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Abstract

In the disposal of TRU wastes, 12°1 and '# C nuclides, which have long half-lives and
are soluble in groundwater, are important for assessing the performance of disposal
methods. Hence, it is necessary to develop the solidification method for controlling
leaching and buffer materials for retarding migration of nuclides. In the present study,
some cxperiments were carried out to understand the behaviors of migration and leaching
of nuclieds in artificial buffer materials, and to develop the solidification method and
buffer materials for waste disposal. The results are summarized as follows :

(1) Examination of solidification matrix and its preparation methods

@ Metallic and ceramic materials as overpack for high-level wastes are also apphcable

as the overpack materials for TRU wastes.

(@ Cements have been studied as one of candidates for solidification matrix.

@ LPD, sol-gel, and vitrification methods are expected to be applicabie to the

solidification of 291 wastes.

@ SiC ceramics is expected to be applicable to the solidification of ¢ C wastes.

(2) Adsorption experiments of I~ jons on natural minerals and inorganic ion exchangers
under reduction environment

(D Adsorption experiments of I~ ions on serpentine, serpentine containing chrisotile,

chrisotile, magnesium oxide, and nickel hydroxide were examined under the reduction

environment. These materials were found to adsorb I~ ions even under reduction
environment. '

(@ Values of ZPC for these materials are more than 10.

@ Diffusion rate;of '? C in clay is siower than those of I and Tc species. This is due

to the chemical forms of !4 C.

@ Isotope exchange of ' C in calcite takes place with adsorption of HCOs ~ on calcite

and its recrystalization.

(3) Examination of materials with retardation effect

(D Formation of insoluble precipitation contributes to the retardation of nuclides in

buffer materials.

® Mixing inorganic ion exchangers into buffer materials is effective for retardation of

nuclides.

@ Diffusion of I~ ioms in high compacted bentonite is retarded by ion exclusion.

@ Diffusion rate of I~ ions in clay with organic compounds is slower than that in clay

without organic ones. This is considered to be attributed to the interaction between

clay and organic compounds.

(4) Examination of halogen germinal layer

®Iodme germinal layer at Mohara is cons1dered to be formed by deposits of sea

Organisms.

®Holdmg of iodine in this layer is supposed to be due to the layer structure.

® Iodine in saline groundwater is present as 1~ ion.

@ The migration of 1~ ions in saline groudwater and brines in plutons has been

studied in Canada.

Work performed by Institute of Researck and Innovation under contract with Power Reactor and Nuclear Fuel
Development Corporation.

PNC Liasion : Waste Technology Development Division, Geological Isolation Technology Section, Tadashi Noma

* : IRI, Nuclear Chemistry. and Chemical Engineering Center
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2. BHEOR LALHEEOESVELLFERU T DRSS EDORE - B

2.

1 HEHIVECREZTUEEY CET2HE
2.1.1 Fr=RF—RF—r—)y Y

HMTARETTOIVRPRROBESEL WL, Fyr=2F—F—N"—ry
PEBEBOBRBEBLETLZLHUES2OFETH D, ThbiCETHIHEITEELLT
BUANVEERRHEL L THRESATNEE, TRUEEN~OBHELIELEZD
DD TREZRIT- 7.

FAY T E SMAILOS b V' 38, BHEBASHE LML L TEEAT TORBHMO
BREBRFHLTNS, BETIEFEYF v+ =¥ —2BEL TEET TRE2TV. &
PHZ IRk b X358 (fine-grained steel) 2BATEOEEME2RBBLZ. TORERE.
H2Uzrnd Lok, HBEALHS RUMBARCHLTHLEGF Thok, TORBRIVHE
BILRBHIZ 00 CT 20mm, 170°CT60mm OEERHNIT 30 EZRETZBZ 22
Zbhiz, '

_ 400 '
E brine I: 26.8 wi. % MgCl.
o \/S = 5 mi/cm? U 95%
S Wi r=ge L=
£ ]
2 200
g
2 100

0 400 800 1200 1600

Exposute time t {d)
300
T brine 1: 26.8 wt.% HigGCl;
% ¥/ = 5 mi/cm? ues%
g wo{ T A
E .
2 g
P o7 Les%
2 100
= regression line
-
0 el
0 100 200 300 A00

Exposure time 1 {d}
2-1 Thickness reduction of fine-grained steel in brine 1 at 90°C and 170°C



PNC TJ1564 95-001

M.B. MCNEIL & * {X, $iRHESOERMEIC OV THRFL TW3, MIIR 221F
TEICHTARET CTHAEMERE TRREOMBERRZNEISRELZONATVWS, L
PL. BHICOE LG TRERETIEITFETERWVWL ) 2RABOBWBEIEZ 2BNIN
5., TOFREZRBETEHO L > RHEYRLIIBEOMERELELLALTNA,
DL RABRERETCERTIORHE LW EEERZREL T3,
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) 2.0 Stability diagram for copper in seawater at 25°C. _
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HEMIZOWTIEI PM. MASHEW &5 ® Bfet L TW3, avFFiF&y, /4=
VIMEGBEES TR LHOT NNy JEAPERTAIMLERDL S, LIL, Fh
THEREEIZANEL, 25mm OHOESTHOR L L350 FERRESL I LHES
(0 ral

Y TiX. MAEMIZENZET I v 220 TRHELTWS, ES40mmOET I
v 7 ORBEF — =8y 7 EfEoTe, 280 ~ S60kg/ cR DA IRME AL 2BFHTH B
#. BERFY—REANCEZ0VEHNPEDOL — L FERREFER L THBLLT
w3,

JC. FAMER b iZ. @i, f&&. =y s vEd&, TAI=ULAFHE, SUSINM,
EW%M®%v&w%$%%zy%fﬂkomrﬁm¢f@%ﬁﬁ%ﬁﬁbfmé(ﬁ
21) o AFVVRARLOWTRENEEREOBBELN 23 RT IO EOEERD
B, ZOMOMBOBFERMIEDTLRN, Ek., KHEBEOKEIZONTIE. DW.
SHOESMITH & ¢ L < REL T3, gL REM. SFLHde. X7 1L 248,
SV INEERVCF IV EF VARV THRER > BAOBEL R L =,
Fe 2 Cuid. 5Gyh OHERTLEFERPHATE., —F. EREZTRLHEELRE
TT2EbH5., 2vIvYUFLrOL i CBEREL. BLEOEL T4 NETI
10°Gyh L LOBRERTBOBHESBZ S, BRLRETHREOEBI#H4THS,
FEREELZBCL CTHEAH2ERXT 2RERTEROBSH 2 VRT3 S 5.
k. FHUOLIR, FHEBESIRSNIBELENL. ~NAFRADL DA
RPERTEIODD. TOX) CHABORBIIFERILERETH S,

BEDES5E, BVSVEEHMTRE OEBERELIIv 7 ETRESATHNE, &
BRI, THOOMEHZ TRU EEHIC O EA TR LIIHETHS, Lad, L
NVEZEATREOHGFREORBIIER SN D, =721, TRUEZEHOE (LEEERN
BRE ISR B LETHS 5,

3 -1 Relative crevice corrosion resistance of metals
and alloys in quiet seawater,

Metal or alloy : Resistance
Cu-30Ni-0.5Fe (CDA 715) Best - very little attack
Aluminum bronzes (CDA 613) Best - very little attack
Alloy 825 Less - significant attack
Copper (CDA 102) Less - significant attack
Type 316 stainless steel Pit initiation at crevice
Type 304 stainless steel Pit initiation at crevice
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2.5 T T T T T 1 T | T -I T
2-3 Effects of gamma ir- - /— Thickness of specimen .
tadiation on SCC failures of 2.0 i
sensitized Type 304 stain- i
less steel [Ref. 10]. Gamma E i
radiation promotes 1GSCC 5 1.5 = Gamma-ray Irradiation .,
in sensitized microstructure, 3 Dose rate 1.1 107 R/hr. |
T 10 =
=
£ J
Q
< 05 -
»
S ye No Irradiation -
0.0 46 4
. .
_0-5 - [ l ] 1 I ] | L I [ I 1
0 10 20 30 40 50 60 70
Time {day)

2.1.2 BEELH |
FEVAVERDIE A MBS N IHEHEL. ElHRiZary 7 -

R BEEENBEOT, BEOEBFEII LAY MNCBET 3 bOBBN, #oT,

- e PR
Mo e

2av 7 V- hRZOMBRAFTTO I URPRROBHHELRBE L . FOMOEE
iz oW TRk ETHRITT 5.

a. WhFHERE

DR BROWN L7 X, AV FESO I VRBEERENPRIN L. BREL2F 222

T Lo, BBIAT T AT IF (3C0 - ALOs « 3CaSQO4 - 32H0 ) #
=72 L., avEDE

Ca(l0s)® Cak ZTR L THET S LB TED LLTNS,
HEERAV T FEA L MTEEL I Agl LV IZREL2Z 2, Ba,

HSURBELIIFREETH D,

F* 22

Comparison of Iodine Leach Data for Cement

JoptNE HASTE Farm

Composites.

Ca, Hg®

SLAD.ALzﬂ «(a
Asl HollDsly | CallOyly | BallOgdy | Batl04), | BaliDady | I-Sopavite “03’3-123 0
WelGHT PERCENT lobing
It CEMENT CoMPOSITE ~8 ~3 ~8 ~8 ~10 15 1.8 2.0
foome  NICEL tcwp | ~6x1078 1073 Bx10°0 1073 w102 - - 4,7x1077
LEACKH
Bata b (ecrsszed| - - - - . 16010 210712 Le 2
Leacn Test Sravic StaTIC STATIC STATEE fobreten | lHoprrien | MopiFiep MopiFIED
1AEA AEA Palce MCC-2
LEACHANT Disviccepr | Disticeer  [Disteecen | Disticed | DisTinveds | Pistiueen | DEIOMIZED | DEIONIZED
HATER HaTER WaTER HaTER HAYER HaTea MaTeR WATER
TEPERATURE () 19-23 13-23 18-23 13-23 ~25 ~25 2% 38
TEST DURATION Y w0
{oavs) 5 % 23 25 25 5 e %
Rererence Burser Burcer BurgEr Burcer Cuark Forcan Barnes | CuRRENT
ET AL. ET Ak, ET AL, ET AL. ET ML ET A, WoRK
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R. HIETANEN 5 ® (2, AV b RRREOFHIEHTIa vHPRFBOEEER
RERBRRLA—NTF AT T T 74— REZACTHRFL o, BH24EFERBRER
2FF, FFARFS T T A—TRAFELSEHRRBRERFETIE, €A FTIY
FOKd=25~"77ul /g. RFEZH2000m /g ThH T,
DEPH T L3 REBEOERERTOLD LEL LN,

Ky 1

(rnbé ‘13I.CS

2-4

S HOGLUND 5 ¥ 12, ®23RFT LI, W Dh0E Ay bRV Y Hizon
TEREOREFERZEREL TW3, 3UVRRX, B250L5IT, €A NoBEEIH
bbod., FOSREIZKI=10 "ol kg BETHY, YU ZDOKI=10 *md kg LV
—HiE <, BERE LV EILR VREERDD LLTWS,

107

]

§
N
N
3
1 R
S
N
NG
01 NS m
RN %
N N
| NE _ N

A B A B A B
[0 egsregate + ground water

B

concrete + ground water

frassetay
Sl o

REOHENKIIZ. AV b

- -
RATTL

&

r3
24
oot

AT T, T S R T At N
R N R RN

i

2

aggregate + ground water equilibrated with concrete

Comparison of the K.-values of cesium-134, strontium-85,
icdine-125 and carbgn—m for concrete samples and their
aggregates by the batch method using natural ground water and

ground water eguilibrated with concrete.
A = samples from the Imatra Power Compeny

B = samples from the Industrial Power Company Ltd

3 2-3 Solid cement phases [l]

Type Water/cement % Ballast?® Additives, etc.
ratio

Standard Portland 0.5 52b -

French Standard Portland 0,36 15 <0.5% thinning agent

Sulfate resistant 0.5 52 -

Blast furnace slag 0.5 52 -

High alumina 0.5 52 -

Fly ash 0.5 52 10% fly ash

Silica 0.32 49 8% sildica fume +

1.2% naphtalene

a Quartz sand, 0.1-0,25 mm
Fontaine Bleau sand, <(0.3 mm
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102 - Am hip T

m?/kg

K
_—
|

102

umil
i
i
1
1
1

i
Srrerr——t
1

10-3

i 1 1 ) I 1 1
ANIONIC ML) MOND MOVY My MIVD

& 2-5 Ranges of distribution coefficients (K,) for the various systems
given in Table2—3 (The solid Ilines indicate the range for the
majority of the systems)

M. ATKINS 519 3, x> FEEEFO 2 VROEEFERCN BT OV THRE
LT3, EAY b0 a vROEREIZI Thd. TAV KPR a vHED
IRERE TS, TOBEIX. X2 MARER (H2WiEl) ~ORFPRVIALT
HYV., FhixRFo SO KTV A MNOBERITL-TRIZELZbhE,
oo Agliz AV FEERTRRETHY., AgBBITEHTI BEHT ALY
HBEZ LRRINT,

PEnXdlk, avERar 27 ) — MoEFCERET IR IS 28, £ 3HFH
TERWEEZOLND, RERIFEAIT WS, a7 V- bMEBRAKETAVEY
THOADTREBINY YV AOUBREZARL TRESHIEMIZHD Z L BD 2T,
Eh, trz, ar2)—heAgd LLTEELTHYEREEER L OLSFEHEKRE
TREHT A IRNEHDZLERESHI

b, BITEEE)

22— rHOITEOHREIZOWTIZ., A ATKINSON & 'Y % RJ.
ﬁmmlmaﬁﬁﬁbfméuﬁ%@\%ﬁ@t%ybﬁmw\%»?wﬁwﬁﬁv
MZOWTEAE-CHBEOILBEEZRITLE (K24) . ®FXF 7 (BSF) XAV
FAELEWEBEREETRLES, TORER2Y 7 ) - OERROLRIFRE
FohTnd, BERARZSOERZ V7V — b U A 2ANTI VEOBEHR
B, EREREEERDE (£25) . TORR. I UREHEERICL LS
S>THEHBEZS EFERL TNV,
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%24

Summary of experimental parameters for diffusion through concretes

(All intrinsic diffusion coefficients are given as Dy/10-12 ms-1,)

lodide HTD Strontium Caesium
D; o D; o D; o D; o
SRPC-mortar 9.6 02 (120 j0.16 | 06 |0.67 |352 | 44
SRPC-conc, 22 (0121 33 |016 1041|063 |1.86 | 3.3
BFS/0PC-mort] 002 | 0.2 | 056 | 0.16 |0.004| 0.02 | 0.07 | 0.56
BFS/0OPC-cone.| - - 077 {0.16 [0.032|0.14 | 0.13 |0.44
Lime grout 110 [ 0.09 | 263 (028 | 39 [ 032|184 |0.i8
3 2-5 Iodide Inventory Scale-Up Results
Inventory Leachant ANS16.1 Test 2 Static Test
4] L1 De(eumy fcm/s)  De, (cm”/s) -log De
0.5mCi/L G 7.47 £0.63  3.85 x 107 3.54 x 1072 7.45
GH 7.54 + 0.62 2.93 x 10_B 3.91 x 107 7.41
5.0mCi/L GH 7.43 + 0.64 4.60 x 10_B 1.16 x 1077 6.94
GW 7.63 £ 0.99 3.85 x 10_B 6.25 x 10'2 7.20
50 mCi/L GW 7.56 % 0.64 3.20 x 10_B 5.20 x 10'a 7.28
GW 7.56 = 0.60 3.69 x 10 4.31 x 10° 71.37

ZoEoR, aVEORFELRA 7 V- bR TERVWRBE, 22— %
BETT DL BB EZOND.

c. BITEBEXETOM

FVROEERBIIFT-oTWARNE, a7V —h2HELTEBOBHEHZ 2
BFEiznw<SH»H b, T.NISHI 53 F, 2 2IFFv 2R %FMzdz2ick
VIRBORNESWR LY, ZEEORDOBEDLEFIZL Y, KEEERETTS

Evng (26 .

Water/cement ratio

Total porosity =

0.2 0.4 0.6
0-6 1] I T 1) 1 i J
" 1©0rdinary Portland 5
0.5F cement .
®latex-modified /
0.4k cement
Eqg.(3 7
0.3k Ed (3)

s
i

0.2

0.1F

L 1

Egs. (4)and{5)

50 60

30 40
Water content in the fresh

cement paste. (vol%)

70

_8_

2-6 Relationships

between Water

Content in the Fresh Paste and
Total Porosity of Hardened OPC

and Latex-medified Cement.
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EW. MACDANIEL & 'k, OPCEt AV b, 7954 F v a2t A bRV
BESE Ay N2 ¥ OBEEHEZRML TNB, Tk, BMHLLTT #0V v 4
Ry A PEDOWTHEEML 2. FNHZESRICHLTEHRH DB, 77
XFVLACHULTEBLEHRY b ol 77 XOHEBFLEEWIER TIZBFS &
AV EBPREBKREDP o7z, TOREIZRF IR OEHRA T OB L ORELEE
z bhi.

A. ATOKINSON & '3, A Y b OBWAEIEOWTRHLTWS, EXAME
(L1 (L5280 12 12 CaO-SI0AHL0 ( CHS) D# v THh D, OPC R BFS & AY b0
PHIZWOSULELTEEORSBE TRETFTFERLNLDIEEZLND., —F.
PFA ( Pulverized Fuel Ash) Tz pH=9~ WO IZETTI3HEELVEZLNS,

W. HEAFIEID '® (3, £~ MV v 7 206 OBBOBRBELE>VWTEFRL TY
3. < kYU o2 RCX Polymer Modified Cement ( PMC) ., PFA Cement. BFS
Cement. 2BORY~—¢ L, TOEPR. Vb FAbOE I REDORELMI
DONTHBH Lz, BRIEBFS/OPC~ M v 7 ABTIF /A FEFLTEL LW
BRBELNE.

Plokdiz, 2v 27 Y—EEOHRRDZOKEEHFEOITRIZTEA T S 25,
FIURPRROBEEZHRFL TR IV, % Z0X5eT=graenizel
B R ERETT OMLERDS ).

2.2 $RETE-BItE#HICRT#E

2.2.1 2 IBEE/LABER

Bt e VROLE - AL L THERN S TWI b0, RV I IHHWE
BHETAIFRIVEEL LT, baVWidfioBgEEE0a vty e L TEELL L&,
WY by 7 ABCTEIEL., BBASTIFESDS. LrL, BEEE TOH
Eiz k., 2B VIKERBITHOKBRICEML LES. &b DINEKE
BRHEh, IVREREHEOBNTI AL TERTDIZLERLGP LR, T
DT riF, BREMIVRZESEOIAVIEHEEEL TH., ExXtEOM T KITEML 7=
BE, BEHMNRESMSELNENZ LERBLTWS, i, £ OXRZBLMOER
AFVEBREADL A F VEEEERAHER. REBFELRVWZ 2EZHOI LR
o ThbDZ iz, HERMINTWEL) REREOaI VB IIEE - Btk
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i, BEEHMIZAEYTHDIZ LERLTWES,
IhbORBBRRZBHRTIFELLT, BHE - BiLFE2EHMICHTRKEEML AR
WESKRTAZEBETFLND, FO—D0FEE LT, RERVEETE LSV
HHFATEGEZHRBTIZLBE2603, LaL, BB, Btz a
HIZARLVEBEBTA DI, GREOBERBYVI VG IACEETILERSD, 3V
b BERL TLESFREEESD S,
ZZT, BRTVIIOEHENRY I ARERTIHENRD ORI B, TOFE
& LT, #FEHHE (LPD=Liquid Phase Deposition) ¥ & YL « FAEBETFLH 3,
PDlEofilc. EBAd 28T AT HELELOND., 2O LT, AglEH T
RS ETDRAA VERY T ABET RS,
1) LPD&EOm@MA" 22
a) LPD¥2iX

LPD i, SiO: B BEFCRBICH D74 7 v{bKkFEE (HSF) OKERET
(30~35C) KEHMERRL. BRANGBEND L ETRE~ BT IBET
RET DAY NV [Si(OH) ] % SiO: BEOBEHEBRECFET BN TH 3.

LPD i3, HRIE< OWRTICEH L BRT 5L T, LOEEI SO BWEK
B2 L BTEAERNE D —F 4 Y FET, TR, ETIv IR, FTRF
I ~OBEEANFTRETHY. POZORERRIZPLLLT SO EXELRE T
EEREME T, R26ICMD SO a—F 4 BB OREBETRT. MORER
HECOMBEERZLELTI0RL., BEERTRERMETHIZ LI 3,

F26 SIa—F14v4
7 o o4 A ffr B £ # |&B E|# =B

# SH+CO+H, 400~ |

CvD
B fib §50°C

200~

73 x=CVD i N
FA=T o ## SiH+N0 00

Fa4 oy U a s (Ofg-:;::OH 5;‘;1’.‘.‘
HRE A 2 400¢C
HeksH 400C
it ~ | Sina

1000C

LPD& W B
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b) SiO: EF AR
LPD B0 EBE 2N 2-7i273. iRl 7z L % ik LPD i Si0: 0B aFIthEE

phaly i J /J'?::f-ﬁ’.g
= B H— (EiB~40"
Si0e8 <l . H -
=0 Sioen 4
— ] 3 1] —
R e /s £
—= et
—-:-: [ sf—— b
skl [~ RIEE
(H2SiF)

27 LPDEEER (BE)

LEFRE~OBITFLFIA T8, ZoBRERKERZ, SOE (b7
N) ZHEFIL = HaSiFs OKERIZ. FUEE (HBO:) H3WETAI=V AN
(Al) B EOREEHALENT 52 LIk D BOND, UTiE. BEELON
T 3 SiO S FRIERE R IR 2 7R 9

HsSiFe + 2H.0 = Si0: + 6HF (2-1)
HsBOs + 4HF = BFs~ + H:O* + 2H;O (2-2)
or Al + 6HF = H:AIFs + 3/2H: (2-3)

Thbb, SO OFMEXQDORKIEE2EOFA~BEHSE, RUBDIVZ
TAI=TADEMEIN QQOBFHFOHERZ2ELR CDORE2EOCFBHIC
BEEZED, BRELLT, HBO: 53T AIOFEMICE Y., SO BTN ERE
REN. SO DFHEBHEELLEZONTNS,

ZOBE. BRPRIFELESO ikaus RISV (K A8 N Si(OH)) &
LTHEEL., TORESE - Y VME2BTEVETEIHEEL., ECHEELE
SiOH)s XV HAREEESTAZ LITE D, 3RTHLSIOEREREINALEZI LA
TWd.

