-internal
standard method ?

Sample No. '
Calibration curve method

n=1 19.6 : 21.1

n=2 21.2 22.3

n=3 20.8 - 21.3

n=4 20.2 22.1

n=5 204 20.9
Average /mg L1 20.6 | 21.5

" SD 2/ mg L1 1.0 ‘ 0.6
RSD® /% 4.7 2.9

1) Amount of neodymium(III) as an internal standard was 20 mg; 2) Standard deviation;

3) Relative standard deviation;
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Table 4-6 Comparison of Nd-internal standard method and IDMS.

Nd-internal standard
method V.2 (X)

IDMS (Y) Differnce

Sample
No. Pufund? Udy)® Pufound® Uy)® X-Y  X-VY

/ mg L1 /%  /mgL? 1% / mg L1 1%
1 52.4 10 54.2 0.7 ‘1.8 -3.2
2 68.5 10 62.4 0.2 6.1 9.8
3 66.9 10 69.7 0.3 -2.8 -4.0
4 161.5 7 152.0 0.6 95 6.3
5 345.5 5 379.3 0.9 -33.8 -8.9

1) Two-point method; 2) The taken neodymium(III) standard was 20 mg; 3) Sample No.1,
NO0.2, No.3 and No.5 : n = 2; 4) Sample No.4: n = 3; 5) Coverage factor k= 2
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1. general

1.1 Scope

This procedure describes the determination of the plutonium concentration in
HALW by spectrophotometry. ' o

The procedure applies to the analyvsis of solutions containing less than 400 mg/L

and more than 50 mg/L of plutonium.

1.2 Principle and Outline of the Procedure

Plutonium concentration in HALW sample is determined using Nd as an internal
standard, so called Nd-internal standard method. Sludge in HALW sample is
dissolved in mixture of HNOs and HF. Subsequently plutonium is quantitatively
oxidized to plutonium (VI) in 3M HNOs; using a Ce(IV) nitrate solution before
spectrophotometric measurement. The- plutonium concentration in HALW can be
calculated using the molar extinction coefficient ratio of Nd (III) and Pu (VD, &/
& Py, and the absorbance ratio of Pu (VI) and Nd (1), (Ar.)/(Ang)vin HALW sample
that a known quantity of Nd is being added. The amount of Nd initially existing in
HALW is corrected with the absorbance ratio, (Ar/v(Ana)x, in HALW sample
without Nd spike.

2 'Apparatus and reagents
2.1 Instruments
» Spectrophotometer — Jasco V-550 single monochromator
o LAP TOP Computer '
« Evaluation Software —dJasco V series spectra manager Ver.1.53N
"« Measurement cell, flow type, quartz, lem
« Bundle optical fibers (core diameter 230 pm, cladding diameter 250 pum)
« Thermometer , l
« 50 mL Erlenmeyer flask
~» Automatic burette
+ Sampling device to take HALW aliquot
» Hot plate
« Filter paper (No.5C) and funnel

2.2 Reagents

« A plutonium stock solution (0.2 gL)) prepared by dissolving a large size dry
spike (LSD) containing 2 mgPu in 3 M HNO3 '
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« 0.5 M Cerium nitrate - Ce(NH4)2(NOs)s in 3 M HNO3
. 3 M HNO3 |

- 8 M HNOs

» Nd20s

- 8 M HNOs + 0.025 M HF

2.3 Measurement Conditions

« Band width :5.0 nm
« Scanning speed : 40 nm/min
« Data pitch 10.2nm

« Scanning wavelength- range  : 780 -850 nm

« No. of cycle ' i1

— 36 —
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3 Sample Preparation

3.1 Standard solutions containing

determining the calibration factor

known amount of Nd and Pu for the

Operator (JNC) activities

Inspector (IAEA, JSGO)

activities

Location

1) Write down LSD spike No. and

Prepare a LSD spike and . a

Nd spike flasks No. set of four Nd spikes.
2) Introduce the LSD spike into | Check the LSD spike No. G105 No.1 G.Box
G.Box No.l (Bag in). Introduce | Check the Nd spike No. (G105 No.5C Cell

the Nd spike flasks into hot cell
No.5C (bag in).

3) Transfer the Nd spikes flasks to
No.4. -

G105 No.5C —No.4

4) Remove aluminum cap from
the LSD spike.

I/0 (Inspector Observation)

G105 No.1 G.Box

5) Transfer the LSD spike by

1 G105 No.1 — No.5C

pneumatic tube to No.5C and —No.5B
transfer to No.5B.
6) Remove rubber cap from the G105 No.5B
LSD vial.

G105 No.5B

7) Put a stirrer bar into the LSD

vial.

8) Transfer the LSD vial to No.4.

G105 No.5B — No.4

9) Add 10 ml 3 M HNOs by
dispenser (Automatic burette).
(Red Line).

G105 No.4

10) Transfer the LSD vial to No.
BA.

(G105 No.4 — No.bA

11) Stir for 5 min. to completely
dissolve the LSD spike.

Check the completeness of

the dissolution

G105 No.5A

12) Transfer the LSD

solution to No.4.

spike

I/0

G105 No.5A — No.4

13) Add 0.5 mL, 1.0 mL, 2.0 mL
and 4.0 mL of the solution to each
Nd spike flask by sampling device
(White line).

