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Radionuclide Transfer onto Ground Surface in Surface Water Flow

2. Undisturbed Tuff Rock

Masayuki MUKAI, Shinichi TAKEBE and Tomokazu KOMIYA
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 10, 1994)

Radionuclide migraticn with ground surface water flow is considered to be one
of path ways in the scenario for environmental migration of the radionuchde leaked
from LLRW depository. To study the radionuchde migration demonstratively, &
ground surface radionuclide migration test was carried out by simulating radioactive
solution flowing on the sloped tuff rock surface. Tuff rock sample of 240 'in
length taken from the Shimokita district was used to test the transfer of *Co, ®3r
and ¥Cs onto the sample surface from the flowing radioactive solution under restricted
infiltration condition at flow rates of 25, 80, 160ml./ min and duraticn of 56h. The
concentration change of the radionuclides in effluent was nearly constant as a
function of elapsed time during the experimental period, but decreased with lower
flow rates. Among the three radionuclides, ¥ Cs was greatly decreased iis
concentration to 30% of the inflow. Adsorbed distribution of the radionuclides
concentration on the ground surface decreased gradually with the distance from the
inlet, and showed greater gradient at lower flow rate. Analyzing the result by the
migration model, where a vertical advection distribution and two-dimensicnal diffusion
in surface water are adopted with a first order adscrption reaction, value of migration
parameters was obtained relating to the radicnuclide adsorption and the surface
water flow, and the measured distribution could be well simulated by adopting the
value to the model. By comparing the values with the case of loamy soil layer. all
values of the migraticn parameters showed not so great difference between two
samples for *Co and *Sr. For ¥ Cs, reflecting a few larger value of adsorption fo

the tuff rock, larger ability to reduce the concentration of flowing radicactive solution
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could be indicated than that to the loamy soil surface by estimation for long fiowed

distance.

Keywords: Radionuclide Migration, Ground Surface, Migration Test,

Tuff Rock, Numerical Model, Migration Parameter, Loamy Soil
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BIREBIZHA LT - hBHFRBIIDWTBSNLBIT NS A—-7D9 b, ki
DNWTHEe-LEEEBIIHTARBELR L TYCTETARESUNELZTR UL,
HOBBIIODWTRIBIERACHETS - 7o, BBEFEHIZSVTH, XANOEIT T —
LE+EBIIHTARREABLTONYNEIRNEER S OITH L. ZHHDE
B CsDAHAT—LBEABE L TAKELETH), OBBEBIZIHSVWTREEFRUME
(2.6X107*~5.0X10™%) TH» 7,
BIKEBZHBEULER TR, REEGBEEOUESHDPIL L. A3V FH
KENWIENS, 749 T4V 7 TREDBENTA-FOHEIIZBEEZZLLOL
ZZohd, Z0kH, FNRNFA-SOHEDBEIIRZTHEL KD, £/37 4 —
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YOBEAPONICTEIEERA L. LEBRESHED 5CCoL¥SrLD/NF —
CHGELARONB I ED D, PCoRUFTCsEM RITREBITEIT - o

AEBOKOEEZBEEL T, “Colk 20 THEDZLIX107H 51X10% D%
SX 107 55X 1073 ¥CsIZ DV TIID, A2 X 10720 52X 10°% D, %1X107°0 6
IX10E TZNLFNU4FEL, SHEBILOVWTI96HDOANETET Y 12—
Y VEHEAT., HEELAEHEEOZO2EMERELLTKRD L, WE
2Sml/min® REIZ BV T, ©CoDk,I20.006. *'CsDk,120.012% F A KD, ~
D VT DEESH THMICFTLEEILE T 2 BEEALOCORTCITH LTX
Bl ERAEIRVHIOCEFhENTT. ShHoOEM S, OCo, ¥Cs#k I HAL
AU Y DEEOENED LY LDDOFIHBRTH LI ENHAELND, LB,
HEMNLOR T 160mY/min OHOBEZLLEMATH - 1,

WA T HET AD OBRESMENI EH S, DOEEPCoI30.01, FCsl20.021I2E
F L. DAZIIEARBOFEE. ©Col DV Tidk,#0.002% 50.0120 FH M,
17 01s D T Ik, 50,0085 5 0.026 D FE W D EITH LT - 70 EKDBHRTSH
ZolARBL., BEFBNELBEDEAKICHUIBEHORETEEBFAUET
Bolth, BEEIBEOKEIIHTABREOAETHML, D,ORMIHT
ZMEDEECCORTVCsIIH LTRDHERER ()R PO ENLTOERT,
THODRD S, k,OEMIKHVEENRAELIDRBEDE OO, REDHEN
PDEEBIININIEDELEND, CCoRUCIZEBLTREMNSCLESD,D
E120.00120 50.00200HETH D, D& EDK, T, ©Cold0.003, ¥'Csid0.016
~0.020TH » 7,

