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Selection of Important Nuclides from the Viewpoint of Safety
Assessment for Disposal of Radioactive Waste Arising from
Research Institutes - Part 2 -

Analytical Scheme for Nuclide Composition in Radwastes Arising from Research
and Testing Reactor and Post-irradiation Examination Facilities

Shiho ASAI} Akihiro SAKAI, Michiro YOSHIMORI and Shinji KIHARA

Department of Decommissioning and Waste Management
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 8, 2003)

As part of survey concerning radioactive inventory of radwastes arising from
research institutes, an analytical scheme has been studied for verifying their
nuclide composition based on calculation analysis and record, in consideration of
their characteristics. In this study, radwastés are used as samples, which arise
from research and testing reactors and post-irradiation examination facilities
(PIE facilities).

Though separation procedures are simplified and rationalized, quantifiable
values could be obtained with relative errors under 10% for almost all the
samples containing nuclides like *°Ni and 2*®U of which concentrations are low.
The recoveries of the aimed nuclides were high on the whole.

These show that the analytical scheme is useful for chemical separation of
radwastes arising from research and testing reactors and PIE facilities.

Keywords: Radioactive Waste Disposal, Nuclide Composition, Institutes-waste,
Waste Contaminated by Irradiated Fuel, Waste Contaminated by
Activated Material, Research and Testing Reactors, PIE Facilities,
Radioactive Inventory, Chemical Separation
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3) SHEDBE
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5) Key #i8™ A>3 S %78 & )4 B b 54
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2.2.2 YTV THRBHS S USHHHREAR

Fig. 2.1 ISRTKIIC. RBERRATRETIRENOSE. RFFERE IR RHBE
BHOORETDHLDE., ELITKELGBIGZHD TS, LI=A>T RFIFEHZ(JRR-3, JRR-4)
BIUBHESBRER(RHEBER. AUbSR)EY TV T HEBRELTRET HTEICE
Y L DERZ+FICRT ENTEDEEZONS(Table 2.2 1277, REOBELL T,
ARFHICIIBEERLEDEDZERLT. ARBLUMBICL - TERShEEED(LLT.
NERREMIEVI) ZRHREL =, -

Table 2.2 2TV THBBREAHOBE

Yoo R R IR
ey B ot % SR ME 5%
(JRR-3.JRR-4) (FRybSR, REFERIER)
BIREZED B R IEAHIK aU B
Bl BEED Ll Rk RS R
*1 AV OB BHEOEBEICEYRELEBERE—BRICEET 0080 7 bIRRLIE

5&0):&0
*2Ryb N REX B RV ROK, B EEFEASVERICIH>THED 1320,

2.3 9 WMAXF—LDETE
2.3.1 RERBEEHO X

REFBEEDOSEICOVTIE. XBHLESAEFRELT. BAZABES T 2D
SIS EEMRELS R IR EREO S ITRICET2RE I0RE2E- VnFFEN
TWB, ChEDBEEBITREN TSI E 1L, SEFH BTN D OB SR BRI
BLTWAILERBTAOOFEELTHESNELDTHZ, TDOHITH B, 1)°H,
14e,. 2)5°Ni, 83Ni. °Co. 2%Sr, #*Nb. ¥7Cs. 3)°°Tc. %I, 4)FIb=I L, PAYL DL,
FaYYLDADDRFEIZHITONTNS, FRENDORRICE T I TR0 BME L, FERMIC
THRPEIAEASELN TS, T RHEE Fig. 2.2 ITFRT,

2.3.2 $ZIBEMERILREI S X ¥ — LDORE

REFREDONIETIE. —REEEU T CHILERRTIENTILBENTHD. —H.
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ETORERBITOVTEEEEBIVLENHS. (Fig. 2.3)
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2.3.3 TR ¥ — LOKFH
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AFx—LEHELT, (Fig. 2.4)
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REFMBEDTE. —BRE0URREZAVToKE. AFOVFOI L, ZYTIIVERRSBEST
SOIZHL. BRF~LTIR, r GHMEBETHS P CsBLUCCoERMBREL. TDORELR
BRI H VO TIMEL - LB e (Table 2.3)&05 . AIE BB LSRR REERE
T35, HEOLTNRHERBFEZBEMHTRRZEL. MR ERBKELTWSIEN L MR
ORI HRELRENA LD, CDEE, AEE R EE (OSr, T, 228U, 23%pu,
240py 2 Am, 24Cm) 12D T 137Cs &M ZE ALY, #8552 CONIL N 12D T
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3.1 ZUHFFMD A&
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—LELTRYTHDIETHET D,
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1) MORBELEZ VT LERMOLFYLDTRENDSEEIZDNT, T, HitzISBE
Li=950 DA BRI OVNTEIRE, BRI B EREOLBSERNTHILIE
YR L EEET S,

2) )DERESER, Fig. 2.4 TRELERF—LIZE SV TERERYMH T T—2EMATL.
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3.2 °Ni KU S3Ni 05 B8 E %
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JTRIEICHEREShS,
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BBEEHSLITEL., I/ TSHLI oy L ROV FILTSHL IV E RS,