G105 No.4
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14) Add 2 mL of HNOs 8 M + HF
0.025 M using dispenser. (Green
Line).

15) Heat them on a hot plate at

1500 C until near dryness.

Check the temperature
> 1500 C.

16) Stop heating and leave the

flasks for a few minutes.

Check the dryness.

G105 No.4

17) Put a stirrer bar into the
flask.

1/0

18) Add 14mL HNOs 3M by
dispenser (Automatic burette).
(Red Line). '

Check the dissolution.

19) Add 2 mL Ce(NH4)2(NO3)s 0.5
M by dispenser. (Yellow Line).

I/0

20) Stir for 5 min.

G105 No.4 — No.5A

21) Wait for 5min.

(G105 No.5a — No.4

- 22) Filter the solution through a
filter paper (No.5C).

Check the flask No.

23) Transfer the filtered solutions
in ﬂask_ to Cell No.5A for
spectrophotometric measurement.

Pu peak top (around 830 nm)

1/0

G105 No.4 — No.bA

Nd peak top (around 795 nm)

=38 =
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3.2 HALW sampie

Operator (JNC) activities

Inspector' (IAEA, JSGO)
activities

Location

1) Transfer the flask containing
HALW sample to No.4.

Check the sample No.

(G105 No.1 —No.4

2) Take HALW sample 2 to 4 mL
(Sampling volume depends on thé
sample conditions such as Pu
’ flask
containing Nd spike (n=2) by
Take HALW

sample 2 to 4 mL into an empty

concentration.) into a

sampling device.
flask (n=1) by sampling device.

(White Line). Taken immediately

after mixing.

Check the flask No.
1/0 (Inspector Observation)

G105 No.4

3) Add 2 mL of HNOs; 8 M + HF
0.025 M by dispenser. (Green
Line). ‘

4) Heat them on a hot plate at

1500 C until near dryness.

Check the temperature >150-

1°C.

5) Stop heating and leave the

flasks for 15 minutes.

Check the dryness.

G105 No.4

6) Put a stirrer bar into each
flask.

1/0

7 Add 14mL HNOs 3M by
dispenser (Automatic burette).

| (Red Line).

Check the dissolution.

8) Add 2 mL Ce(NH0)2(NOs)s 0.5
M by dispenser. (Yellow Line).

9) Stir for 5 min.

1/0

10) Wait for 5 min.

11) Filter the solution through a
filter paper (No.5C) to remove

particles.

Check the flask No.

12) Transfer the filtered solutions

1/0

G105 No.4 — No.5A




JAEA-Technology 2006-040

in flask to cell No.5A for
spectrophotdmetric measurement.
Pu peak top (around 830 nm)
Nd peak top (around 795 nm)
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4. Spectrum Measurement

This section describes the procedures for starting the “Spectrum Measurement
program”, measuring standard samples, saving measured spectra.

4.1 Procedural overview

The [Spectrum measurement] program measures sample spectra for a set of
measurement parameters. It also does baseline measurement for correcting sample
spectra. Spectra cannot be printed or saved in the [Spectrum Measurement] program.
[Spectrum measurement] automatically starts the [Spectra Analysis] program and the
spectra are displayed in the active view. -Spectra can be saved and printed in the

[Spectra Analysis] program.

<Procedural overview>

[Spectra Manager] startup (Section 42)

v

[Spectra measurement] program startup (Section 4.3) [Spectra measurement] program

v

Setting measurement parameters (Section 4.4)
Setting the baseline (Section 4.5)

v 4

Save baseline spectrum (Section 4.6) | [Spectra analysis] program
* Sample measurement (Section 4.7) [Spectra measurement] program
Save sample spectrum (Section 4.8) [Spectra analysis] program
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4.2 [Spectra Manager] startup

1) Select [Jascol-[Spectra Manager] (or | The [Spectra Manager] dialog box

double-click ) appears.

(@ -550/C02951221

| Huantitative Analysis
File: Vignwer

B JASC0 Carvas = Time Course Measursment

£32 Fled Wavelength Measurement
B Abs/%T Meter

57 Ervdiranment

@ W alidation

Fig. 4.1 [Spectra Manager] dialog box
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4.3 [Spectrum measurement] program startup

1) Double-click [Spectrum Measurement] in | The program starts and the following

the [Spectra Manager] dialog box. dialog box appears.

0.005 r ; ,
[ e foomoeeres o Poesneemnn e boomemmed
Abs U P [T P
B il e RRCCEEEPTEEEP R REREEEE
0005 . ! l I . I
780 800 820 B840 850
Wavelength [pm]

Fig. 4.2 [Spectra Measurement] dialog box
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4.4 Setting measurement parameters

1) Select [Measurement]-[Parameters] in the | The following dialog box appears.

[Spectra Measurement] dialog box.

Fig. 4.3 [Spectra Measurement-Parameter] dialog box

2) Input parameters (D) or reload parameters
from parameters list ().
@ Input following measurement
Parameters in  the  [Spectrum’

measurement-Parameter] dialog box.

[Parameters]

Photometric Mode Abs.
Response ‘Medium
Band Width $5.0 nm
Scanning Speed * 40 nm/min
Start : 850 nm
End “ 1780 nm
Data Pitch :0.2 nm
No. of Cycle 11

Display tAuto

_44"_
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@ Reload the parameters from parameter list

in the [Parameters-Open] dialog box.