LML B X D SO AR END L5 L. ERREEE HBOs 3\
Al OFMEOEN, ¥BEELERLLBVTEI RDZ3FITTHS. M28L 29T
A0 HsBOs BRE R E LMHEEOCEFRET T, T0 LT, HFmHBO: &, &
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HHEEREELARFTHY., Zhb2EUCHET it FrHEER
250~ 500 A iz B L RETREE 2 B, |

300
=
~
. .<
£ o) —200F
-
=
200F 2
o
Bes o
& c
c 2
S g % 100}
7] Q.
o 100+ &
a- )
D W
0 Wt 1 1 i 1 1 0 :’: [ | ]
20 22 24 26 28 30 30 35 40
HyBO; {x 1072 mol/iggiion ' Temperature [(C)

2:9 r N ;.
= o.n - s dded HsBO fity ot . Temperature dependence of deposition rate. 2.4 % 1072 mol/l
2-8 Dependence of depasition rate on added H,B0; quan L solution HzBO; was added.

c) LPDEIT k3 SiO: HOHEE
O bEE
FABIVOMESR S 2R THEERPEL 2D, BOTHLEREESERE
h3d, H210RUR2TEEREMECIVELLE SO ROLEERZ =y F 7
HETHEMLEERL2TT. Zhib, RERICBWTS CVD EIZ & 5 Si0: &
CRSOBRERZFL, BERTAZLICEVASNy FBIRLDIbVOELOE, BF
HTACESZ BB, ¥, BRELOVWTLRERZEmMETL,
LPDESIOERLETHIZ 2HEbP 5.
@ #® &
XBEEROBEIPL, WHEZFFERE SO ETHD I LBERESLTWD,
Ll B2 FTHRARF A2 b (IRRS) 2obbrdX 5T, D
SiO; B L B L T, ERBHRRLF oL S-OFEE LY SiOSiFEAI LV E
BEhTw3, EEBHEBREREFSORNI 220, R ORRAL b
REBRBIEBTFHEEIND,
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§ )
I® it HF (46%)  24m
~ HNOa(60%6) 1le
1 UH00 e -e00ml
2000
.g .
E=]
53
[ ]
]
'._EA
UJ -
1000 |-
. PR ggFulzgdeilica
1 2 .3 .4
Etching Time (min) (22°C)
o : _J
210 BROFBEICL VR L SIO RO

TyFUTRE

=27 RESOEEONME

Wi (REE) B £ ToFroslL-b

(nm/s)*

CVD (400°C) 1.43 ~1.46 1.0 ~2.5

5 X= CVD =1.46 0.3 ~5.0

(300°C)

B R/ vy 71) 1.46 0.38~0.52

v 7 (600°C)

rf 239 41 &) 1.465~1.,483 04 ~1.2

(450°C)

EB #7545 (400°C) | 1.464~1.476 2.8 ~3.3

hEE{E (1000°C) 1,462 0.2

_LPD (35°C) 1.43 ~1.44 1.3 ~1.5

¥ P-roFiRickaEERZRERLE

@CVD  1000A
@Dipping 1410A

(3Wacarn evaporation 1400 A

LPD 1380 A

2-11

BROFEECE YIER L SO BORARF R~V I (IRRS)
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d) LPDkOHSHEa vFRBLE~OBERE

Bk, Bt a R SRV VA, EFETA I, BHREI T A FEICAgL L
LTEETAFEARFTEhTWS, £Z T, LPD®OERAEL T, 3 vERE
E%H%Eﬁﬁﬁiﬁébtfﬁ\ FOBEIBEOERRZ SRET—F 47 T3H5ER
EZzbhd.

I OFBEORREMN 2 FMT S D iTid,

- B REE T SIO: EABCARECER SN,

- SIO: JEDOTAENT, Agl BERBETICELL2WRE I,

- BONAEET, BB HESRFETE S,

BEOWTRNT BUES DS, |
2) Y FABOBEED 2P
a) YN FAkL P:fc

SN ki, BEPLIEFEL. (LEYONMKSE - ERARISI L2BRO
b, SNOFNMMEOBEERET, MBAEIZ XY, HAEESL TB{LHOT T
A2, T IvIRAEABRTEIFETHD. HEEOFTABINZEETIvIZADE
B, BETABRL THEBT I, BBRCXVFTEO TR 2E T 240& - B8
e ARTAILICE Vo TWAONL, HEMERTART 5 L STH L2
B, FORD., 2OV FAEr TERESRE!I L bEbhTNn3,

SN FUBEOHBERMESY L L T, EEE&BT AV ax v FERIELOL
BH (TEFATENF— b, Vo U BERSEELTLT5EBEE SAN
LBRTWB R, Toflic,. Bkl WHEE. B loBB e LRV,

b) Y- FAEORE
Vs FNEOREL. LTORY ThHD,
- SR RBREILICLY. FITRARERELEEL TRAPRENVEETSL3
ZEBTESD,

R T IvIRAOBEREBEEE TSI LBTES,

- EHRAFRTIE. ROEHBITEETIZENTES,

CWBIOETI v I RAEDLL BT LENTE S,

PR T RERRET I v 7 ABERL D B,

s PEROY T RABEBETRELNRWHELWEROY 7 X 2/EHL 5 3,
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¢y S FAEILEBVY LT AOER

VIATTRAEERB TNV aZ Y FTHETABFAZERELT, Y HF
BIREXVERT 2 FEOBE LK 212125735, £, KExFATFAa—NEH A
BxFAERBEELTH—RERQ 2HMTS. KEFABxFAre2mksETS
EHDLDTHY, TFATAI-VIEETHD, COBRKEER CHET S 2
MAKGFEEMARIGHETL., BRIEIELCLERROFAVIZRE., ZOX M EE:
FIHETE L, KEIFATAI—ABEEL. B)DOL5RIEELERES
nNad, ZTOEEEZD - DMEL ., 1200°CTHMET AL VI HT T ANEL

na,
lf‘ﬂ/ A BETF 72—kl
T _
PYHHZA
47 %W’ 4%’ - ~ e

i R - 1200°C Bhses
@ (3) (@
®212 £E7AIFY FOMKSE BAREREICLDY YA (80) HFZ0

EREREOEEREY

DERAREFagRIRBNT, FAMBIFNVERKROTRT IS, MAKSHE - A
WERWZEZL., 3RTEBEE2ERT S,

(Mn7k43#E)  nSi(OC:Hs): + 4nHO — nSi(OH)s + 4nC:HsOH (2-4)
(E#ES) nSi(OH)s — nSiO: + 2nH0 (2-5)

ThEORERE. CEERBELEL TV bOT, FISEELRT 0T
vy, ERIRRSHIRENRRIFC LY 3RTEESTRSIS.

LLAT, YN FNETANITTAEREDIBEORMEAER. B2
3 (3) DEREF MESERF MR ET 3 BE. RUBES A EOMBC X - T
BEAY T ABCEL TV < BETEH < HRENE L Ths, = OMEALE
R BFREDNTEL OFERR Sh. LEEEOTLRROKOFE LS T
5 (Blzi2 HO)S(OCH)]=20 ~ 50) BEHH Bz L. BEMASHEOME L
RV BRORD Y CABOT VE=T RRMT BRI B LN L. BREEA L L



PNC TJ1564 95-001

T7#MALT7 IF (NHLCHO) ZBROBERICEMTAZ LBPHRNTHEZ
EREPLESoTETWS (R28BHB) , TORR, K&ERVI I I ARMEA
BHTHEHNAZ 2R BLRDLIERoTWE, FlE LT, R2THBEAR N
NI AR T RAERBOHRERELEREZTRT L EbIZ, H21BZA ALV YR

HIFADEREBIT S, FEBOERERT.
F2-8 STV ATFNAAEROEE

nE®

nRE

-

OHBERREFTOF— 1 7 L — TR

@ryy=7e ol d LTOFB Rabinovich 50

@F r3TA=FrIVvEYY AN

FRAHO ¥l

OmAS R - BEREOHE

@Rz (DCCA) OER

OEERREED BB OHER

Zarzycki 58

Scherer B!'¥
Toki H®

wig e
ﬁ& ro!‘l‘)
Wallace 57
By ¥
$ﬁ 5”)

FSIVR.BYAY R

2

7 A YA - AR
FAVH . a—=VIHR
wfa— 2TV

BHIEARE

B S SERT
FTAVA . 7)) FRE
Wk

WERE

29 NIULITOVIATIGEBEIUHSZRAEOSRICERLE

HFERROTIEHER
it & % (== ey
FrFAPFvys vy (TMOS) Si{OCH)). 1.0
XK Hz_o 10 .
AE )= CH,OH 2.2
SAFAT 2 AT Y (DMF) (CH»)sNCHO L0
TVE=T NH,0H 3. 7x10

(=) (b)
WEEE BRI
2-13

()
iRy

B T, HZAOEER

(@)

I AHTFA
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d) YA FABIEEBY Y ha—F 1 v T EOES

MK« EREARIEOR LIS D VRICEHZBERL. —EEE T & £
¢, EMERES S NVETEDN., FVEBMBTAES—RY TR a~-F 47
BHEEREN, DEVENEETMRATELRVWEM~OFFRa—F 17T
W FRVBEREY THL LBEINTND,

VIR a—F 4 o TERERT I H2R2RRTLILREGLES AEIZ =
—F AT LREWHBERRL, FVEBRNBLETE, 2-FT 4 I EOEXL,
BEIEL L LICESHICEMNL (K214) . BH03 X ETEE>»EITILE
wWa—F Ay S ENELRAZEAMbRhTWA, BERAKE L T,
[H:O)[S{OCHs)s) 23NV 2 H 7 R E{E2GE LRAFLTHIZEBEEL Y,

MBI REHER OB 2R 2-10IKR T, £, ZTOBFBREHAWEY Y ha—F 4
vIBERIEBIT S, BELREOEFROAERREZM 2I5ETT. Thib, B
B/ N OMER YEFTIH. BE03~ 035 mOESERENDI I L B3bdrD

4

O 1 st data set
QO 2nd data set

Film thicknessX10~2(A)
[y~
T

L 1
Q 0.1 02 03 04 05 08
(Withdrawal speed, cm/sec)™?

Bd2-14 5wi%eSiOz LM SO Si0; 11— T4/7E®Eé&
51 & LITEE DORS%
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€)

£210 SI0, A—F4 VS AEET LIS FEROBRE

Si(OC:Hs), 7 25 g
C,H;OH 37.6¢
H;0 23.5g*
HCI ' 0.3g

o
3]
T

{a) Pure Si02 sol

=]
W
T

-
"o
-

Thickness( pm)
o o
= B S ]
A
[l oW
.
HO$-O1
roY
o~
]
1
L.
i
s

o
—
T

=% ¢ 5 %
T w) with hpe e 9
3 0.4" "“F-
% 0.3 - @
o 0.3r R
£ - 2)
& 02f § o
& ok (-

0 5 10 15 20

Viscosity (cp)

215 S0 JIMHDSIO -7« Y TROEE & VILORE & OBR'
{bN33W¥EH hpe (e Vot v Fotnwro—-2) 2EMNU B4

Y- FABOREHE s VRECE~OBEAL |
LPDBERBNT OB~ LS IE, B VR, BRIV B, EFTL 0
SBRETTA MER Al & LTEETAFEBRM EhTWS, #2TC, A -4
NVEODBERLL TR, s VREELHEZERREL k. ToEEORER
SIRBETa—F 47 +30, "AZVIIFTTROFEERZELADZ S
BREL BB, |

YN FAEORRE, HEFEFBLEONTIZETESZL 220 b, B
EETHLEFEL THEITH AL, MAZEDIILBTERZLTH B,
RNV HITRAALRAD B FHEE L TR, SALLANVCENRT I EY B T,
BibEEZ AR AN LICEVAEELEL NS,
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TG OFEORREEEFHET 2 /2 HIiTid.

- o RBRE O SIO; JERELAEFEICHR EN D 5,

- SIO: BLOERRENC, Agl REBBETICERLRWIE 5d,

s FNAL L T JEOBERRBEIT Agl BSHERL 72V D,

- BONBEET. BEhfiZHEIERETE 30,

cBROBPNSLVIH T RABEERE LN DD,

- N7 FNAEOEERRFIC Agl BSEREL o dr,

BEOWTHRHTOLERDS.
3) #ofh
a) H7AE{L

1) BU2) TaRtekein, 1291 ER L Y AN T ATHET S HFEDN R, E
B1 T ALY BFELEL bR,

FORBLLT, BESYIRAL L THBIFESLTNIEAFVEELT T R
BEF LB 29, TRETHEDIMERENTNIDETALTRITATHY,
F OERMRIT Agl-AgO-MuO: ( MaO: 1278 %« DBE{LY) RN D. REWR
Ag*RBA A VBN T AR ELTICTRT.

+ B0AgI - 20Ag2MoO,

- 70Agl - 10Ag:Se + 20P;Ses
- 60Agl - 30Agz0 * 10B:0;
- 85Agl - 15Ag4P:05

INRLDOHF T ADERETHIE., ERNIRYT I AEROLEYM 2RSS, BE
FLERIZ X B 45500 ~ 800 CLCTHBL . ST 2 FEFHELNADS (41, K 2-16).

EMimes oy
" B
Eo o
» AZY—v
i l? '7"75'-—-t‘-—d“—
I

216 SHXMBIFLBO—F— L ZHETHBRAEE
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Agl DBRERRUBADPERETNS50CL 1510°CTHAZ &b, BRMEDT
—H D Agl BEET DI LB TFHEEINS, Fhwz, Rt vFoB/LERT
S7BIIX. FTRAEBREZHREL, JVBERETEHERLIBLIKTALNERLS,
TEDFIELT, S0CTERTIATVVARI T AL H D, TOMRBHRERZ
66.6Agl - 222A:0 - 11.1(0.8V205+0.2P-05) TH 39,

LEDOAgTROMIZ, FTVREZEFUOBAAVEELT TR EL T, KOEARERR
DHLOBHDY,

+ Lil-Li;S-B:Ss

- Lil-Li;S-P2Ss

- Lil-Li;S-SiS2

» Cul-Cuz0-P20s

+ Cul-Cu0-MotDs

- Cul-CusMoO4-CuPOs

Bh, BAFVEEETTIXZ2HLLT, avRZEALADIZHTFRIZo>NT
BTz,

b) SEHEEE A A L AHERY

BEEI VROBEENMEZENI. FILWEBR A4V RBERRITEIATNS,
EFD—2IC, BsONOs BHdH. ZDE&Mik, 4Bi(NO:)(OH): - BiO(OH) % #4y
BTBZLITELVEREND. EREGLBLNIZNMEH O SEMER 2 F2-112
M 217 R ERRT |

DAY (1.00g) QI A4 2 ORKIGHS Nal 3% ( 0.lmoldm ) % w
THESNTWS. TORREF2BLR2NRITTT. Thibh, BERSWEY
RIEBHEL Y, 0.05Smoldm 3D I A4 2% 9I%BRELH B2 L, ZhibEn
BEDOI Ak, $_ATRESRA I B3, T, £ERUERELRL S
ZA, BsOd Tholk,. Zhibh, KERTAF U EREEPEZDZ LEZLN
7

BisO:NOs + 1~ — BisO;l + NOs - (2-5)

ZORGCESZ, BsONO; A 4 RREDTHRERPAIRENE, TOBE
PRLIBRFT. Zhih, BRAFTUFBREEL LT, 082meqs RE> R,
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F 2-11 The successful experimental conditions of the synthesis of

ElgO-;ﬂOa
Heating Temperature/C Heating Time/h
1400 : 24 ~ 48
425 19 ~ 24
450 4 ~ &

100

50

lodide remained / %

—Q
13 68 9 i5 24

Reaction Time / hours

] 2-18 Extent of reaction, iodide remained vs. reacion time
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55 2-12 The results of the ion exchange reaction

The concentration of iodide ion /mol dm-3®

before reaction after reaction
5 x 102 2.9 °x 10-¢
5 %x 10-3 0
5 x 104 0

( The limit of detection: 5 x 10-7 )

3 2-13 The ion exchange capacity

The concentration The ion exchange capacity
of Nal solution /meq g !
/mol dm™ 73 at 50 T _ at 75 ¢
0.2 0.486 0.76
0.3 0.29 0.82
0.4 0.17 0.80
0.5 0.14 0.7¢

FEL. ZORBIEBWT, ERYICBOI BEASH. 44 SREISE EsE
FTRANWZ ERRBENE., . HOOs A4 L CEELVRE SIS, -0

BECHEYELRNC Lo,

BAEgR AT £ D4z, BisONOs 4V 5SHEIE, Mt s v HEOERLML LT,
KL X > TRAVLRATEEN DS, Ad & FH. BREE&TE. X
O IRTREZRITTEERDI . BMOREMEEZERL LEE. Kt
FURBEMAAEL TR, FELSLEZ2ND, £HEL. H2-9KEFRT LI,

Ad XY iX, BREESICBNTRETHBLELSY,

BisO/(s) + OH ™ (ag) + 152Hx(g) — S5Bi(s) + S8H20() + I~ (aq) (2-6)
S U N LN S Y
]03 HZO -0
-30F 1 _
— — - o = ’-20'?.‘
o o -20l. a " = =
& = T z %;‘ED 1 <
(A) :E' (B) -:E - '—408
3 = ok 2
g g EECEs "—": g
- FEaOz, ' 1-60
OF  Fe,0
] o]
N |0 L 1 1 1 Hz
-2 -0 -8 -4 -2 )

Ing.?l“}

2-19 _Caleulated stability limits of (a) Agl and (b) BisO.l as functions of pH, iodide activity, and
redox conditions at 25°C. Dashed lines represent stability limits of water; doited lines represent 1" {105
and Fe,0;/Fe;0, redox couples. Diagonal lines in (a) and near-horizontal lines in (b) correspond to
control of dissolved iodide activity by Egquilibria 10 and 9, respectively. Vertical lines in (2) and (b)
correspond to control by the solubiity product of Agl, and Equilibrium 4, respectively.



PNC TJ1564 95-001

2.2.2 ¥#YCEE/MLEDN

TTCE. RILMHRET Iy XGAﬁﬁ&I‘ZU%@AB‘Z&EkJ@Ltﬁﬂf\G)
“ax@%ﬁ%mﬁféﬁﬁ%ﬁm\ﬁk&%ﬁ%@ﬂ7iy7%&bf“c&ﬁﬁ-
Bt 2 FEOTEEIZOWTRITS. RMEBREF Iy 7 ARR2ZMURIFTTLIOER
B, EESEL. IERRRERV COBMEERRL S D LHFERLY,

FEo-14 RKEBORIEYOFH®

£ i Sic TiC WC TaC
® B (gfcm®) 3.2 4.8 15.8 14,5
B Ao ~3000 ~3100 . ~2700 ~3 800
i B (kg/mm?) ~2500 ~3000 ~2000 ~2000
H 24 (calig:"C) 0.16 (RT) 6.2 0. 056(265°C) 0.19(RT)
#4 {5 38 8 (calfem.s.'C)|  €.0B~1.2 0.08~1.1

- —=u il

RIS (1/°C) RTZ50000) | RI=8000) | @95ir | ST,
¥ v & R (kgfmm’) 3, 5~7.0x 10! 4. 6% 10¢ 6.9% 10 3.Tx10*
HT Vv 0.19 0.19
A E i [(Q-cm) 10-t 1043 ~10m ~10- 10741075
s R R ik, KK Ir * ~F, Ik h1d b3

1) RIEPHZRET Iy I ADORRE
— R BRI O A RBER 21ISITRTY . Thb0FEDNI L. REFELEED
AZRERBAYLORIGI LI RILBEREY. M COBE  BURFIFTE S
BEESDH D,

F 215 RLMOBLOERE
5 = FiE (Me &8

@ FiEEHTAPESEE Me (£FE)+C-sMeC
H‘"F't'ﬁ"{r':"if\.li?k‘,"ﬁ MeH+C—MeC+H,
(a) ik HEDR

B @ T?Eiﬂiﬁ Zq:'if‘l:t?ﬁ MeO+C—MeC+CO

ye ETeaER e

ol #oﬁm

1@ &mrE{KEEAR Me-i-CrH —~MeC+H,
B (iR HO NG Me+CO-—'MeC+CO,

gy | @ KEBTOGMEIA MeCli+CyHy+H—»MeC

LR{bkEEALEERE +HCIH(C:Hp)

AR = EDRE Me;b/b-i--—;b+H,-—~MeC

A ﬁﬁ; +(CO, Coh H:, :O)

Bz, RILT A% (SIC) OHEBHLIZBNT, SO L REFLLEETIHES
S REBORESDZH 20K TT IS BEEFEZBVWT, FEESEETS
2000 CTRIGER D, ZOBEES, RICRTERESEZDIEELEATNWS®®,
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Si0; + C — Si0 + CO 27
followed by

8i02 + 2C — SiC + CO (2-8)
or |

SiO + C — 8i + CO (29

Si + C — SiC (2-10).

Flh, SIBRERBEZAVIES. SCEHEREREREEEEET. 1400 CHi#Z
TRIESHBILRIVEHRENE, RILFAVRTIRREI-RL T Ty 2 0B
EME WadRNAOENTEEL., BREOFRBICAN, BHEXAFOLRED T
1,500 ~ 1,700 Clz i - BRS B Z LI XV ARENS, 20 L5 T, &BHB N
BRI L RE LS S TN L AT 5 HA, BE - BETOL) ZKL
WEHBBBE LR D,

RN { R 8 9
o RO | EIEIL
7 B ) U - |
e il
'"':.." GO
— Fa N '.‘.°.:- oy
11 == H Xt iz
H - t
t i hel e IT
H e, - 2 I4
rﬁ 10 ot &
TN
DR !
N o
B |
=S RRRY
o=
.-’
4
a5
e

1: SIS, 2 A, 3 FEayot—, 4k
Prbrol, 5 A, 6 ERSHENO, 7:38
CBAME, 8 EHBUERE, 9: EMEAY—, 10: R
ShiE, 11: B, 12 NIEBESE, 13: 85
B, 14: #ZFHF 2 b

2-20 BEREY B -SiCELEIF
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LROFEIVEVEETRIEIEERL 23 FEE e {bEsds,
ZoruFo gl FRETEAEOEREEBE v/ Y LRFREBTEAOCHEE
TTRES®E, RILWEBIFHETHD, ZOEE, YOrdk nuF i ER
REBRTIPPEELRD, B o /EPcBnT, #RET. LHLVEET
B&HEOLDRIRL, R2BETFT O RIEHIH D, . BRAL. TLhY

Fo-16 EkPOYERME
| B |#FE|RECC| & & (O
TiCl, 154.3 | 440 (5A2) | 660
v TiCl, 189.7 |—25 136.4
ZiCl, 197.6 | 350 (&AB) | —
Z:Cl, 233.0 | 437 (z5atm) | 331 (B#H)
v NbCls 270.2 | 204.7 254
TaCl, 358.2 | 216 242
CrCly 122.9 | 824 —
CiCl, 158.4 |1150 1300 (F.50)
I WCls 361.1 | 248 275.6
WCl, 396.6 | 275 346.7
ucy, 344.4 | 842 s
ucl, 379.8 | 590 792

&B. TAHYLEEE. FOMBRAOHZ bOTHNITEDLB TS LWA, B
2DRIGIKELEBRFAPEHRINE. Zo o BB L A3RIEFZ 048R
BEAIKTI L. BEFFURRERBLEL, BTALLTPb, Al, Mg 2HWN3E4
DEREBEREBEZRAF 12, R2ARFTESRA23°Y., 2hky., BrEsll
LT Mg BB ER TN E LB, Lisl. B 2ITCRTBIAERS ThBE
BRAAOCEAHOEE» S, RKIEHE 1,000 CTiTbilie#a, PCLIZIZIEEKETE
ETHH, MCh BRAETEET I EOREZEETIZLETFHREIASZ, —F,
AlC X 1827 CTRET 7D, TICLEFBIHBL 52, “hib, DEIRER
Tix, TiCh. AIRU C OMKBEEYEHBES LT3R FELEL RS 3,

RO X, thoEB Al bl THRIEL., BREA L OHEASER I,
HEBREFMRZEETRIEDEERL. BERDL LSBT 2 R8T L3 LEL
Hrhd,
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221 BFEUNLOREFEVEROBHRIRIILE—F(L

46° {kcalfmol)

- 150 R :
200 403 800 850 1065 1209

507 o

———
- —
- -
- -~

T -
" ﬁc:‘+m+c—'ric+zph

Tk, + A1 C—Tic= SArct,

——
-

2 = (c)

=217 BERPORSLBS

B £ K % - & (C) i A0
MgCl, 714 1418
AlCl, — 182.7 (RiE)
PhCl, 498 954

DEDMIE. BEET Iy s AREREBILAYMOSRELLT, E<AVnbh

TWBHFEIT

. BBES Akt (SHS ¥ ( Self-propagating High Temperature Synthesis } )

BHBON Y, Chit. KERERBEETHLEY BRERTL I LL—HR
DO, FTHROLEMRE) BLAT ARICKHT 3 RISRIC LD, FB LR RR S
e EERTEIFETHY. ROLIBFELDS.