3) ZYTL-ARRBUFOLISO A ERMBIOATNT ST —BIEBHATL(NI LDV
Eichrom &) IZEL TRV F O LES BT S,

4) RROUF LIS AV A BENA . ROND L1 VBIEZ RIE LR ICTEBRICE
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OYvFOLEENT S,
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3.2.1 Nis LU SN OoBERA*

REFIFRRDSH JRR-3 DAARXBBAE(3R1, 3R2), F-HBHAEXRBREHROKRVFSRE X
UERESRER OV L RS VEH(HLST, HLS2, NS1, NS2)%. . DvEk . BIEFREEIC
KYRRL. "EERRHBHEL . PERBEES Fig. 3.1 ICRT BINEHMERBHLLT. R
£ Ni** 2mg £FmL. &51z#84&LT Cs* 20mg. Co 2*10mg. Fe®* 10mg #&FEmLi=.
KEBIEFTRIDLBEURBFTMNIVLEMAToU L ERESE. LBAPOELILESBEL
f=. iLR% 8M 1EEE 150mi THEML. B A4 MBS (Amberlite CG-400 Typel)h3A
ISEL. E512 8M 1B 50mi £RL T/ NLMEEREBISREL -, RERIZRRELALT. IM
HEE Sml [SEBL.IM YIVBKEZTPUEZYLBE 1ml £FML. 7UEZTPKIZEST
pH=8~9 IZEAE LI, REEBICIYHHPZEREL. MHIOTRT ST —BEBHSL (NI LD
UNTELT=. 0.2M YIVBKEZFPUESYLBR 20ml £RLTRAMOUFHLKREL. 2.8M
HNOs 6ml IZ&Y=wir L& B HL=. BOh =5 BB %E NI A& ONi BIZH 1T BNi 2o
WTIEEIEY > FL—4—(aquasol I)EMATHRE L VFL—2arvhrr2—(LSC)IZ&Y
100 HREBREZET o710 °Ni [ZDVTIXEBZTL. BREBS LY L3 BB H B (LEPS)

IZ&Y 30,000 HRELz, MATIBHEOERE (X, RFREHHEE(AAS) 5100PC #
PERKIN ELMER # 8% TRAE LT =,

3.2.2 Ni B LUV CNi ORITEEE

63Ni @) B #5t8IIE. LSC(PACKARD #t8l TRI- CARazssoTR/LL)EFﬂL\T_Oﬂ%{’ﬁ:zti
OSNiE#K (IPL& 7063)2R/ELTITo1=.

PNi D X ARSI O AM)—(, LEPS (ORTEC # % GLP-36360/13-P)Z ML =, St &
(. *°Ni E#ERKE(PL 8 7059)ZAVT. RE=-v 7 ILEEAN 0.5mg. 1.5mg. 2.0mg.
2.5mg THAHAEFRREZHBL. BCBRNEFMELTRD=,

3.2.3 NiBLUSBNIiORER L ER

Table 3.1 (TEHBICMA-BHEORRELRT . VThORBITEVLWTHLRINEIRBIEFTHY.
ANBAZRCBVT. BRLELEFICHBBRDPO=yv 7 LBRNENBIENTESNT,

Ry bE)L RSV EME HLST IR DB ZE AL, 850t Ni ) X 8 RRIkL%E Fig. 3.2 I
T, °Ni DIRZLIETHS Co D Kaﬁ(G.QKeV)u%OE —HFBHLAENIENDS, PNi D
BlcHY. ChZEHETIRETEL HRICHBRRIA TSI N b 0T,

LizhtoT o R B A&, BHPIC ##?%ﬁ%#&fa\b_ﬂﬂw& DHBRTIOITR AL
BETHHAENEIEENT=,

3.3 %9Sr M4 8 RIE A ik

Vg DA EBEETIE MHEIOTNT ST —RBEEHSL(Sr LEERAWVBIEIZLY. hER
BA+SICBRESNBIALEZONB0.Sr LSV OAEERALEYSEERETEIEEL
t=o
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3.3.1 OsroaBENsE

RFFPHEHEDSS JRR-3 DA BB (3R1), FL-BHRERKBREZDORVEIRELU R
RBRMSR DRy L ASVEM (HLSL, HLS2, NS1, NS2)%. &, JvEs. BEERICLYS
RL.ABARBBEREL, PHBEES Fig. 3.3125FT, BIREHFERBELLTRE Sr2*
10mg %. #8{&LT Ca?* 150mg. Co?* 10mg. Cs* 20mg £HE ML=, KEEIEFRIH LS
FURBEETMIOLEMA . KBLMELIUVURBIEZAIBRIBTLEADPITESILERL ED
SBELT=. SER%E 8M THEE 25ml ICKYUBMRL. @ /0T T 574—HS5 L (Sr LOV)ITELT,
8M T§E 12.5ml.0.05M S aryEk-3M F4EE 12.5ml. 8M B 12.5ml L. 0.05M 74
B 12.5m TRFOVFYLEBHU(RARL LY, COREBHIZ Fe3* 5mgY3+-50ug
BEEFMU, BEICLTEREL . $ 2 BR%. BEDO °Sr hdERLE Y 2. 7PUEZT
KEBMUTKBIEDIZHRZESE ESAXUT) BRI TSHOURBBRRAEEE(LBC)AIE AR
BELt=, BRI, Y OMBEHET 5012 60 5R% 9 1 IL1To1=,

