JAEA-Research

@

REBITFHHEETILICE TS Ra DILRIRRDIRE

Development on Coprecipitation Model of Ra for Radionuclide Migration Analysis

=H & FHII =
Yasushi YOSHIDA* and Hideki YOSHIKAWA

HJE AL o3 it ST R S ERFT

BEBBITHRIIL—7

Radionuclide Migration Research Group

Geological Isolation Research and Development Directorate

March 2008

Japan Atomic Energy Agency | BARIRT AR FEEE

—
>
[T
>
A
D
7p
<
o)
-
®
-




AL R— MIHARFEF AT IEREI R E NI RIT T 2R REHE T,

AL R—bOAFMNCEEEFAICET2BEVEDEIE. FTiEd TIEBMuEaEbE FI W,

BB, ALUR— ORI HARE T IR R — 4 X —2 (http://www.jaea.go.jp/index.shtml)
KORFEINTVWET, ZOENMENENET IS RERE > 5 —"TIIEERICL2EEHM 217>
THOET,

T319-1195 FIRIFARETER ATHERT 1 7 F AR 225 14
B AW FEBAFE RS DFFEEART I B A e i 1 ik
FERG 029-282-6387, Fax 029-282-5920

*T319-1195  FRGRIFACEER AT A 5 AIR2%H4 AR F- W FE PR FE A N

This report is issued irregularly by Japan Atomic Energy Agency

Inquiries about availability and or copyright of this report should be addressed to
Intellectual Resources Section,Intellectual Resources Department,

Japan Atomic Energy Agency

2-4 Shirakata Shirane,Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan
Tel.029-282-6387, Fax.029-282-5920

© Japan Atomic Energy Agency, 2008




JAEA-Research 2008-015

EREBITIMET VICBIT 5 Ra DR B 0K

H AR D FEBa JEtkts g /Loy i FEpa S 58 MY g ALy BAR A SRR JE =~ = » |k

HEORL H)I R

(2008 -1 H 16 H=z#H)

Ra MO LRI E > THIUESUS T HBRIT, TERITHI AT Ca Hi & OIPLITEE L TI1E, £
NHE RS T2 F FHRAE S BRI T D & ORE TET MMERTHE 78 ST,

AT, IEFEBRIC LV B ST n R B L [ER O Ca/Ra fFEL (B/vEL) A H7e
WA H LT ERIGIZ & 5 Ra /3fid bt & 3 BAR BT L TRBLT 2 0l E 7 L & 12
ETHLEbiz, BilE LTRAKRIE LR pH (FRHP)H T /KIS HIBRAK SIS I 5 45kl
B DOWGFE L2 R LTz,

SYBCERER DGR 2 5 & L TR ARCRIE TR pH (FRHP)H T /K BUGIBRAK D &Iz B0
T 4n+2 RIEFED N LAY 7 036 ORFERBATR 2515 L 7fE R, 226Ra D ALY 75
DATHEN An+2 I TR G E L RD ZENRINTZS DD KLY 7 Db ORZFE
Db L 185Cs DR 25 43D 1 Th o7z,

REBRBEY A 7 )V T2 9e T (BEAE) @ T 319-1194 JRIR IR ARFIER s gk A4 4-33
* RS 4E NESI



JAEA-Research 2008-015

Development on Coprecipitation Model of Ra for Radionuclide Migration Analysis

Yasushi YOSHIDA* and Hideki YOSHIKAWA

Geological Isolation Research Unit
Geological Isolation Research and Development Directorate
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 16, 2008)

A concentration of Ra limited by coprecipitation reaction with calcite used to be
estimated by a model of distribution assuming that constant mol ratio of Ra/Ca is
preserved in solid and liquid phase. However, according to experiments of
coprecipitation, it has been revealed that mol ratio of Ra/Ca in solid differs from that in
liquid. This difference of ratio in solid and liquid phase was evaluated by a partition
coefficient.

