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Development of Radionuclide Migration Monitor (II)

Measurement of Radionuclide Migration Velocity

Hiromichi OGAWA, Tadatoshi YAMAMOTO and Yoshiki WADACHI

Department of Envirommental Safety Research,
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka~gun, Ibaraki-ken

(Received January 24, 1986)

This report describes that the nondestructive method determining
the radionuclide migration velocity in a soil layer is established
incorporated with the previous reports(],[)which are presented in terms
of the nondestructive measurements of the distribution of radionuclide
concentration in a soil layer., The radionuclide mobility in a soil
layer can be evaluated quantitatively by the radionuclide migration
velocity obtained from the comparison of the distribution of radio-
nuclide concentration in a soil layer with the solution of mass-transport

equation,

Keywords ; Nondestructive Measurement, Radionuclide Migration Velocity,
Radionuclide Mobility, 60Co, 85Sr, 137Cs, Aerated Soil Layer,

Aquifer Soil Layer
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1 Distribution of radionuclide concentration in an aerated soil
sample (vertical direction)

2 Migration length of 600 to vertical direction in an aerated
soil sample

3 Migration length of ®3Sr to vertical direction in an aerated
so0il sample

4 Migration length of 137Cs to vertical direction in an aerated
s0il sample

5 Distribution of radionuclide concentration in an aquifer soil

sample (horizontal direction)

6 Migration length of °%Co to flow directién in an aquifer soil
sample

7 Migration length of ®3Sr to flow direction in an aquifer soil
sample

8 Migration length of 137Cs to flow direction in an aquifer soil
sample
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BRBETHHERTE, v~ BFHEERERhLS0O RIS S T4 S 4 Hi
ELT, BEYIav—varvdBaERLT0S, BEYIar— v yABREEKKEOK
BEieowTHHEN TR EEESRBAT S50, BRSEEREL oHABRLHB L~
FRFN 58 AR E L OB L AHR TRABIIEREN OB R B AR E L TH0, BRE
HELGHE, BKERAH 2HEEERIL, °Co, ¥Sr XU ¥ Cs w0 TR EERS
AEAER L,

BEY 2L —va YERO LSS HRREORBA H O TR S RSB R ERR T,
ZHOF—TERHAEGH T L L ARE L Y, TEREADRNICER T3 EBVETH
%, ZOEHERDE, BRBLEEG S L KB BN ICE 1T 5RO B 5
HAFEWBICIE TS v R 7 o AR LD Y 2R, TEREDISHTS ©Co ,
BSr BLU PCs OBREAWMENTRETH D, FWHAE R 7 1 OHFMMAEZL T3,

AHEE T, REHEEoLEREDBEE S o EEED HIEDhBEEE A REd A F
DO TN, ERICIEHEAE v X7 A L0BE LR “Co, ¥Sr k08 ¥ Cs O+1H
S BEMTCH L RO BB L EDI BB BRI OV THE TS, 2L T, HiEhes
AR OBEEE A RETART OB YT OO TERT 5,

2. PEMBBLEEOPEDR

B RO T ED#EET, Komhic L 2BRASHHEAZE L AMENEickyn, —#
ICIRDRES AR LD ZbEN5,
s{C+(1-1)pQ. 8} 3t =F+*DFC—F-VC—a{C+(1-1) pQ s}
' (1
CCT, CHLAUQRENTNHHEZEORMBUKIRELS LULEBDREY, { 3 LEOTE
H, o 3HEOEE, 0dKkSFE DIIKEEFEREOLE (R R, VIidAkE®E L d S
HEREORBETE, t REMTH S, _
BSHEERO TP B EAEEX T 52 B HTH L L REL, 148ET2E, (1)
Ak s, .
3{C+(1-f)pQ 6} /ot= 3(D 3C/3X) 8X— s(VC) 3aX (2
T, HAEEEOMBKT S L CHERE BT A0, SRER KD td - TQ =KdC
TEOTH, RIRADRHBAAERNL 3IRXEL 5,
{1+ (1—f) pKd 0} aC/8t= a(DAC/aX)/ aX— a(VC) 98X (3
—fgic, 3)XicBI S 1+(1-1) pKd ./ 6 ZBEFRMRA & LT, BEEEEOBEN O

fiicHOTVS,
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HARTHHERTHE, &L~ REHEREEMEM G0 22T M B5 45 C L4 HIY
LT, B s - v vRBAERLTO S, BEY 2L — v 2 vRBIIEKRED
BIioO TN TRENERBHRBAT LS bow, BIISSEEEREL 0RBARE L.,
FERI 58 SEER L L OB L AR B TR AR OB ER B ANRE LTEY, B5E
HE 8, AR 2 EE AL, ®Co, ¥Sr BLU W Cs 00T M EEEE)
HERA R L,