LT B 2. RSREEERROEC. TLTHSEZANICAR

2T 55,

+3000°CEnD L) REBEROFETREERRESFRCELND. .

BB OIER IR T AR BT T 5,

F2IBITSHSBIC I VELLB{LEBOFE. R2-VICREHLERRIER 2T
3. TZRFRTESIC, FERMMLERL YD LS,
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=018 BEARTELNSLEWE

%
+ v
2
B2
54
il
w &

{L 4 TiC, ZrC, HfC, VC, NbC, Ta,C, TaC, SiC, B,C, Meo,C
{t i TiB,, TiB, ZrB,, HIB,, NbB,, NbB, TaB,, TaB, MoB, MoB,. WB
{k ih TiN. TaN, NbN, ZrN, HIN, Si,N,, AIN, BN, SIALON

it el TiC-TiN, NbC-NbN, HIC-HIN, TaC-TaN
it o) MeSi,, TiSi,, Ti,Si;, ZrSi,, TaSi,, NbSi,, YSi,, LaSi,
it & 4 TiNi, TiAl, NiAl, CoAl, Nb,Al

9Ti+2B+C — TiC+TiB,, 3Ti+B,C — TiC+2TiB,,

Ti+Si+2C — TiC+SiC, aTi0,+4 Al+3 C - 3TiC+2A1,0,,

it & W Ti0,+Zr+C — TiC+2r0,, 3 Si0,+4 Al+3 C - 35iC+2Al1,0,,
Si0,+2Mg+C — SiC+2Mg0, ?B,0,+4A1+C — B,C+2A,0,,
WO,+2A1+C - WC+ALO,

#2019 BEAMECIBIIEE LTIV I ROARRISK

Ti + 2B — TiB.
Zr + 2B =  ZrB,
Ti + C - TiC
ir+ C - ZrC
Ta+ C  — TaC
Ti + 0.5N. = TiN .
38i + 2N: - — SN
Al +0.5N, = AIN
B + 0.5N: - BN
Ti + H, -+ TiH,
Mo + 26i —+  MoSi:
3Ti + NaN; — 3TiN + Na
4Ti + NHiN, - 4TiN + 2H.
Ti + C+ N, —+  TiC:N»
Zr + N. + H. -  ZrN:H»
TiO: + B.0s + 5Mg - TiB: + S§Mg0
Ti 4+ Bs0; +3Mg = TiB: + 3Mg0
5i0s C + 2Mg -+ BiC + Mg0
2B:0, + C 4+ 8Mg - B.C + 6MgO
TiO: + C +2Mg — TiC + 2Mg0
B:0s + N: +3Mg — 2BN + MgO
Cri0s + 4B = 2CrB + B0,
Cr:0s + 6B -+ 2CrB. + B.0O:
MoOs + 5Mo + 3B —+ 3Meo:B + B.Os
Fe:0y + 4Fe + 8B -+ 6FeB + B0,
3Fe)0:. + 8Al —+ 4 Al;0; + 9Fe
Fe:0; + 2Al -  AlLO; + 2Fe
R MOO) =+ 2A1 + B - MoB -+ ALOQO,
MoO, + 2A] + 28 - MoSi: + AlLO;
3v,0s + 10A1 + 3N, -+ 6VN + 5ALO;
3Cr:0, + 6Al + 4C — 2Cr.,C: + 3ALO,
CrOs + Cr:0s +. 4A1 + 2C -+ CrC: + 2ALO,
BaO; + Ti0 '~ BaTiO,
BaOs +0.5Ti  + 0.5Ti0. —  BaTiOs
3Cu + 2Ba0; + 0.5Y,0,+ 0, —  YBa:CuiQr-x
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ZOYXIRBFHELOSHSEIR LD T I v 7 AMECELSHRFIEEZK 2221
., MCoBEORELEMNLLEES PRIBRLELET. KEDES.
BELEABTTORE - BR. KRR~ O—EE X EROFEEEA25,

-]

BREK
(BZ, FEEZER)

H222 HEARECIBES Iy Y ABRORRTIE

WEFTHAFELLT, B2 R LOBERIATNS, B20CFRLEELD
oo BARFHEERE BB LIEEHA ESND, FOBKEBERT S5,
YORRERER L DPERETS. BEAREL Tk, 8. AFLBUADE
BECBWTIE, BYEEETHEINETAIY, A Y AZORERTABENLN
B, “COBERARTIOR. FTEEIACTESHERDS. BEROWTA
B¢, BEZRALMBTHZ L2, BETEHEXTIH., HIFHSHBH/NAELT
ZE TR ACERANICREBEE 2VHER. BREES LY 3 LERDH S,

$0220 BEARICHTDIRENOEKSE
B @ = B M B
KUY R
FUrTAFve—8V yvTFAFvaLn
Y3924 be—%175 X<
HERAET 2 bo— W -
EEEE T - ¥

2) EARBIHRIELEERA~D CO: DEEHIE

DRz EdiiT, "MCE2RIPLLTHEE - B3 3iTit, Y CO 24 CleE
TTA3LERDHD, ZZTE. CO205 CADERBIZOVWTEEL., 14C 3L
%kLT@ﬁ-EM%%kb@EﬂKtéé#ﬁ%Téo
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a) &BE{LMIT L3 CO: &5t
a-l) VAZAMREREBR{LY O 12

JRAZAF (FeO) ®ZnO,. MnO ., CO: ¢ PEBILETERICELY., = /%
FA b ACXNBEEREBRCYOERERTDIZE2FIRT2HFET, 650°CTMAL
BELTHBLRAZVARZAMIED, 300°C-500CTCOIECRETHEEND,
TREAZLITICR~< S,

VAFA ML, VaVBSEEERIRPGICTRIEL, 8B T3z Licky
BFRHEhE, ThEBREERIEE (10mm X 300mm ) KERY, MERKHED TH
EOBRERHELEE., CORRE#HRL., ARRKEEOEGEZE L TRIGES ¥,
EHEIRRXFZEFICIVRAEL., BERBHORERERZ. TROWEBI LY
EEL. TORR. ROMEFBLIE, 300 CEBT 3RS TRIGERDES
BOPBREShE, TRITOHER. RISEORHL, LEERVRCEEL.
EHABSPICHIELIZ CO: DB BICEE CADHBREZ o TWnILEL NI,
DLECO DEERIL. VRAFAPFIRYVAENEDOLEMLS3E, CO: D
CADHBOBBENLE 2BICTT. KEATEHCRL LBORELEER

Decomposition(%)

TIME(min.)

223 Decomposition of CO2 to CO by wustite

CO:BIUCODPHTHY., CODHEIICO, C~LEMMICETTILOL
HEIh, XZREFOER., CO0MTHENT RIS MOY— 7 XHEL.
PITREFA MO - BBHNAZ b ol, RIGEER 400 Clc LIF3 KIS
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WERSLHIZEBIML IS, 600 CIRETLETE2ECOBCRETHBT IS
BZIbHT., CORETIRNHEESNLEZ. 600 CILRT ARISEORRNI~S
RXIALBEURZAL NOBEWTH . VRAFZA MBSO CULTREHMERHED
TLREBEETBRLE, M CRBWTCORETHHBLRZVWOIVYRAT L PBPEE
BAEBRL CO 2 b C~DOREHEE VI Bokit b Thd LEESRS,
—F%. SOCUTTRYAFA MIREEELZRVWOT, CO & CIZETHAE
Lcid, =7 X5 A4 b~BEEHRTE, LEBoT. ZOFBKIRIZST0 CLUTIC
BBV RZ¥A MOFRERERIEELTWA L LEREIIE. ZTOREZRZAW
BT LICED, ARZLOBTHELHNWDIZ < CO % CITETAMTE S,
a-2) BEBRB|EACXNVEISEERY D Y
AFNVBEBBIEYE2 KR THIMIBIL T L. BREXEBAACXLVESE
BB HEohd, The CO 2RS¥ L. RATRIBILLBIRBIZLD
CicETERTSND,

MFe:Ou.5 ) + ( 6 /2)CO2 = MFe;:0s + ( § /2)C (2-11)

TIT. MEEBEETHY. TOEEC L THRERBERS, T/,
BB, AERTL CO HMEMVETILICL Y, RERMLAYOARIER
PHEARI IR CETHERBIZEBTES,

b) FOMDKE |

“ELRERIR. EICEARE AR ABS R AV T30 CRBWTESI
REVRERTEBD, v/ RFA M RARIC LD BRAEL THELN DB
VI RIALECOORBIR LIV RIAL P ERERS®ECIE, KFELOR
B EVBEBR AT ZENSEDRZ LB TED (K224) .

BRXEAERICEIVBLON e/ 27 4 F30g Z2ERBEIGEICTEL, 300°CRR
WTAKRFRE REBEMELEE. CO:% 05ct pFaOs T RIE S|, CEAF

AR, ZOREE 150350CIBNTARY A (lam) LHH C OBEAAE(L
PEELE., YRAERE. LROBIRIT R o= J 77 Tk,

E2251C S RE A P OBRREE LML CO S B 300 °CTKEL 30 5
FIGERTEHORA T ~DOEBEBEROHFRETRT. BEXREE (§) B006LLET
HHIT 0 FETHHEC DO H 0% LB A F VBRI B I LEDDBoT,
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. BESERIBEAUSEFTFRACEEE-TEY, CO: 0HHE B
40kI/mol LHEE SN, Thik. CODEETRILF—X0ENI 225 COx i
EECRETHHEIh, TORERBLLIIEHOEVWRLEPHERSHER A ¥
AERBIERT LTS L& bRb. |

50 b

40

30

Peo, ikPa)

20

10

Q L i =
o 10 20 30 40 50
Time (min}

2-24  Change in pco, as a function of time for reaction with (@)
activated magnetite and { A) Ni(1[)-bearing ferrite at 300°C. Mater-
ial, 3.0 g; conditions for hydrogen-reduction: 1.5 h in a flow rate of
50 cm?® min "~ %; amount of injected CO,, 10 cm?,

1.0

Conversion ratio of C into CH,
o
LA

0.08

din .Fc—,O;_s
225 Increase in the C—CHy4 conversion
ratio with an increase in § in AM

ZHLTHELREAFZ L SICL % CVDBR L YRIGSE, SICIRT DT LHA
REsHY. M CoEE - BILITERAL Y 3 LH8ifchd.
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2.3 F&6

FEOREEROBREFFETILUTOLI LR 3,

® TRUBEMZPHBRLLEF XY =RF—RF NNy 73bE VRHEIATNE
W, BLAVEEM TREAOSERET I v /2 TRESA TS, EAMICE.
Tho DN TRUBENICOERTAZ LIETETHZ. Ld, BLlLicE
NTHERHEHFEOREIBRRING, 72720, BEERPASBIEIZ S R
BEERD, _

(DﬂmU%$%®Em¢®H%m:yﬁD—bK%?%%@ﬁ%%%m(:yﬁvw
FELEOHERLEOBEE L OMEITEAL TNIR, aUERRIOSHES
BRELEPFRZL BN, S8, TOLIRT=F /B L L BEN EL RT3
DERD B, |

® FIUVROHULADEEOEWELEIRIZ, BETYT I A{LTE3 IPD BRI -
ﬁw&\EEAQ%ﬁ?zm#éﬁ4wyﬁﬁﬁﬁz&Eﬁ%&éhtnLmL‘:
N OB ESHHEEENOBELENRL L TVWIOTEAND T, 54 OHFHE
PoOWEBRMLETHS 9,

@ “COMULRAHRIZ. REVREFIIvIR (SIC) ODERBIERICEELEL
BFEBBRLIDZ LR TRRENE, CO:H CITHML. SICE2ART 3 EH T
MENTNDE, BFEREREDEMNRERIOTNRL L B/EELARS S,
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3. WHBRT ERFER) TOXRUEYCER S I TRE~ORELR

3.

1 IERERFE
3.1.1 REBIHOBREUTEREE

MEEETATREHEED TEL2 DI VRBREMITOVWTRML TWA R, FEE
X 85 @ ZPC ( ZERO POINT OF CHARGE X it PZC : POINT OF ZERO
CHRAGE £ $E 9. ) CFEL THBZ2BR L. ZPCRZDADZ L RBEED
BUAEILRSpH THD . ZHEVIEpH CRERER 7T ACHEL. [-1410
E527=Fr2RBLRT< 25, KE. ZPCLVEWPH CRAFER AT+ R &
Y. I"AFVEBFLIELILSARDL2EZDND,

ZIT, aURREHOBRRICE L - Tk, T ABECEEHEBRAKITE ALY
FREENTWEII LD, ZOLIRRETTRFIERZTT DR L23{E N
PZC OEMPENRIFE L vy, Aquatic Chemistry (1981) ¥ {23 < 2 D08 (L
DZPC BT3B (F31) . BEEWZIPCEFT LORBIE= R T 42

F®31  ZERO POINT
-OF CHARGE"
Material PH,,e
a-Alz(), 9.1
a-ANOH), 5.0
y-AIOOH 8.2
Cu0 9.5
Fe O 6.5
a-FeQOH 7.8
Y"FCIOJ 6.7
* Fe{(OH),"(amorph) B.S
MgQ . 124 -
#-MnQO, 2.8
f-MnO, 712
Sio, 2.0
Zr5i0, 5
Feldspars 2-24
Kaolinite 4.6
Montmorillenite 2.5
Albite 2.0
Chrysotile >12

“The values are from different
investigators who have used:
different methods and are not
necessarily comparable. They
are given here for illustration.
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Chrisotile T 3., BFIZEAE (MgSi05(0H):) 2REND L2 bAFE (Serpentine)
D—BTHD, £, LS DABRLIEENDIDOLEMTHEET DT Y TirAL,
Chrisotile 2 EE L TWAHEFENWLEDLRTWVWS, £Z T, ThThoza YRESF
BEEx BT 3 Hic, @ Chrsotile # % ¥ & E 72\ Serpentine . @ Chrisotile % & ¢
Serpentine % U'® Chrisotile DH 2RV HL Iz b2 RB & L7z, REOABEEEHES
LIZART .

BE LR IZ, BB~/ XV Y ADHIZ ZPC BB WL Ebh TV B KE{E=y &
NEBRLUI, EMBIEUTOEY ThHD.

&)

® 6 e 0

Serpentine ( Loc : 3E IR E-BFHT) ‘

Serpentine . Chrisotile {4 4:% (Loc : Thetford Quebec, Canada)
Chrisotile (Loc : Thetford Quebec, Canada )

BRibe 2V Vs (MgO : FEMBITERE)

KE{b=v 7 (Ni(OH), : FotPigE—HZE)

GHEIARATF YV ABOASGTHBHRL 28, £—VIATHEBRL, 4 moiEEs
ENTERSBEL, TOLEINWTEZRELLE. RERZTOETEANWE.



PNC TJ1564 95-001

st gnagan PR o OS] P [T

56739?_[1] B

([ it it o

(DSerpentine
(CBHAFR)

@Serpentine&Chrisotile
BEHRESCL2DHAR)

LLLL LU LA LA ) LT LA A

N a oy
4|‘«'5:n=_-6 T

1 TN I T T TRLCEY CELEJ VL) CRCUTEALE! GALU VALYt
offif1. 2 3 4a 5 6 7 8
¥ 'f&«" I m A 1 4

®Chrisotile
€Y7 )

Quebes,

FH 31 SYEBONE



This is a blank page.




PNC TJ1564 95-001

3.1.2 WEFEHMOXXTIFIE—Tay

B OMBRIZELXBRTXRD TRk, FHLZEBZSE X BROHFEE SFX-
1200BF I BFEEROXRD ThHh B, REBEI~A 72 APV 7 RO T7a—) —
72300 CRIELE. BXEXBRICIDIAMBERERI2PLRIAITRT, =FH LB
Mg b SIBERST. HEIRER>TWAE, Lo bAF (MzSkOs(OH)) ThHa
LBERERENE, £, XRDAF— U EH 312 HK33IEFT. CRbAFD
XRD¥ER/SF —id 1« 1BEHE L TREBHARERI2~T3ACERBRSN (2K
RE1336~36A) k. 153~154 A0 060 REIK I - THESTEhB, Bz, 7
UV F AN 250 ARBVWERERT? . BEOZ L1 LEMFEHICLLS bAR
THBT LBERENT, |

BB ORERI— B 105 CTRBL THLIEL . BRERISITFT

+* 32 Serpentine &Y X WoiTiERE

WE [02:SAMPLE (2) S ] raer 10012 TR ]
Z7ItNo.= 046 REWE =& B

No. L&ha s ok ¢/ FHE  ME (keps) HEME o0
1 0 0 Ke 3:3k Hl 13.8127 55.9798
2 Mg MaK & 3:R H 77.8768 19.6467
3 8§ Sike 3:5k & 144.3025 11.8522
4 Fe FeXa 3:3% 287.2213 6.8752
5 ¢ C Ke I ET- 0.1705 =~ 3.5474
6 Al AlKa 33k H 11.1938 1.0174
7 S S Ka 3k 4.2001 0.2737
8 Cr Crka 3:5% M 7.4289 0.2615
a W NiKa 3:k A 13.1503 0.1870
10 Mn . MrKa Ik H 3.1022 0.0931
1 cl Clke 3:%k H 0.3217 0.0502
12 Ca CaKa 3:%k A 0.7391 0.0450
13 Co CoKa 3:3% H I.5569 0.0207
14 Ti TiKe 3:5k 5 0.1431 0.0148
15 K K Kea 3:3k HI 0.1344 0.0116
16 Vv V Ka 3:3k Ml 0.1127 ¢.0057
17 2n Znke 3:3k A 0.5435 0.0050
18 Cu CuKer 3:3k H 0.2737 0.0031

3% 3-3 Serpentine & Chrisotile ;225D E, X BoER

#El [03:SAMPLE (3) C€+5 1 - (0012 T EEN ]
zr+aNo.= 047 HEBER =& B

No. fLeha AN TR mo o i E B E (kcps) FHE(E O
1 0 0 Ku 3:3% & 14.0607 55,3202
2 Mg MsKa 3:3k M © 91,2770 23.5296
3 Si Sike 3:3% 1 144.0017 12,8545
4 Fe FeKee 3:5k H 265.6685 6.9018
5 Al AlKex 3:3k M 5.6303 0.5672
§ Cr Crke 3:3k A 5.9854 0.2301
7 Ni NiKe 3:3k M 12.3672 0.1976
8 S S Ko 3:3% 40 2.0798 0.1482
9 Mn MnKoa 3:3k M 3.1999 0.1048
10 Cl ClKa 3:3% M 0.4763 0.0B11
11 Ca CaKa 3:3 A 0.4459 0.0297
12 Ce Coka 31k H 1.5B75 0.0226
13 v vV Ka 3:3%k # 0.0863 0.0047
14 Zn Znka 3:3k H 0.4689 0.0046
15 Cu Cuka 33k #| 0.2538 0.0031
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W

-
(=]

WD~ W

3% 3-4 Chrisotile DB X BoITEHR

{01:SAMPLE (1} C 77 001 TR M 1
2740No.= 045 HAEEBR =& E

{L&Hha 2 shn o o B B (keops) ETH{# 00
0 0 Ka 3:5 13.5721 53.6805
Ms MsKa 31k W 88.5743 20.7061
51 SiKe Ik Hi 143.5018 10.9025
Fe FeKe I3k & 364.8653 7.95885
C C Ka 3k # 0.3050 5.9001
Al AlKe 313 A 2.6394 0.2260
Ca Caka 3R Al 3.2580 0.1790
c1 ClKa 3:5k% M 0.7988 0.1125
Ni NiKe 315k #H 6.7749 0.0983
Mn MnKer 3:3k 3.5300 0.0973
S S Ka 315k A 1.3120 0.0776
Co CoKax 3:3k I 2.1266 0.0257
Cr Cr¥e 3:3k M 0.7512 0.0239
P P K 3:3k H1 0.1356 0.0094
Zn Znka 3k A 0.2764 0.0024

#35 BWHORER | |
GRS LRAEER | CRERR | Yo 7)VER EF i R
i (g} (z) {2) {ni) (n/e)

@ Serpentine 0.9915 0,9761 0.1405 2.58 18.36
@ Chrysotile .

+Serpentine {.6528 0.6400 0.1235 3.37 27.29
| ® Chrysotile | 0.6368 0.6188 0.0421 1.54 35.87
@ Mgl 0.5331 0.5311 0.0715 0.22 3.08
® Ni(OH)_z 0.7277 0.7124 0.1547 11.08 71.62
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CRS

1.