3.3.2 sroBIEEE

Oy o B #5+AI(Z. LBC(Aloka #5 LBC-471-Q)£RUL =, °OY st ¥z (L, °OSr Z#3
HAEPAVN—TREEZHBUERBERBICSILEFLTL,. Bon-0Y O B HEHATS
ZEITkYRDT-, EIREZ, FRFRIESHEE(AAS) 5100PCE PERKIN ELMER #t &ML
TRHEL=,

3.3.3 VSrfEREER

Table 3.2 IZEHICMABEOEREERT. LVTFhi 65%ULETHY. EHBEEIZKY.
+ ROV FHLERRTED LN T, F=, %Y O BBERIZBNT. AFOVFH L
BEILFLTENS Y ORE(EEM 64.10) 1 BREDORFHRE—HTBILNE. O
MRRIZIE %Y DADEEL, FHPIZLEBFEFLEVLOEEZ SN (Fig. 3.4). Li=hioT.
B—hSLIZEYBBIELESBRITELTH. Sr 3+ 4 ICBR TEA L0 b 0T,

3.2 B&LU 3.3 DBEHZEY. °Ni-Ni & °Sr LB DR THBET B EIZLY., OSr DK
SHEESITHLT PNi HEVIE ENI OBHEEZ TN ThOBELR-FF. EEBEZBHDIC
BN METHEIENEOMN e ot £, Sr ZH—NSLHBMTAHILITEY, 1D HKE
C DEBERETIILNTE, SSICTROBKIL A TaEE Lo =,
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BERA
Ni 2mg Cs 20mg
ik Col0mg Fe 10mg

KBTS L
REF I L 0.5g

60ml 8M EE8 :
" :l' 4

R X BBENT L
Amberlite CG-400 Type 1 [¢—— 8M i&& 50ml
2mi/min

(&—— 1M JIVBKFEZ7EZDL 1l

v
B52E

f—

e T

FUEZTIK .
]  0.2M STVBKR_TFUE=DL
W T T ST0— FPUEZTEBZ 20ml

NIL DU HS A
! 2’;, ~ <— 2.8M F§E 6ml

Sr

\Z
ARERE

& 0.5M 58

w |

5ml 44ml iml

Al FL—— v \
15mi BRLE 25miER
LSC }, BRBART DL v

w558

53Ni
&% 0.2A3h

X AR FOARY—
59N

Fig. 3.1 —v# )LD 5 EEon—
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BB 3%

N

ke Sr10mg Cs 20mg
Bk Ca 150mg Co 10mg

e KEBMEFIUYL
Y BEFFIYL 0.5g

ﬁlblﬁlﬁ
b )
LBH
15m! 8M BAER Cs
T
- e——8M RiER 12.5m
wWmHIOCrIS74—
oot le——0.05M arvE/3M B 12.5ml
5mi < 8M Wi 12.5ml
[e——0.05M #@ 12.5m!
v
50miEE
2EMRE
ml 49ml - Fe3+1mg/mi-Y3+10 4 g/mi 5ml
\L Bie7oe=94h 1g
25miER FUE=TK
BB, f
Bl 2 35
%51 348
SRR |, v
SMER BR
< W7 E=YL 1g
(& PURZPR
A4
w31HR
TRV \
3M EE
e BAET R4 1g
< PUEZTK
A4
R
Ry V

LBC B-ray it oY

Fig. 3.3 AFOLFH LD S EETO—
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3.4 238y oA ERAIEE

B8y STk, TR TAREOBRESRH P GRFABRHEITOVTELOHREFNHH S,
CRSDRHETE, A4 BB, BERE . BEI/ON ST —F(ICKY S EBBENTH
NTEY. BTV EBERBHBICKD o BARIIOAMN) —D EHEHBEZINEE
(TIMS). ICP-MS &LVl B EHHIEYTHIEDA—RMTHD,

BB LRSI T, 280 OEEWEBIVENHY. HRETIHABDD 28U #£14E
B mKXTHY 100ng(=107Bq)BETHHLFHMENDILN S, ¢ BRARIPOAR—IZ&D
EEITEHLTBEEHHD,

FITHRBRHTIL. ICP-MS 1Tk ABEEARRSTET L. 28U OREERA 1. DB,
Morgenstern SIC&YEESINT-, B—ASLRMEIOYRTSD4—I2&kDI50 . TILb=D A,
RIYZH L PAYOI LD ENESELLE, COSBETIE. TREA TV RHME O
bSO —#IEHSL(UTEVA LYY Eichrom 8)ZRUVT. FRFARETEBL-EESR
RDISo FTYZO L, TV L, FAVSYLDERPBEETO>TEY . ThEADTISY
AVIZBVWTEVREFZHENEON TS (Table 3.3), LI=A>T. O EEERATHE
kY. BEYPIZEETIEFUSAIBREHNSDISUNEMNMFTES,

Table 3.3 UTEVA Ik 3 & g4
DF in Am DF in Pu DF in Np DFinU

i o . : .
Fraction Fraction Fraction Fraction
Am - >1900 >1900 >1900
Pu 532 - >2000 >2200
Np >3000 53 - >3000
u >2000 >2000 >2000 -