BEY Y 2L —va YERBROL SHERKEOHES O T 5 MU RSB R T I,
LR OF—TRAR AT 5 EHRBED, HERBAEDRIICERT 52 & NLETEH
%, FORHES LR, BREAEREN G X OB KE TR IC B 1T 2 REHEREOBRE S
A ICRES 5 v X 7 L AR L L P, 2R, LEREDIcSHiTS 9 Co
¥Sr BLY BTCs ORESHRENSTIRETH Y, FHBEAE R T oOEIEARIL TV S,

ARG TR, AR O U R A O R D LB R e S T
T DOTHRA, EEBICEREANE R FAIRLEDHELR Co, ®Sr L0 87Cs O +1%
SR Skt L TR B RO LE O REE IC LTS T5, LT, HHhes
B ISR OB EERE A RE T 5 AT ROZNHIC OV TERT 5.

2. PEMEBBILEREOJEER

HEHEEEO RS BB, Kofhick 2BREEGRIELEE L amENic Ly, —#
Wik DRE#ESFERICEbELEINRS,
A{C+ (1-1)0eQ 8} /8t =r-DFPC-pF+VC—2{C+(1-1) pQ.7 4}
' (1)
LT, CHIUQERTNFNMIMEEBOMB/APEEL JUEBTES, { X tE0wR
#,op I HEOEE, 6 KSR, DIETHAEEEOLER (DR B, V RKIE 2 RS
WREOREER t RNETHE S,
AR O TEOBESEEX T 5 - RoBBTH S LEL, 14EHTEE, (1)
AdmRicn s,
d{C+(1-t)pQ 9} /at= 3(D 6C/8X) 83X~ s(VC) 58X (2
T TT, WSMEHOMBEKDE L OHEENIC ST 5 A, SRR KD Kk -TQ =KdIC
TEbTLY, RIRORKIFAERT IRLE 4L,
{1+ (1-1) pKd 0} 6C/0t= 3(DAC./3X)/ 83X~ a(VC)./aX I3
—fic, R BF B 1 +(1-f) pKd /6 2 BERKRA & LT, R HEEOBIEDTF
i HW TS,
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B RS B & CF%?@%#%%K?’L@, (3) i LMK C LRt BLUEEX
DBZAR DS C EMTE 5, ABHBH I EREATICREERBREE LS0icn, Mgt

BIRATEDLE NS, ,
t <0 C=0 )

7, RBREICHBEORREKERERAT HE, BEASFRRATROT ILHSTE L.
X=0, t=0 C=Co (5)
X= @ C=0 (6)

AR 2, (WRXouBlEasL006) 6 ROBREUFOTTI 77 AEMICLD
B3I RFWL L, (T ABBLNG,
C =Co (exp (VX/D)erfe { (X +Vt,Rd) S V4Dt/Rd
terfc {(X-Vt/Rd)” y4Dt./Rd }}2 (7)
2T, erfe (z) BEERMKTH B, Lihi-T, WEHEREOLEEDBE QIZB)R &
55,
Q=Qo lexp (VX D) erfc { (X+Vt/Rd)/m }
+erfe ((X-Vi/Rd)/ JADt/Rd } ). 2 (8}
1L, Qo =KdCo ThYH, Qo X =0kE2LEEMEETHES, B)RiICEVTH,
F—1 exp (VX/Dderfc { X+Vt/Rd)/ y4Dt/Rd } EIEHE{, BH
erfc {(X—Vi/Rd)/ V4Dt Rd } K ~TEETE 3725 % | HEETRE Qi (9)
ATEUTE 5,