In this study, a partition model was established to evaluate an effect of coprecipitation
of Ra in calcite with a partition coefficient. In the model, partition coefficient was
converted to a distribution coefficient and the effect of incorporation of Ra was
examined. As an example, this model was adopted under a condition of pore water of
bentonite reacted with fresh reducing high pH (FRHP) ground water and a converted
distribution coefficient was conducted.

Release rates of 4n+2 series nuclides from engineered barrier with this model were
also calculated. As a result of calculation, release rate of 226Ra was largest in their series
on an outer surface of engineered barrier. This release rate was more than one order

magnitude lower than that of 135Cs.
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£ 2-1 4n+2 RIS OHH () PITFEH, year
246Cm(4.73 X 103)—242Pu(8.87 X 105)—238U(4.47 X 109)—2341(2.45 X 105)
—230Th(7.70 X 104)—226Ra(1.60 X 103)—210Ph(2.23 X 101)

2. 2 BIEECIBLoNZMEA

B HIZ 3T Ra OIREEIT S O Ra EMHOEMIC LV ikESH Z L1372 < \Ra &1t
FHHEPMEO B DO LT 5 EE 265, RaZHVIATLZ E CHLNTWVWDHIK
JiIE Ba & B T REBIE-CHIERIE & OIL 4 THY (Ba & RaBN & b7 AN Y THEEGEICHE
THY ., oA F L ERMMLE > T D720, Ra id Ba OFEFICESEVAEND, L
L. B535REICEVT Ba ORBEE-CHMBRIESFET 2 Z LIRS LTy, —7,
Ca Z G Lo IRIBIE Ch 5 FRAIT —MRICH FTRE CEEN R SN TR Y, £72, LORE
THIUF /KIS KL OMBUKL RIS 8 A 5 2 5 FHERIME L TEZ N TWD, HFAITx
9% Ra OHbGIE, Ba O & T2 O IAALEE XKV O O, Gnanapragasam
and Lewis?<° Yoshida et al. ¥\ L ¥ EBR TOIEIEIEDHER SN TV D, LIzd-> TSy
BREIZHIT D Ra OREZFET ST A & OIS ERET 2008 %Y Th S
&%z%ﬂéo

IRk 5 Ra DR RR & € BIIZRHEE 3 D 1213 eE o kDD & v H 8T X —H
NDHWSENTWS, TE SRS IR richbbbansd,

D = (mol ratio of Ra/Ca in solid) / (mol ratio of Ra/Ca in solution) (1

Ra D IcHEELELDIZ DN TIE T EA DU 2 < L4555 HWHAAEEEZEZOND
73 Yoshida et al.IZ L Wl EESHTEY ., 06+0®Xm1&ﬁéo:®ﬁﬁf*5%%
WHZLIZEY RaDEEDDELARDH Z LN TE 5,

—J, KIC XV FHHZLT 5 12iE, BERT O Ca FERZEETZ2HERH S, BT
59 % Ca &I, EHFTOFBAGAEERLIVEHNTEL2HDD, RadD X H7% Ca LA

R DK E W ILFHE O TR R OYEHOEE A IEF IR D, HEAREOBE DM & K
ST D ETFREND, DD, EHTICEEND TRAELZT TIER<, ZOEMOFR
I D SN FF 5 2SI OFM S EE & 72 D, KD b B OERE F I3 d 2 Ra BV iA
A5 D@2 OV T, Lorens®IZ L V) 25 @ TH D EHEESN TN D72
DiEZ WD, £o, Rifi kY 25 B DA REZ RO DI, FgEA DR EREA VB
Th D, BT CaFERIZHOWTIE, ALFHEIROFRME R 2 E o a v 2,
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SELAERHMIT 5 Z LN TE D, 22T, RO Ca fFIERIT, W BREE DL Pl & 72
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ZEIZRY, 1k, MRERHMECHWON TE I E 2 — RIZL Y Ra ORI E 72 5 4n+2
+ﬁﬁ%@ﬁm%@® CEEHET D 2 ENTE, FRFERHICIIESUGIZ L D Ra O