The = parameters in the
[Parameters-Open] dialog box was

inputted and saved in advance.

The following dialdg box appears.

Measurement-Parameter] dialog box.

{a) Click <Open> in the [Spectra
Measurement-Parameter] dialog box.
Fig. 4.4 [Parameters-Open] dialog box

b)  Select parameter name (e.g. [Nd-internal
method]) from “Parameters List” in the
[Parameters-Open] dialog box.

¢)  Click <OK> in the [Parameters-Open] | Closes the [Parameters-Open] dialog
dialog box. box.

3) Click <OK> in the [Spectra | The parameters transfer to the

spectrophotometer.
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4.5 Setting the baseline

The baseline defines the "0" absorbance level. The baseline value is subtracted from
the measured data in order to determine the correct spectrum of sample. The baseline is
inherent to each instrument. In order to maximize the accuracy of the spectra, the
‘baseline must be measured under the same conditions as those used for measuring the

spectra.

1) Select [Measurementl-[Baseline] to start | The following dialog box appears.
the baseline measurement in the

[Spectrum Measurement] dialog box.

 Baselne paramet

Band Widls
L Sranming 5
_ Measueme:
. DalaPieh

 Lamp
LAl
|

|
Fig. 4.5 [Baseline] dialog box

2) Remove the check mark from [Full
Wavelengthl check box. Put a check mark
in the [Baseline Correction] check box in

the [Baseline] dialog box.
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3) Click <Measure> in the [Baseline] dialog | The baseline measurement starts.

box.

haseline jws

gl 820
Wavelength [nm]

Fig. 46 Basehne specfrum

’4) When measurement  finished, the | Baseline data is automatically
 [Parameters-Save] dialog box opens. transferred to the [Spectra Analysisl
Input parameter name you want. program and is displayed on the view.

Fig. 4.7 [Parameters-Save] dialog box
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5) Click <OK> in the [Parameters-Save]
dialog box.

4.6 Save baseline spectrum ‘
When baseline measurement is finished, the [Spectra Analysis] program stars

automatically and baseline spectrum is displayed in the active view.

1) Select [File]-[Save As] to display the [Save | Saves the active spectrum in the
As] dialog box in the [Spectra Analysis] | active view under a new filename and

dialog box. , location.

2) Select drive or directory from [save in] drop

down list.

3) Input the filename you want in the [File

name] text box.

4) Click <Save> to save spectrum.

3.5FD

 (REIRERD

aEA{uF FD &) &

Fig. 4.8 [Save As] dialog box
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4.7 Sample measurement

1) Place the sample in the measurement cell

2) Select [Measurement]-[Auto Zero] in the

[Spectra Measurement] dialog box.

Sets the observation value of the

current wavelength to zero.

13) Click [Measurement] -[Start] (or click on
the <start> button.)

The sample is measured and the
measurement progression appears.
When measurement is finished, the
[Spectra Analysis] program stars
automatically and spectrum is

displayed in the active view.

a0

Wavelength [nm]

Fig. 4.9 [Spectra Analysis] dialog box (spectrum view)

4.8 Save sample spectrum

When sample measurement is finished, the [Spectra Analysis] program stars

automatically and sample spectrum is displayed in the active view.

1) Repeat step 1)-4) in "4.6 Save baseline

spectrum” .
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5. Spectra Analysis Program
5.1 Peak Find

This function finds spectrum peaks positions.

1) Select [Processingl-[Peak Process]-[Peak
Find] (or click the {#A] button on the tool
bar) to display the [Peak Find] dialog box
in the [Spectra Analysis] dialog box.

Flename s

Displays the [Peak Find] dialog box
used to detect wavelength of spectrum

peaks.

+f e

;j,gg—=~«~%j~~~~x‘~: ————————————— : I
e G

R bomeend

s ST

SRAEEETEEEE R e e P = S

-0.01 i
780 800 820

Fig. 5.1

Wavelength [nm]

840 B850

[Peak Find] dialog box

| 2) Select [Top] from peak drop-down list.

Lists available modes for detecting

peaks/valleys.

3) Input a value 0.001 into [Noise Levell text

box.

Input a threshold value used to
recognize a peak. When the difference
between the start of a peak to its apex
does not exceed this value, the peak
will not be recognized. The units are
the same as those used in the active

spectrum.

4) Click <Execute>.

Finds plutonium and neodymium
peaks . The dialog box closes and the

results of the search are displayed.

5) Click <Print>.

Prints out the peak table (Fig. 5.2).
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¢ £ t
4 ‘ 3
H 3
H i
-s m?m
] :
3 >
0.01 : ! ! | i |
780 200 220 540 350
Wawvelangth jnm]
Eate HOUSOURE YOI 1
vtodel WES0
Sarial Mo. Croooooeo
Band width 50 nm
Response Meadium
Measurement range 850 -780 nm
Data pitch 0.2nm
Scanning speed d0nmfmin
Sample ID 3
MNo. of oycle 1
Sample name
Operator
Coemment 1
o, nm Pbz - Mo.nm Pbs "3
'1(B30.2 5 001498 795 008612
L d

Eeak pomtion of plutoninm (1) ] Eeak poaition of neo dyrminm (2)

-
~

6) Click <OK>.

Closes the [Peak Find] dialog box.

5.2 Peak Height

_This function detects the peak height and calculates the height ratio.