Q=Qoferfc {(X—Vt,/Rd)/ J4Dt/Rd})/ 2 (9
(ORICHBNTX =V1/Rd ZRATEL, Q=Qo. 2&L715, Qo FHAFHEKRERDHRANE
BT s TEEDEEchY, TEBDPEESKRAMNBDOENOD 12T AMEX, §14H5
Qo 2 OMEEMARKDBLEICED VI RAAEBRLENTEE, 2T, V/RD M
WEEOBEEE S L0, Lid-T, gt EhBaRBicsn T Qo 20
BEIEE 2 RH LT LS, REMEEBORESEELRET S LHWTE 3,

3. MMERELEREDIEPIRNE B X SEFE
3.1 ERECHT SREEHEEUE

BB AT RN ORI L oES B EERE (30cm ¢ X 120ecmL, ZERRE 04, HWE 263
g /em®) WENFN 12 % 1077, 30X 107 6K0529 X 1077 #Ci/m] OEHEREEET
5%9Co, ¥Sr LUV Cs OREAKMHKERERA L, LERESCBT 5 REHZED
SN ROLIR AT A RIS v A 7 o Vi K0 RIE Lce FRA L7z B L KIS 1 IR o
WRIGAZINA B ¢ S L D ALFEEY, TAFN 10X 10  mol /T KBELHICHELLE
DThb, FOBEE, PCo, ¥Sr BLUP Y Cs kDT, TRAEFAR1-A, 1 -BHE IV
1—C BB TR L-BEAGELERL V. $7, BEE, R KEROBARTEEZRML,
WEYICEE L BEOMGThb, 5k, M1 A, 1-BHIU 1 -CiE, REMEKEROHE

J— 2 —_
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AR LR BRI BT 2 REERTH S,

B1-A, |-B&LU1-CltisT, IWEAECL0BLRBESm CGEE |’ L
BARKT AT ICLDE N CBESR W wh~T, HIEBEREMEORED, &
GEY I ABEAORL NS r BRROIHNS I -T0D, L, FEENEDER
KB SERRNEEE, IEBEREHIIEZHTAEROEELIILALI—HLTVE, Zhly, LEE
RAIZH T 5BEELIEFHEAE BT 2ZRBEETRAT S E, Co, PSr 8L CsiHd
LT, #MFNQo =62x 1078, 78 X 1072HLT6 % 107% pCi g &5, COERL
NQo/ 2DEEEZHTAMBLRDLE, K2~4mRLz&diK, #UTFNHEE 19, 236
P23em&ib, Lz -T, Qo L OBEEHE, “Co, ¥Sr BLU W CskHLT, #
NEN19, 235 X0 8 em &80, WEMEHEOESBEMER, Tho0M% i ABER (360
min) THRTACEicky, ¥Co, ¥Sr HL"YCs ML T, TAFNE3 21078, 64 %
1072 £0564 X 10 % em “min BESH 5,

3.2 HEKFEiChlTIEEBERRE AL

B EMA D SR L ABKELE EH 263g . cm®) 2H/KEE (90 emW x 270
ecmL ¥ 45 ecmH) HIZIFER 04 THE L, A F4 L0 x 107%, 20 %X 107 H L0820 x
1072 2 Ci/m| ORIEEEEZEAE T2 Co, ¥Sr B8LU " Cs OESHIENBERERAL
T, TEEAICE B HE TR O K B A A S EAE v 2 7 4 P X0 EIE L .
WAL Fo Bk i, FEMEMEERIREMA S 2 Lic kv, LFBES 10 X 107 mol 1
LA EICHE LD TH S, TDER, ®Co, ®Sr BLU W (Cs KILT, FEFNK
5—A, 5 - BHLUS ~CUEBTRLABEM2EL Y . £/, B, KGR
DRALTERR 2R EC L DEONBESHTH L, 4, BI5—A, 5 - BE&
U5 —C i3, MEKEREDCEREAREI SR 0BRBIES T LAERRTEH S,

KoK BB O RANE + B3RO GO ER FicR 7 2EWIBRE ohmilEoFRiE, ° Co,
BOr BEU WY Csitf LT, FNFNH 6 ~80OTEDT L ENTE L, BB S5
BELEEARDLBELRBICEREEL2 Qo sIRETS &L, Co, ¥Sr BLUWCs itk L
T, FRFNQo=25x 1077, 27 x 107261536 X 1072 pCi/em® ThH B, Qo 2D
AT AMEA KDL L, LAl SEZNFNTE, TTEBL T 80 cem &0 0, & /KEKD
FASIEY FH Bl L0 50 cmTH B2, EBOQo. 2 DBBIEHIE, #heh 28, 21HLU
0 emTh b LIcdi->T, MBI FHEN0EEE 13, MEREARARR (1200 min)
TRYLEicky, ¥Co, ¥Sr BLUW Csit LT, £NF 23 X 1078, 23 x 1072
BEU25 ¥ 10 ¥ emmin B SN 5.