BIREBIIHTARBRI DL TRDEXFEOLBERN, o - LHELREITH
FRRBEHELTHENNELE LD, - LBEORBTHRM SO LEAD
BB 3 A8 REREORIBANBENTE NS> I ENERT 5. BR
EEICHTARBTR, YV VB EBHBEL SHADL D 10cmE TORN
RREETHD. D—-LEFHEORBRO L) KERURAOHED T -7 262
CERTERD T, LT, RAONEORBKEBORERKARA D — 4
E+EEERAECABIIRATAS4FTH LN OE, XFRO RS THBEEHEEIK
BohtbDEEiohd, #il, - ALAEIBEORANMEORBMEBERK
DRI, HAKOERIIAZBRICBALTVAE O, o-LELEBIIEY
BRBITHTAXFEOERGELEBREMTHY . EEOERIRE (AL LEER
52ELTED,

FEHEE BT A-SRBUTOLIKE S,

k, %Co 5.0%x107° (Bg/cm?)/(Bq/ml)/min



JAERI—Research 94—014

k, ®Sr 5.0x1073 (Bg/cm?)/(Bg/ml)/min
k, “’Cs 1.5 (BRE) ~2.0 (m—4) X107  (Bg/cm?)/(Bg/m!)/min
D, 2.0%x107° (BKE) ~2.0 (O0—4) cm?/min
D 3.0X10™ (BIKED¥CsiE2.0X107%) cm?*min

ThoDI b, BREBICHT AWCsOk, RUD,OHEIZ, n—-LELEELD D
KICOVTRNEL, DRV TRARESKD SN, CART—FEPPINC
CIBRRTAENTYFIEINELLLDEZEZ OGNS, HOBEIZBITS 2EHD
THEBINTAD,0ENSHETH L, BRKEBIINT 2CsOD,OEbm— LH
1 BEOBSLREETHLEEIOND, £/, JOZLINED, D, EHMANT
BIRIZH Bk i3, KOONIELD bRELELALBDLEEZISND, LItk o
T REBHLDOIUEREETL 2 00BBRHTARBOBA/ A -5 O
2. WEKOEEHICETAD RUDBEBIESTIZEIRCETH D, BEORAE
BT Ak EBBIIEEOETH S I EMBEINI,

4.4 EEMATILLIBERIOHE
UrOZE2EIC LT, REHEBEZACHERIRERRT T2l 200 THE
EERLOBERSTAIONMEET A0, BIHYTHRRLICEULEZRA T Cs
Po—LAETEERVEBRKEBLEZRTTAHAI2DOTHERET -1,
Cx) = C, x 107 (5)

SO xIIEKOBEFHEE, C (x) HEEBEELZEL TV, AMFON
S —yaBUbiE. HETBEBETEFIVICL - T256cmETO 52O T HAEIC
SNWTHHETAEBREAHE ULAEENS T4 v T4 v UTREVR/MIKS
EIIkdl. COEMRNE FERIOOnEEE TRENHBAIETHEEREL.
AHETHESCSOTHRETAMBKOBELHBIC LI RO LBERERI2ZIAT,
MEGENMBLTIE. BREBOAH o —LELHEEELE L TREOKER
ERKEXN ENTFENT, FE3.75em/minO Bz, BRGETRETERIONT
BENZIFEDE TR T AL, 0—- LB+ EBTHRETEESmEET 5,
EEMN2Sem/minE BB L, MTEBIOOmICBWTEKER. - LHLER
FNEFNHUY LUK IS BECEENRRD TS I EMRINT,