2K

SAMPLE . NAME:Serpentine. DATE?85.081...18

TARGET. :Cu

VOL. and. CUR:- 4BKY 3BmA SMOOTHING,. NQ.: 7

SLITS :PDS 1 RS .15 85 1 THRESH. TNTEN..2- @ CPS

SCAN" SPEED: 4. DEG/MIN., 2nd.. DERIV-. - 0 CRS/ (DEGxDEG)
STER/SAMPL.:- .81 DEG _ WIDBTH:- @- DEG

PRESET. TIME: .15 SEC B. G.REBUCTION*NO EXECUTION
FILE.NAME. :5Z.51008 QUTPUT. FILE. :

OPERATOR. Kimure

COMMENT. i

Semple. Name. - Serpentilne

LT

. B¢ 2080 4p. 98 5@ P@ 5@. 4e 8@. 20

[ 3-t Serpentine @ XRD /34 — >/

o g HIRE- ot VIRE 1P
D oW ey
AT i |
4y =
i1 El‘fféi. Eﬁﬁ ey g
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CRS

.55

SAMPLE. NAME:Chry.,Ser
TRARBGET. Cu

VOL. and. CUR? 4BRY™ 3
SLITS :05-1 RS-
SCAN" SPEED:- 4.DEG/M
STER/SAMPL..:- .81 DEE
PRESET TIME:- .15 SEE
FILE. NAME. :SECS108
OPERATOR. :Kimure
COMMENT. T

pe. DRTE: 95. @1...18

BmAd SMOOTHING. NO. 57

.15-55-1 THRESH..INTEN. :- @" CPS

IN. Znd.DERIV. :- 8" CPS/ (DEGxDEGY)

WIOTH:- 8- DEG
B.G.REDUCTIONING EXECUTION
OUTPUT. FILE. =

Sample. Name  Chry,Serpe

| | 3 .
~ W”ﬂ i, " 4}?@\%@14@4%&\»@ f_.mwm@_
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3.1.3 WEHHOZPCHIE |
BERFOZPCREIKHEL IV E—FENR2BET I LICL»TRD B FE
PCREEFEC L >TRDIFEFHS. FHATE. BEZERAL L. ZPCRIRH
DECREEMELEAOREEWIELSRIFD PH TaH5 5. BB O pH HE/ME
CEEAKOpPHHMBOERIVKRDAE L v, EREHROAEEZER2CRT, —E
EORBE2OBLERNERZTOTA L IHEL TLLEBMERE CHB2—EEE
ML T pH WEER e B, 75 % 2 BB RRML 2V CREIEEL . BENT
BRLUATOED ThHd,
BRBE: =YOEATIATIRA (300m) . pH A—F—, HEhEEEE.
| v IRF 4 I AF—F—
e a2 1.0g iz 200 m D 0.01N NaCl B
b. He# 2% 50ul /min THTY > Bt
e 91 EFfG# 1.ON NaOH Bk % 2.0 md¥m
d. pHMEEL & BEK 0.5~ 2.0 b 01N HCl FA0
e -

PHEESBREE 34TRT. —RETAIDIVAUTT I 7 LOERERSRL, B
PERITRZ N 2 ASH B, $Bic. MgO T pH=I1 A FIRET LW, k. T
%Y HTPH ORET BHMSEL . BENTEL 23EAAbok, Thix, B
RETA TV RBMPEEDZT TRERL, BFEHEABOBBERBZ > TR LELS
hHOT, ZORBRTEER 0min/ MTFo/k. (FHRBRTIFHCRET S0
B+ EZET 2B E b o7, )

BEME 18~2dORBTLERTHLE3SERD, TTIVIDEREKLORA
LY. TNRENOZPCHRB LN D, Tk, NOH: R Z ORI TRXEE KL OXA
BRWOTIVBREMEC S 2WEHE (K3-6) X ZPC Rk, Th¥Fho
ZPC L 7 A% U R WY B MO pH 22 36 it. £MAICEN ZPC 2RF T &

PHBPE T,
#F36 HEO¥HpH & ZPC

Sample Initial pH ZPC

Montmorillonite 9.82 9.87

Serpentine(S) 10.23 8,85

Mix. S and C 10.36 10.29

Chrysotile 10.28 10,12

Mg0 10.75 10.68

Ni{OH)= 9.68 11.58
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Soln:8.01N NaCl 20@ml, Sample: 1.0g, 1.@N NaOH 2.@ml

12 5

- "* Serpentine

11 Ry “* Mix. S.& C.
= Chrysotile
16
> Mgl
oH 9 = Ni(OH)2
— Blank
8 e montmorillonite
7
6 ] 1 I -
18 19 20 21 22
' @.1N HC1/ml
35 HAEHBROEAR (pH=6~12)
kERBLEIS Y I70FHZMNZPC
Soln:@.@1N NaCl 2@@ml, Sample: 1.@g, 1.@N NaQH 2.2ml
12.1 T ; H H T : H
12 b .-...--..............-........-.....s...-........-.
11,91
11.8
11.7
pH
S & Ni(OH)2
11.5 - Blank
11.4
11.3 _ . R : i
11.9 i i i i i i i

0 2 4 6 8 16 12 14 16
@.1N HC1/ml

B 3-6 EEHBROWLAE (pH=11~ 12)
*TF 2 LD ENKBIL=v Y IVDZPC
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3.1.4 avHRERERAR
a MEBUFE
BERBIINA Y FETEEL L, RB 02 CRBEHR 202 HML . B R
BHEL ek, 085 mOIYRT7T—T7 47— CTEHESEL THRET O3 VEEE
BRE LT, BECE. B2 ICPS1000I 2BV, i 178m 28 L, REICR
Nal T 254ppm (2.0 X 10°*M) ., 12.7ppm. 6.35ppm B S {ERL THEHAL .
BRFHERORBBRRE I o—T Ry 7 2A2AWTTAITCFRHEIZ., b,
Eh 2{ET & ¥ 3 B4 IIIRBHARIC 0.1g OETE (&89) 2EML . pHORAR
i NaOH £ 72X HCl W TIT o7z, BBREHFRUTOEY & Lk,
B M (1 ]=10 X 10~*M (12.7ppm)
i LS=100 |
Temp.=20 ~ 25°C
Immersing time=7days
W% (Ad Rato © %) LHEE (kd :nljg) BUTORCHE>THEL %,
T a VRRE-FEIVRRE

Ad. Ratio (%) = % 100
i3 vREE
PHavREE—SHaVERRE
kd (ml/g) = XEEE (100)
_ $%H¢$%§ :
b. ABER

BROFESARET > TV RVAKROBRERBER LR 3T RT. TYRE
3URBE 127ppm KR L CRAEE LRI —HLTWBZ L AH B, 5 VRR
EFREPELIVDOIRIMEO Thd. FHMTIXZ IV F A NIz RPREIRD LR 583,
MOLORIFLALERBFLEN, o, TASVEESOERRIEBWTHREOE
BThBE L ARISLVHEB., 22T, avRBHEOHL2AE MO RTZ U Y
BANZTONTEDPH EEEEZBRTLEZORN, RIVRUHITI@Q)THB. 55T,
F30RVE 3TO)IER 2 ML TEh 2 ETSHARBERTH 2, “hbOER
Ih. MgOITRWTIXZPC & D&\ pH R T2 VRBE R BRSO T B L. Eh
ZPC X Y EWER TS HOL 2 RMT 3 LRFEBET T2 8Hb 0 2R ok,
IOREREETIERA AL ORBRREOLEREBEL bR, —FH, 2Y Y
FANZZOBRERBNTIE., FELREMBR N o, £ZC. EER2 2#TE
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CFERTISILEB ML —F—REREMHLE. BELESIRT. pHRETS
BB EEES T B EAICH B 2 L BE L Rk,

£ 37 RERIVERERRE

Sample pH Soln, [I-](ppm) Ad, Ratic (%) kd(ml/g)
Serpentine 9.78 13.09 -2.4 -
Mineral(8.% C.) 9. 89 12,75 0.2 0.2
Chrysotile 9.98 12.19 4.6 4.8
Mg0 10,95 10.17 20,4 26

Ni(OH): 9.58 11.79 7.8 8.4

s & [I-]2 1.0 X10-¢ M(12.7 ppm) , L/S = 100, Temp.= 20~25 T

Immersing time = 7 days
®[I-] = 12.78 ppm (FEE

=38 ERRIYERERBES

Sample pH Eh Soln. [I-] Ad. Ratio kd
(mV) (ppm) - ® (nl/g)
Serpentine 9.69 156 13.42 -4.0 =
Mineral(S. &C.) 9.60 160 12,90 0.0 0
Chrysotile 9.62 153 12. 45 3.4 3.5
Me0 10.68 - 75 - 10,26 20.4 26
Ni(0H)» g.60 g7 12,47 3.3 3.5

iié "
RE&A: [I7)= 1.0 X10°% M(12.7 ppm) , L/S = 100, Temp.= 20~25 C

Immersing time = 7 days. ArgZ B R (02:0,04%)
o [I-] = 12.90 ppm (HIEME)
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&390 BRRIVERERBRER (pHEFE)

Sample pH Eh Soln. [I] Ad. Ratio kd
(mV) (ppm) (%) (ml/g)
Chrysotile-BR ¥ Hn 7.89 T 13,00 3.8 3.7
Hg0 -BR & In 9.63 35 11,88 13.4 13
Chryso.-7ZJbH VU 12,04 -41 13.10 2.8 2.9

Mgl -FHNAY 12.18 ~-122 12. 97 3.8 8.4

HRBREH: [I']f 1.0 X10-4 M(12.7 ppm) , L/S = 100, Temp.= 20~25 C
Immersing time = 7 days, Ar@E K (02:0.043%)
ERgkin: 5.08 HCl 100« 1/20ml
FHAAHUVEM: L.ON NaOH 400 .1/20ml
% [[1-] = 13.48 ppn (BWE)

#£ 310 BREHFMEIVHFREAR (pHEKFL

Sample pH Eh Soln., [I-] Ad. Ratio kd
(mV) (ppm) (%) (ml/g)

Chrysotile-# & In 9.55 -150 12.72 1.4 1.4
Chrysotile-BR ik in 6.75 -38 12.75 1.2 1.2
Chrysotile-7Jv A 1 11.55 -337 12,97 -0.5 -
Mgl -4 & hn 10.52 -291 7.27 43.8 77
Mg0 ~FR ¥ N 9.41 -294 12.58 2.5 2.5
Mgl -7NHAY 11,81 ~356 12,37 4,1 4.3

HEBEH: [I']>=< 1,0 X104 M(12.7 ppm) , L/S = 100, Temp.= 20~25 C
Immersing time = 7 days, ArBEH & (02:0.04%). ¥ 0.1g/20ml
BREsim: 5.0N ACl 1002 1/20ml
7B UEM: 1.0§ NaOH 200 £ 1/20ml
# [I-] = 12,90 ppmn (REHE)
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ATEHES
50
- Chrisotile
a8 - Mg0
w b
Ad. Rate(®)

2@ . ( a )
ior

@ ]

7 8 9 10 11 12 13

pH
A rSHIFRIR
58
= Chrisotile
49 r -+ Mg0
(b
3@ L
Rd. Ratel(®

2@ L

16

@ 1 L i = 1

6 7 8 9 18 i1 12

pH
37 BRTEKICETDREFRD pH KFEE

[I-]= 1.0 X10-4 M(12.7 ppm) , L/8 = 100, Temp.= 20~25 C
Immersing time = 7 days. ArBHE & (02:0.04%). &% 0.1g/20ml
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&  sarpentine
8  chrysotlle
€  mix

1000

100 §

FICRNETIH

10 |

D (ml’g)

0.1

2...4...6...8...10 .12 ”
pH
B 38 #sEobL—to— () BERE
WELI-]= 1.0 X107 M , K&AFBHEKA. B L/S = 100,
Temp., = 20~25 C, Immersing time = 7 days

I, MEEFYLL HERA 3V TBRECH TIVRBREROFEPL oL ERAT AT
TRV T AREBHITOWTAVRESEROFHIEEZES L . BRERBRFEIZ
F#THD, BRERIICTFT, 3 VRBEROFERZRELAT, WFhOE
HETOLRFEFTIZLEELPTHS. LIk, REWEIC X 2EFIR. {bE

RIb#f#5 X52RBFLERD, FHKOEEZXITI<WEELLND,

|31 A ARG (BiMg=2) DOIAVRBEARRER

Sample pH Eh Soln, [I-] Ad. Ratio kd
(mV) (ppm) %) (ml/g)
ORXRABEK 10.04 345 8.50 34.1 52
DArEE S -~ 10.06 63 9. 85 27.5 38

@ArZFEHRBKBEM  9.99 25 9.10 29. 5 42

MB&#:  [1715 1.0 X107 H(I2.7 ppm) , L/S = 100, Temp.= 20~25 T
' Immersing time = & days

OX&ABHEHK

@ArFH A (02:0,04%)

@ArBH K (02:0.04%), S 0.1g/20ml
# [1°] = 12.90 ppm (EME)
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3.2 UMC{EROUSBETICIHSSDERBIEHRUEMETRCREYT 28
3.2.1 WBBTEBHICETIRE '

WEERE, MCESEYOMBLS 2RIRLE LILESD. REBEEVLEOCEREE. A
v FELER S DBHE, ATHTATOUCOELYEY rd A NRHAH A FED
T~ ORBEHICET IWELREHEE L .

ek, ZHEBREPTOV COBTEHETIWHEZPRVFTDATHES, &
BEHIED LS 2R THROBTEESCET IR XL 2V, —00fE LT, &
BHTATREMEINEAV M TFA MBI A2 CORBREETES{COEEICET
BHEEDHDY,

BEABRIEINRTRAF UV VARF-VEOBEELIZEY, ROX52f7bh
oo BREELEBLEATFTVVARF—LY Y (id=412cm. length=128m) I
W, KEFVRATAVIEE (pb) ZHELE. BLe2Ede) v 272l ric
A, 3~6BEERMTAR (SGW) KEFEL THTIEE. Z0%E,

Connecting bolt

-§ i Stainl teel plat
\\\. alnless steel plate
w\! Porous Nl plate
i %\\\-Q ' Stalnless steel ring

3.9 Diagram of the diffusion cell.

Na: 14 CO; (source reservoir ) TR/8A 7 Shi- SGW D& ( collection .reservoir)
BRLSTFTIO—FOWPLML. TV ARSNAL T SGW BLOBLLENTARETHL
7. collection reservoir 10 C DR BEDELH—FEIC o T i, HBE AL BHEL .,
BEFF I EI~2mm OESIZATARL, FDRT A ZABHD C HEHEE % acid-
liberation Z2ic L VRE LTz, 2D X S ICL THEShEt 7S JRD “Cok
ERAREOCHEZE 30T, ¥k, RENLZHLCETIFHECHT I L2 L0
CORBEREN vy b2 3IEFRYT, BEORRIHEZSWTRBORAERTD
fi. TREDEREMEEE (D) REPY MBS (D, Du) SROXERN
TR LN, |
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0.9 = .
L Pb =1.61 Mg/m3
¢fcy =-0.72x + 1.06
0.7 b~
o -
o
4] 0.5 t
03 -
0.1 L i L 1 1 1 1 ! 1 i 1 1
0 0.2 0.4 0.6 0.8 1.0 1.2 _

Distance, x (cm)

3-10 Concentration gradient for **C within the clay plug. Zero on the ‘distance axis' is the interface of

the source reservoir and the clay plug..

0.8 + P

— fp = 1.61 Mg/m3 . j
— é
o 0.6 /
E ¢
= é
Q ~ P
< ;
S 04 "

9,
g - o
o °/
0.2 o® /
© /
° / t,=53.6d
B 6® V
-}
0 L_u.u_a_L"l' °® | 1 1 1
10 30 50 70 90
Time (d)

3-1{ Cumulative flux of “C.versus time,

D. = — (A QA A/ AcL)

L:$t75 7D |

AL TT S OWER

Ac ¥ETT Y OFREOREEORER

AQ ' RHAtOMICHETT V2 BB kitBED SR

(3-1)
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De = Do z a'l;le
Do & flASV 27 K OGRS
T o ¢ apparent tortuosity {R¥

ne : effective solution-filled porosity of the cray available to the diffusant.

Dy = —(AQAAO(AGCAX
Dy - REAE? L HohdEILT @%ﬁ%ﬁ
Ac/Ax : B+7F 7N TORESER .

Da = L2 f6te
D ¢ time-laghins b 8 b 13 B DR
te ¢ time-lag '
BRI 2 EHBEO vy F OREEHOMAE P LR LB

(3-2)

.(3-3)

(3-4)

ENOORBREZRIBITFT. TR LY, Dy Do DufERBE (o) OEEME
EHEBOTHEAEDZZ B3, L. Dl o> 14My/ M Tlz—E &
8B, Fle, RPTOReYyF 4 (n) BREG)1LEH ORI, FElZRBWT
Do=118 X 10" °mi s 2 L. <. iEE3-R2FTEBEVWS R, 2EL. E3-1213.
SGW TSI~V M A PREO I DIBHFEL LB LAL LD TH S, #3131

T Kafid. RIRTHGSHIVHEShE,

Da = Do 7 ane/(ne + p uKa)
Ka * B/ BiEOSEEE

(3-5)

FIVLOK AR, M CEBERMBET BT L 2RL T3, Fhbb. K

p v=09Mg/ T 03 nf Mg, < 0.1 /Mg T L6My/ mTH 3.

% 312 Diffusion coefficients for **C in bentonite.

Py D, D, D, n2 n./n x 100 KJ®
(Mg/m?) (10 m¥/s) (m¥/Mg)
0.96 11 a8 17 0.050 7.7 0.36
0.89 2.6 42 21 0.041 6.1 0.30
0.92 10 65 19 0.046 6.9 0.22
118 3.0 7.1 17 0.020 35 0.20
1.18 8.0 12 i7 0.052 9.2 0.43
1.25 L3 1.2 54 0.009 1.7 Q.15
1.31 4.7 6.6 5.7 0,041 7.8 0.55
1.43 0.55 2.6 82 0.007 1.4 0.07
1.41 0.27 24 5.5 0.003 0.64 0.05
1.61 0.49 1.3 59 0.016 3.9 0.07
1.63 0.65 2.2 5.t 0.027 6.5 0.09

*From Equation (3); Dy = L.I8 % 107? m?%/s and ¢, at a given clay density was obtained from Figure 5.
®From Equation {5).
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021 F o T, = -0.24P, + 0.41
0.17 |-
013 -
0.09 =

0.05 -

Apparent tortuosity factor, T,

0.01 1
0.8 1.0 1.2 1.4 1.6

Clay dry density, P, (Mg/m3)

3-12 Apparent tortuosity factor versus clay density (adapted from Oscarson et al. (1992) jor 1°
dittusion in compacted clay).

Pk, 14 COEMBRAY h 4 b B TOBTREIC oW TRAT R, OISk
I, A7, TcOs~, CGHZOWTORIBORBRERELOKE2 R 3-BICTET, “hib,

-10.0 - EA © C (This study)
: 04 (Oscarson et al. 1992)
a O CI {Muurinen et al. 1985)
- o o dp . ¥ Cs(Cho ot al. 1993)
a A O A Te {Author's unpublished
v data)
o -110p~ oe® o
0 o A _ C g
fo) @
© - . o
m
-12.0 |- @ a ]
L] @ i
. D, in m?s
-]
C
3.0 1 ! 1 1 | ! 1] 1 I !
0.8 1.0 1.2 1.4 1.6 1.8

Clay dry density (Mg/m3)

3-13  D. values for selected diffusants in bentonite versus the dry density of the clay,

M COPBRBEEMOAFTLOEFERIVIENIEBbr2, ZTOEHBELT, (1)
COBBRPTOEEEETH S HCO: DD ERMOLODH 0% THY, TOk
FRLLTDBhEL 23D (RE2)XY) . () CHBEOYAXBHBOLDOLY
KENZ &b, "COnEBBOEZNEV NI RIEDERFTFLNS.

Flio. HCOBTRBBORTIVRI>TWAEEELAEERS. kAR LV
RY T EBET BORET BRESERTE 3,
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t = L2%/2D, (3-6)

FlELT, RNUTOES2025m & L. pu=13Mg/miTBITZD.ELLT6 X
10" ?rd s Z2HND L, tRISELAFELND, COERIV COERB LTS
LESLRELRVE, HOKE. 1201 Tc OR{LEES T CoRLT 0BTRHE
CUBTAELRIBVWETER D, IZL, M COBTARKRMEWO T LF
ThoT, HARETRBREWMELERTBBRINEEE, SHICBT3
1CO: BT GKIEFD 104EREV) O, BLIAEMTAZIRATHEERS,

3.2.2 RF{I#EHBIzETIRE

MEEOBRERLBNT, "CORFRIET IWEHEIT. REBERELV I E
5TRNWS Y ADOITAERAVEHUCORERBR T, REBEZ2LY I EBVWTE
VEBESNDIFERICOWT, £O—2o0HAL L TRUFESEBZBT N Z L 28E
L, TZTHE REARRICLIBRCETIMERFTIC >N TEICHEL ZOT,
FOHRRICOWTHET B,

Thilo Hik, B« DFREDELZEDEIT ALV CRAL ZERZBEL ., RERE
ORBWOFEEIT OV TIHREL TWBEY ., Z0OHIE LTHEREORTE2EDEI T A
B 2BBERZREMIERYT. 2l b, M CRETBYER L7 THB NaCl &V
E<BEL, RBBEZsTWAZLEHLPTHS, IORKEHE T HREOCKHR
BiFbhl, TORBEERI-BICE LD TRT., M COEINER10% TLRWERRE
BRTHY, RT L ) THRBES 52 LERL TS, |

F7z. Mozeto Hit, PCRbPL AV —2 LT, BEOINYA b LEERD ORERE
LOBORRRMERBIZOVWTHFEL TWB® . B 3-15T positive isotope gradient
experiments KB 3FRZTT., ZHdI b, AL FOHK RR. RER., BE
DEW) TELT, IHCBERTFOVCCRECELWETHRbA. FO%RIEKREL
MICBYTHZL8bd3, Thbb, 2EEORMARBIEIZZLERLTNS,
BEINY A MZOWT, F1BBIEBTA2EMEHTI 3 CORECHEE oy
FEB L, BT T LS CERERABLA. B1RRA, BRTO CHRTK
CEF 2 2REIEThHEZ b ole, R3I6DEEH 5., BR—DHBIAY A b &
B — LA A A MCBY B RMBEER (ke) LT, 16X 1082 1.0 X 10 Sci
mole ~*s T'RF ok, i, HIETIHEEIMI. THLETH 685 L 6ds Tholk., =
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CONCENTRATION

: 3-14 Carbonate exchange in a column of limestone particles.. The exchanging 4C pulse is delayed
(8=3.3) and broadened (r = 20 min) compared with the non-exchanging NaCl pulse. The width of
both pulses, which were injected into the column simultaneously, is V = ¥, , i.e. one free pore volume.
The concentrations ate not normalized to the same standard height so the areas vnder the two curves
cannot be compared.

1000

8“0 (%s, PDB) of aquecus phase

[[¢] 1 ! | 1 | | |

1 i |
1] 80 180 240 320 400 480 560 640 720 BOO  BAO
REACTION TIME (h) .

