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The distribution coefficient, as an equilibrium parameter, which
defines partitioning of a solute between a solid and liquid phase, is
commonly used in safety assessment of nuclear waste disposal ; e.q.,in{1)
analysis of the release behavior of radionuclides from a repository{a source
term analysis),(2)analysis of the migration behavior of radionuclides in
the geosphere, and(3)analysis of the transport behavier of radionuclides in
the biosphere. Since the distribution coefficient is utilized in analyses of
essential components involved in a nuclear waste dispo=zal system as
mentioned above, one of important requirements 1is appropriate measurement
and application of the distributicn goefficient, particularly to ensure a
credibility of safety assesament.

Aiming at the recommendation of a standard methodology through studies
on the methodologies for measurement and application of the distributicn

coefficient, the following issues are being discussed by "WG on Parameters

#1 National Institute of Radiclogical Sciences
#2 Central Research Institute of Electric Power Industry

#3  Japan Nuclear Fuel Co.,Inc.
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for Safety Assessment" of "Technical Committee on Behavior of Environmental
Radioactivity" which belongs to "Research Committee on Environmental
Radioactivity" organized by Japan Atomic Energy Research Institute;
-Transport of radionuclides in environment
-Theoretical aspects of the distribution coefficient
-Application of the coefficient in safety assessment
-State-of-the-art of methodologies to measure the coefficient
-Review of the coefficient

The report entitled "Methodologies for Measurement and Application of
the Distribution Coefficient" summarizes the achievements of the WG in
1994, which were subject to a technical review by both the Research
Committee on Environmental Radicactivity and the Technical Committee on

Behavior of Environmental Radiocactivity.

Keywords : Distribution Coefficient, Radiocactive Waste Disposal, Safety

Assessment, Parameter, Nuclide Migration Model
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# 5.3 WEHEYSE L URESIO T RFHRED LI

HitE WA R R R S ECAR El(m’kg)
*Sr 0.96+0.15Bg/m’ -1 0.45+0.041Bg/m’ »1 0.47£0.08
. 3.5 10°kg/m’ =2 0.63
ST 5.6 10" kg/m’
4.1 10 kg/m’ »3 0.73

1 BERTRETEEMERY ) - X2, BEMEA b o o F Y AGEIC L B
*2 1 NCH,COONH_ 2 X %
*3 *1 L FRRORTEIZ L 5 (BENEE)

oo, FNAEBL-EEANTEL ML YL LTEREEL 2B, ZO
0, BEFAMENEELZVWTRUBEIZH L TRAVLORE W, 3610, KRWERHE
CBEET A=V FICBWT =Y 2EHBEHTILEND L0, 12 & AR
EABWEEHES 2 BWAFE, Tabb, 72F 37V ML—HeRALALELT
LRESESELOT, FAMV-TORABRE DARE) 3. PRVEBEIILEST
LTS, #08, SO LI L FETHESNAFERARIE ML —Y B HDBREREN,
EEDEREERENSEHEBICTILENFH L9,

TA—NTI M EFBELAAELTIE, RETERLI1C. BREOPEBTERL
7. 1945489V oy L RIEREFREBELTA IV YA (Pu) L £
mh (Cs) BLXURMOYF UL (S1) OREMTEG 2HAKMERFORES AR
EWID ORFFEA, T—A N - T+ — LT 7 bOFARE LTHIFoND, LAL, —#&
TR RAEABRERICHR T ASIYED SO - TA =TT PEFRIZ, T
MTEBAHOBESHEPRE L-HERYS V., COFELYERATELHERGFL LT,
HFKEAELSABABIE N EPLETH 5,

F7-. 196 04, BTARENED,ZDI®NaRY % b L—H & LTHBELL
74V b= THEBEFHOFBEBICERLTO 7 4 =V FEBRFTDR TS,

2) BELESE

HHTIE - HTAKEDHZVITER - BTAREBVT, Ny s /770 Fe LTHE
T ATENERMBERIIIIII—EThrEEILNSL, LMo T. ORIV
Yoy FiBEE BB L THFIUEVBREORSTEEI A LZEE, REHEERED
EARER . AASRREELEL T, BT AR ORERTEDEE
MBEL L —BTEFHEENE, Thbb, Ny s 777 PRERUTEOCTES
BAFNT IR EBONRERE LTHEHATAS Z LSRG, ES53, T8
O —AtiEE Fo+dKicH L TRESS L UNSHEEFRHIEL . FNEFROTEEE
YHELZLOOTHE, CORPLSHIFHL TR, BESIBIU™SI2 AL Tiroh
P ARG EIEIIRSN L BT A hbh b, T, ETHESYIL, HTKE £DOH
KBS & FEEICIRI L. FREBSREEF BV Ny FRERICH L, fIESNTK
FHEEOSRERMEE . FAORBIIETINARERMLRBECHEMEA LK