b, #& =

MESEENAS SN SRBMUABEBOBTRBL LT, EATART T OHS
HEEASOHFEKEREL, HEBTRBREN -, HXEAAB L UTHREE
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k, ¥Sr 5.0X107 (Bg/cm?)/(Bq/ml)/min
k, *'Cs 1.5 (BKE) ~2.0 (B—L4) X102  (Bg/em?)/(Bg/ml)/min
D, 2.0X107% (BIKE) ~2.0 (O—4) cm?/min
D, 3.0X10™ (BREODYCs122.0X107%)  cm¥min
ChoDd b, BREBIIHTAYCsOk RUD,DEIR. n—LELEELD b
KOV TRMEL, DREDVTRAECKRD ORI, TART—FHNIINC
LIBEETANSYFILLDELLLDEEZ ONE, HOBEICE T 5 2EHO
HEBIHTAD,OEL SHETH L, BRERIIHT 5YCOD,OfEb R - LH
TBEOEALEEETHAEEIOND, £/, IO LILELD, D,EHMHE
BGICH Bk 02, KO ONBLD bREBELADBLDLEEZOOND, LichH
T, HBRAD O NEEREIET S 2 2OHBICHT AMBOBIT/ S A -5 O
3. WEKOEHICHTAD RUDBERBIKSTZIRALETHY ., BBORA
KB AR BB HAOMETS S I EMERIRI,

4.4 EREBHETICIIBEERDORTE
POz ExR®ic LT, A HEBLZAUHERIEERRT T AL 2N THE
BEREOBERVTAOOMRET S0, BIRITRR UAEMRER VLT Cs
po—-LETEBRVBEREBLERTIABA4II 20 TERET o/
Ckx) = Cy x 107 (s)

SOT xEHEKOBETESE, C (x) REERELFEL TV A, AHxHFO/S
SA— 4 RUbE. HEEEEBETETF ML 5> T256cmE TO 5 DO F RIS
DNTHILTAEREEEHELAEREI ST 4 v 74 VI LTRENRNINLS
ik, COENRNETEEIOMBE T CRESAFIETH S LRE L,
AHTHEIIB O THRETAHBEKOBELHBIL LI RDLHEREH12IERT,
WHORBNMCBLTE, BREBOF P -LETEBEHR L TREOEHL
BRKXN EDEINT, BE375em/minOBE, BKEBTRHETHEELIONT
BERIFEP0ETCRITADILHL, D-LHIEBTRETEESOmEET 5,
W A2Sem/minEEL B A E, BTFHEBEIOOnIEB O THRKEE,. n—LHLEE
FNThBSEFHITYBEECBRENRDTAIENREINI,

S

-+
VT

=

5.

([

HEERENLS S SRR LUAERBOBTEBE LT, HEREAET T 514
HEBAEOHREKRLEEL. HEETRARET -, HEXTAR L LTRKEHE
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A B, HEKE L TOCos ¥Sry WCsD IBBEABEEEA LI, BENFX
EFIENT. ATX S EKODRBEEANL I —ADEBEIT -2, L0
B OEUKOMBEER. BTHBRCLTEE-ET. RENPRLVEEHED L
b E-. THEPOWBRER, RADNSHEDICHD > TEPHIIEBI T 55
HAEAT U, WERTOMBOXHL 2RTOWLEK L., HERELSHEETS LK
TOBETEM L. T HEANOBREL I REERAERTELLET VLI DERER
AENL. D— LETEBIH LT HBIrRREEEBR L, n-LEIBEL
HEg L THAOREOSBRECARESPAATHRVEREEORR TR, BNA
MO EREPNE KRB SN, CCoRUBSHID2VTR BREREEB RV
KELMOESEHOBIIHECLOTIIIRLTH -1, REHORTIILLR
ERVHEABTEFNCLAFEREED ORDBIAEURICLDERELALLI A,
Bl DN T RBKEBO AR - LAE L EBEERBERIPRSKRED - T

o5 &

ARBIAVATERHORIUIBAI LTV 2 LEH N
LEd, /. ABORSEEAEICH AL TOALWEEFAY-EX
WOREERICEB T LET,

z % X W

D) ASF ., i rRBAEERRERCAREEEERDRAR . AARFAF
&35, 30, p.942-949 (1988) .

) REE—. b BREE I ERBOREBEHEL BT AHHEKBEOBTED ",
JAERI-M 92-205 (1992) .

3) KIFFE. M B ERR RO D — LB O % KEREE A I R
BRHRAB . DREFHELE, 31, p.1377-1382 (1989) .

4) FIREZ. BRPE—. HERH  HEEZEORE KT SHRE OB
B¢ 2B, TAERI-M 91-100 (1991) .

5) My, LADH  "RAREERETETRARERORERR . JAERI-M

| 89-181 (1989) .

6) ZH MW . kBARE" p46-47 (1986) | HHIBALAESR.