3-15 The 3'*C values of aqueous carbonate in positive gradient experiments. “a™: aped-crushed calcite,
38-45 pm; “b™: unaged-crushed caicite, 38-45 um; “¢™: unaged-crushed calcite, 125-180 pm; “d™: aged-
precipitated calcite, approx. 5 pm; “¢"; unaged-precipitated calcite, approx. 5 gm.
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3£ 3-13 CARBONA'IE EXCIANGE IN CALCAREOUS AIATERIA LS
[
2
E
- g - e
E = = = = 3
e | 2 x = 3 | 3 3
) . . 8 o S Cl 2 - .
Materia) o ] - e .- = ~ - : nE [
- 3 o e s o = = = u E .
[ 2 F=] ¢ B = - - E - = =
L] E o v 2 R * - - = : Sg
v = hd = = < -
8 ° ¥ e 3 E % = — - % E E i
¥3 o w3 &2 S E n # " [ e bt [4
£ < £ S £ | = 3 3 ] H v
o (&) & a (8 U o« @ @ & i =
300 100 0.44 NaHCO, 0.5 1.5 2.6 1.0 - 1.5 100
300 100 0.46 NaHCO, 0.5 1.5 2,5 1.5 0.52 2.0 -
ano 100 0.40 Na,C0, 0.5 1.6 2.9 1.5 2.8 13 %
300 100 0.44 Nahico, 0.5 1.5 2.6 1.8 43 110 100
Calcite 300 100 0.44 NaHCO, 0.5 1.5 2.6 2.0 108 580 10
300 100 0.40 NaHCO, 0.5 1.6 2.9 2.0 20 550 ]
300 100 0.44 NzHCO, 0.5 1.5 2.6 2.0 116 630 100
300 100 0.44 N2,CO, 0.25 2.1 4.2 2.8 114 630 -
300 100 0.40 NayCO, 0.5 1.6 2,9 1.5 174 90 &
20 100 0.50 Na;CO; 0.5 2.4 5.4 1.5 4.4 7.7 7
Calcite
90 100 0.50 Na,CO, 0.5 2.4 5.4 2.3 56 290 n
90 100 0.50 Na,COo, 1.0 1.7 36 3.2 10 12 8
90 100 0,50 Na,CO, 2.0 1.35 19 2.2 S 13 7
90 ‘100 0.48 Na,CO, 2.0 1.7 20 2.4 5 24 %
Limestone 90 100 0,48 Nz,CO, 2.0 1.37 20 2.8 6 23 U]
90 100 0.48 NaHCO, 2.0 1.37 20 2.8 6 20 n
90 100 0,48 NaHCO, 2.0 1.27 20 2.9 a 20 -
20 100 0.48 NaHCO, 2.0 1.37 20 a.3 20 110 -
Sand 100 15 0,33 Na,COy 0.25 1.75 - 1.5 72 690 1t0
180 22 0,52 MNa,Co, 1.0 1.07 - 1.1 7 . 3.6 ]
Sedimemt 180 22 0,53 Nz,CO, 1.0 1.07 - 1.1 3 10 1
180 22 0.53 Na GOy 1.0 1.07 - 1.8 11 108 -
~20 100 0.4 Na,CO, 10 1.23 - 1.25 - 32 000 -0
Loss
~20 1004 0.4 NaHCO, § 1.47 - 1.5 - 65 000 3

a
Carbonate contents of the surface.
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DEHIREBHBEVRIREZ., A4 MREEREOFSVWRETRAXF—F A MBS
BT AR B4 S HOO: " OW|FIL LB LEL bk, E2BEIIOVWT, hi3Ck
In(l — Fex) ZEERAICH LT Aoy b2 &, HTRU-BIZRT L CERBEZRE
bhi, 2hoDEELY, dAY A bOREETHEBLELEINVEEEFE LT, @)
ARRBNT28X 10 *s 1B ELNI, ZOT 2hb, F2BME., BETO? CH#
BlETA31RRETHAI b ol. £, $EEIZ26 X107s (#5300 B)
<HBLEMONL, CHEORRLY. H2EMORKRE. HEREL~OH YA
POBRRBRICLIVEZ DI LEAFREN.. TOBRBBRIZBNT. BRI LO
REFMAREREBRZBECEHEEIZTL. AP OREY F—r~— LEREL. TLT
EBERERTEMACES. 2%V, RUAREREIOLIRBREBTREIZLER

6.0

e [rnolo/rm‘.') ‘

1/1e-C,_,,) fem®mole) x10%

30 1.0
O agad Cevshund Colche {7}
O Aged Preciplioted Colcite (™1
25
4 2

[=

20| =
=
[=]
£

15 —Hos" e
o
e
-3

0 &
1
<]
=

5s -

ll:I ] 1 | 1 1 06
o - o 15 0 25 30

REACTION TIME (h)

3-16 The variation ¢f 1/*C concentration {normalized
1o the surface area of calcite used) versus time for the first
stage reaction. Cyyr is the caleulated "*C concentration at ¢
= () taken as the intercept of the regression analyses of second
stage reaction data shown in Fig. 2.

REACTION TIME [h}

317 Variations in "*C concentrations {normalized to the
surface area of calcite crystals) observed during the second
stage reaction of a positive isotopic gradient run using aged-
crushed calcite {38-45 um).
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In (1~Fex)xi0°

1 1 1 1
100 200 300 400 800
: REACTION TIME (h)

3-18 {1 — Fex) versus time for the second stage of a
positive isoiopic gradient run with aged-crushed calcite (38-
45 um). Fex is the fraction of ’C atoms lost from solution
via an exchange process. o

3.3 £&0
3.3.1 aURBEEER
BWZPC 2 L S TV 3 g4 Serpentine ., Chrisotile % & %¢ Serpentine .
Chrisotile & UL~ 7/ X ¥/ b & ABRL= v F Me oW CBRBEES T T2 v EOE
EEBRPTo R UTOESHLL LR, |
@ ZPCEWFhb pH=10 L LOBWELRL, BTABEFTTIVERBHLL
THEATEAZ Li8bhok,
@ ZhooREHIIVEREFEIENVDS, ETFHIT CTLEETIZLAER
Nz, BLELIVREBELEDI MO THY, FAH s vRBE[~]=10 X
10 ~* M DB Kd=77 Th o 7z,

3.3.2 MCoBTEHRURMERRICET ZHE

BEOBERL L > TUTOESHL2 L R ok,

D BEHETFOU COBMEEEIZIIPCTcRE~TEN, FELLTHU CobE
HRERHCO; "D LSt REVWED EEZL LN, :

@ VAR~ CORMERBRIT. HCO: " OERBICLIZFNRIGE INT A
FPOBHERIZLIBNREO2BEDLDZ LR hik,
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4. HHGEES IS TESBEHEHOWEE - B

AVEPREBEOASBEICRIT 2 EREEZER L. BEBTHEZ Vi WiEHHO
FAEEZTW., ZPCORIWLEYIL L 2 ERESCKREEMNSOPEN R EER FicEE
L. Bi%21To7%.

B EEFEY 2 TRBASTIEE. REERERRICbE > TREEESh,
ADEFRELBEDNENWILBUETHD. BIE. BHlzbl- TRl 2 EOKEY
BFRVLRFENTHWES, BETIE I T, HAEERISBELEES2BET I L.
EEDEROBDBITEY 2EEH2ET I3 LICL > T, BEHEEEEO T AZ~ORKH
EHTLIRDODOEELTIZLPTEDS., AR TIR. HTENCRBI 2HEBRHORE
L. BEHMIBIT IBERBIZONT, ZhETREBERINEFELZLER L TEELRST
=7z,

HTF RIS 5 ERE SN L8 T T & L BEH 2REETICE Eh e
BTLTWEBEOEEZE2 52, EEL EEHORPOEBRELTELZS, 20
FEPERL TN iz, BTRBORE. KROEH. BEemic X BEASE. «
FURBBLECONWT, BLDRELHTEIZE 2T 3,

4.1 HTORE
BTACREZ OBFEPELLTEY ., REKLEEREHEHEEZEL TV, #BTX
. BEoBHEICL-T, SESATHS,

4R BEHELTWAEEOE
(mg/ 2 )
eIk fresh water 0-1,000
¥37K brackish water : 1,000-10,000
57K saline water 10,000-100,000
> As7K brine water 100,000 LA &

HTIBNT, BEHEEER S T3 ENEG R T AOBRLETIREBICLEZ2H0TH
D, WTKROEBITIREIL. BROBROBSLEBYOSHETHEINZBRORI -
TREDZHLOTH2E, ZECBARDV AT ATIE., HTKORERT{LESRXIEELES
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PEEDD, TLEFELTCRS L.
1) PABKOEBRRRE
PAEBKEIEFEOROENE 2@ > THKBIC ALY, FEYICEALLELE
S>TLHHELTL 5. MEFZBRILEZEDT, BUEEXTEMORVWEERELZF 2 THA 5.
BEIHKBIIAZ L. BEMICR D,
2) BABHEOBEBRYLHOBRTEOHE DS L Kink
HARBOWKELZ, FEYORLEEHICE T, EELELTE, #HEBORIOD
AR —RICHBET, "7V 7RBHEIZAB IS WREBIEZERZ>TWS, 2
EF0, R TEIMATFTTRFAASHh, RERCEER2ZT TROoRE»BEHRL.
WAEICRY, R2FYTETERNEICRoTVS. B OHRE (£ DA
BRZiikH3) 3FORBOPT, ZhEVEVEROTIRED L., SERPEE
iZebahi. P2, AR (FBYWTHD) BTRZOANEOROHTRIZZD
BROOHBEBRTL TWBARTTHE. LL., EREOHTKIFBRICTEA TN,
BRI BERL TWRWI 28D 5. RILETAZ 7Y THEEMERETE 2N
Tl FREOPTIRIKBIALSZETAY. AREBOMT A TCREEREOETIIIE
BEZwo< WV LEBERTHS,
3) BAEOERTHOBEMYREOSTH
BT AR COREEMEE MOz . Fe(OH)s . FeOs 5% <. BRERIGIZWD < D
Thd, HTAKRKFOBERE VANV ZROFOBEEICHTIZL T3,
Mn: * -MnQ2, Fe 2* -Fe(OH)s, Fe 2* -Fe:03
4) HWTKROEE
NI FIT7TORGPBECBREUOENE ZA3TEY-L D Thd1 b, KO
BREBMEBFKBEOHERMITEEFET L. HERMIIAOCHEE, A-oTHHHBET
DEDFROEIIL LS. —BRIEFEFFELEN CBILBETEMSENZ 2 B886RT
w3,
Bl Xz, #TFORBRI—FRRELLTRTAZ LI TERNE, HEME W
BTk, BRRBIk2oTWAZ LAFHEINS,

4.2 PEOHE
HEIMEORBEPEFRICE - T—ETRWVWEE, FHIEL-TW<SEBBEIEHESTH
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3, EEBEBIIEBWT, B2 50hrAHE2EMNRNS Y IGEBRT Y ECENEERR
RBlT3, ZhiZFick DB 1ERELTALATREY, KEOIE. #IEB. EXW
BEFOMOBELZ-SEDIHILDLLbTI EATE S,

= — D(dC/dx)

KEBPOEMREOHBEZEE<Mbh TS, MTFTAROEER A F D Na*,
K*., Mg?*, Ca2*, Cl-, HCOs . SO: 2~ OBHAEEIT25CTLI X 10 °»p2X
10 °nf /s T, BEEREESDD. LEZE. 5CTTRO% /HhEW, AFrBEOCHRIT
ME,

ZALBEOYES TR OEBEEBAOF LY bhalid, M. EEOR
POBFDEDRAZT OB T IEHFHIELSRY., EBEHAOREZFO LD KRR
ﬁmé<&6e%%E@%E¢@&%@tw%#ﬁ@ﬁmﬁomﬁﬁﬁéD*a?éa

D* =D - o

w1l EVAEL, ZIVIBEORBHRRETH S, ENERTIZAHOMES
BMERORELRNAARFL T, 0525 001 OfioEEBLNE, —F, BE—
ECHANBEELRZNE LT, BBRESEECEERTHIE. FEOERIZH BE
OB EOMSFEXRTELENS., ZTNIFick DE2&ERE L TadbhTns,

dCAT = D*( 92C/ o x?)

D* X525, DalBFBE, BEHIMBROBIKRITIIBR2Z2TEA TN S,
BAEEEAPO bL—Y— (BFH) QFEBRKEE- THERT 58, ZoLFEMERICX
> T, BERECOWAEREZRT L LILD,

a{(0C/ 0t =De(d2C/ 0x2)
#F Lo = e + p Kd 7

@ iX capacity factor T, HEFSHEMIZL Yok, WHEPRELEVTIEAERT
LOT, ewm : RMBLE (total porosity) . o : WE (gol) . Kd : HEkE (ai/g) »
LBRODOENIETHSD. .
7z, DelIRMIBUKT REENIRET 2 EERFMT 5 HE T, FRHEEBLAK L Vv,
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REREDEBEZIRVWELLTEEZESINDIDOTHD., T, R1ITOEBFRE
DaldkD L SXBSZLBTES,

Da = De/

ZORBFERT. KOXIREAITE. BT IBTES,

(1) —EEEOHRE L OHEE
2ODERIEBREORBPEL TWT, ZOBRATHFLTRY, SkaikZ
METED. BRO—FOREZ G L. bI—FDCREDNERTEIELIEN
213, ERTOREAROLDCEEIEEOE NS P HEVE S ~HET 3.
BEWE S OBRERKESEL. —F @EMOBEROEREE) LARLTIWEThi,
HBEAIL, HEEFxICBIECEOEDLHIML T LB TES,

C(xt) = Co erfc[x/2(Dat) */2]

erfc IXAESSEM Th B, Da i3 B OIBERER T, 5X 107°n ks L EETS &,
ﬁg®%§7ﬁ774w@f¢%ﬁfgénkkiﬁﬁﬁﬂm@ki%T\Q&#
0IRAZBIEEBEE SWOEIPLLNIZLERLTNS, oMK, 20L5%
SR Do < ) LIBRTH S,
2) FROBOEHIK

EHBRBECHS T, FROREONFEZ2EROEOYEFERT 28BS, ROk
S5RBLZLRTES,

CM = 1/{2(Dat) 17 }exp( — X 2 /4Dat)

M BB T A UBEOLETH 5.

—RICEEORBIIA L VB 2B, Thid, BE L HEMOBICEISARVEETY,
BAEELEEORTBEDTNT (RHE) . BROEHFEECTRIRD, HH
MORFRPEED ZE-o TR TERLBRWELTHS., £FZ T, TOEBHL TS
BHEOES L, 2 AEOESEROL 2 FHE (toruosity) © 2 L THBUREICVWh B,
MREAKRE SRS LHELLTARY. BRESKE RS LHEKLIZ RS,
D%ﬁﬁ%kﬁﬁﬁ@&m%@kowf@%ﬁ%ﬁf%ék?é& D IR O
{3 Do L BIRASE (porocity) & LB BEMD L 5 BT,
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D=Dyc/c?%)

—iT, MEREZERRLBEFTOMBMOEELEEHEO2EHTE L LOTRDL &
h, R —ARETRE, HEEL% IZHEES, £ TOMBIKEZRIEBETHLYT
v, ¥, BELERFTEI%UTTH2ZLbhd, BHERILY BRES, £
BORTI2 2 BABZ L b5, |

4.3 BRIHHE

KGRI X 5T, KBEBAKEOHE (semi-permeadble layer) . L& 2K EED
BNWEEHEOHWELBEBL TE L&, BEAAVIERBLIES W, ZhE2¥ERDFR
( memmbrane effect) LW\, FORR. MBORARBEEYEREZHREMNL Y B
B3, 2054t B ELENA1E (salt fitering, ulirafiliration,
_ hyperfiltration ) W95, BAZBREBKAIERRSTHREID 55, PEKEOHET
BTohiE o0 ABOEIBEREL L R2WES, BESOFKEI CRIEIEED
HABRAZE B, BEATVIHERELBBTERY. TOHRE. BESRECH
KEORAERSN. BEEOBAKBECHESIAERSNS. TOLSIELT, 200
HABOBREREGEIGESLE, Z0BHEIFTESOKOEAEMZ L >THITFL LS.
FR42 1id 500 ~ 1,600m LMRICA BN ZBELEAKT, TOL I RRWMOHBFEEFTOR
BEOEKOERERATIORKAVWLN S,

BEEOEE L TORMERE L LR TFORCHIREEMC Lo TRI SN LE
2o5h3, BETRFOBHRIZ2ELLTARLR-TWS, TORE. KX E8HMFEITRIL
DOKEBELEBAZT U BEET I LIRS, LR TORCLL2ENIVSRNEDIE
DAF O A4 FPBELITIRBELEB AT VOBILL > TTERERFHRERIBED
eI, BAZT U BAZT Y ORNE Y — o RBLERFOELYOAGFREENDS LS
28 _

—iz. BERECHNBELEZBAZT Y ORLAFVEBHIET 3 RMBRERK _E
BEERL., TAFhEEE (EkzixStern B) L Gowy B¢ XiZh. Gow BTIIEERE
OERPLEAZ O THEA L ORRBEESNCRI T 2. BEEROAF VIIHE
AR IZEHREOE L OBBRIZT & 51 B,

¥t—AkDORICHIBEHBTFEEFEIND L, HHEONFOERVERBI S, DR
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DEIDILIE A > T 5 EHEIE Couy BT ML . TORR. A 4L E7L55ER S
hdzZeiichd, ThTZOHREEA L 8B (anion exclusion) W5, EAHDOAR
PRT—KOFERBB>TND 2, KDFRALEBTET 38, 442382, &
DE DRI AKTBETE, A VBBERVERBHOBLELTEHEZE S, LoL,
TRELQREBETIEARV. DEV, AF VR LoTRBOBERSERD ., ADBBITo
NTREMHHIZVEBZT. BASBIREDLRIEL M Ty 7 ENKORI I
REBrEZI3ERBBRTHIEFREINTNS, TORBYLERELST L X lcols
BT, (BESIkmATO) REMETREETRAV., BEIERLCHES T B0Ls
IZ) . Gouy BHRFNHEL ETERE> TWIEREALEDTHEE, 25 Lk
RERRTRELGEShTWARN., HTACEELS2 2BAZBOEER >N TI
XEROBTHLTLL—EBR LN T3 DI TR,

FEREENEHLCELBBAZBE2BITOR. BEEFRESCEBCERSsShT,
AFVDBRBLEBE. KSFEBoTWIAOEDE 5D BEIBE 5. B
WERF R CTEREL LB/ N BN TERER 2B OLEETHE0 0, FHESNELD
FTRRELSEBMEHEIL VWO TREL L TEOERBEMTIZLIER 3, 207k
. KEEOBRERRINROEEARE LIS FHEOBRELLTLE2E-> TRET
DEEICIIFERTOBAL L ERELZT 5., FRERNPHEESEDIT. B4V
BBBHBEShS,

RLEHOKBELFOREOBMIZPHE L LT3, BETERERECEE
L. BAF VBRI EL (B4 L FE ISR EEMHEER S EThIZE ) |
EROBAZTVTBMERZFOZLILRS, TVIIHTEAREIIAREEL., BAX LR
BEINSWP P TH ATV RRESKEV., REORXEHA P o pH 2E5BM e
5., Z<OBEEEL ) VBOEREBA TV IBEHORTICRSBEEL TS, 20
BRREFEIRET L L REEHFOFERLEDL Y, Yo kB (ZPC: EHEFHS o
25 pH) BHBHAPLEDLD. REBWEZLZARKNE 0 Mo O%#E,. BETH
3,

TNAIIVI A MOEEBMNRE. REAZBHRL TW3 SIOH & AIOHZEOEE b &1iT
LTFRTED., ANZSEMTITESENMAIZ92 T, 472 68 ThHH. SIOH Tix
18 Thd. FTAI )V V& A FOFES SIOH BH WL E < AIOH 851 b HaigE <
2%, REPBA AV REBUELRRA F TN 2FT pH ERPBER 2 0 4 FOES
B SN 3 pHEEPEDZ DO THE0 L, ZPCREEZEFO—>TH 3,
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4.4 WEGRAE
 AEIOXERFAZE L JOIS B E# file 610 2HWT, 4.4 . 1122V Tk Compacted
Bentonite, 4 .4 . 2R 2OWVWTRIVEDILEROF—T — R TR bDOTT,

4.4.1 GBEHPOBRAAIBEESICONWTORE

BEMPOBRA Y OHRBIZONTOXRIZIBEROL 572 b0ORb 3. RICEITFAHE
BB, BREELDB,

O)SEHEREE, ) KHERER. O) BRI ME. () ZRAE. ©)BE.
©) %

1) Diffusion of Chloride and Uranium in Compacted Sodium Bentonite.
Arto Muurinen, Pirkko Penttla-Hiltunen, Kari Uusheimo (Finland) Mat. Res. Soc.
Symp. Proc. Vol. 127. p. 743-748 (1989)
(1) Na-~<>bFA b, MX-B0, 06~ 2.1kg/mi
2) HLL REHOFMAK L —P—EEL b L —F—DALRVWEREZRL T, &
BETORELZRET D R TEABZEONL, BrPokaEzREL k.

(3) Na?38(t,
BTV e MBY S VORELEBAY T BRE2ENPLTE2 LD
(4) FIHFHEK

CIFSHE © 001IM. 0.1M. 1IMNaCl,
DIV RV MFA M EHLPUDEHEICL TBWEALHTAK,
&) PPAOBHBHRBLEVAFO M~V —DRERZK 12, 13, 14ic, #1-1,
121230 Cl & U 7 v DR OB A% & BRI BRE 2R L 7. |
(6) BEXZRTEHEEAOERFOM L —F—BESEMLEZ L., EBERTI
R bFACAD R —H—BERRY M F A FOMIOBEE»LEZ BB LY
BEL R ed b, AFVHRERZSTWAZLIEHEALMTHS.
VIVOERTIIAA VHBREEREEZR L, ZhbDHBAELETY T Ok
BEZHRHATESLITHA 5, '
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[} EST e,

we Iy
8F @ gl e
R e
a0 o B |
T3 a2
: SAMPLE
{
‘N
:
TRACER ’ TRACER-FREE
SOLUTION SOLUTION

1.1 Arrangement of the diffusion experiment.

Qo /Cws
[ml)

0.3

0.2

01

1.8/03-H
M -M

04 T T T 0 T
0 10 20 30 tlday) 0 5 10 15 ximm]}

1-2 The break-through curves and concentration profiles of Cl-36 in
bentonite. pr is concentration in the pore water.

De
{m2 /3
10710 -
Dg 11
(m2/s) 10
12|
10710 4 10
10_11 10'13 -—

0 15 20 DENSITY

]
10 15 20 DENS'TY
ta/cm3)

lg/cm3)

1-3 The apparent and effective d.'LfqulVl.tlES of Cl
different solutions.

A =1 mol/dm? NaCl, ¢ = 0.1 mol/dm? NaCl, x = 0.0l mol/dm? NaCl,
B = artificial groundwater !

=36 in bentonite with
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Dac
(m2/s}
- De
- {m2/s}
1071 + 10! g
* =
u X
10_12 R ‘ 10-12 o
x
o
o3 . 1013
-
-1 -14
10 T T 10
05 10 15 DE/“S"g“ D5 10 15 DENSITY
{g/cms) {g/cm3]

1-4 . The apparent and effective diffusivities of uranium.
B uranylnitrate, e uranylchloride, x U0 ,~solution.

% 1.1 Diffusivities and porosities of C1-36 in compacted sodium bentonite.

Density  Solution D,y D D, £, o, b,

of dry L —_—
bentonite m¥/s mi/s m?/s D¢ -

3 .

g/cm .