SEEHET L ENTE S, A TIL. Ra OFfia L ok mﬁmkﬁ#@@m%r
%%0%@%%ﬁLtRa@ﬁ%m¢®%f%%%@¢%£ﬁ:~h R DT RIS
VBT D700, SESBOBMEMEEZRT & LB @MAMMﬁ%%%t#ﬁ%ﬁ%
Hraftv, ZORREE2EET 5,
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3. 1 &5 —%%y oD EAEOEH

SR (Kep) DHANLZ m3 kgt & T2 &, ORI
ch = VRa / CRra (2)

L72%, ZZTVRald 1kg EFHF O Ramol &, Crald Im3{A T D Ramol ETH 5, =
(1);5? VRa, VCa, CRaﬁcl:Ui CCa VC%‘?— k

D = (Vra/ Vca) / (Cra / Cca) 1)
&%, R@IZAMEZRAT L E
Kep=Vea/Cca X D 3
L70b, 2F 0, Ky lZEFHF D Camol &, AHEH D Ca mol & L OUtHEFBLIZ LY

SHETE D, LESELH TH D DI Yoshida et al Iz LV HESINTEY . (1.5£0.6) X101
L7 %, 1kg EFEF O Ca mol E(Vead) B L O 1m3 iEiEH @ Ca mol E(Ce 2OV Tkl
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&2 BRET 5 RIHAFT D, BRI EI L LT, BAKRE MRS pH HUT KBS BRI
® (LAT TFRHP /K] E PR3 2) 106 L CTHILAUG 2 Kep (TR L 72/ R 2 DL FISR T,

3. 2 FRHP FEIBEAKIZXT 5 Kep DWLBEAE

KB & VT Kep 28 H T 51213 1kg EFHF1 9 Ca mol F35 L O 1m3IEHEF1 D Ca DIRSE
DE LD, LLNICENHEEZRT,

2 WEY FEDIIBITDBEEMOMAFEICBWT, Na B h A N THDBH 7 =L
V1 O RAEREREIL 2.1%01 5 2.6% VEHEESN TS, ZOHREIE 2.35%% V5 =
LT BHE, kg Xy A MO HRAEAEIL

1000 [g] X 2.35+100-100 [g/mol]=0.235 [mol kg-bentonite]

2D b HEAORKE 25 BN IILFISIITHE T 5 LB bID, 25 85 D F A #IX 7
=NV RO GRADHRERBICLVIHET LN TED, 7=V V1 RO HEAD
PR EAEIIHE S TOZRWD RO A OW T, GHEIE D N L VB ST b,
FERIE 9L | HiEAIE 220 m DL EORIRICEICHFELTEY . £ Mg Mk
BFIZ250 A v (62um) BLFIZEAZTND EWD Z LD, FHiffa ORI 22
~62um OFPHEHETE D, ZOFERREZ FMRARKRO—HORI L L, A,
DHEMNE TRy BL Nz FEIZE L FEAER S TWDLERETHZ LI xR E D
PRI I T DA AR DRSS LN 25 B & ) Ca mOFERERIC T 5
FHEZHET L ENTED GEL RS L OMEERSR), FiR%Z 22um 83XV 62
m&ToHE, NUMNTA MIEEND HRALREEIL 5.44X102205 1.53X101 m2 g'!
L0 | RERAEERICHT DRI D 25 D Ca OF/VEIL 1.54X 10338 LN 4.34 X103
LB, XoT, lkg_y N A MEENDFRAD S B, HLKIRICHTFHE T 5 &1L

Rt 22 u m DA :0.235 [mol/kg-bent.] X 4.34<102=1.02X 103 [mol-calcite/kg-bent.]
Rt 62 1 m DA :0.235 [mol/kg-bent.] X 1.54Xx103 = 3.62X 104 [mol-calcite/kg-bent.]