7) BE E. M EEEREOLHOBBEKR". p.43-44 (1966) . A — ALt
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AR, HEKELTOCo, ¥Sr. WCsD IBBREABEREEA LI, BEAHX
BEFIrENT. ATAE2BEKORELZEA LI —AORBRELT 1L, TOK
BomumEOEBEER. RTHRCISTRE-ET. RENPTVLEERIL
b, i, EEROREEER, HAOMSHEHOAKEI > TEPHMIBI TS0
A7 L. WEATORBOEBHL 2RTOELE L, HERELHLETS 1K
EOBRETEMU L. T E~OREF I KEEREXTELLET VLI DEABER
AL, n—LAEEEBIIH LTI EE B L, n- 2B EBEL
kg U TRAOHEOKBRECAREPPHATHRVEREEORR TR, WO
MOEEBEFNI KD SN, CCoRUPSIIKDOTR, BREREECHRU
KEHFFOLHEHOBRIME LS TIZIALTH o, REBOETINLLR
ERSHREARTEFANRLAHEERP SRKOILAEURICEIDHEELALLI A,
Wi oW T REBREBO R - LI T BB ERABERIDRIKRED 212,

FHf 2

ARBICAVEFERBOBEICHB AL TR0 2 ITERH N
LEd, £7-. RBPOKRFHRBE B LT REWTEFAY - =74
WORIFEERIIERB N LET,

% £ X W

1) WAEBF. f AEETEREAR O HHERBERBER . AXRTNF
£:3k . 30, p.942-949 (1988) .

2) REE—. b BEELERBORREFRRICEY IR EEBOBTED .
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3) KIEFEM. M "EADERBR o - LERBOH KBRS LAV RAEX
BREAR. OREFHELE, 31, p.1377-1382 (1989) .

4) EIEr. BEE—-. HSERM  HSEEEOME KT SHERE~NOBTI
M4 2RBPE". JAERI-M 91-100 (1991) .

3) Wiz, ERRH  "HHHEBERETBTRAREEORERAR . JAERI-M
89-181 (1989) .
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7) B E. M EERREORDORBMEER". p.43-44 (1966) A — Ll
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ZEL. HEKE LTYCo. S VCsO IMBRABEEEALL. BEANHE
BEFIrBnT. BT EAMBEKOREBEEI LI —ADRBRET -7, £ 0%
B OmWUmEoBBEEER. KTHMICLSTIRII-ET, BREXIRVEERIL
b, i TETOBREERER, RANDDSKHEOKAN > TEPHIERITE L
AT L. HERTOBBOES L 2RKTORKE. HERELGLETA LK
FEOBRETEMNUL, tE~OGREF I REEREXTCELLET VL VABHER
AL, 00— LE BB L TH- B R kB L, D-LELHEEL
CHELTEAONEOEBEECAREMAPATHVEREBORR TR, RO
HOEREEMNE KD SN, CCoRUEBSHIIDV TR, REREEHR Y
KEFRAOLEEHOBRBEC LOTIZEIALTH 7. REBORTICLLE
ERVHEABAEFARLAGEREREDNORD AL EHURIC LV EELALLI S,
Bl i W TREREBO AP - LETBEEU~BERIPHRENRE N -7,

il &t

ARBIIANVAETERBOBRIICB AL TOIE0I A 2 ICEE
LEd, 7. RFORHEHEICBA LTV EWKKETAY-EX
BWORBERICEH I LET,

% % X W

1) AR A REEEEREAA O HMEEERERE . BARTHF
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hE

BAREKE(EE%)

RetaKkl
(EE2%)

& E (g/em’)
¥R T E (g/cm®)

EAE (R % )
RN
[IB(EE%)

fa FiE K R

(X 10"%cm/sec)

pH(H,0)
pH{HCI)
LpH

B LETEA(mV)
BA A VRBEE
(meq/100g¥. 1)
THRHE/55T
(meg/100g# 1)
Mg
(meq/100g¥. 1)
L Ca
(meq/100gi 1)
Z#¥ENa
(meg/100g% 1)
SLHBHEK
(meq/100g¥ 1)
A 4 g

Chlorite(HE %)
Sericite(E= %)
Halloysite(BE %)
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1 SAMHOWEY - (LFEaEE

Samplel Sample2

2.432 2.466
35.8 27.1
1.6 2.4
1.656 1.498
1.267 1.232 -
52.1 50.0
38.9 26.6
9.0 23.4
4.10 4.03
6.9 6.6
5.0 4.7
1.9 1.9
396 389
7.9 13.1
8.2 13.0
3.6 6.0
2.4 4.5
1.0 1.3
0.9 1.2
104 99
Al 0.7
fFEH AR
A A