3.4.1 Py o oEEsHE

RSV 222U ERAIUEBESRB(S-1, S-2)& BHERBRBRORVNSRIZETS
RYbILAZ B (HLS3, HLS4, HLSS) #MHER. JvBER. BIERBICIYNRL. »BEARH
BREL-. D EEBELUEE Fig. 3.5 ICRY . Bon-HHEFRIC. BREFERSLURMGSR
FRAIR/S4 2330 (ORNL #)10ng £FMUI, COEE EERH S-1 BEU S-2 [ZDUVTIE,
242py(NIST 4334G)0.0317Bq. 2> Am(IPL 7234)0.0257Bq #&EML. FILh= LE LU
FAVO D LDES B THILERBT I LELL,

PREICIUBONT-RHBRERREREL. 6M THEE-0.3% H,0, 10ml ITERELT UTEVA
IZB LTz, E5IC 6M FHEE-0.3% H,0, 15ml E#FHLTFZAUIHLEREL, 2M §5E-0.002M
FAANEEE-0.002M ERErOF T 15ml IZKYTILb=9 L% 3 HISETLTHEE
L.2M HHEE-0.1M S aryB 15ml =&Y Np B H LT, &#%(2 0.007M (NH4),C,04 15ml
ERLTISUEBHL BENI507502 38K % ICP-MS IZ&YRIEL. B &EHRE
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I2&YBELT -, aE. BUREL 22U 2REBHEICEYRDT-, S-1 BLU., S-2 2BV TIX. &5
[ZENEFNDTSHLaVBREBBL. a BARIIOAN)—%Fo 1=,

3.4.2 By DRITELEE

Y mE AR REEHHIZIE, ICP-MS(YOKOGAWA HP4500)% L V-, Bl B S 44 1% RF
power 1.25kW.7SXIHX(Ar)FE 15U/ min. HBIAARE 1.0L/min &L=, BHBR
(& 0.527ppt(ULTFTDOXICLI=A>THEELE) THof=. BEEHO o BARTIOAM)—(E, &
EREEERS oL A H S (SSD) EG &G ORTEC #t & TU-017-450-100 HIEHE
47mm?12&Y. 70,000 #ifIEEToT=,

BHRF
X . == w3 25 3
30 x 10,000 o: j7/7,é7§®#§:§ﬁ§
D.L.(ppt) = S: 10ppb BEBRDIES (Ao H)

(S-B) B: ISURADIES (HIR)

3.4383yniERLER

Table 3.4 (22U QOENREL P OEREERT . MABAOBRE L. BEABBLU
EHXHOVWTIDIGEESL 90%EEBATHEY. RS BERICKYISUE+HHICERFIEETHEICE
Rbhhof-, £f-.S-1 BELU S-2 BT, Fig. 3.6 [(TRESNDBESIZ, BHLE-E IS/ avE
BICHBARIMLOEEIRBOONGENI LIS, FREHEICKYISUNDEEERESATNSS
CERRL,
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3.5 BB MD-ODHEHES Hix

AR TIE. PCs BLU Co DMGTEEREE ¥ RARIPOAMN) —IZKYBHUEERE. &
B (Table 2.3)en o ERERAKITBLT. EEEEBIOITRETHLHRBERRE
FTHIEELTVA(Fig. 2.4), #CT.CORRBHEZOZ U MTEERA . 6. °HBLU
BC 2o\ TR B BICE->TKER M LGB EAHY . AP P ICBELLBVBEAHEILED
FREAFEERTIVDENHD=H. PCs. HBLE CCo LNHABEBIDLNEHTHIEE
ZbhB, LEdoT, *H 8&U C OBYILGHRBHERT. SERHETICEEL, KB T
(&, B OMREICKY Fig. 3.7 P DR (HEAEB)DKIITEREL. 2 HFEITo1=

3.5.1 R ESEEORZLEHEE

HEEOHEFZITB TSR LAERERE., UTISRIFIRICLEN>TITI S &ELE, TR
ZEABIL, RYFSHRORSVIEHEL]-.

1) Ge £ EHEBRHBICLYRBEIEMIBRAEL. >'Cs BLU Co DISTEEEBEZE TS,

2) BP'Cs B&LU Co Mt EE B LML (Table 2.3) &S REBBILICHSERE
BHT3, R ERERECHIRSHERD® TRU ZEZF., P'Cs st EL.
Table 2.3 OHMEENDFNENOMSTEREE TS, *°Ni ¥ ONi &Lvor 53
BB, °Co DMt E L Table 2.3 DML LN LB EREEH TS,

3) LB ELHBCLOCERRE (BRE) LZEEL #HREZEHET S,

4) RS EIZHBREE TV BNREZHAE T 5, FMEEELLTI. BHRE 10%KREBT
EEENBONIBERETHLIEERD,

3.5.2 AEBENAE

1) %°Tc

HHEKBIETMYALIZERTILAYERL, BUIREFBERR/42ELT % MTc #8 100kBq.
Fe3*# k% 100mg HmLt=. EOEREAYYLE 1g MATFIRFILEETL., KEEIETH
Yo LlzkY pH=9 EL T, KBRIE &I LSBTz, BONIEBREEDLHHL. BEICKYBHEL
fzo BEEIEKTE 10MI ZFMLTTFIRFILERIEL 7 fliLl-. BUKEBIEFMIHILEMZXT
pH=9 ITHAZL. KEMLBEEBRSE. LBHRDTIRFHILENBEL, IM BHEICEY pH=1
[CHRZL.HME /O ST —BEHSL(TEVA LYY Eichrom #)I2ELTz. 0.1M fEEE
100m| THE&HL. 1M FEE 15ml IZKYFIRFOLEZBAHLE fonh-BHEEESBLT.
LBC BB &L, MIREL *°"Tc O ¥ 8ZEH BT HILIKYR DT, (Fig. 3.8)