1.2 0.01- NaCl 1.4.10~%% 7.0-10"t! 7.7.10712 0.54 0.06 0.11
1.2 0.1-M NaCl 2.0-10-1% 2.8.10-1% 2.9.10~!! o.52 0.15 o©.10
1.2 1.0-M NaCl 3.2.10710 §5,1.10710 1.2.307% p.49 0.38 0.24
1.8 0.01-M NaCl  5.0-10~!! 2.0-.10-!! 3.3.10-1% 0.37 0.007 0©.02
1.8 0.1-4 NaCl 5.4.10~11 3.1.107!! 4.8.10713 .31 0.009 0.02
1.8 1.0-M NaCl 7.7-10-! 5.2.107!Y 4,0.107'2 0.34 0.05 0.08
1.2 artific. g.w. 1.5-10710 2,0.10°10 3,1.10"!! 0.55 ©.07 0.06
1.5 - 7.0.10"1L g 401071t 2.8-1012 0.45 0.04 0.03
1.8 = 5.2.10711 s5.1.10711 2.0.1071% 0.30 0.004 0.004
2.1 e - 3.0-10"1! g.s5.10"1% o0.25 - 0.003

3% 1-2 Diffusivities of uranium and porosities in conpacted sodium bentoni-

te.
Density Tracer D D D D 3}
6F a5y at ac 3 Ew e e
bentonite me/s ‘m?/s m/s D
3 at ac
g/cm
0.6 W, (N0z), 4.8-10712  2,2.107}1  g.9.30712 0.70 1.5 0.40
0.9 -= 8.4.10°13  3.,8.10712 2.1.107!2 g.58 2.5 0.55
1.1 - - 1.6-10712  4.9.073 o0.52 - 0.30
1.6 . - - (4.3.1071%) g.4a0 - -
1.2 Uo,C1, - 1.2:00°4% 6.0-1071* 0.44 -  0.50
0.6 —nZ 3.0.10°'2 361071 7.7.10712 o970 2.6 0.29
0.6 Dissolved 2.6-10~1% 5.3.07!12 g.3.107!2 0.70 3.2 1.6
from U0, '
0.9 " 2.0-10"12  g.4.1071% 1.5-10°!'%2 o0.58 0.8 2.3
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2) Diffusion of Uranium in Compacted Sodium Bentonite. Arto Muurinen, Kafja Ollila,
Jarmo Lehikoinen (Finland) Mat. Res. Soc. Symp. Proc. Vol. 294. p. 407-415 (1993)
(1) Na-~» +F 4 b, MX-80, 06~ 2.1kg/ nd
(2) FHwEEE 11
(3) VIVORIBEEELIELO
(4) #okiHEK BLEHFEKLETHFRAKTRRL L. EREHFIR2L U7
v DICFERATE 2-1 '
(5) FERITE22~272F22
6) VIO FEHHERIUVEREIBROLENEEEEL, < bFAb

FORBEBBIEENERERCEETD. FROFHKT. roFERIIBT Y
EHEPHEMNT. TRRKEERS. 6. 7. 8 TRbhATW3, VI OBERE
RYGFUBEBFLRNE W oB AT OEBITEFANVHEEZERZETEILOTH S,

At e XiETA6. BES5. 6vHD. LEOREVWREBHZ EIZ<v b
FA MFIEY TV BEBL AL, ARSI S . A A Bk L AR
T, PRV ELZE-2ED LU T OREBEEHLND,

B A v BEEIFRARETEROHERERDN. BAF 8235 (R
9) .

B/AT, BRMAFHEORE 0 TRERERZ -2 VESR2Y, BELIBTE
NWTUOH: BERLEBELRo-TNE30THAH., ZOBEATBERIIFELLE
BOLOLRD. AHEERGEEEAAVHERSRI LRV RL, B ORE
A/ -1

B A VA A o HBR O N THERIBRE S D S, RETBIC LS Kd D
B L 2 b ICEDIEERESEMT 50T, BAZ Y TREDRBREEREKEL R

.

3% 2-1 Chemical composition of the uranium solutions used in the experiments.
Property Non-saline Non-saline Saline ) Saline

aerobic anaerobic aerobic anaerobic

pH 84 9.5 6.7 80
Eh (V) 04 0.1 0.5 0.1
HCO, {ppm) 326 312 - --
SOk (ppm) 2 35 . - -
cr (ppm) 58 2 19600 19600
Sio* {ppm) 23 24 <10 <10
K* (ppm) 21 15 i5 16
Na* (ppm) 147 149 6500 6600
Ca® (ppm) 1.1 13 5600 5800
Mg* (ppm) 0.2 02 20 23

U (ppm) 25 25 1t 1
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1.0E+02 1 -
UOHCON5G & B © 'y
1.0E+01 1 o ©
_ L.OE+00 uo2(Co3)2- ° °
_ % 1.0E-01 ¥ o ©
5 1.0B-02
1.0E-03
1.0E-04 i
o UCHM
1.0B-05 + + t ' '
0.4 0.2 0.0 0.2 0.4
Eh (V)

10E+01 7
LT womons+ g g m o=
10E+00 + @ODMOWT+ o D O O
1.0E-01 + yowcHs ¢ ¢ ¢ ¢
g 1.0E-02
= 1.08-03 1
1.0B-04 +
) ¢ © ¢ o U4
1.05-05T 4 2 , UOXOWS
1.0E-06 - UO2(0H)2

04 02 0 02 04
Eh (V)

2-1 Uranium concentration of the dominating species versus Eh, modelled by the thermodynamic
EQ3/6-model. On the Ieft non-saline water, on the right saline water.

3% 2-2  The measured diffusivities and sorption factors.

Sample  Dry density
{glem?’)

0.70
1.65
0.76
1.70
1.15
0 1.15

— D o3 =) N Lh

Water

Non-sal.
Non-sal.
Non-sal.
Non-sal.

Saline
Saline

npd = not possible to determine

Cumnulative Concentration
(ppm)
Yy
n

Conditions

Aerobic
Aerobic

- Anaerobic

Anaercbic
Aerobic

Anaerobic

Time {day)

2-2 . Break-through curve for sample 5.

0 100 200 300 400 500 600

D, D, K4
(102 m¥%s) (10" m¥s)  (ml/g)

0.63 19 3
npd <0.1 <0.1
0.15 19 13 .
npd <0.1 03
062 . 58 10
0.075 57 630
100 -
80t 55
’E‘: .60 +
&
o 40
207 s
0 5&—0—0—0—0—4}.—0—!3—&1
0 1 2 3 4 5 6 7
' X{mm)

E] 2-3 . Uranium profiles for samples 5 and 6.
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o 149 400
2 1.2 4
v =
§ T 57
SE% & 200
o 806 5 ¢
5
= 04 Asympiote 100{ s8
E .02 y
= ®
© 0 0 :
¢] 200 400 600 200 c 1 2 3 4 5 6 7
Time (day) X {mm)

2.4 Break-through curve for sample 7. 5.5 Uranium profiles for samples 7 and 8.

- 3.5
5
i1
§ 2.5 1 s9
g ~ i
SE *?
2 & 15
§ 17 Asymplote
5 0.5
] 0 , _ ¢
0 100 200 300 4060 500 . 0 1 2 3 4 5 6 7
Time (day) X (mm)
2-6 - Break-through curve for sample 9. o_7 Uranjum profiles for samples 9 and 10.
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3) Diffusion of Corrosion Products of Iron in Compacied Bentonite. Idemitsu XK., H.
Furuya, Y. Inagaki. (Kyusyu Univ.) Mat. Res. Soc. Symp. Proc. vol. 294. p. 467-474
(1993) |

(1) Na-XVbhFA b, 16~ 18kg/ M+ 0~ 40% , REDOILEMERITHR 31

(2) B13-1. #32

(3) " Fe TERLALBOBERERYZREFCORL LD, LEDOEDRERADOE
WS b ER.

@) BRERFODIEE. BRARYO S LU T 2LFBIBLL Fe ' A 4T
H55. —HRREORNWEES., R TIOLKBUE2EOBRAFTHE 5,

(5) GOMBHTOT B I FANEREEODZEE (M32) LEVWES (T33) .
R OmEAERIE R 33K 34 R L I,

6) BRERDO R DB TR T 10 121 5 Thd. HRMEGHFHET
[FEED b L—F—DRPTOUERBRBEEERB I Y. 24N, BHEME
B by A PHROSKOEFERITRTLRIE TIX Fe 2" THRMSMETIR 3 o
KBIEHORAAZT LV THE 5. () ODBAZT LI b1 bOBRKH2ERED
WBEBIRERTELLE, BAFVIEHBLESY Mo FOBBEAILHRENS
DTHAH,

£ 3-1 Chemical compositions of bentonites used in this study (wi%)

Bentonite/Sand ratio 100/0 60/40

5i02 66 to 82 17 v 91
A2 7/ to 11 4 o 10
Fe203 1.2 ‘10 1.8 0.6 0 1.6
MgO 1.6 w0 2.0 1.1 1o 1.5
Ca0 13 1o 1.8 0.6 10 14
Naz20 13 o 3.8 0.9 1o 2.9
K20 005 to 0.09 0.04d 0 007

Ignition loss 1.0 1o 17 0 two 10

% 3.2  Chemical composition of carbon steel SM41B (wt%)

Element C St Mn P S Fe
Conlent (.12 0,15 0.64 0.02 0.004 Balance

Tracer solution with "°Fe
CHRERER PRt Acrylic Resin Column

Labeled by 9Fe Alumina Filter

b Bentonite Specimen
BN i ¢ 10mm X 10mm
Carbon Steel SM4IB
$ 12mm X 2mm

B 3-1 Schematic of experimental apparatus
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Fe-59 Concentration (cps/g)

10

=5 1.61
—A= 171

10'F

Density (g/cc)

Fe-59 Concentration (cps/g)

Fe-59 Concentration (cps/g)

0 i L t 1
0y 2 4 6 8 10
Depth (mm)
(a) bentonite/sand=100/0
10°
& Density (g/cc)
- B —8- 161
= 9 -4~ 1,71
& ~$4- 1.82
=1
(@]
=i
5 10't
o o
[ =1
o
&
3
2 7 .
‘ .. 3
100 1 I r Moy \ é
0 2 4 6 8 10
Depth (mm)
(b) bentonite/sand=60/40
3-2 Fe profiles in bentonites with carbon steel
3 3
Density g/ec 10 Density glee
—=- 1.61 @ 1.61
2 - 171 3 —A— 171
e gtz 1,82 @ -4 1.82

Depth? (mm 3

(a) bentonite/sand=100/0
3-3 Fe profiles in bentonites without carbon steel

lf)eplh 2 (mm 2)
(b) bentonite/sand=60/40
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3% 3-3 Apparent diffision coefficien! of iron in some bentonite {m2/s)

Dry density with carbon steel without carbon steel
(gfec) 100/0* 60/40% 100/0* 60/40*

1.61  (3.1£0.2) x 10-12 (2.040.2) x 10-12  (1.840.4) x 10-14 (4.0£0.4) x 10-14
1.71  (L.720.1) x 10-12 (3.240.2) x 10-12  (1.2%0.3) x 1014 (1.740.1) x 10-14
1.82  (1.6£0.1)x 10-12 (1.020.1) x 10-12  (1.420.4) x 10-14 (1.740.3) x 1014

* Bentonite/Sand weight ratio

10-1
@ o e
N
% ® o o
10-12
.g @
=
g .
O ) Bent.. | Bent.&Sand
c
= with carbon steel
a (reducing) O : ®
Eg 10-13¢ without carbon steel r £t
= [ (oxidizing) i |
i)
T -
fe L
¢ 'l
10-14 . o E L. ; i: .
1.6 1.7 1.8 1.9
Density (g/cc)

34 Dépcndence of dry density on apparent diffusion coefficient in bentonite
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4) Diffusion of Uranium in Compactied Bentonite in the Presence of Carbon Steel. K
Idemitsu, H. Furuya, Y. Tachi, Y. Inagaki. (Kyushu University), Mat. Res. Soc. vol.
333. p. 939-946 (1994)
(1) Na-~X hFoA b, 16~ 18kg/ mi+R0~40% (F41. 42)
(2) 41 (H3-12F%)
(3) 10mg ®?% U 22 IM ® HNOs
() RRBAEBEAEIE, VM A IRBRBFSE. BoRETHEER. &
REOBNEA LI, '
5 vTvroFurrAn (F42k 43) . BT OSSR (3432 4-4)
6) BEREE (1625 18g/cl) L U bR (0725 40%) HEKELRNE &3
o, .

Ry b A POBBEAD pH ZBEPRICEI T, 8L IRREATNBEDT
ARGk 12 R TR T D KL SERIC 2 5 TR YD . BHERO BB Tl SR % 703
KREICMBEDRAA L T R-TNEIbDLELLNE, BT VHBRERIZ 2
@%#?@Mﬁ%#@%%%%?é:auf%&wo%ﬁ%%ﬁﬁfm&ybf4
MEOMBADY T RERRIN R EE OSILEOBET O E KEL B4
XY 2#b/AhEN, _

REBILBTHEHBIOT, EHELERV M FA MOV IV OBRTRERET S

CDTHAH,
3% 4-1  Chemical compositions of bentonites used in = 4-2 Mineral composition of
this study (wt%). ‘Kunigel V1®'

Bentonite/Sand ratio 100/0 60/40 Mineral weight %
Si0, 66 1o 82 77 o 91 Montmorillonite 50 to 55
ALO; 7 w© 11 4 1010 Quartz 30 w35
Fe,0; 1.2 10 1.8 06 t0o 1.6 Feldspar 5 1010
MgO 16 to 20 1.1 to 1.5 - Calcite 1 w0}
Ca0 1.3 to 1.8 0.6 o 1.4 Others o< 2
Nay0 13 10 38 09 10 2.9
K20 0051 009 004t0 0.07

Ignition loss 1.0 10 17 0 tol0

Tracer solution with U

Corrosion Product

Acrylic Resin Column
Labeled by 233U '

Alumina Filter

Bentonite Specimen
¢ 10mm x 10mm

Carbon Steel 35401 ] > I-—
¢ 12mm x 2mm !
4-1 Schematic of experimental apparatus,
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10 2 10 2
" dry density 1.6g/cm3 dry density 1.6g/cm3
& e g S, Oxidizing State
£ 10 If %, Oxidizing State | §10 ! g (56dags)
= 3 h";\, _ y (47days) R \\y y
2 g BN\,
‘é ‘éiesdtgftséng % Reéiucing \’«%
* 0 tate v i
© 10 0 (63days) %"x\ 210 (107days) \\%
Q ] \ Q N
:“) \‘j s D - %\v\’
; . ‘\& .
We™ 2 2 6§ 1010 24 6§ 10
" Depth(mm) ) Depth(mm)
l 0 :-‘55\35‘3\-74."“_‘;‘- 3 3 1 0 H 3
I dry density 1.7g/cm dry density 1.7g/cm
) i ” &8 o, 0 '
2 S Oxld(lszgan St%jlte a “ Tea,
1 g e Oxidizing State
20l N o AR
g - \‘*m E
g § BN 8 Reducing State ?
= £~ Reducing State g educing State
S ol v (93§ays) \ S, ol (107days)
oM 10 E % fon] 10 b,
o N, | e {
a 2 8
- o \
5
0 T, e s 100 T 4 e e 1o
2 Depth(mm) 2 Depth{mm)
10 % _ — 10 , 3
55-;,.2;%} dry density 1.8g/cm %, o dry density 1.8g/cm
§ \\%‘ Ox(lglaz&gggtate § ’ s,,ﬁ Ei oxég%%ng S)tatc
k3) < ays
£ 0! W g g
B f"‘\ g K
= _ e
8 Reducing 3 . :
8 State 5 0 -Rec(iilgz’fn Stz)ite y
o 10 (93days) ‘%\ 210 s \\
(9] [ o .
- : \ - l \\‘
r
| K
-1 1 1 1 1.5 -1 M 1 1 i 1 I 1 P
W0 27 4 6 g 10 100 g 2 4 6. 8 10
Depth(mm) Depth{mm)

4-2. U—233 profiles in bentonites (100%). 4-3 U-é33 profiles in bentonite (60%)
‘ and sand (40%) mixture,
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32 4-3 Apparent diffusion coefficients and constant concentrations at the surface of bentonite
in some bentonites. .

Dry density  B/S* without carbon steel with carbon steel
(g/fem3) Da (m?/s) Cs (cps/g) Da(m%s) = Cs(cps/g)
1.61 100/0  (9.0+0.2) x 10-13  59.4+0.5  (9.3%£1.0) x 10-14  14.440.8
60/40 (13.£0.4)x 10-13  357£0.5  (3.50.3) x 10-14  17.9£1.7
171 100/0  (14402) x 10713 "89.9+0.5  (5.5£0.1) x 10-14  14.6+1.1

60/40 (12.£0.4) x 1013 39.440.5  (6.0£1.3) x 1014 4.410.7
1.82 100/0  (8.0£0.1)x 10-13  60.740.5 (111.0)x 1014  12.240.8
60/40  (9.0:0.2) x 10-13  63.840.6  (6.4*+1.8)x 10°14  2.840.6

- * Bentonite/Sand weight ratio

=11

10
Bent, Bent.& Sand
with carbon steel 2] O
without carbon steel E2] ' "]
12 G 3 :
710 i )
o £ i
E
o
=
[7a]
o) 10‘ 1 ﬁ | B
‘g |
a
-14
10 1 ] - 1 1 i I [
1.5 1.6 1.7 1.8 : 1.9
Density(g/cm 3

4-4 Dry density dependence of apparent diffusion coefficient in bentonite.
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5) Study on Retardation Mechanism of 3 H, 9% Tc, 37 Cs, 237 Np, and 24! Am in
Compacted Sodium Bentonite. H. Sato, T. Ashida, Y. Kohara, M. Yui. (PNC Japan)
Mat. Res. Soc. Symp. Proc. Vol. 294. p. 403-407 (1993)

(1) Na-~¥ b b, KunigelVI, 04~ 20kg/ni (3 5-1)

(2 BBEES1~3 |

(3) ®H, %0Tc, 197Cs, 29TNp. 241Am (52) . 2% Np OEARLERE

NpO2Cos & NpOx(COs)2 *~T. 24! Am I Am(CO3) > Td 3.
4) KEFLEEEHSV M A POFRCEREEZERL. BBSELBRAVMF
A FERAFARLTERES 07 7 A LERD B,
(5) B OMmBRRIES3EES4IRLE. TORENLEME L HESES
KF (F54123%55) | _

6 1 HLQQR\”7&‘NTMLZMAmwﬁﬁﬁmm&%ﬁm&be4b
DOHEBEMT 2 LB T D, XU b A FOEBERFOREIZAN T2 HHED
EEEEERAIIRD BB TES, |

2) 99Tc&;’ckﬁ@%#'ﬂiiﬁ%&*?‘7.&\@47&&?#&?6#6\ S LA
AL VHERTH S,

3) 1T CsiENaAA L EDAF M THHATE S,

4) 23T Np 2HIAM OFEMEL = Na-_y hF A FFOBEIRE. B4 8
B BRASBORLAEDETHD LH#ERESND,

Bolt ]lydraulic Press
...... ——Half L /‘ Punching tool
Hlos HER e ey 1L, Holder
— : Tracer i 3
®2@ sa M- L—7 4 t Compacted i i
sl o e _ bentonite HE: i1 1 Bentonite
ik : 0000 f = | 1 o il
= P rorees I HE ‘...-_ HREAY
= I e = V1 i PHale cen
20an_ .| |.20mm
Bl 5-1 Schematic View of 5.0 . Schematic View of
Diffusion Cell Punching Tool

Diffusion cell y&@ling material
L
[ e o e e T] Petector

i
\ | ~Cut surface of
! bentonite
Fixed tool
Bentonite

E] 5-3 Measurement of a-Activity from Surface of Bentonite with ZnS({ag)
Scintillation Counter
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F= 5-1 Composition of KunigelVl @

Mineral Content (wt%)
Na-montmorillonite S50-55
Quartz 30-35
Feldspar/Plagioclase 5-10
Calcite 1-3
Zeolite 1-2
Dolomite 1-2
Pyrite 0.3-0.6

3 5-2 Experimental Conditions

Radionucl ides ‘ S 997¢ 137Cs 23TNp  élpg
Density of bentonite | 0.8 1.4 0.60.81.0 0.40.8 0.40.8 08.40.8
({x10*ke/m*) 1.6 2.0 1.4 1.8 1.4 2.0 1.42.0 1.4
Buffer material - Sodium-bentonite{KunigelVl ® )
Initial solution Distilled water
Temperature (°C) Room temperature(about 23°C)
# 53 Estimated Apparent Diffusion Coefficients(Averaged) (m?/s)
Rdionuclides Dry density {x10%kg/m*) )
0.4 _ 0.6 0.8 _ 1.0 1.4 1.8 1.8 2.0
g 9.9 5.8 4,2 2.3
0=l X 10-1° x10-1° x10-1¢
¥3Tc 8.0 7.2 4.7 1.8 1.2 4.4
x10-1° x10-1% x10-1° x1071® x10-1? x10-!
13TEY 1.8 1.4 ‘ 7.8 5.2
x10-%1 x10-11 %1012 x10-3
I3Np 5.0 7.0 1.5 ' 2.0
X 10-11 x10-1? _ % 10-12 x10-13
T4lam 1.7 7.5 2.8
x10-1¢ X108 x10-%%
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(m’/s)
10°¢

10 N\

S TR SITE:

10-1 1

10712 -
237
10713 .

10-14 N‘m

10—15 1

0 05 10 L5 2.0 25
Dry density of bentonite(x10°kg/m')

131CS

apparent difl fusivity (Da)

F ] 5-4 Dependency of Apparent
Diffusion Coefficient on Dry
Pensity of Bentonite

3% 5-4 Dependency of Tortuosity on
Dry Density of Bentonite

Dry density 0.8 1.4 1.6 2.0
{x10%kg/m*)

Tortuosity 1.5 2.1 2.4 3.0

# 55 Comparison of Calculated
Yalues and Measured Yalues for

Distribution Coefficients for Cs

(ne/g)

Dry density 0.4 0.8 1.4 2.0
{ x10°kg/m*)

Calculated 82 44 23 12

Results from
diffusivities 200 69 23 8.2
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6) Diffusion Behavior for Se and Zr in Sodium-Bentonite. H. Sato, M. Yui, H.
Yoshikawa (PNC Japan) Mat. Res. Soc. Symp. p. 223-224 (1994)
(1) Na-=Y b+ A b. KunigeiVI. 0.4 ~ 2.0kg/ m
2) Eeé1
(3) Se : SeQs?”, Zr : Zr(OH)s ¥ 72X HZrO: -
(4) 20°C. B & 4%
(5) Moz
©) IEBOBREE Stern DZEBOERIC S 2 PVTRIFL ke, B oADK
R, JEREE, RA. SEEER. SV ML PORE, REXRFVV AR LR
OEBROBERERA WL, v A MOBHERBIY—TH3 LEELE, BE
DAZYDOFHORT L VERT v Y U GH, BERRALY 2 HHRHITHES L
Lic. DR, %?&Lfciﬁ&&(-ﬂbfco CHRETFADRYEEERTHOT
HDb.
Se B LALBEBLRVWDG L, BAFTHBRBEC TR H X VEET 5.
Zr 3R LA T VR OMBAE DR TEIET 3.

' Bolt
—Half
= b o= celt
— — Tracer
®2@ R ] Compacted
i R bentenite
5 ) e sopt—H (/5)
.......... - + 10-8 .
s S e — 5 _
.20mm >| |,2!3mm 5 E 10-¢ '
Y
[ -10
6-1 Schematic view of 8 10
diffusion cell g 10-1
8 1002
N
o 10-13

b d

§ 10-1¢ \g\

1
§10-15 1 ' l“ Aﬂl'
-

0 05 L0 L5 2.0 25
Dry density of bentonite

(X10°kg/n )

‘B 6-2 Dependency of Apparent Diffusion
Cocfficient on Dry Density of
Bentonite
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7) Estimation of Effective Diffusivity in Compacted Bentonite. H. Kato, M. Murdi, N.
Yamada (Mitsubishi Materials Co.), H. Sato (PNC Japan) Mat. Res. Soc. Symp. p. 225-
26 (1994)

B 7-UzZhE TERTHELLTW S AR AR, B 72 ERRE =L I

BEHTOEDRESZLLERBEFAER L, 27 MELEARY b F A |
OB REEZBROEE) ol A bUFERFOBE XY & U TEMET S,

BEEYOFDHBAERIROL S KET S,

De = ¢ X86XDp/t?

e XEDHME, S IXEHBE. < XEHETDp ZHERPOHBRTHS., (8 X
Dp) RESH_-EEOBRBIRESSLOT, 1 2ROEHERO—HEOEVEY
aF A PRFEMLT, KTy Y —RAY=RN8, FHEKEP LR LEWE
BiEvEY ot bORERT Vv, 2ELLTOASFTVRERZVART, SE
RIS Z &R TE S,

ZOEFNEO—BIIEEILLIV. BEOFMTEER I TWARA X VLERE
i, FERSF. LEOBAF VTS TEBER/NIWERER L KL< —&L X,

1x10% E

& F o M Cs137
0 E i |

£ F ® n‘ ¢ H-3
2o and0 L A 4 E .
= 1x10 o A a A Tc99
£ 10" b ® A * Cl36
b= " E L 4
g A
-
g 1x10™ ¢ e
3] 1x10'1_3 i L 1 I |

0.0 . 05 10 1.5 2.0 2.5
Dry density (g/em®)
7-1  Measured effective diffusivities in bentonite.