SiO,(AE%)
ALO,(E&E%)
TiO,(H&E%)
Fe,0,(EE%)
CaO(HE=%)
MeO(H=%)
FeO(HE%)
Na,O(HEE%)
K,O(H&E%)
P,O0,(H&%)
MnO(E2%)
H,O(+}HE=E%)
H,0(-)(H=%)
FiHEE%)

ARG RE
(mgC/100g%z 1)
AREEER
(mgC/100gFz 1)
K F B (C/N)

ROEHE
(mgC/100gFz 1)
7IiVEE
(mgC/100g% 1)
EHRLEE
(B2 %)
LEEHHAA(HE%)

HYBE
B

Samplel Sample2

68.62 67.28
13.68 13.80
0.23 0.30
1.06 1.28
2.25 2.40
0.67 0.97
1.11 1.22
2.78 2.63
2.69 2.49
6.05 0.06
0.06 0.05
4.51 5.20
1.07 1.48
98.78 99.16
43 120
2 3

22 40

2 8

<1 5

4.7 6.7
STEAT 62.5
41 109
0.84 0.86



%1

60C0
60C0

60C0

SSSI
SSSI_

BSSI

137Cs ’

137CS

I37CS

%2 1HRHETEMUL-BERERVHROFABRICE T HRE

TR

mli/min

25
80
160

25
80
160

25
80
160

log(Conc) = a + brx

log(Conc) = a' + b'* x
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2.581
2.550
2.627

2.590
2.556
2.634

3.006
3.074
3.050

b a'
-0.004248 3.655
-0.003045 2.539
-0.002389 3.148
-0.003851 4,147
-0.003068 2.813
-0.002786 3.144
-0.003870 3.932
-0.003063 3.346
-0.002100 3.935
(x = 0 ~ 160cm)

(x = 160 ~ 245cm)

bl

-0.007740
-0.000473
-0.003416

-0.009833
-0.001757
-0.003426

-0.007246
-0.001720
—-0.004942
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%3 HTEHEOBENBNEAZARESTHEEL BT NI A~ I1E

(BIKER T 58BR)

i il Reaction Dispersion  Dispersion Water
ml/min Constant Coefficient Coefficient Flow Vel.
k1 Dcx Decz Vm
0Co 25 .63335E-02 .3319E-02 .5007E-03 3.75
*Co 80 6771E-02  .1713E-02  .2807E-03 12.5
0Co 160 .4969E-02 .6888E-02 .3427E-03 25.0
8Sr 25 .6153E-02 2974E-02 4931E-03 3.75
8Sr 20 .8152E-02 .2240E-02 .2845E-03 12.5
891 160 7076E-02 1798E-02 .2612E-03 25.0
7Cs 25 TT22E-02 1513E+00 .1339E+00 3.75
(¥7cs 25 .1200E-01 4942E-01 .3876E-02 3.75)
137Cs 80 1777E-01 .1583E-01 J1344E-02 12.5
137Cs 160 1202E-01 .6168E-02 .2417E-02 25.0
©Co .6025E-02
&St J127E-02
157Cs 1414E-01
25 .5508E-02 .1424E-02 3.75
80 .6593E-02 .6363E-03 12.5
160 .4951E-02 .1007E-02 25.0



x4 WEBED
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WMENRRNERLHESTNESA BB ST A -TE
(o — LG LB 565

v E Reaction Dispersion  Dispersion Water
mi/min Constant Coecfficient Coefficient Flow Vel.
k1 Dcx Dcz Vm
°Co 30 .3888E-02 .1219E+01 .3376E-03 3.75
80Co 100 .4787E-02 .4369E+01 .2914E-03 12.5
0Co 200 .8314E-02 .3233E+01 .2238E-03 25.0
855t 30 .3663E-02 .1526E+01 .4600E-03 3.75
881 100 .3713E-02 .3638E+01 .3138E-03 12.5
85S¢ 200 .5881E-02 .3274E+01 .2175E-03 25.0
137Cs 30 .1810E-01 .3064E+00 .5460E-03 3.75
137 100 .2209E-01 .7082E+00 .6324E-03 12.5
137Cs 200 .2152E-01 .5315E+01 .4839E-03 25.0
%Co .5663E-02
85Sr 4419E-02
137Cs .2057E-01
30 .10173E+01  .4479E-03 3.75
100 29049E+01 .4125E-03 12.5
200 .39407E+01  .3084E-03 25.0
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log(Dz)

20r

1.0F
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Dz=.00005
Dz=.00060
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