2) TbZHLBEUT AL
WE. OvE . BERRBICL->TREEZIBARLEL. BIREFBERR/NM4Y 2Py B&U
23am % 0.05Bq FMLT. 8M B4EE 20ml T:A#E LT, NaNO, % 0.03M &b k5FEmL., 7
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Wh=9 L% 4 HICHEEL, BaA4 32 #E(Dowex 1 x8)IZELT-, 8M FHEE 100miFELT
FAYS Y LEBHL, 10M EEE 50ml ISKYMI D LZFREL, RERITIEEE-NHL] BEFR
50m]| é‘—iﬁbj)bb-_-"?A’& 3MICEBRLTHSLMSFHLU:, BHRITESIZKY SSD RER
SHELTHBL, 70,000 HAEET ol — A . BAFA U TBMBENSOBHLET AV LTS
903 ERFBEBEL, 2M BB 10ml ITERLT. B4 2 s E(BIO-RAD 50W x 8)IZ:8
L7z, 2M 1EEE 150ml IckYskHL. 6M 1BEE 150mi ZRLTT7 ALV LZEBHLT-, 5122
DBBLZHRFBEEL. 2M NH,SCN 20ml ITHERELEZ . Mo S50—8EHS L (TEVA
LY Eichrom S)IZELIz. 2M NH4SCN 20ml I2&YAHSLZE®REL. 0.25M B8 20ml
IZEYPAYO O LEBELE, BoN=FAYLDLISHLIVERIE. T LERBIZCRE
PR RIS RN (SSD)RIEARNEFEL. 70,000 BRIEZEIT o=, (Fig. 3.9)

3.5.3 AlT&E

137Cs &V Co FHFNTZHLEE KR H S (ORTEC #8 GEM-20180-P)Iz&kY
70,000 HAIEL, TRILEF—HRIEE °Co. ¥ 'Cs £ ELRA r BB (BEA7AVM—TH%&
) IZk>THF o1, °Tc OREIX OSr°OY)ERABITENV LT SHVRR -8 0 &% B
(LBC)Aloka # 8 LBC-471-Q £ \=, *°Tc O ER. STc BEBR(BERTAV—T
BEB)IZEYRD, TLMZOLBEUTAYL I LDOREIL, 280 LE#HIS SSD(EG &G
ORTEC # %! TU-017-450-100 HHHEHE 47mm?)EALV=,

8. NI BNIL %S B&U 228U 12DV TIE. 3.2.3.3.3.4 TR UMERBL -9 8RR
L‘ﬁﬁ%ﬁ?f:o

3.5 FRELER

Table 3.5 ISHHOBHILICEVERTEIZETHS NI BLU ONi O HHERETRT . 8
BrY, CConmstamEIcRE (P RABEEMETH A LI RENT, T=. COFREZEHAL
ALY DB+ ALHBEEFZEHTHIIENTRELGY, AN RE 10%LUTTCTEEEEZH/D
CENTE(7. BEEH-AEHERSE). Table 3.6 [CEHNEREICERTIRETHS.
900Gy 238py 239+240p, 241 24 OTc B AU 2PY OARBEERT. BREY. LWTA
OHFEIZDOWVTH. TOMHFEERER,. P'Cs OB REENMBEHELAFABELENMETHDS
ERRERENT, T NI BLU ONi BHRIC. X BRE 10% LU T TRBEEBLENTE,
LoLAASD, 239+240py 24 am 2%Cm [2BUVTIE, R AS 10 B EX =V 238pu LAIZS
THMBEET0. ARBENKRE AT,

UEDHREY. VCs H&U °Co DI MIBMEMR R, HBMMRIL (Table 2.3) &5, Th
FNABMBRICAVIHREFZERTILICLY. ERENABONDSEEEITLT-,
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Ere s
\]/ , ERIF1OBERE
RIDSAHEB(RIIF2) REE Y L] RIS VB K
Emie 500° ” BREN | BUFRE | ERE0
(RThSARKIRRE) (min) (°c) (min)
30 100 30
SRR 60 150 60
ZARS50ml/ miniy 30 200 30
2 60 550 60
RES(ERFELEMR . 900 30
3H% :\nl'—;w: l4c% 7:‘1'*%»7&
rw T IcHhis — AR — L BEHICIRE
Blie LT
SUFL—f— SrFL—s—
B #ER BHEHHA
LSC LSC
$#RE .
AF 3 EHBWEE | RFEFEK FERS ] BB
100mg 6ml 5 éml

BHAR—F (&)

%% RTHSA b (R
0 V)

L &3 EEgE2

BEE

)

02 Air
S — ../ 14Cf~5‘y7’ 0.6M HCI
mﬂ:fgg IERTIESS  NaOH aq 24 w/v%

Fig. 3.7 3H&14CO 2 (BR%ER)
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RE(CLa=L3D(F)