1x10® ,

& neutral
B oI1x10% B rereessimaeni,. ' molecule
s :_:__._ --------

2 .10 e N monovalent
s M cation

%3 '-.,.

£ 110! By I

5 -, HODOVR ent
2 anion

‘g 1x1012

&

" x103 | ' ' ' :

0.0 0.5 1.0 1.5 2.0 2.5

Dry density (g/cm?)
7-2  Calculated effective diffusivities in benlonite.
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8) Effect of Dry Density on Diffusion of Some Radionuclides in Compacted Sodium
Bentonite. H. Sato, T. Ashida, Y. Kohara, M. Yui, N. Sasaki. (PNC Japan} J. Nucl
Sci. Technol. 29, p. 873-882 (1992)

(1) Na-X> bk b, Kunipia-F, 0.2~ 2.0kg/ miz® 8- UZ{LEEEKERL 2.

(2) HE81. 82 |

(3) 37Cs, %08r, °9Tc, 29I, 23" Np, 24! Am (5282)

(4) wiR L@, 83

(5) 84, 85(a)b)ic R oiBfREk, BERE., SEEEEV M A FOK
EiZH L TRL .

(6) HEREE22DL 20ky dOHEATRESRENEFKE/LL, RPT OMEHAE
REOHEBESTD (£83) .

137Cs, %98r, 99Te, P NILEERBMCHLEONRBILLRBD b,

23T Np. **! Am CIZHESEINT 3 LBERESEMT 2 @ALH 5.,

3% 8-1 Chemical composition of Kunipia-Fit

{wi2)
5i0; Ti0; A0, FeDn MnO MgQ Cald Na0 K40 HL0
58.0 0.2 21.9 1.9 0.2 3.4 0.5 3.0 0.1 10.8

Analyzed by the Kunimine Indusiries Go. Lid.

35 82 Radionuciides used in this study

Radionuclide SLock solution - Activity Used quantity {activity)

*H Fritiated water A8.4 xRg/m! 0.1 mf ( 4.84 kBqg)
=°Sr 6.1 M-11CI 43.9 kBg/m{ 0.05mi ( 2,19 kRg)
Te 0.01 m-NI1LOI 464  kBg/m! 0.05ml ( 23.2 kBg}
128 {1. 01 ai-Nal 42,5 kRg/m/ 0.06md ¢ 2. 125klq)
B0y 0.01 ni-41CI 4.6 MBg/m/ 0.05mi (230 klig)
ZHNp ) 0. 14 n-1ICH 46. 9 kBg/m! 0.05mf ¢ 2,345 K[3g)
Am 0.5 m-l1IC) A5, 3 kbig/m/ 0.05 mf (2,265 KkBq)

Hydraul ic press

b

{ - .‘-] Punching eylinder
@ Hali Cell
N = \\‘\ \ ‘ i - dolder
§ :}//’ \:*\ . bentonite ’D,’ Bentonite
g , . _ ) 3 NGO Half oeelld
NS e [N S
£ /;\E B S .
i 8-2 Schematic view of punching tool
20mm 7 20mm

B-1 Schematic view of diffusion cell
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< =10
,,z Elapsed time:ldays ..% Density:0, 8X10%ka/m’
>y [ @ :Density:0. 2 10%kg/n’ *E Elapsed time:1)7days -
s [ A:Density:0. 4x10°kg/n’ I '
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= t D [
C j e
5 L [ "o
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— E LIS — p= ~
§ “-A:‘:...\. E '\.
» ~ o f
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LM \\ S
> 3 BN Rt
Z f \ =
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o ]
o ! 2
3 1o . , Rl
0 9 10 15 0 5 10 15
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(a) S (b) *'Np
X 8-3 ‘(a).(b) Concentration profile for *Sr and *"Np
10_8 T T T T
10-9"‘31& I
~~ = \
:‘2 iy 0%\\3}1 :
E O} 0\ @
= A
5 Aa ’\ Y129
S o' Hem. :\&; 91 L Pt
£ TNRB-RTA—A g
8 N “H
5 - R ‘-nEnCs 7
- -
= oM. Sa
© @ AT
§ % \a Mo A\
g 01 AUip g ]
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g
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106 T T T L .102 . ") T T T T
2% e ®- ¥
105_ /e—. “Am 10 L N
/$ g OOAO OV : fiom SOB{17]
5 104) -8 C
s T 237y, = e 4
o -
s ot < A\g\ @"2?]1\
0% - ST AVTR N R
§ ALB 2107 A 2 e ,
= 137, = A W
-— /A CS ™ O - !-._n =
o 2 — _H_ o _ ~E_H_g._ g 177
E "—‘Q:E:Q—Q-n—n*ﬂ"u'm ° 10 2 M\A\A <
5 |—aa-ad T A A, 4 S 2 T AL %
& 1p SR v o — Ay TS
L 0_—#‘_’ SSTC B 10 \ ¢ — "—_.Q._Q__ N
— " E \ 91c
et / v v Vi3 2 v
|
10"} 1 1 1 1 291
0 - 05 1.0 1.5 20 25 10“50 S - e e
Dry density of bentonite (X10'kg/m’) ' - - ' 3
y Retardation factor Dry density of bentonite (Xi10’kg/m”)
(a ctardation 12 (b) istribution coctlicient
[ 8-5 (a),(b) Dcpemléncy of retardation factor and distribution
cocllicient on dry density of bentonite
;ES—S* Tortuosily faclor of bentonite derived from apparent diffusion coeflicients of 1
Density (xX10*kg/m?) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Tortuosity factor 0.50 0.36 0.25 0.18 0.13 0.09 0.065 0.046 0.033 0.024
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9) Diffusion of Iodine in Compacted Bentonite. D.W. Oscarson, H.B. Hume, N.G.
Sawaisky, S.C.H. Cheung (AECL, Canada), Soil Sci. Soc. Am. J. 56, p. 1400-1406
(1992)
(1) Avonlea bentonite, 1.6Mg/ mi
(2) in-diffusion ([49-1) . through-diffusion (E4 9-2)
(3) 1'2%1
(4) SGW
(5) indiffusion : [" 77740 (H93) ElTOBEHROEBEELL (K94)
through-diffusion : BB (1 9-5) RESTE (B9-6)
R ORGSR & A RIEBRE (3 9-D) |
(6) 047> b EML =R AF —1T 17.8kI/mol T, EBE EFIC#d BT OHEERE
OEIMIETEIRORECRPIT L B LD TH B,
R TE BMROBIT SR SBRAF VHRIZE B 0T, BEAOES S
EBWETFT 5.
HEXDHIEHEICHD L EIX, 1P IOEELBETIBHIILECHMIToN
T, PLEIT 5. Ll LEFHIERELZILD L. AWML ELI RIEER
PErEhaz tichd,

Connacling boit
Stainless sleel cap
Slafnless sieel plala

Porous Nl plate
Stalnless steel ouler cyllnder F

Clay
I~ Stalnless steel Inner cylinders

Clay and lracer

O-ring :
Tellon plug 9-2 Diagram of the diffusion cell used in the through-diffission
experiments.
@ 1 T ) 4 Scm

9-1 Diagram of the diffusion cell used in the in-diffusion

experiments.
] oy |- M T T T A L] T T 1] T T T T T i T L)
1.0 8.0 e
Pyu 0.92 Mg m?
28 | * Expardmental 1
L N\ Flitad profila using Eq.d .| z
S os | g
5 . g asl ~g
064
D, In mis*
0.2
0 n 1 l L 1 i " «10.0 1 L 3 r 1 1 1 3
4 3 2 -4 0 1 2 3 4 27 2.9 3.1 3.3 3.5
Distance {cm) T000/T {K)
8-3 Concentration profiic for [~ In Avonica bentonite. 9-4 Apparent diffusion coefficient, D,,, for 1~ in Avenica

bentonite vs. temperafure.
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1.0F

0.8k Py = 1-34 Mg m‘:: u -

0.6 -

/A (nmol m'?)
o

04} . .

0.2 g i

: = Po = 1.46 Mg m™3
0 o;ooo o o O0o00ODO 00000 |
1 1 ) 1 ! 1 1

0 4 8 12 16 20 24 28

Time (d)
©-5 Breakthrough curves for I~ at two clay densities.

0.20 — ———p—r—r——————

016 F

Py = 1.34 Mg

0.12

CrCq
T

0.08 -

0.04

Distance (cm)

9-6 Relative concentration of 1= vs, distance from the source
reservoir—cloy interface at two clay densities.

E 91 Diffusion coefficients for I~ in bentonite.

In-diffusion Through-diffusion
Clay Apparent diffusion Clay Effective diffusion Apparent diffusion D/
dry density coefficient (D) T dry density coefficient (D) coeflicient (D,) D} nfnt
Mg m-? m!s—t x 1% Mg m-? —_—  msixt — % 100
0.92 35 0.17
0.88 36 0.13 0.92 33 105 0.03 s
0.89 42 021 0.90 9.4 76 0.12 18
1.13 30 0.15 1.08 4.6 64 0.07 12
1.12 32 6.16 111 17 25 011 I8
1.10 3 0.15 1.09 1.8 23 0.08 13
1.30 21 0.10 129 32 38 0.09 16
1.30 18 0.09 139 2.1 2 0.09 1%
132 21 0.10 1.3 2.9 29 0.16 19
1.50 10 } 005 1.45 0.18 4.2 0.04 9
1.50 8.7 0.04 146 0.18 14 0.0} 3
1.51 9.5 0.05 1.46 0.12 2.5 0.05 10
1.61 0.10 16 0.01 2
1.64 0.12 T4 0.02 4
1.63 0.68. 21 0.03 8

t DD, = n, (Eq. [Z) and [7]}).
 n is the total solution-filled porosity of the clay and n, is the fraction available for diffusion.
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10) Difusion of !¢ C in Dense Saturated Bentonite under Steady-State Conditions. D.W.
Oscarson, H.B. Hume (AECL, Canada), Transport in Porous Media 14, p. 73-84
(1994)

(1) Avonlea bentonite , 1.7Mg/ nd
(2) X101
(3) Naz!4 COs
(4) SGW L SOW Izl & ¥ OMIBADILAAER (3 10-D
(5) RAFoRFEOZREFEE (K10-2)
mag (X 10-3) . BWEOFOREMER (B104) HBHFE (R102) R0
OB (K105 |
(6) T4 DIBEOLBEBROBROLE (K 10-6)
U COEDIEFREZXI . G~ TcO:™, Csr L D/hEw, ZHhXEHRERE
BAENDRLTHAD,

Conneciing bolt
Stalnless stee! plate

Porous Nl plate
Ciay
Stalnless sleej ring

O-ring

10-1 Diagram of the diffusion cell.

% 101 Composition of the synthetic groundwater solution (SGW)
and the pore solution of the clay after contact with the SGW

SGW Pore solution
{mmol/L) {mmol/L)
Na 79.6 117
K 0.37 : 0.70
Mg 2.39 319
Ca 48.9 s -
Cl 166 197
S0, 104 13.9
NO, - 027
HCO,* 0.28 0.20
pH 72 7.7

*Titratable carbonales.
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Cc

inorganic

Fraction of total

) - . - - 3-
HCo, NaHCO, NaCo, CaHCo, HCo, CaCo, co,

Aqueous inorganic C species

10-2 Distribution of aquéous inorganic C species in the pore solution of the clay.

0.8 |- P
- . Py =1.61 Mg/m3 /
o~ L
& 06 /
E $
——
= é
© B P
E ¢
X 04| /
< | o
S L. G//
g e /
0.2 o® /
o /
° ,/ t,=53.6d
. oo /
ole_seeiee @®? L 1< 1 I i
10 30 , 50 70 90
Time (d)

10-3  Cumulative Rux of "“*C versus time.
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6.8 o
= P, = 1.61 Mg/m3
¢/cy =-0.72x + 1.06
07 -
o L
(&
T,
O o5
0.3 |-
0.9 | i I 1 1 i 1 1 1 1 I ]
0 0.2 0.4 0.6 0.8 1.0 1.2

Distance, X (cm)

10-4  Concentration gradient for '"*C within the clay plug. Zero on the ‘distance axis’ is the interface of
the source reservoir and the clay plug.

F£ 10-2 Diffusion coefficients for '*C in bentonite.

Pv Da Du D.ﬂ "ca ﬂ,/ﬂ % 100 de
(Mg/m?) (10"2m?fs) (m*/Mpg)
0.96 11 33 17 0.050 1.7 0.36
0.89 9.6 42 21 0.041 6.1 0.30
0.92 10 65 ' 19 0.046 6.9 0.22
118 . 3o 7.1 17 0.020 35 0.20
118 8.0 [z 17 0.052 : 9.2 043
1.25 1.3 12 5.4 0.009 1.7 0.15
131 4.7 6.6 5.7 0.041 18 .55
1.43 0.55 2.6 8.2 0.007 14 ¢.07
L4l 0.27 24 5.5 0.003 0.64 0.05
L.61 (.49 1.3 59 0.016 39 0.07
1.63 Q.65 22 5.1 0.027 6.5 0.09

*From Equation (3); Dy = [.18 x 10~ m?/s and 1, at a given clay density was obtained from Figure §.
®From Equation {3).
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021 |- o T, =-0.248, + 0.41
047 -
013 -

0.08

0.05-~

Apparent tortuosity factor, T,

1 ] 1 I
0.8 1.0 1.2 1.4 1.6

0.01

Clay dry density, B, (Mg/mb)

10-5 Apparent tortuosity factor versus clay density {adapted from Oscarson et al {1992) for I~
diffusion in compacted clay).

-10.0 N © C (This study)
) D1 (Oscarson et &l. 1952)
(] O CI (Muurinen et al. 1989)
= O g " O0g ¥ Cs {Cho ot al. 1933)
o A (w] ATe (:uttl;or’s unpublished
ata)
o -11.0} ee® © v :
O e A o
o -4
L B ° )
o
-12.0 |- @ o 0
-4 3 °
B D, inm¥s
L]
O
-13.0 i 1 1 i 1 1 1 1 i 1
0.8 1.0 1.2 14 1.6 1.8

Clay dry density (Mg/m?3)

10-6 D, values for selected diffusants in bentonite versus the dry density of the clay.
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11) Comparison of Measured and Calculated Diffusion Coefficients for Iodide in
Compacted Clays. D.W. Oscarson (AECL, Canada), Clay Minerals, 29, p. 145-151
(1994)

(1) Avonlea bentonite , Lake Agassiz clay . Ilite-smectite mixed-layered clay (ISMt-
1). Kaolinite, ~ 1L1Mg/ ni&E+D{bEAHE (38 11-1) |

(2) BE11-1

(3) 251-

(4) in-diffusion

S) I'oFazrAn (H11-2) FHEBFEOHEER LAHERR (F112)

(6) Lake Agassiz clay |15 BERFEEE <. FPRRUERESIER 1T/ &V,

3k 11-1  Sclected properties of the clays.

Cation
exchange Specilic Orgaanic
capacity® surfice arca"  carbon® K
Clay (cmol. kg™ (107 m® kg™ (wi%%)  pHY  (mPMgT)

" Avonlca bentonite 60 450 0.31 7.3 0.25 £ 0.014
Lake Agassiz 30 303 1.2 7.1 12 + (.20
lite-smectite 43 292 0.16 74 022+ 0.009
Kadlinite 23 10 (.06 39 L7x0.48

* Calcium and Mg were the indes and replacing cations. respectively {Jackson, 1973).

* Ethylene giyeol monethyl ether method (Carter ef ef., 1986).

¢ Determined by igniting a sample at 900°C in an O stream; CO; released was measured
with an Astro 2001 organic C IR Analyser, Clays were pretreaied with FeSQ, and
H.50; to remove inorganic C (Nelson & Sommers, 1952},

¢ Synthetic groundwater selution-to-clay ratio of 2:1.

 For 1™ using eqn. 7.

f Mcan + 1 standard deviation (n = 4).

Stainless steel cap

2 1 Stainless steel
- oulter cylinder

Cilay

[ Stainless sleel
| —"inner cylinders

Clay and tracer

O-ring

Tellon™ plug

b 2 3 4 Sem
] 1 1 1 1

EZ] 11-1 Diagram of the diffusion cell.




PNC TJ1564 95-001

Relative concentration, C/Co

824

Avonles bentonlle

1.0¢ - »te Ditiuslon tme « 72 h
L e

0.5 -+

1] ) 2 s a

s e Loke Agassiz clay

1.0F . o Difusten time = 123 h
o5 4

0 LA
op ., . El:l‘ir:lomc::‘r‘v::-nh
0.5 +

0 ML N Y
e ..ot Diasion e = 30 h
0.5 -

03 2 5 P) )

Distance from interface {cm)

3 11-2 Measured. Dy, and calculated. D, diffusion

cocfficients for 17 in the clays,

D b2 D.D,
(Mg m™) (um* 574
Avonlea bentonite
1.13 300
1.12 320
1.10 310
mean 1.12 310 140 22
Lake Agassiz clay
1.28 0.63
1.26 (.62
1.27 0.37
. mican 1.27 0.62 6.8 0.09
lilite-smectite
1.18 250
1.12 200
1.12 130
i.12 160
mean 1.14 190 10 1.4
Kaolinite
1.16 59
1.13 33
l.l6 4]
[.17 146
mean .16 RL| 110 n.67

* Calculated from cqn. 2; the K values are given in Table |
and the valucs of the other parameters are given in the

] 11-2 Concentration profiles for 17 with the four clays.

lexI.
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12) Surface Diffusion : Is it an Important Transport Mechanism in Compacted Clays ?

D.W. Oscarson (AECL, Canada) Clays and Clay Minerals. 42, p. 534-543 (1994)

1

Avonlea bentonite . Lake Agassiz clay .

Illite-smectite mixed-layered clay (ISMt-

1), 125~ 1.60Mg/ i, {LZERIHEE (3% 12-1

()
€)
4
&)

& 12-1

SH, 858, 45Ca, 2%2Na, 1251 (3 123)

SGW D {bEfE R (3% 12-2)

wBmE (F122) Fu7 744 (€123) HIO OLEERE (35 124) ol

OB OWBARE (F 12-5)

(6) FEHLBUTHED 1L60Mg/ nix TIREBELRBBISE T2,

FT 12-1 seiected propenies of the clays,
s P
:f:r::‘;: slgcrgc: Chrganic
capagity' arcat earbon!
Clay {emol/kg) {10* mikg) {wi. %)
Avonlea 60 430 0.31
Mitersmeetite 43 290 .16
Lake Agassiz 50 300 1.2

' Calgium and Mgt were the index and replacing cations,
respectively (Jackson 1975).

1 Ethylene glyco! monoethyl ethar method (Carter e af 1986),

* Measured by igniting a sample at 900°C in an O, stream;
€O, released was measured with an Astro 200! organic C IR,
Analyzer. Clays were pretreated with FeSO, and H,S80, 10
remove inorganic C {Nelson and Sommers 1982).

- §~—Connecting bolls

Slalnless 1ienl pinie
Poroys Ni plale
Clay

Staintasy slael ring

B2 18 Sem
————

12-1 Diagram of the through-diffusion cell.

% 12-2 Compaosition of the synthetic groundwater {SGW)
solution and the pore solution of the clays alier contact with
the SGW,

Pare solution

{mol/m?)
SGW Hiite Lake
{motim*) Avonica mectise Agassiz
Na g3 120 77 78
K 0.36 0.70 1.6 [.4
Mg 2.5 3.2 5.9 9.3
Ca 53 40 33 49
o] 170 200 130 180
SO, Il 14 12 12
HCO, 0.28 0.20 0.21 0.24
pH 7.2 7.7 7.7 7.8
200
— A
~
E 1501
K]
£
= oo}
g
o
50
t
) e
G 2 4 & 8 [0 12 14 16 18
Tims (d)
4 T 3 T T T —
B
&
€ of ~
Q
E - ]
g
< 4f
o
o8 1 "’/’l— re 1 'l L
0 0 20 30 40 50 60 710
- Time (d)
12-2

Cumulative lux from through-difTusion experi-
ments for (A} HTO and (B) Sr** in Avoniea bentonite at p=
1.25 Mg/m; atsi shown is t, obtained by extrapolating from
the steady-state cegion of the curve 1o the time axis.
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-

12-3 Concentration profile for Sr3+ in Avonlea benton-
ite at p = 1,25 Mg/m?: solid circles are the experimenial data

o

x/

L

and the line is the best Gt curve from Eq. (13).

| 12-3  Dimusion coefficicnts for HTO and diffusibility fac-
tors in compacied clays.

) » D, B,
Clay {Mg/m?} {umifs) A4 {um/s)
Avonlea .25 115 £ 15 0.047 190 % 82
1.60 836+x46 0034 210=%75
Illite/smectite 1.25 228 =17 0.093 150 + 60
Lake Agassiz .25 191 £ 42 0.078 110 % 24
1.60 916 +48 (Q.038 130+ 30

! pis the dry bulk density of the clays and ¥ the diffusibility

factor for the clays.
* Mean * one standard deviation. n = 3,

i 12-4 Diffusion and distribution cocfficients in compacted clays.

D, D, Dy D, Cale. D¢ K}
Clay Diffussnt {umfs) (umi/s) {pmifs) D,s'/D, (umi/1) {nm*/s} (¥ mg)
Avonlea Sr(L)y 79 & 294 k1 43 0.54 11 = 1.0 2.0 14 £ 2.1
Se(Hy 24+ 12 26 - - 16 + 3.5 1.1
Ca 68 & 41 36 32 0.47 C 26 % 3.2 5.6 4.7 + 0.20
MNa 99 + 3.4 60 39 0.39 49 * 24 34 1.0 £ 0.04
I 12 %14 91 - -— 140 =17 45 0.25 = 0.014
Mlite/smectite Sr 160 x 17 70 90 0.56 16 + 2.0 19 5% 0.4
Ca 130 £ 23 71 59 0.45 27 £ 4.8 5.0 11 £ 39
Na 180 + 12 120 60 0.33 110 = 50 140 0.25 + 0.030
I 57 %20 180 - - - 140 = 3.0 220 0.22 £ 0.010
Lake Agassiz Sr(L) 140 = 26 59 gl 0.58 23 = 0.40 14 2.9 +0.07
So(H) 23+ 1.8 29 — - I8 * 3.8 5.6
Ca 91 + 12 59 3z 0.35 2l .+ 20 15 2.8 = 0.36
Na 130 = 7.5 99 31 0.24 66 + 21 110 0.31 = 0.010
1 14 = .5 150 — - 28 + 2.1 9.7 12 = 0.20

! Calcuiated from Eq. 6.

! Measured in batch tests.