1) Select [Processingl-[Peak Process]-[Peak

Height]

(or click the button on the tool
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bar) to display the [Peak Height] dialog
box in the [Spectra Analysis] dialog box.

820 840 850 |
Wavelenyth [mmn]

Fig. 5.3 [Peak Height] dialog box

2) Check [P1] checkbox. ‘ Select the peak to calculate peak
Check [P2] checkbox. height. |

, P1:Pu

P2: Nd

3) Click <setting...>. Open the [Peak Height-Set] dialog
' box.
Set the peak height detecting

parameters.

Fig. 5.4 [Peak Height-Set] dialog
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4) Click [P1] in the parameter display field. Set the parameter for [P1].
Select [1 Point Base] option button in the
[Baseline] group.
5) Click [P2] in the parameter display field. Set the parameter for [P2].
Select [1 Point Base] option button in the
[Baselinel group. : ‘
6) Click <OK>. Closes the [Peak Height -Set] dialog
' 7 box. » o
7) Click row of numbers to the right of [P1] in | The wavelengths of peak [P1] and the
the information display in the [Peak | base position are displayed in the
height] dialog box. wavelength setting fields, allowing
the wavelength to be changed.
8) Input a value into text box in the | Set the base wavelength for Peak 1.

wavelength setting fields.

Input a plutonium peak position into the
<peak> text box.

Plutonium peak position is shown in the
peak find table (1) (Fig. 5.5).

Input 838 into the <basel> text box.

Input a blank into the <base2> text box.

The wavelength can be set by directly

inputting a value into text box
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Fig. 5.5 Peak Height Table

9) Click <Apply>. Calculate the peak height of

plutonium around 830 nm.

10) Click row of numbers to the right of [P2]

in the information display.

The wavelengths of peak [P2] and the

base position are displayed in the
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wavelength setting fields, allowing

the wavelength to be changed.

11) Input a value into text box in the

wavelength setting fields.

Input a neodymium peak position into
the <peak? text box. _ '
Neodymium peak position is shown in the
peak find table @ (Fig.5.5).

Input 838 into the <basel> text box.

Input a blank into the <base2> text box.

Set the base wavelength for Peak 2.
The wavelength can be set by directly

inputting a value into text box.

12) Click <Apply>. 7

Calculate the peak height of

neodymium around 794.6 nm.-

13) Click <Print>.

Prints out spectra, peak and base
positions, peak heights and peak
ratios (Fig.5.5).

14) Click <OK>,

Closes the [Peak Height]-dialog box.

6. Calculation of calibration factor and Pu concentration

1) Input parameters and results of absorbance ratio to the EXCEL format to calculate

calibration factor and Pu concentration.

2) After inputting parameters and results of absorbance ratio, print out this EXCEL

format.

7. References

1) JASCO Corporation: "V-5 3 0/550/560/570  Spectrophotometer  Instruction

Manual V-500 for Windows"

2) JASCO Corporation: "Spectra Analysis Program Instruction Manual Jasco

Spectrometers for Windows "
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 HERNRROBREBLOEHY 2Ly NOKIER, REAZ, 50mL=A7 IR
O, TNFENERECRERMNUZBOEERZNETAZEICEDER L. BEEE
FTIROBEBOKIENL, 0.5 mLEN10mLIZDOWTITo k. BEIE2L v FOKIE
13, 2.0mL £ 14 mLIZDWTiTo 72, BERUBIERABEEBROEHE L v
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NOKERRE, ThEh% 1, £ 2177,

%1 AHRNERODEBORELS

- HEE (0.5 ml) HFmE (1.0 nl)
BE / |/ | BE/ i51g 2/
g mL g mL
1 0.4923 0.4936 1.0033 1.0068
2 0.5025 0.5039 1.0039 1.0074
3 0.4973 0.4986 1.0043 1.0078
4 - 0.4969 0.4982 1.0019 11.0054
5 0.4968 0.4981 1.0015 1.0050
6 0.4974 0.4987 1.0013 1.0048
7 0.4971 0.4984 1.0049 1.0084
8 0.4990 0.5004 1.0021 1.0056
9 - 0.4967 0.4980 1.0008 1.0043
10 0.4970 0.4983 1.0046 1.0081
11 1.0031 1.0066
12 1.0024 1.0059
13 1.0007 1.0042
14 1.0040 1.0075
Fi 0.4973 0.4986 1.0028 11.0063
BEREZ| 0.0025 0.0025 0.0014 0.0014
ity 0.50 0.14
RE /% ' )

*1 2R 0.997296 g/cm? at 24.0C
*9 ZEE: 0.996512 g/cm? at 27.0°C

— 59 —
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#RE (2.0n)

CEEE (4.0 1)

B B8/ *iE 1/ EE / 13-
g mL g mL
1 1.9746 1.9800 13.9204 | 13.9581
2 1.9640 1.9693 13.9277 | 13.9655
3 1.9674 1.9727 13.9483 | 13.9861
4 1.9674 | 1.9727 13.9502 | .13.9880
5 1.9730 1.9783 13.9508 | 13.9886
6 1.9636 1.9689 13.9525 | 13.9903
7 1.9765 1.9819 | 13.9330 | 13.9708
8 1.9650 19703 | 13.9518 | 13.9896
9 1.9667 1.9720 13.9548 | 13.9926
10 1.9666 1.9719 13.9595 | 13.9973
i 1.9685 1.9738 13.9449 | 13.9827
FERE| 0.0046 0.0046 0.0130 0.0131
HExHRAE '
/5l 0.23 .0.09

BE: 0.997296 g/em? at 24.0C
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Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an
internal standard.