99m-|-c
KEEFrUv L 209

A (550°C 1B%fE)

g

SAKIZEE
ig& (%jnﬂ”:ryﬁ 8)
¢ e FOERBANYIL 1g
2500rp§rﬁv1?n§%n. ) Fe3+ 100mg (pH=9I= 8 &)

R
o LB
\k ¥ & Smi
R
BEIE KT 10m
JKERIEF ) b 40w/ v%h
%3 RE | (pPH=OIZHB)
A v
oy LBA

1.8M 15mi W
Wi 15m :|/ le'(pH=1!:m§)

oS54~
TEVAL Swh5 A4 smi [ L-8M WE 100mi
<—8M B 15ml
w l
B

0.5micubETHRERE
5mi 8w/ v%KEIEFT I L
BB
l(— 15mi 8w/ v%KERIEF )T L
b

L % i
(0.6A/ 2.5h)

YEXRIrOAL)—
BRLE: ¥ B
\I/ 99m-|-c

BB
i e

Fig. 3.8 9Tco s EtHson—
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HKEBaH
242py 243Am 0.05Bq
RRuE
omi
8M B 15mI —— SN Em 2o
Am/Cm
“ﬁﬁ“}ggﬁﬁ e 8M BB 100m
51'71“;7; 1x8 ——10M iEE 50ml
Smi e 10M HB/IVIETFUE DL
50ml
\L Pu
HeER
0.55M H,S0, 5ml
B
BE
AF WL
Jf—7>‘5:-7j7k (PHE &)
0.55M H,SO,
E% 1.0A 3h
@RRIROARY —
239+240Pu 238Pu

Vo
BEuy@
Jf— 2M & 10ml

BE
ZMfEﬁSmI—\L \I/

BAAUZRBBHLS L

BIO-RAD 50Wx 8 2MiEE 50ml
200-400mesh 5ml 6MEE 50ml
\], Am/Cm
Reul
Vi M FAOPUvBRTUVEZOVLBRRBE

< WMHosa LI s3724— 2M FFHLTFUBTPUEZ D L
~ | TEVAL Y A5 4L 2ml z 20mi
’ 0.25M && 20mi

\L(— 0.55M W& Smi
A\ 4

Py .

AFNLYF

FUEZTFK (PHER &)
l(_o.sswm

Z% 1.0A 3h

AANIERARY —
241Am 244Cm

Fig. 3.9 FIb=LBLUTA)S 7 LOMERIO—
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Table 3.5 #HOBHLICE>TER T %58

138 0ComathE :l‘;ﬁ'l;}d?; EEHERMITHE ;‘EIIE;”%% HXRE
(Ba) (Bg/cm®) (Ba) (Bg/cm*®) (%)

S9Ni-1 8.17E+03  6.32F-01 4.05E-02 2.74E-01 2.9E+00

> $Ni-2 2.60E+03 2.02E-01 4.05E-02 7.53E-02 5.6E+00
*Ni-3 2.18E+03 1.69E-01 4.05E-02 1.26E-01 3.1E+00
S3Nj-1 8.17E+03 9.32E+01 1.31E-01 1.36E+02 1.5E400
&3Ni-2 2.60E+03 2.97E+01 1.31E-01 3.55E+01 3.1E+00
&3Nj-3 2.18E+03 2.48E+01 1.31E-01 1.14E+02 1.7E+00

* Ry bSRORI v BBEFARELT:

Table 3.6 B EAMRMMNCERT HZIE

%1% 7 Cs st e %5&'1;%1’% TE & PR R gt B ﬂ'li:ﬁﬁ:: BamE
(Ba) (Ba/cm®) (Ba) (Bg/cm?) (%)
0gr-1 1.88E+03 2.26E+02 1.19E-01 1.80E+02 9.1E-01
0gr-2 7.03E+01 8.46E+00 1.19E-01 1.05E+01 2.3E+00
0g5r-3 3.44E+02 4.14E+01 1.19E-01 6.48E+01 9.7E-01
38py-1 1.88E+03 8.05E+00 7.46E-03 1.32E+01 3.5E+00
238p-2 7.03E+01 3.01E-01 7.46E-03 8.01E-01 5.6E+00
238py.3 3.44E+02 1.47E+00 7.46E-03 4.80E-01 6.9E+00
239+240py-1 1.88E+03  4.98E+00 7.46E-03 3.47E4+00  4.0E+00
239+240p;_2 7.03E+01 1.86E-01 7.46E-03 2.60E-01 8.7E+00
239+240p;_3 1.17E402 3.09E-01 7.46E-03 2.29E-01 9.9E+00
Am-1 1.88E+03 8.82E-01 7.46E-03 2.62E+00 9.1E+00
#l1Am-2 7.03E+01 3.30E-02 7.46E-03 2.28E-01 8.6E+00
21Am-3 3.44E402 1.61E-01 7.46E-03 6.77E-01 5.4E+00
244cm-1 1.88E+03 1.42E+01 7.46E-03 5.45E+00 8.4E+00
24%Cm-2 7.03E+01 5.31E-01 7.46E-03 4.32E-01 6.7E+00
244Cm-3 3.44E+02 2.60E+00 7.46E-03 4.43E+00 3.8E+00
Tc-1 6.66E+02 1.76E-02 1.70E-02 3.41E-02 4.9E+00
997¢-2 6.66E+02 1.77E-02 1.70E-02 2.14E-02 6.6E+00
S7¢-3 5.21E+02 1.38E-02 1.70E-02 5.26E-02 6.9E+00
38Yy-1 1.96E+03 1.44E-03 8.29E-06 1.04E-03 1.1E-01
B8y-2 1.34E+03 9.80E-04 8.29E-06 1.75E-03 2.2E-01
B8y.3 - 1.03E+03 7.56E-04 8.29E-06 3.51E-04 5.2E-01