3.3 EERHOEH

BIATRO I HEBHET O T FHmT 5709, BEBEHREERL, Yy FRICLDES
NHEERBEE L
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SEEAGEEV I, R q, KOEIBLUMRESIKLD, RATHET A LMTE 5,
V=q 6% (10
EERBICET AMARB T, ¢ =031 /min,  =028LUS="707cm® V) LV =21
em/min ThD, ZARBECBT 3 ARBICE VT, ¢ =031 /min, #=04BLU8=
2700 cm? * £k H V=028 cm/ min TH b, LEH-T, PCo, ¥Sr BLT ¥ Csic s 5
B R RA &, KEEE BAEEBOBRGHHELOL, S, BREOEEGTNENL, 33 &
LU33THED, BRKEOBEFAFNIL, 2LV IITHL, BER—0TEAFEHL, &
KiEEBABTRAS R 2ERL LY, HRKBOBEKREEBEEDOTADI 1 /2107
BEEZLNLY, FROBRBCENTRH 3&6W-Tn5, T@REEELT, wKELE
BB KRR D ERAOREBEEL DD, §ub L, HKEOBEHEKE R AGE DR
AT ERO KGR EEEEKRELD bAS L, BKBOBREFAREERLDENSCREON
fEDEHESN D,
W, EERES y FETHE LSRG, TSNS T EME0, ARSI LS/ Yy
FiEToAlE Y TiE, BT ERBHEND SR Bk T 5 SEmRKIE, /s
10X 10 ¥ mol /1 REHTT®Co, ¥Sr B Cs LT, £ ¥R 73, 1TH LT 44
(ml g )DEBSRTWE, T4, FE265g /cm® & LT, Hi B0 SRHREE FERE
OEMRE L O BERKAHTE TS &, BRETENEN, UB LT 3B, BRKETEZNLEN 30,
TTBLI8EME, CHOoDEEANECLDEY LARBERREKET AL, R1IERLE
LACEBANT2EEEOENRZY NI 00, FEHLALENEZDRNEE, IBRELR
BUTHEDICHA L &6 LUTHKAEDMEL EHT LB 0R—HLTVE O
EEZ LN A,

4. » & » Z

FEREICRE L RAE s URKBTIcET 5 % Co, ¥Sr 8L Cs OBEESAM
5, BEEICHT A TERBEEE T RD I, FOER, SEKEO HERBEHEER, 1.0x107°
mol /1 OILFEECHENT, BRBHTZNEN53 % 1077, 64X 1072 H5L05 64 x 1072
em/min, 7, BKBRTIAFH 23 x 1072, 23X 107 BLY 25 x 107 cm, /min T
Bote oI, TRLOENSBEGREAITREYT 2L, <y FECIORE LSEFRE,S
WEXNLIBEFRREPETVARL—FL, AvR7F il BRJEARE IUHKBAN DS
AR EO BEREE IR ICAETE 8 T ERDOD -1,

R

1) /NHBAE, KE&EE, LASRA, MEsEs ; JAERI-M 85061 (1985)

2) /NITALE, (LhARF], FEFES ; JAERI-M 85— 111(1985)

3) M. FUKUI and K.KATSURAYAMA ; Health Physics, 28, 717 (1975)
4) (IAREF, REpE—, FEES  REWE 17, 3 (1982)
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Estimated values of retardation factors, -

Retardation factor of

Retardation factor of

Nuclide aerated soil layer agquifer soil layer
Nondestructive | From batch Kd | Nondestructive | From batch Kd
8¢Co 40 58 12 30
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Fig. 5 Distribution of radionuclide concentration in an aquifer soil

sample (horizontal direction)
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Fig. 6 Migration length of 60Co to flow direction in an aquifer soil

sample
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Fig, 7 Migration length of 858r to flow direction in an aquifer soil
sample
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