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as
an internal standard.

Modél Equation: .
R=1/(((C1-Ca)x(A, =A)HCy=C lK(Ay~A)HC3=C ) (Ag=A)+(Cy~C)x(A~AL))/

((C1=C,)"2+(Cy=C,) " 2+(C3~C,)"2+(C4—C,)"2));

C1=Cspu1/Csnat:
C2=Cspuz/Csnazi
Co=Capus/ Conas
C4=Cspus/ Csnasi
Ca=(C‘1+02+C3+C4)/4;

A1=Aspy1/Aengl;
Ag=Aspu2/ Asng2;
Ag=Agpu3/AgngS;
Ag=Asp A/ Andd;
A=(A+Ag+HAgTAL)/ 4;

Csput=Cstapu*V10/Vs/AWpy;
Cspuz=Cstapu*V1/Vs/AWpy;
CsPu3=Csthu*V1*2/ Vs/AWp,;

CsPu4=Csthu*v1*4/V5/AWp,_,;

* Cendr=Catana*(V1+V10)/ AWng/Vs;
Cand2=Cstang*V1¥2/AWng/ Vs;
Conga=Costane*V 13/ AWna/Vs;
Conaa=Cotane¥V ¥4/ AWya/Vs;

Cstep™mpy/ Ve

qu:mPusampling*H/.‘ 00;

Cotana=AWNg*2/AWNg203¥Mngz03*F/ Vy;

Sp,1 ﬁnal:((Rx*Ry1 Y (Rx‘Ry1 N*AWp,/ AWngFR*Myg/ (Vs/ 1000);
Spy2ina=((R* RVZ)/ (RX"RVZ))*AWPU/ AWy gkR*Myq/(V5/1000);

: Spu3ﬁna|:((Rx*Ry3)/ (Rx”Ry3))*AWpu/ AWy FR*Myq/(Vs/1 000);
SPu4ﬁnal:((Rx*Ry4)/ (Rx‘Ry4))*AWpu/ AWng*R¥Myq/(Vs/1000);

Date: 10/29/2005 File: Results of Pu in HALW Page 1 of 14
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Evaluation of uncertainty. of Pu determined by spectrophotometry using Nd as an

internal standard.

SPusﬁnal:((Rx*Rys)/ (Rx—Rys))*AwPu/ AWy kR¥Mpe/(Vs/1 000);

Spufinal=(Spy 1 finar+ Spu2finart Spufinar* SpudfinaltSpuStinal)/ 5

Cp,original=Spfinal*Vy/2%Vy;

.R,J =ApuX1/ AngX1;

- Ry1=Apyy1/Anavi;

Ry2=Ap,Xa/ AngXa;

RyzzAPuyz/ Angya;

Ry3=Ap,x3/ AngX3;
Ry3=Ap.ya/Angys
R, 4=Ap x4/ AngXa;
Ry4=Apva/Andya:
R 5=Ap x5/ AngXs:
RyS:APUYS/ Anays:

R=(R,1+R,2+R3+R 4+R5)/5;

V5=V3+Vy;

MNd=CNd1 *V1*2,

Crvar=AWng*2/ AWngzos*mnazos*f/Va;

List of Quantities:

Quantity Unit Definition
Vio mL Sampling volume by sampling device (0.5 mL).
Vi mL Sampling volume by sampling device.
Vs mL Adding volume of Ce(IV) solution by Dosimat.
Vy mL Adding volume of HNO3 by Dosimat
mpusamplir{g mg Sampling weight of Pu standard solution.
H - wit%h Pu weight % in Pu standard solution.
Mnd203 mg Sampling weight of Nd203 for calibration curve.
MNd203 mg Sampling weight of Nd203
Agp,1 Pu absorbance in standard solution.
Agngl Nd absorbance in standard solution.
Agpu2 Pu absorbance in standard solution.
ASNdZ‘ Nd absorbance in standard solution.

Date: 10/29/2005
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Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an

internal standard.

Quantity Unit Definition

Agpy3 Pu absorbance in standard solution.
Agngd Nd absorbance in standard solution.
Aspud Pu absorbance in standard solution.
Agngd Nd absorbance in standard solution.
Apyxq Pu absorbance of sample solution without Nd standard.
AngX1 Nd absorbance of sample solution without Nd standard.
Apyy1 Pu absorbance of sample solution with Nd standard.
AngYi Nd absorbance of sample solution with Nd standard.
Apyxa Pu absorbance of sample solution without Nd standard.
Angxa Nd absorbance of sample solution without Nd standard.
Apuys Pu absorbance of sample solution with Nd standard.
Angya - Nd absorbance of srample solution with Nd standard.
Apyxs Pu.absorbance of sample solution without Nd standard.
AngXs Nd absorbance of sample solution without Nd standard.
Apuy3 Pu absorbance of sample solution with Nd standard.
AngYa Nd absorbance of sample solution with Nd standard.
Apyxy Pu absorbance of sample solution without Nd standard.
AngXa INd absorbance of sample solution without Nd standard.
Apyys Pu absarbance of sample solution with Nd standard.
AngY4 Nd absorbance of sample solution with Nd standard.
Apuxs Pu absorbance of sample solution without Nd standard.
AndxXs Nd absorbance of sample solution without Nd standard.
Apyuys |Pu absorbance of sample solution with' Nd standard.
AnaVs Nd absorbance of sample solution with Nd standard.