# R SRORZViEHEHABEL-
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NI NI TSI EEREERELT-,

2) RROVFHLDODEZIZENT, BIRELNTIE 65%LUETHIENSHHTED
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3) HSUHEEICBALTIE. BURER 91%LUETHY., +22H950ENRTEZ- LMD
Motz NTLOSEEMLI-E TSI aVBRICIE. HERARIMLARBEEREMN1-C&
N, BFERICEYISUNTBBRIh TSI LEHABL,

4.2 BEESMOLOOUBREIEE

HEORSHEIZEYERTARETHS Ni BLU CNi. T-BHERBIERTIHET
H3 20sr, 238pu, 239+240py 24am 2 Cm. Tc B&U 28U DL HERIE. °°Co HBLM
137Cs OMSTHERENOD T AELEMETH 1=, T, COFRABEAVTHRASERETS
CEICKY  BRIRE 10%LUTTCEEMEERDICENTE, LT BT AF—LIZEKY.
BB OBRIIICEMET—2EMB T eMNaaE Ll 1=,

4.3 SRORE

SHIEERF—LIZEYHERBOSTELD. HEEAREORIEToTUKTIETHSB. &
= RI-BIRAERRY LB TIREEREROODOBSREMEE~DCRLMFTESD,
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A,1 Separation Scheme of 99Tc

NaOH Fusion for 99Tc Analysis

Sample
in Zr crucible

<™ Tc (Ag)

(£ NaOH 20g

‘ 4
Heat up to 550°C for 1
hour in muffle furnace

Cool to room temperature
Dissolve with H,O

|
|

Residue in Zr crucible Solution

v
—>7V -ray spectrometr A

reraysp Yo A /As>0.01
A./Ap=0.01
A4 .
Leaching ( HCI+HNO3)

Y

Volume up to 100ml
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Separation Scheme of ®°Tc (1/2)

Sample

<—Distilled Water 1L

V4
Adjust to pH 4 with HCI

<— Fe3+ Carrier 100mg
<— Potassium Pyrosulfite 1g

A\
Aging for 30min
NaOH 40w/v%
Adjust\fo pH 9

Centrifuge

2500rpm 15min.

v v

Precipitate Supernatant

l

Dissolve with 5ml of HCI

H,0, 10mi

Volume up to 150ml
with distilled water

\

Heat on a hot plate
until the precipitate is aged

NaOH 40w/v%
Adjust io pH=9

Heat on a hot plate
until the precipitate is aged

v | v
Precipitate Supernatant
X 99Tc
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Separation Scheme of 2°Tc (2/2)

X 99TcC
Add 15ml of , .
1.8M HNO5 Adjust to pH=1 with HNO;

to conditioning —3
Extraction Chromatgrapic <—1.8M NO; 100ml
TEVA Resin Column 5ml < 8M HNO= 15ml

, 3
\\4
Elute Heat until the solution is

concentrated to 1ml
HNO3 5ml

Heat until the solution is
concentrated to 1ml

HNO3 5ml

Heat until the solution is
concentrated to 1ml

HNO; 5ml

Heat until the solution is
concentrated to 0.5ml

Dissolved with 5ml of 8w/v% NaOH

A4
Wash with 15m| of 8w/v% NaOH

A\
Electrodeposition(0.6A/2.5h)

\4

Y -ray sp«1ctrometry

B -ray counting
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A,2 Separation Scheme for Uranium

Sample Spike

233y 10ng

—

Digestion(conc.HNO3 and HCIO,)

Evaporate to dryness
HNO3 H>,0,
Evaporate to dryness

<

Dissolved in 6M HNO%/ 0.3% H,0, 10ml

Add 10m! of 6MHNO3/0.3% H,0,
to condition resin—l

e
~

<— 6M HNO3 0.3% H,0-
15ml
2M HNOs3
Extraction _ f_0.00ZM Ascorbic Acid
chromatografic 0.002M NH,OH - HCI
column 15mi
k. 2M HNO3
UTEVA(2ml) 0.1M Oxalic Acid
Pu . 15ml
Jl (_0
.007M (NH,4),C>0
Am/Cm ( ;;z I2 4
N U . m
P «<—HNO3 HCIO,4

Repeat to be dissolved in0.3MHNO,

A4
Dissolved in 0.3MHNO3;

v
ICP-MS
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A,3 Separation Scheme of plutonium and Americiuny Curium (1/2)