4,39_.
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SEESEL # B LT, FOER, REAMNTREISBERETHHCERE S, 230
R (Co) . vl (Ni) ZEIDWTid, BEMEREDOSREFREEERNTED S
REELEPEENE B LTSI EFTH o7
TOBERRTLLTWL 2D, SHRBIETF— S 2ERL TV LEFS D, 5T,
FEBORETEREY RET 2BOMEROFMEL 259, LK, &7F T, BT
Ao+ BABOEWNTEDLE~NDREIE(HELEVTIF 7 a v FOTHLES
NTWwBTD, TREMEIRE 2., WEOSBMEICE L TN FlL 25 TL
¥, BULHBRIPBET LI ENIOFEORILICATRTH L, L, AFRE
HOREREOFHBOEE [HMEs 75 A~ EEFITE (ICP-MS) F] 27EAL, O
NETEILYVEETH- - BERECSHIEBNESIITELLIIC Lo, IO

Hh, COREENENEHEELNOOHAERD12TH S,

54 T4—NFEENvFBIUTNT LAEEDEE

74— FEEIC L o TR O 2 FEEIKI, Site Specificw MIIRILFERMF L AHE  BH
WhEHABRELTVLIATROEENZONL VLD, L2L., BMEEEZERA
BRI T A -V FICBRAT Ao L3, BENLHROHVERETHL, BHFEEETH
Fio. 2R EDIRERANEYFV LT EBRIERELESFE L 2 WTRUKE
L THWAS L ARTEETHS L., S LOMESH SV L - REOLEFD
BEE R & ATVD, LALEDNS, BEOHMERRSF NV / T4 VFEOEHFILLT
FRBEIC RO SNBSS/ L RAE L. BT AL LEKOBEIER L KT
AILICE O REBONRERYRETAZENTELD, ZORE, FRATEAEKELL
Tit. HEHERBOEV®S, Cs, PPy IlRESN TS, TOFHED A v b
i, EEEAG T COEPOREEHOKERCET(F—IPBLNIEHENZ AU
5

a) PunFERAKROPERCMIIONT

1945 &0 EREBROBICEBBIIHBEEINL 7+ — VT 7 PPueERALTOT 1 —
L EREY. RESEPEBNERECER L TV ARBHAEILBR T/To 720 2
TOREEHIFLT, 74—V IFBEORIIEBL-IEaT- (U FRO— L) BT
CHTFAREGT, ERTA Y FER LTI T AETOPuDFEFBRHIEDEEK 172
f. CORES L CERICBITATE - BTROLRRIFEL L ICEEREFERS4
. BN EREFESE6IIRT. CHODERYL, PUOBREFT TOEHTHMIIB
T. PuEALikAE(Oxidation States) DBV RPRIMAED BV OV TER T D LENH L
LAbhb, COFEOEES. ERNEBRTHV/PuURVWTRLL™Pu (71 -V FHRED
144 1359 20py#puid 5 BUATF) THH, ERAEIC L HEVIZERTE 5, BILREICD
WTIE, Ny FEE - BT AEICEHWPuUE, TTA - F 2 L yEIC X o TR LK
BPu(IV)TH D, —FH., 7+ —LT7 7 FPuidBEOBEPLEEIIEIS LS CISPu(V+
IVTHaELHEMINS,

M5.6NEREYRL L., Ny FETHEL PunSEARIE, pHORLIZHEVWAS (&
BL. PHE~FB7AH ) ERTEBIAREILDPOFNEROKRE LD, H T LETH
= L7Pu (IV) OFEEE (8.600mlg)id. /Ny FETHE L BRI TETNEZ
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5x10*

1

5x 107

Kd (mi/g)

102

Pu

5x 107

il o -

ex 10 L L 1 1 1 1 ] 1
o 10
pH
@ vF, Q:hTLEE, @ 74—NFE
@56;ﬂ®%ﬁﬂ#5mwmﬁﬁﬁﬁﬁ(”7%ﬁ)wﬁﬁt\ﬁ
5 ANEB XU T 4 = FETHIE L APud 5 A BED LB