Vy mi Nd standard solution volume.
AWp, Atomic weight of Pu.
AWyg Atomic weight of Nd.

Vs mlL HNO3 volume.

AWnaoo3 Atomic weight of Nd203

f Purity of Nd203.

R Molar extinction coefficient ratio (Nd/Pu)

Ci Concentration ratio (Pu/Nd) of standard solution.

C. Average of concentration ratio (Pu/Nd) of standard solution.

Ay Absorbance ratio (Pu/Nd) of standard solution.

A, Average of absorbance ratio of standard solution.

Date: 10/29/2005
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Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an
internal standard.

Quantity Unit Definition
C, Concentration ratio (Pu/Nd) of standard solution.
Ay | Absorbance ratio (Pu/Nd) of standard solution.
C; Concentration ratio (Pu/Nd) of standard solution.
Az Absorbance ratio (Pu/Nd) of standard solution.
Cq ' Concentration ratio (Pu/Nd)-of standard solution.
Ay Absorbance ratio (Pu/Nd) of standard solution.
Cepui "M Concentartion of Pu in standard solution for calibration curve.
Conat M GConcentartion of Nd in standard solution for calibration curve.
Cspuz M Concentartion of Pu in standard solution for calibration curve.
Congz M Concentartion of Nd in standard solution for calibration curve.
Cepusz M Concentartion of Pu in standard solution for calibration curve.
Cenda M Concentartion of Nd in standard solution for calibration curve.
Cepus M Concentartion of Pu in standard solution for calibration curve.
- Cgnaa M Concentartion -of Nd in standard solution for calibration curve.
Cstapu mg/ml.  |Concetration of Nd standard solution
Vs mbL Dilution volume (HNO3+Ce(VI) solution).
Cetand mg/ mL | Concentartion of Nd original standard solution for calibration curve.
mMpy mg Pu metal weight.
Ry , Average of absorbance ratio (Pu/Nd) in sample solution without Nd
standard.
Ry1 Absorbance ratio (Pu/Nd) in sample solution with Nd standard.
Mng mg Internal standard weight. '
R,2 Absorbance ratio (Pu/Nd) in sample solution with Nd standard.
RJ3 ‘Absorbance ratio (Pu/Nd) in sample solution with Nd standard.
R4 Absorbance ratio (Pu/Nd) in sample solution with Nd standard.
RS | Absorbance ratio (Pu/Nd) in sample solution with Nd standard.
R,1 Absorbance ratio (Pu/Nd) in sample solution without Nd standard.
R.2 Absorbance ratio (Pu/Nd) in sample solution without Nd standard.
R,3 Absorbance ratio (Pu/Nd) in sample solution without Nd standard.
R4 Absorbance ratio (Pu/Nd) in sample solution without Nd standard.
R,5 . |Absorbance ratio (Pu/Nd)in sample solution without Nd standard.
Cnai mg/mL  |Concentration of Nd standard solution.
* Spyfinal mg/L.  |Pu concentration in diluted HALW
Spulgnal mg/L | Pu concentration in diluted HALW
Spuinat | mg/L | Pu concentration in diluted HALW
Spudfinal | me/L  |Pu concentration in diluted HALW
Date: 10/29/2065 File: Results of Pu in HALW Page 4 of 14

Generated with GUM Workbench Pro Version 2.3.2,36
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Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an

internal standard.

Quantity Unit Definition
Spu4iinal mg/L  |Pu concentration in diluted HALW
Spkudfinal mg/L" |Pu concentration in diluted HALW
Cpyoriginal| mg/L  |Pu concentration in HALW
V10Z Type A

Method of observation: Direct
Number of observation: 10

No. Observation

0.4936

0.5039

0.4986

0.4982

0.4981

0.4987

0.4984

R INID| O] WIN| -

0.5004

©w

0.4980

10 0.4983

Arithmetic Mean: 0.498620 mL
Standard Deviation: 2.5%10° mL
Standard Uncertainty: 797%107% mL
Degrees of Freedom: 9

Date: 10/29/2005
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Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an
internal standard,

~

Type A
Method of observation: Direct
‘Number of observation: 14

No. Observation
1 1.0068
2 1.0074
3 1.0078
4 1.0054
5 1.0050
6 1.0048
7 -1.0084
8 1.0056
9 1.0043
10 1.0081
11 1.0066
12 1.0059
13 1.0042
14 1.0075

" Arithmetic Mean: 1.006271 mL

Standard Deviation: 1.4%107° mL
Standard Uncertainty: 383%107% mL
Degrees of Freedom: 13

Date: 10/29/2005
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Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an

internal standard.