LB,

LR B OSIZ T 5 2T O Ca OYREEIE FRHP BB BGH RIS W T TITE
HENTEY., 5.25X105 mol kgw! & 725,

PLE®D Vea, Cca BEOD Ol ZR@UZHRAT D & Kep ~DOFEAH I,
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RiFE 62 m DYH

Kep = 3.62X 104 [mol-calcite/kg-bent.] = 5.25X 102 [mol/m3] X 1.5X101
=1.03X 103 [m3kg]

RiFE 22 pm DRH

Kep = 1.02X 103 [mol-calcite/kg-bent.] = 5.25X 102 [mol/m3] X 1.5X101
=2.91X103 [m3kg]

Lt XA Mot 5 Ra ® Kalx Tachi et al. 19XV 0.01 & SN TEBY, KEN
22 um DOEAITBNTIXFDOMEOR 1/18 L7xh, ZDOZ Xy, X hF A FHFIZBWT
I, A D Ra lLYD AL DR S 1E, XV b A hD RalllERES L VIRV Z LR EN 5,
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Hpp T A =2 LB L7 Ko Z AV, 4n+2 RINEHEIZ DUV TREFERBATIRIT 2170
FRHP HBUKSMICI1T D Ra OBATROFEEZ1T o7, FHH 2 — FiZ MESHNOTEW %
Mz, BHRICEBWTIRY — A Z — L L7 5 0 T ABURRTER, U 9 — s X OWEE
el A B IE LT,

Hph T A =2 D Kep ~DEHOFHHIZ L VW . FRHP MB/KDOEMHFIZB W TIE, RS
I2L D RaBUVIARKES LV XV b A FOUEE SN RE <

Kd_bentonite + Kep = Kd_bentonite
ThHDHZEWRENT, ZOd, X hHA MEEAETLEEKICE VT, RIS
£ % Ra BtV iAB DN FD K bentonite 125 FALD & L, Ra OEWE~DITELIE, Kd bentonite (Z
FVBEST L L Lz, £, V= NEHBICEBW T, BREON A MZEER
% IR L OIIEIE DB % ZE L, Ra OEIR~OZELFHRIZIE Kp WD Z &2 XY
P L72, 22 TO Kepld 2.9X108 & L7z, 4n+2 BRI OBITEBq yrNZO0TD Y
P— IS KON TAY TAMUBER IS BT 2 0EE T v E AW E/BREZK 4-1 B
O3 lcENEIRT, £, ST T AV 22 HWE U F— g LOAN LAY
THOMABE R B DA REK 42 B L 44 122N ERITRT,

U F— NIRRT D Ra OBITRIZOWTIE, HREFAEZEM LB, K7 HFE
TR OMBL ML ZT 2707 7 A VERTHR, TNUBRIROWEREBITREZ R~ (X
4-1), —J, MSWIEIEE T MO TR BE SRR O 7= DI K53 D Ra 3k
B L. FFITKY 4000 FLARRIZ B W T OIEBITRITMEVME L 2o 72 (K 4-2),

X 4-3 LV ECET VA2 AW NT AN TAMABE R E I8 1T 5 226Ra OB TRII2HF
HAEIRIC BV T 4n+2 RIIEFRICBWCEWBITEEZ /R L, ZOE—27 135 20 THETH
AHMqul&@@/NLMJTﬁ%@%ﬁé#ﬁkf&émﬂb®ﬂ25 TD1 &R oT,

X 4-3 & [X] 4-4 ® Ra OBATERO #LH X 4-5 12777, £ 4000 4 F TIEOBELET V&
SHIHIEE T LV TIRIEZEIT WV, ZLIE IS 003kE 7 /L CTldf 10 Bq yrl TBAT

TR—FETHDHDIZx L THELET /LTI 20 THZITHK 4100 Bq yr1 O E—27 2R L,
Z D% L. 300 HHLIETHI 320 Bq yrt & 725,
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AT H Z L NTREL 22 B,

F 72, BRI OB W T, WEBAT & B U AR EE DB %2 2 E 3 HRRIC
I, KpiZ#tHE T2 ik, BEFOHEa—FE2Z0EFEHNDLZ LN TE S,

—%. Ra ZET DBERD Kad, DELET ML VLN HHEMDO K £ D KEWE
BTE, HERICE D EEN AL LN D Z &idevn, #il21E 3.2 T/R L= FRHP Bk D
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HILEE 8T A — 2 5 OBE BRI Kep 23X b A FORFE KalZ< H_XT/HE N
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