B ah, ZRTHNy FETHAE L FERROEBOHEHICESIN TV 2,
. T4 =N FREICL o THBLNF 74— T 7 FPuDFEFEEKIZI6Om/gL
Sy FHERH T AETHE SNPuIV)OFEREROYIONKE E T, HZPuDREILIR
BOBVIERIIAS(EEYSITWAZLERBL TS, Pu(VHIV)D 7 4 =V F
cfisE SN SEER Y LTI, Nelsonb 2Tt 5 7 4 — NV FTOREDF T10°~104ml/
RREL . F—0FE TPUIVIFI0~10MmyEE TH > DI HARYI0~1/100L B 5 2
EEE LTV,

b) %sr. BCsHBEFiZOWT

BRO™Puk RIS, BBERIC L > TEBISHIE SN7®sr, WICsD#g 4 0 FHRDE
SBATORESHLZBEL., TEAOBRSRELERT S LILL Y, ThOBKED
BRGNP HEEL. SRE ) HEEREFME L, ZOBE. WROPPuOBELEICL
REFTRAET, FNE, 74— V7Y FPOREELTCI—HA 2T+ - VT T ML
HT&<\&%ﬁuiofﬂﬁtéwﬂﬁﬁéhtﬁmwnw-71—»7&%&%@
SEEE R, 370, PPuOBAICRERTEBNSREEIL L ZBRBEORERLELT A
ETHD, CNODFEEOEMIIOVTIE, I THRRTWAOTERETRIN W
. FOEER, 0Sr. DICsD T 4 — NV FIEIC & B FECREIT £ £ N300ml/g & 1,200ml/gT
0. Fl—132 - BTFARTHEL 7225y FETOSERBII®SHIA L1491 53ml/g.
m&mﬁtﬁmmmmg?%oto:nu74—wkﬁf$btﬁ§%ﬁ®ﬁﬁwfn@
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MBI LTH 2RBUEREVWIERRLTWS, FORAICOWTR, (t¥#RE2ED
B ALEBANERETHED, FO12ICHERD (B¥) HEORILEEL TV
tEzZbLNS,
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%5 BEOBEILM

W AEHRES: (BEssx—yvy—-X2] (BFHEEERL 5 —) , 1529
(1990).

Q) EHIEE ;| HEHEEYLSOREEFTEIC BT 2 SRAROEHER, K107
&35, 32, 142-148 (1990).

Gy Pl IDEHTE, Bl | SOBBRICBIT2CsB L USIHA 4 ¥ OREETTIVICHE
T A%, TREERLEER2545, 3748 (1976).

@) FITHREE - BERAOA POV F I LB LY Y AL+ ORERE, EFHHIZE
5 283102 (1984).

) TRENE, PEE—, BREE, BEH- DREEICBT A SRS REA RO
B, FF %K 25, 577-582(1983).

6) F LEEIE, HIREE, TREE AT VRY-00MPBE), RFHFRE 13,
445-451 (1976).

(7) Ohnuki T. : Migration of radionuclides ( ®Co, ¥*Sr and "*’Cs) in alkaline solution (pH:12)
through sandy soil layer, J.Nucl.Sci.Technol., 23, 643-649 (1986).

Q) BERHE  AROBEFMIHCL2BE/ T A -5, BTAFRIE, 34, 387392
(1992).

©) E+EECr, BERE, WHEEM R0 - 2BPOWEBTCHET 27 1 -V F

- RE, BHHEFREE U8T087 (1988).

(10) Mahara Y. and Miyahara S. : Residual plutonium migration in soil of Nagasaki, J. Geophy.
Res., 89. No B9. 7931-7936 (1984).

(11) Mahara Y., Kudo A., Kauri T., Santry D. C. and Miyahara S. : Mobile Pu in reservoir
sediments of Nagasaki, Japan. Health Physics, 54, 107-111 (1988).

(12) Mahara Y. : Storage and migration of fallout strontium-90 and cesium-137 for over 40 years in
the surface soil of Nagasaki, J. Environ. Qual., 22, 722-730 (1993).

(13) ZR A, g SmiE, MEER: 7+ -7 7 SO0 REERE N B
EEFOFATHE, BRFAFRIE, 25, 1020-1034 (1983).

(14) HEEED | BN TRREE, BRE, 203-208 (1965).

15 EHRET, ERER, BELD  ARABREFOREREC X BAHERETER
¥itEs, BPURIsEHT UBT063 (1988).

(16) E+EET, BEER, BHER, BNEH  BEEA o F U 200RREE
HRBEEPOLEA O F T AOEWAGRESERL & OBk, Radioisotopes, 41,
350-356 (1992).