Mpysampling:

Type A
Method of observation: Direct
Number of observation: 10

No. Observation
1 1.9800
2 1.9693
3 1.9727
4 1.9727
5 1.9783
6 1.9689
7 1.9819
8 1.9703
9 1.9720
10 1.9719

Arithmetic Mean: 1.97380 mL
Standard Deviation: 4.6%107° mL
Standard Uncertainty: 1.45%107° mL
Degrees of Freedom: 9

Type A
Method of observation: Direct
Number of observation: 10

No. | Observation
1 13.9581
2 13.9655 -
3 13.99681
4 13.9880
5 13.9886
6 13.9903
7 13.9708
8 13.9896
9 13.9926
10 13.9973

Arithmetic Mean: 13.98376 mL
Standard Deviation: 0.014 mL _
Standard Uncertainty: 4.36%107° mL
Degrees of Freedom: 9

Type B normal distribution

Value: 505.4 mg

Expanded Uncertainty: 0.35421 mg
Coverage Factor: 1
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JAEA-Technology 2006-040

Evaluation of uvncertainty of Pu determined by spectrophotometry using Nd as an
internal standard.

Mng203:

MN4d203-

Apyl:
Agngl:
Aspul:
Agng2:
Agp,3:
Agng3:
Aspud:
Agngd:
Ap X1t
Ayngxq:

Apyyi:

Type B normal distribution

Value: 0.405457 wih

Expanded Uncertainty: 0.00016 wt%
Coverage Factor: 1

Type B normal distribution

Value: 1105.0 mg

Expanded Uncertainty: 0.35421 mg
Coverage Factor: 1

Type B normal distribution

Value: 1172.8 mg

Expanded Uncertainty: 0.35421 mg
Coverage Factor: 1

Type B rectangular distribution
Value: 070074
Halfwidth of Limits: 0.001

Type B rectangular distribﬁtion
Value: 0.0497
Halfwidth of Limits: 0.001

Type B rec"tangular distribution
Value: 0.0141
Halifwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0645
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0279

 Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0958
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0573 .
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.1280
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0212
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0540
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0228
Halfwidth of Limits: 0.001

Date: 10/29/2005
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JAEA-Technology 2006-040

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an
internal standard.

Angy1:
ApuXyr
AngXp:
Apyya:
Andya:
Apxa:
Apngxs:
Apuys:
Andya:
APux4:
ANax,;:
Apuys:
Angva:

ApXs:

Type B rectangular distribution .

Value: 0.1218
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0240
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0665
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0242
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.1289
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0225 ]
Halfwidth of Limits: 0.001 -

Type B rectangular distribution
Value: 0.0556 .
Halfwidth of Limits: 0.001

Type'B rec{angular distribution
Value: 0.0237
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.1292
Halfwidth of Limits: 0.001

- Type B rectangular distribution

Value: 0.0218 ‘
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0556
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0227
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.1249
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0221
Halfwidth of Limits: 0.001
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JAEA-Technology 2006—040

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an
internal standard.

ANdXS:
Apuys:

Andys:

AWpu:

AWNd:

Type B rectangular distribution
Value: 0.0567
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.0247
Halfwidth of Limits: 0.001

Type B rectangular distribution
Value: 0.1353
Halfwidth of Limits: 0.001

Type B triangular distribution
Value: 100 mL
Halfwidth of Limits: 0.07 mL

Constant
Value: 239

Constant
Value: 144.24

7 Constant
Value: 10 mL

Constant
Value: 336.4

Constant

- Value: 0.9995

Interim Result
Interim Result
Interim Result
Interim Result
Interim Result
Interim Result
Interim Result
Interim Result
Interim Result
Interim Resuilt
Interim Résult
Interim Result
Interim Result
Interim Result
Interim Result
Interim Result

Interim Result
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JAEA-Technology 2006-040

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an -
internal standard.

Cepus: Interim Result
Cenga: Interim Result
Cetdput Interim Result
Vs: " Interim Result
Ceiang:  Interim Result
mp,: Interim Result
Ry » Interim Result
R,1: Interim Resuilt
Myg: Interim Result
R,2: Interim Result
R,3: Interim Result
R,4: Interim Result
R,5: Interim Result
R,1: Interim Result
R 2: - lntefim Result
R,3: Interim Result
- Ry Interim Result
R,5: Interim Result
Cngt: Interim Result
Sp,final: Interim Result
Spulsinar - Interim Result
Spufinal: Interim Result
Spu3snal Interim Result
Spu4ﬁna]: Interih Result
Spudgnals Interim Result
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JAEA-Technology 2006-040

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an
internal standard.

Uncertainty Budgets:

Cpyoriginal: Pu concentration in HALW
Quantity Value Standard ‘Degrees Distribution | Corr.— | Index \
Uncertainty of : Coeff.
, : Freedom
Vie | 0498620mL | 797%107° mL 9 normal | —0.01 | 00%
Vi 1.006271 mL 383%107° mL 13 normal 002 | 00%
Vs 1.97380 mL 1.45%107° mL 9 normal 0.0 00 %
V4 13.98376 mL 436%107° mL 9 normal 0.0 00%
Mpysampling 505.400 mg 0.354 mg - 50 normal 1 0.02 00 %
H 0.405457 wtb% 1604107 wt% 50 normal 001 | 00%
Mndz203 1105.000 mg © 0.354 mg 50 normal -0.01 00%
MNg203 1172.800 mg 0.354 mg 50 normal 0.01 0.0%
Aqpyl 7.400%107° 5774107 infinity | rectangular | 070 | 49.1%
Agngl 0.049700 577%107 infinity rectangular | -0.10 1.1%
Apu2 0.014100 577%107° infinity rectangular 0.23 52 %
Agng? 0.064500 577%107° infinity rectangular | —0.05 03%
Asp3 0.027900 577%10°° infinity rectangular | -0.05 03%
Acng3 0.095800 577%107° infinity rectangular 0.02 00 %
Agpd 0.057300 577%107° infinity rectangular | -0.35 12.1 %
Agned 0.128000 577%107° infinity rectangular 0.16 24 %
Apuxi 0.021200 577%10°% - infinity rectangular | -0.11 | 13%
AnagX1 0.054000 577%107 © infinity rectangular 0.04 0.2 %
Apuyi - 0.022800 577%107° infinity rectangular 0.23 51%
AngVi 0.121800 577%107° infinity rectangular | -0.04 0.2%
Apuxz 0.024000 577%107%. infinity | rectangular | -0.09 | 08%
AngXe 0.066500 577%107% | infinity rectangular 0.03 01%
‘ApyVa 0.024200 577%107° infinity rectangular 0.22 48 %
Anayz 0.128900 57741078 infinity | rectangular | -0.04 | 0.2%
ApuXa 0.022500 577%10° |  infinity | rectangular | -0.11 | 1.2%
AngXs 0.055600  577%10°° infinity rectangular | 0.04 0.2%
Apuys 0.023700 577%107° infinity rectangular 1 021 42%
AngYs 0.129200 577%1078 infinity | rectangular | —0.04 | 0.1%
Apuxy 0.021800 577%107° infinity rectangular | -0.11 1.2%
AngXa 0.055600 577%107° infinity rectangular 0.04 02%
ApuYa 0.022700 577%107° infinity rectangular | 0.21 44 %
Andya 0.124900 577%107° infinity | rectangular | -0.04 | 0.1%
Date: 10/29/2005 File: Results of Pu in HALW : Page 12 of 14
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JAEA-Technology 2006-040

internal standard.

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an

Quantity Value Standard Degrees Distribution | Corr— | Index
Uncertainty of : Coeff.
. Freedom
ApuXs 0.022100 5774107 infinity rectangular | -0.11 12 %
AnaXs 0.056700 577%107® infinity | rectangular | 004 | 02%
Apyys 0.024700 577%107° infinity | rectangular | 0.19 | 38%
AndYs 0.135300 577%10°° infinity rectangular | -0.04 0.1%
V, 100.0000 mL 0.0286 mL infinity triangular 0.0 0.0 %
AW, 239.0 '
AWpg 144.24
Vg 10.0 mL
AWnaz03 336.4
f 0.9995
R 002912 | 1.09%10° infinity
Cy 4.32641%107° 6.18%107° 27
C. 8.15446%107 7.53%10°° 130
A 0.1489 0.0117 infinity -
A, 0.27660 4.23%107° infinity
C, 6.52880%107° 5.95%107° 130
A, 0.21860 9.16%107° infinity
Cs 8.70506%107° 7.94%107° 130
Az 10.29123 6.28%107° infinity
Cs 0.0130576 11.9%107° 130
Ag 0.44766 4.94%107 infinity
Cepur | 26.7908%10°M | 486%107° M 14
Conat 6.19238%10° M | 4.85%10° M- 37
Cepuz 54.0668%10°M | 506%10° M 100
Conaz 8.28128%10° M | 5.32%10°M 69
Cepus 108.134%107° M 1013107 M 100
Cens 0.01242193 M 7.97%10°° M 69
Copua 216.267410° M 202%107° M 100
Conaa 0.0165626 M 10.6%107° M 69
Cetopy | 0.204918 mg/mL 1654107 78
mg/mbL
Vs 15.95756 mL 459%107° mL 10
Catang 9.47120 mg/ mL | 407%107 mg/ 160
: ml.
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JAEA-Technology 2006—040

Evaluation of uncertainty of Pu determined by spectrophotometry using Nd as an

internal standard.

Quantity Value - Standard Degrees Distribution | Corr~ | Index
Uncertainty of Coeff.
Freedom
Mpy 2.04918 mg 1.65%107° mg 78
Ry 0.38801 4.84%107 infinity
R,1 - 0.18719 4.82%107° infinity
Myd 20.2307 mg 00114 mg 56
R,2 0.18774 456%107° infinity
R,3 0.18344 4.54%107° infinity
R4 | 018175 4704107 infinity
R,5 0.18256 4.34%107° infinity
R, T 0.3926 0.0115 infinity
R.2 0.36090 9.23%107° infinity
R,3 0.4047 0.0112 infinity
R4 0.3921 0.0112 infinity
R,5 0.3898 0.0109 infinity
Cnat 10.05232 mg/mL 4.18%107 180
mg/mbL
Sp,final 21.533 mg/L 0.957 mg/L infinity
Spulfinal 2213 mg/L | 1.40 mg/L infinity
SkuZfinal 2225 mg/L. 1.36 mg/L infinity
Spu3final 21.28 mg/L 1.30 mg/L infinity
" Spudtinal 120.91 mg/L 1.30 mg/L infinity
SpuSfinal 21.09 mg/L 1.25 mg/L infinity
Cpyorigin 172.89 mg/L 7.68 mg/L infinity
al
Results:
Quantity . Value Expanded - Coverage Coverage
~ Uncertainty factor
Cpyoriginal 173 mg/L. 8.9 % (relative) 20 " 95% (t—table 95.45%)
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