Sample

242py 243Am 0.05Bq

Evaporate to dryness
<— HNO3

A4
Evaporate to dryness
Add 15mlof 8M HNO- P Y

to condition resin 1 <—8M HNO3 20ml

NaNQO, adjust to 0.03M

Anion Exchange
Resin Column

Dowex 1x 8 5ml
100-200mesh

<—8M HNO3 100ml
<—10M HCI 50ml

<— 10M HCI

Pu Fraction

v Y
Amy Cm Fraction Evaporate to dryness

Evaporate to dryness

Dissolvejl with of
0.55M H,S0,5ml

<—HNO3;HCIO,
Repeat to be dissolved in 1N HCI

/ NH,I 50mli

Methy! Red

NH3 aq

for adjusting pH
0.55M H,S0,

Electrodeposition
1.0A 3h

Alpha Spectrometry
239+240p |, 238p,
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Separation Scheme of plutonium and Americiuny Curium (2/ 2)
Sample

HNO3 HCIO,

Repeat to be dissolved in HCI

f—- HCI

Evaporate to dryness

Dissolved with 10ml of 2M HCI
Add 15mlof 2MHCI
to condition resin _:I/

Cation Exchange Resin
BIO- RAD SO%VX 8 <— 2MHCI50ml

200-400mesh 5mi < 6MHCI50mI
Am fraction

Evaporate to dryness
HCI -
Evaporate to dryness

v
Adjust to 2M NH4SCN

Extraction Chromatgrapic ¢
TEVA Resin Column 2ml 2M NH,4SCN 20mi
<—0.25M HCI 20ml

<—— HNO3 HCIO,4

Repeat to be dissolved in H2SO4 (149)

A4

Dissolved with of
0.55M H,S50,5mi

<« Methyl Red
k— NH3 aq

for adjusting pH
<—— 0.55M H,S0,

v
Electrodeposition
1.0A 3h

Alpha Spectrometry
241Am
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A,4 Separation Scheme of Strontium (1/2)

NaOH \F— Carrier
Adjusting to pH 10-12

Sr 10mg Cs 20mg
Ca 150mg Co 10mg

Na,CO30.5¢g

Heat until boiling

Cooling
Centrifuge
1 |
Precipitate Supernatant
HNO5 30ml Cs

Evaporate to dryness

Dissolve with 25ml of 8M HNO;

Add 15ml of 8M HNO3; —
to conditioning

Extraction Chromatographic
Sr Resin Colomn 5m

<—8M HNO; 12.5ml

0.05M Oxialic Acid
/3M HNO3 12.5ml

<— 8M HNO3 12.5ml

<— 0.05M HNO3 12.5ml

Volume up to 50mi with water

v

Discard Keep the solution safe during
l 90Y ingrowth period
1mi 49ml  5m| of Fe3+1mg/mi-
l Y3+10u g/mi
NH,4Cl 1g

Volume up to 25ml
T

\V4
AAS measurement for Aging
yield determination

V.

MSr

Ammonia solution for
adjusting pH at 7.5-8.5
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Separation Scheme of Strontium (2/2)

XSr
: Filtelation
Precipitate Supernatant

Dissolve with 3M HCI and
wash with 30n]l of hot water

NH,Cl 1g

. Ammonia solution for
v adjusting pH at 7.5-8.5
Aging '

Filteration

y

Precipitate Supernatant

Dissolve witfj{ 3M HCI and
wash with 30ml of hot water

NH,Cl 1g

Ammonia solution for
adjusting pH at 7.5-8.5

Aging
Filteration
v
Precii)itate Supernatant
LBC

B -ray counting of %Y
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A,5 Separation Scheme of Nickel (1/2)

Sample Solution
Ni 2mg Cs 20mg

CamerCOIOmg Fe 10mg

Evaporate to dryness
6M HCI

Volume up to 100ml

J;‘_ NaOH

Adjusting to pH 10-12
Na,C030.5g

Heat until boiling

Cooling
Centrifuge
Precipitate Supernatant
6MHCI30m Cs

Evaporate to dryness

Dissolve with 150ml of 4M HCI
|

Add 60ml! of 8M HCl to
conditioning ]

Anion Exchange
Resin Colomun
Amberlite CG-400 Type 1
75~150um
15mm¢ x 160mmh
2ml/min

<—— 8M HCI 50ml

Evaporate to dryness

Dissolve with 5ml| of 1MHCI

1M Diammonium
hydrogen citrateimi

Adjusting to pH 8-9 with Ammonia
Suction filteration

Residue % Ni
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Separation Scheme of Nickel (2/2)

¢ Ni
Ammonia solution \[
adjusted to pH 8-9 i
o Extractlonh, <——0.2M Diammonium
romatgraphic | ©  Hydrogen Citrate 20ml
Nickel Resin <— 2.8M HNO3 6ml
Column 2mi

Sr

Evaporate to dryness

HNO3; 5mil HCIO4 1ml
Evaporate to dryness

HCI 5mi

Evaporate to dryness  EEE—
Repeat to be dissolved with 0.05M HCI

<—— 0.05M HCI 10ml

A4
Evaporate to dryness

<—0.05M HCI

l \, ]

5mi 44ml iml
Aquasol 2 \l’
15mi Evaporate to dryness VSolume up to 25ml
LSC L« Electrolytic solution
63N|I NaHSO, NH,CI

\4
Electrodeposition

0.2A 3h AAS measurment
for yield determination

A\
X-ray Spectrometry
59Ni
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