(17) Mahara Y. and Matsuzuru H. : Mobile and immoble plutonium in a groundwater environment,
Wat. Res., 23, 43-50 (1989).

(18) Fukai R., Yamato A., Thein M. and Bilinski H. : Oxidation states of fallout plutonium in
Mediterranean rain and seawater, Geochem. J. 21, 51-57 (1987).

(19) Nelson D. M. and Louett M. B. : Oxidation states of plutonium in the Irish Sea, Nature, 276,
599-601 (1978).
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6. SEREROHEEL - Bl

6.1 [THE:TEREHEOKSHEBEOFTRRE] (EFHEEERLY 5 —&) ©

EFHEEERY v ¥ —Tid, BSSEEEOREBITFHE A VICLERRERT/S
SA—FDIERFTV, NFA—FB/ELTHITLTEZ, ThITICEL4EITHT
“h. BEESEINEREPTHL, FOE2HRII, TRERDT—IETHLH, Thid,
1980 ZE LR D 7 — & 2 B0, MLRPEESNEREL CICHE SN FREAREIZET
BF—=5RIELZLDTH S,

Bk s L UCAEIL. BRAICBITATES I UERDOFRABEY XEHAZEIZ L i
L, HeOBEBERLT, F6IB LUK, UMATICLHVNE L L oEREIE
D—E (FEOR) 27T, WELAXEEIZ, BN 4, BN 60THDH, 6113,
ERND T~ FiconT, IRBRTLIIEREL-bOTH L, TEERI. BELZD
TheHERPEROEEIIL - THERAD, SEABRER SHEEOIEL/RL TWY
Do COLILBEETHID, REFMEERTIE. L0 L) 2EXRATE»
AEEITRETE RV, F621T, IELAF—2Oh» 63612, ERICEAL -8
DIEBHH D LD T et L, FREKEY 3ESO1E (Sand. Loam, Clay) Tk
SELELDTHD, COLHICLBREILICTET D, FEERBEOLENRILS
WEWIHLEELD, DELEZVWESERRTI WL 2HEBENS 25N T
Db,

DTG X — FHETIX, TEIIOWTRR, o 3EE D5 (Sand, Loam, Clay) @
o, BAOF—2IizonTid, BB IURELCTELTH L, BRCKALTY,
EEFITRENTT -7 23D TH LK. BATRRREDT -5 Eho
OTHICERLTH S, kB LUPRKOHEBRYPOSERAEELERL TH 5,

7, EXEICBWT, FEENUEEIBLPIRZoTWwE DX, BEXED )
AP EDOHEETR L. T/, BRSEEIIOVWTH, ERICEL4DXEMIIHTYH, £
NENOSEEE (B8, ELOTEBIUEE) 2ERL. LAL, BER2YFL, /S
SA—FYBIBWTRELEZINLDF— 7 AWT, FTEAREOTHTLOMESR, S
LIz FDERERCIERBEE L EOEEROAIEITE Do, TR, T2 7 —
FERIBLIENTERPoRZ LIIMA, ERFEDEV, i, RELEORMD
HEELPEEPORETERECHT AFMLERORM EH LR EGOWEY-
Lo RRORME EOBHICL 5, FiC, DEOXEIZ., SEABMEUND
BHRELBRLTVE LD L, P ELBONL D, KB 2T 52 LA
EBEEITOBRLBLIEIIREEEbLNS, T, 0L RXEFAETIE, @4D
TEPOF— ¥ DEFEFE—TREnwIEL, F—F R=ZELIZKWERAD 1 2TH
B, WzE, HAABE T, BOrDF— 7 OFHEOADBEREINTEY., —FH. 1t
DL TIL, BAOTF— 7 PHLLEBRENTVD, TONTFA-FETIT, EXRE
RET 20 SEREARERICS 20T, 1 2OBBEI OV THE L ZRBE 15U LD
b, BIUWUEDLDFRALTHELAN, FAULEDRFZMZ 512137256
ot DL, BORLEBF— 72 EDIIIRAITIVDRLVIZELEER
LBETHS I,

45
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#6.1 [ESNSERBECKSE

EA LA
Sr 0—9.0X10? 0—1.0X10°
Cs 1.0%x10°—1.1X10° 1.0X109—-1.9X10°
Co 3.0Xx10°—1.2x10* 1.0X107—1.0X10°
(BT ml/g)
%62 (1) TEFIFEEBEOLEHE (BN)
sand loam clay
Co 3.0x10°—1.0X10° 1.0x10'—3.3%x10? 20x10'—1.2x10*
Sr 5.0X10"—6.8X10? 5.0X1071—-2.7x10° 1.0X101-9.0X10°
I 4.0X 10!
Cs 3.0X10°—-8.0X 10° 1.0X10°—2.5%x10° 5.0x10'—7.0x10%
3] 4.6%10°
Pu 9.7%10%2~1.9%X10° 24X103—4.6%x103 6.0X10%2—7.0X 10?
Am 1.0X10'—1.0%x10° 6.0X10'—7.0X10* 1.6X10%—-3.5x10*
(HAL © mY/g)
£62 Q) THRENIEFEBEOEEE ()
sand loam clay

Co 1.0X 10 —4.8%X10? 20x10°—1.2x10*
Sr 3.0X 10" —1.7X10? 9.0X10"'—1.5X%10? 1.0X10°—-1.0x10°
I 5.0Xx107—1.5%x10°
Cs 6.0X10°—3.8%X10° 4.0x101=1.1%x10°
1} 1.0x101—2.2%x10° 2.0x10°—7.3%X10! 2.0X10°—6.5X10?
Pu 3.2%X10'—1.8X10° 4.0X101—4.0X10*
Am 7.5% 10! —8.0X 10 4.0X10°—1.0X107

(BA7 : mi/g)
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6.2 i TEIZBIT D TEARAES

TR LI, RSB ASRFERO T — 71305, RS IRICS
FAGERBEDOTF— ¥ BLUFFOLEBHFEICEL TEELFREEOA TV, €0
el & LT, Yasuda b @ 25, BASHOBFB L W ED KB IEEIHRLEL T, <
VHY (Mn). IV R (Co). H$h (Zn), A PO YFUL (Sr) BEFEIT L (Cs)
D 5 REDSEEBEII OV TR EN R ZEE R ToTwd, UTICETOBRE (KB
B HEBIUER) II2o2WTERT 5,

EBRRABBIUERFE

Sl iz, BN S (E8 L UKBEFERTD) »POoRMLAICEHEOREL
B (X 30cmbA) Thd, HEIL, “Mn, “Co, “Zn, ¥Sr, P'Cs (VT b IEEBERTE
L4 B EEICIIRREREER TR 2FK (pH4.5 EC :0.065mS/em) TEA L
Twh, -

WMEEERIZ, Ny FE (B5EIHER) TLb, KUESH (SomL) 118 3g LER
30mL B & F1-10kBq D LR SHEL ML, 23°COEREL H)HBATTHRRE I L. &
L5 (~4,000pm) BLUF0ASUM A X T T ¥ T AN —IC L BB BEATo THRRL L
FIBEEDORGEERE (¢ MBEE) 2. YUFF ¥ ANVERIENT Ge FEMBL 2
(Ortsc GEM-30185) i= L h v b LTV5A, FERKIE, EEBRATHEO HEHE TS

HEEREOELPLRDOTV S,

ERERBIUEERE

BN SRERD BREESH 2 6.1 15K T o Shapiro-Wilk DRE @ ORRSP L.
Mn LIAL D 4 3% (Co, Zn, S1,Cs) 1220V T, FEBEEDOSMIZERTA TIA R (R
FESHECTENTEL LR N D, EHEOFERRICHTIHIMEL R 63IITNT,
St OFEEKITHO 3 BBOFERKEL D IABIEWEE 2o TWh, MELKEL
OETORKTIE, MEINRL2BSHONBERIMETLLORENT TRESR
ot R, THEOEER (p.05) RBO LN Moz, 227 L, ZOEEBRIIEREL
ST TIT-THED. EBROABATEOBTHERFLBEREL TV 2WVOT, BRILET
BRAOEBIIOVTSHEBRT MR 2 LEND S,

Kkiz. SEENE TREHEE OBRICOVWT, HEBEOMEVHMEER (Spearman's
rank correlation coefficient) ¥ 3% 6.4 ICTF, L DMEMEBEON, 14 L REICEST
BLELLNAEMENSRERE S ROEOHBMERTEAIRONE, BOFEHVE
BAEL MA@ Lo TR, KB CagFE (Mn, Co), AREEKE
(Zn). A+ B ER (S LhoTwd, $72. COFRERIIOVTIR, KK
KSHEEHNO® 32,2 M (EMABRGE 044) 2RLTWADAS, FIHMORE I
ERZH 5N, COTEBERBOBREENRRENTNS, EREOTERRICD
W7, BLHEENBVEREEO 7Oy FEE62IITRT,
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