*8rLY, p = 1.25 Mg/m?; St(H), p = 1.60 Mg/m?,
* Mean * one standard deviatien, n = 1.
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13) TEHE S L CERSHBATRO A4 OREERORE. BShe, LHEs &
4B,  (SHES. s, BB ISRME. 30, p. 26-32 (1989)

(1) 7ERS. \RE (13- |

(2) K131

(3) I~

(4) |

() TR, BEREOMBATR O3 vROMBEE (K132, 133)

(6) FHUHHARKEEFHEEBL OBRK (H134) 2R, sBRNOEBEETLVE

feok (E135) ,

F 131 TEEs SN E O 40mm ¢ X 30mm BEOFSREESE &
RIBEAKP DI VA F > OFTHEEARE De & rock capacity factor o (OE

# O | HoMpes D, a
(25) (m?/s) (%)

1.4x107" 13

Teris 0.77%6.07

2.6x107 9

5.3%x10°" | 20
BEs | 24.6£0.3

9.3x10°" | 33

jmol /1 distited | | .
K!I solution E_| water E
£2 ‘ <
v w " <
0" ring
rock sample
silicon sealant rock sample
100 mm | I 160 mm 90 mm

S mm

Bg13-1 IEBEEER L
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wn

o

O
]

400

300

200+

100 -

IODIDE CONCENTRATION { ppm)

ol 1 |
50 )
TIME (davs)

132 TEMBERPEKPOIVERA A OE
D.=1.9%10""m¥/s, a=0.13

]

500 -

400

300

200

100

IODIDE CONCENTRATION ( ppm )

| [ DA R S
00'12345

~ TIME (days) -
B 13-3 BRICERBRAPOI VRS F 2 OER

-9 T T 1 ]
— rd
tn A [zu tuff 4
o =10 I . A -
x Inada granite -
E P
~ j1 b s study %
P _
=3 ot
X s
_12 - ’ —
o
e
o granit
-13 | i Frohlle -
L] ¢ gneiss
[} R
-14 | . Skagius and
Nerelnieks {1986)
-15 _l | 1
-4 -3 =2 -1 0

_ log porosity
13-4 FRHIEBARE & BDRPAR & OREIR

/4 740/ 40 /4 /2 %

Groudwater Flow
in Fraclure
I ¢, =1000 ppm’

/zl/,alz%l«\ /4

I

L=tcm Effective Diffusivity: De

Rock Capacily Factor; &

NN/ 78 704

d=tmm Small Fracture C2

R AR IR IR IR A A

Rock Matrix

D,=5.3%10""m'/s, #=0.20 13-5 ERPUNEBRTOI YA F 2 OIROERE

LrHoRs @B F, THAOMELTRE%
F.b¥ 5,
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) BAMEATOAF OB L MROEE. HILBX, PIRE. NEE (BAHE.
FHE, k. AWERES) slME. 40, p. 323-336 (1990)
(1) EEHESES. RUE BRFE. AKE. BERAC 7= R, EEE. 8K

=
HRBOMBRER JUHEMBOLESH (F14-1)
(2 E141
@) I-
4)

(B) HEEEBEROIVRAIORERIL (K142, K143) | FBEZIRLHHIE
FE (H144) . HBREOS bERICFLSTIHEBREBIIHTIEFDIMBEFRE (K
14-5)

(6) WELBFTR2EROZTHETIHEOLBERE (K 14-6)
BAORBENPLIVRAT VIR LALBREFELRNWE T30 E TOREER

DREREEFTIRRESRBLNL,

i 14-1 - Porosity and pore-size distribution of various rocks measured by the water saturation {£.} and the mereury
intrusion {&,;} method,

porosity ¢ (%) S —
rock sample sampling locality water saturation mereury intrusion pore stae dns(n.'hunzm type”!
e, i pore median (nm)
siliceous
sedimentary
rock— I Onnagawa : 4.3 — — = —

i ' 10.4 6.4 (O O)] 7.8 ]
n 30.7 8.7 Q ® 5.7 B
N _ 30.8 21.6 O @ 162 A
A Kamanosawa 35.3 4.0 @ @ 16 B
| _ 47.5 38.2 @ @ 8.1 n

andesite~ } 3.0 0.6 @ @ —_ n
I Kushikino 12.1 4.1 OMO; 9.4 B
I} 14.5 B.4 @ @ 13.4 B

schist twaki 0.46 1.0 Q@ — B

limestone Kitaibaraki 0.14 1.6 D @ 6700 A

sandstone .

hornfels Iwaki 0.22 0.34 ey e =

granite Inada 0.8 1.9 D@D 1900

tufl lzu 24,6 34.7 O @ 115

a)  (D: micro pore (2.5 rm~63 nm), @: intermediate pore (63 nm~25 nm), @: nano pore (25 nm~5 nm), @: sub-
nano pore {5 nm~)
median: median pore radius (nm)

b} Typec—A has micro pore, intermediate pore and nanc pore.
Type-B has only nano pore and subnano pore.
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alllcone

packing

—

hvJ

142 Schematic repres

entation of the breakthrough of

an ion into e low-concentration reservoir during the
diffusion experiment (after Lever, 1986).

o —
deionized
Lracer g waler
C! .VI /% 02 . VZ
cpoxy resin é__x
silicone ~rock sample
packing \ (lsxs2) rock sample
» ; ~
40nn N _— - .
(:;::;t;rh! 2 ¢ \\ T "'// & 141 Diffusion ccll used in
L U or 20mn @ x5ma ) I the experiment.
) 500 =
eq. {10} '
’ & 5-10 e 0.
! \ a D=2 4xinat/n /I e
z 5 T 400+ @=0.50 :5-5, £,%0.3]
o Concentralion in 1wo — 5-10. £ .0, 48
~ | Steady-state reservoirs becoming c e
&I diliusion comparable e
= Q = 300} 0.=8.1x107' ' nt/s -
= o m=0.42
] ACID S
] -
Z Y Slope = ——— :: 53 .
: L o
8 Transien! Ve o 200 D,=1.2x10"" ' a2 /5]
parl of g a=0.12
curve v
{2 o
t intercept on lime axis = i~
[ -
/ / 6D¢ p
: o
o [/ TIME .
/
7 Time (days)
/ .
/ aALCH 14-3 ‘Concentration versus time plots for the iodice
/ Inlecc=p! on concentration axis =~ —— anmen dilfusion through four water-sawrated siliceous
,/ 6Ve sedimentary rocks 8~1, §-3, S-5 and $-10 having
dillerent porosities £, of 4, 10, 31, and 485 respeetively.

The values of effective dilfusion coelbicient D, and rock
eapacity factor « arc indicated for each fitted line of the
data.
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jo-8

| O-I O} Type-A

]

Do=6.4x1071%!3,

W

E

o

[}

=

L

g jo-1t -
D

S 12 B I

g IO- - [n] [o2] Fi 7

Vi

0 a ;B

£ 10-13} e ( -
z 65: 2% /"\

2 g-i4a b Cf Twel
3 10 a De=2.5x10932
Wi [ o-15 s , .

jo-4 103 o2 jo! 100
Tolal porosity etot

14-4 Correlation  bewween  the  effective  diffusion

cocflicicnts D, of iocdide anion and the total porosities G,

{=water saturation porosily £.) of various rocks,

@ ©:

o oup

1ot

x (m)

Distance

10t

10°

re-!

siliccous sedimentary rock from Onnagawa

! siliccous sedimentary rock from Kamanosawa
: andesite from Kushikine
: schist from Iwaki whosc schistosity is parallel 0

the diffusion dircction.

* schist from Iwaki whose schistesity is perpen-

dicular to the diffusion direction.

* limestone from Kitaibaraki
¢ granite frem Inada, 0: wll rom Tzu (Kira et al.,

1989)

: granite and gnciss from Sweden (Skacws and

MEereETMERS, 1986)

: sandstone and anhydritc from United Kingdom

(Bravsuny ct al., 1986)

: granite from United Kingdom (Dransusy ¢t al.,

1982}

L

14-5 Correlation

ive diffusion coefficient De (m2/s)

Effec

o
]
o

T T I
-0} R i
10 .
B
IO-“ - Do = &) '-‘ﬂ:m =

o2y
1013 .7

jo-t4 2 .

0-—15

o4 103 102 0! 10°

Transport porosily  €fra
between  the cflective  diffusion
cociicicnts B, of jedide anion and the transport

porosities £, (mainly mercury intrusion porosity £x) af

various rocks.

@.O:

siliceous sedimeniary rock from Onnagawa

: siliceous sedimentary rock from Kamanosawa

: andesite from Kushikino

! limestone from Kitatbaraki

! granite from Inada, 0: Wil from Tzu (Krra et al,,

1989)

P granite and gneiss from Sweden {Sxacius and

Nexeraess, 1986)

t sandstone and anbydrile from United Kingdom

(Brabaury ct al., 1986}

: granite from United Kingdom (Braneuav ct al.,

1982)

14-6 Diffusion distance (m) versus
time {years} plots of the 0.01 coneent-
ration contour for the indide anion
diffusion in frec water () and sili-
ceous sedimentary rock M {£.=0.48,
@) , siliccousscdimentary rock I
(£.=0.10, @) and Inada granite
(£.=0.008, () . The daia are
caluculated by C/C.=1—erf(x/2

1o
Time

L {vears)

—100—
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15) Migration of the Fission Products Strontium, Technetium, Iodine and Cesium in
Clay. B. Torstenfelt (Chalmers Univ. Sweden), Radiochim. Acta39, p. 97-104 (1986)
(1) Wyoming Bentonite MX-80, 2,000kg/

(2) E151
(3) RbulFUA TFTIRXRFUA FUKR. EVTL (R151) SRHTK (&
15-2)

4) ZEREORE _

(5) mEHREK SIBURES (FR15-3. F15-4)

(6) IVRI2EEOHMBBBTIKE TS, I-. HIO., I0: R Er0ELR3LFEE
BEET I, HROLBOFRICEDI bDLELZBNS,

frit layer of diffusing species

7

7

compacted clay

transport direction diffusion cell (stainless steel)

15-1 . Schematic view of the diffusion cell {cf., ref. 17)

% 15-1 Studied systems (aqueous phase: artificial groundwater
preequilibrated with the clay, cf,, Table 2) '

Diffusing species Solid phase
L55r Bentonite 2
”Te Bentonite
" Te Bentonite + 0.5% Fe(s)
" Te Bentonite/Bentonite + 0.5% Fe(s) b
| Bentonite
rasy Bentonite + 0.5% Fe(s)
128l Bentonite + 1% Fe(s)
133y Bentonite + 1% KMnO,
rasy Bentonite + 0.5% Fe(s) + 1% Chalcopyrite/
pyrite
| Bentonite + 0.5% Fe(s) + 1% Cinnabar
1341 Bentonite + 0.5% Fe (s} + 1% PbO
rasy Bentonite + 1% Fe(s)/Bentonite + 1%
KMno, b
133y Bentonite/Bentonite + 1% KMnOQ, b
134 Cs

Bentonite

2. Wyoming bentonite, MX-80; density: 2000 kg/m®.
b One type in each half-cell.
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§§ 15-2 . Composition of the aqueous phase (pH 8.8 -9.0)

Cation PPM Anion pPpm
K* 11 cr 132
Na* 670 NO; 6.8
ca** 6.6 s0?- 870
Mgt 1.7

32 15-3 Distribution coefficients [20—22] and measured diffusivities in bentonite (density of the clay = 2000 kg/m*)

Element logC? Time K? D, pe
Gy {m*® [kg) (m*/9 (m?*[s)
Sr -123 50 2.9 - 20x 107" -
'I‘c':1 - 58 69 0.0 1.2x 1012 -
Tc — 5.8 70 0.05 1.5 % 10-*? 3.5 x 10710
Tc® - 5.8 218 0.05 8.4 X 10°** (Fe) 20X 1071
: 6.7 X 107 (no Fe)

Cs -11.4 53 1.4 2.4 X 10712 -

a2 ;= Number of moles initially added,

b For a total nuclide concentration of 10°* M.

€  Evaluated from Eq. (3).

d (.5% Fe(s) in the clay,

¢ 0.5% Fe(s) in part of the clay.

i 15-4 Distribution coefficients (23] and measured diffusivities for iodine in bentonite (init. zmount of
iodine = 1.8 X 10~ '3 moles; density = 2000 kg/m?*).

Additive Time & Dt Dysiow p®
d) {m* [kg) (m?*/s) {m*/s) (m?/s)

- 157 0.001 2.6% 1072 24 X 10742 14 % 10°%?

-~ 218 0.001 1.2 X 10-%2 1.1x 10-%3 62X 10°%?
0.5% Fe(s) 154 0.001 1.9 x 10-"* 1.7 x 1p-12 74 X 10°43
1% Fe(s) 213 0.001 1.2 % 10-43 72X 107 4,1% 10
1% KMnO, 210 0.001 1.3 x 10~1? 1.3 x'1073 74 x10-"
1% KMnO, © 213 1.1x 10" 7.5 % 107** (KMnO,)

1.5 X 10-12 1.5 X 10°'? {no KMnQ,)
1% KMnO, f1%
Fed 225 14 x10-*2 8.0 X 10°** (KMnO,)
1.1 X 10-'3 5.3 %107 (Fe(s))

0.5%Fe+ 1% .
Chalcopyrite 225 0.001 1.0 X 10712 9.6% 107 5.4 % 10°1?
0.5%Fe+1% -
Cinnabar 226 - 0.8 . L4 X 10-n? 2.6 % 104 1.5 x 10°*?
0.5%Fe+1% )
Pu0) 224 0.6 1.3x 1017 44X 107 - 2.5 % 10-12
1 Por 2 total ndclide concentration of 10-" M,
b Evaluated from Eq. (3) using (Dy)stow-
€ In haif of the clay.
¢ Each in separate halfs of the clay.
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16) Diffusion of Nickel, Strontium, lodine, Cesium and Americium in Loosely
Compacted Bentonite at High pH. B. Christiansen, B. Torstenfelt (Chalmers Univ.,
Sweden), Radiochim. Acta 44/45 p. 219-223 (1988)

(1) Sardinian Bentonite (GEKO/QI)} . 11 X 103%kg/m

@
3)
)
)

= 16-1

=N, AbharFUA FUR BVIA TAIVIA

EBPH (F—bZ v FEAr MoK (F16-1)

B HEToavERORESH (H162) . BV pH TOMBGE (3 16-2)

(6) FVREONT, FIORMILLIZELIFERIELNEZ, ZThiZHENNELLHE
BMOBFEHRENWED T, 3 VRIEENIBHZEFEZTIROTVWAETH S,

11///r1//////1

\

i
‘ 5
A )
!
NE &y A
i

!

1
S = 4\ hY

T 161 Composition of the artificizl pore water (pH 13.3)

Na* K* CaZ* so:-
mg/1 (ppm) 1600~ 6300 40 400
mM 170 16 1 4

D.

\-\ \\}\\\\\\

16-1 .. Schematic view of the diffusion cell {cf., ref. 17)
A = Compacted bentonite; B = Layer containing the radionuclide
source; C = Diffusion direction; D = Sample holder of stainless

T T T T T T T
3L - . % 162 Measured diffusivities in bentonite (density of air-dried
clay = 1100 kg/m?) in contact with concrete pore water (pH 13.3)
2| =
Element Diffusion time . Apparent diffusivity, D,
{d) (m*[9)
Ni 71 7.749 X 1071
9.601 X 10132
. 8r 49 2.348 X 10°%*
5.806 X 10°'?
-1 L I : : 8 1.809 X 1p-?*
Cs 43 L1253 10~
Am 36 2.742 X 10-'4
-2 | N :
) } 1 1 t 1 ! ! )
0 200 2 400 600

X

2 Less then 5% of the total zmount of the diffusing species.

16-2 -Diffusion of iodine in loosely compacted bentonite. Dif-
fusion time = 8 days. {C + concentration in cpm/mm?®, X = dis-
tance in mm?.)
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4.4.2 BEHEEEDTOIVROEERICOVWTORE

17) Leaching of Composites of Cement with the Radioactive Watste- Forms Strontium
Powellite and lodine Sodalite at 90-°C. M.W. Barnes, D.M. Roy, LD. Wakeley
(Pennsylvania State Univ.) Int. Symp. on Ceramics in Nuclear Waste Management p.
406-412 (1984)

BEEYORERICOWTOMED—HTH D, BV I L bIELLSH—
FFUYFEAVERTHITEAVIPOBRBEMELTEDREZAIrF VA
powellite (SfMoOs) . FVHRY —F F A4 b ( NagAkSisOu]lz) D 90 'C TOHH X
NEeBHERELE, EAVPEELBLLERTO0C, HAEE 5% TED 52,
BOCTRORELENEZNT DFED2OOFETE T,

BHESEEN 2 BB TIRERLANE TORBLEFRERZEDLTWE LD,
Soxhlet BHEBR* L%k, 3URY—FIAMLLOREIEAL OO 2R
Koo, Ak rF U A powellite 0)5&3@%’1‘%@#\"—- P FEASRELT
60 CTE B bOHEV FAEV. BHBBIZERD 2V EH L EERBIC L2
bOThHok, aVERY—FT4 PHOFT MY VAZFINTHREITL > TEELTY
LT EBbirotk,

18) Iodine Wastc Forms : Calcium Aluminate Hydrate Analogues. D.R. Brown, M.W.
Grutzeck (Pennsyvania State Univ.) Mat. Res. Symp. Proc. 44, p. 911-918 (1985)
3Ca0 + AlQOs-CaSOs-Cal-H:ODBRENC KB H A B EOFEREOHOE R L EERET
BxOEREFEofeATneFo THEIIL 2. BK AT 3 Ettringite (3CaO -
AbLQs - 3CaS0s + 32H20 ) B X f tetracalcium aluminate monosulfate-12-hydrate(2Ca0O -
AlOs - CaSOs - 12Hx0) ¢ 23 VREBHRLABLHEZEEDEL L TEROCaIVESE
SRLRBLERLE., 3 VREML % Ettringite 13 3 Y REBHRL = 1 REBER T T
TETNILLPPLOLTREETHEIZ b olk. SEM. EXOLFERHE,
IR. XE#H 5, 3Ca0 - AbOs - CaiOs) - 12H0 THB L & Bibholt, 0
AURBRLIH “AFm” 2ELE AL FONLy M EREB MCCIOBET X b
ik, LEORHOBEEIR-—PF U P AV POIZEALRADE Agl L { bR
THhRVEWTHREL, F—FF7 Y FE XA FMHFO Ba(0:):, Cal0:): .
Hg(IOs) LIZ LA EFEL W, SURORHBEZEAV M OIVRY—FTFAMTD
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WTHLALTHWED LBEELW, HEBEELANLRBETCEAOI A2BEEZ L. B
HOXELLOLBEIENTRERE,
Ettringite : CagAlxS04)3(OH)1z - 26H20 F o 7 o > #15 @ Eturingen {3 OB G IR EE SHHDZEBRIC
T EEH.

19) The Potential Effectness of Mercury Minerals in Decreasing the Level of Iodine-129
in a Nuclear Fuel Waste Disposal Vault. D.W. Oscarson, H.G. Miller, R.L. Watson
(AECL, Canada) Nuclear and Chemical Waste Management, 6, p. 151-157 (1986)

KEBIE D BEED D L TRH LSBT BRETRT 5. 7200 b ABEMITITD
LIS BAMITHRET D, BRBOREMETEERN THL 2R L 28F
HEMZ5bO0RMETRENTWS, HeS. ¥t (RVbFA bELIIZTY
FTAR) ERBTAELIBRAA K BEKEZEUCBAERTRI ORER 10°°
mo/ EFTELSTHENLONTWS, XEEFIS Hu B TETWT, 17DV
RAEHEBEL TN, 107 AT THDE, 17139 _T Hgk ° (aq) ORI EH I,
Hgl OBEEZTERW, RN FA MR HYI ORRZITHTLOPEL2E2WL,
A VFAMRBEAERELR2W. KEOROERFE,L L, BILARMETC ",
Br “#EhEH~1 L 00imol/ £ (Canadian Shield DEEBH TR OMEEY 2 E) DL
AN TERHECLE) X1 "OREZ 10T LTRBLTZEBTERNWI L Bbdh ok,
figiz &, HpCh & HgBr HOL X S KEETH B0, HEL. EREWICIZA
RRBHUT K SGW RT3 A " @REEFIES (018mol/ 2) Br 2K EFThTwWiz
Wb, Heh@ I Or<_1 %10 "mol/ LIZTAZ L BFETHB, &bz,
Heg IS BT O 3 WBREFETREETRW., AT FORFB TR 10F
KL 107 *mol/ QAT ThH 3. ZOWRORER Hg S IBEEI 121 2%
E£7 27T Canadian Shield DRTRIEER OEEH & L TMA 2 DRFH TR,

20) A Review of Methods for Immobilizing lIodine-129 Arising from a Nuclear Fuel
Recycle Plant, with Emphasis on Wate-form Chemistry. P. Taylor. AECL-10163 (1990)
BEx DEZEMWICONTERE, BEFEEZRELL. BHREPLEDVIEEIR
LD Agl (BB iE Agl+AgCl) & o -BiO3 ¢ ¢ -BsOIDEA LS L THB, L
L. Zhoil3FmPneR. Ag, Bi2E-TRY, BREOMELVERTHD., kX
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PRICIZILZFEIBIRE, X DV BRMETEMRTIZ L L. BRATVBREZTRT N L
BHY, ZORER. ADBOBRICEINOEERIEILR B,

bobBERDHOIMBERAVIEEY T, BRESKIVWI LRREIVYRORN
FEHFRTHESIAZZ L L2 THAH,

BRI IEFYE THRBRIMEI LT VEBE IR TWARNS, {LElmREit Ly
LERTRARNWE, "a UL BRRENIVBEER SRV BA A LY R 3%
BEEEHZZLBHLATNEIDT, BEBRILETIC L 2EMCHME2EET S5
LLARWOT, MR ERSETHB,

BEMRLSEE (BET. BROERERSLZVETH TR TAK) TIRANE
FRREFaVEERE A~ RO I URBLYOBERZHL TN 10 555 10 8
mol/dm ~* & 10 ~*22 & 10 " mol/dm *IBEENLTNETH 3 H, LA L. ERIIZ
BEERZAIVENZ L HEZIV 5 3,

IRV =FITAPDEIRY I T A P2 LOKRBITBSZHEE LD LA
bDOTHD, BRIEFMT I - L BHE L OF— 2 BUETHA,

BLABOBEFRMHIHT I IWASBREIER RS OLSE L IZER S, L
Lk it BETRIVEOBHEOLRWOT, ASEOKREE CETH TR
WHBR IV £V o BERERAFEIBRBIOLSETEBT S L 5 L BT CESY
REORNEARLY, aVBRER g vkt A ARBBLERE L 231X FThH
3. TNENONYBEELICHBL LT ERBALLOC LTRSS 5 5, BL
NEEDLFEE LR EORLIIR T 2RBOASER I VREE LT 2 EEYR
ITIIWETHA 5.

4.5 F&
—HRIC. FYRVBROL D LT =2 LR BER. BEHCRBESLIZ N ED
RTWB ., BHEESHRHTE ZEEHI >V THER T o LR, LT OERH S b
kigole, ‘

© BEHTOUBTBET 5HECR. RELI VRLFSL TREMLRBEES S

ERHDH, BEFEE CERT 5ENES.

@ BEHTICEEAL SV TREO L S RODEEMU. A4 VBRI L D IR EED

EBHBE DB,
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® BREERVPFAMFTREAFTRATVERICEY, HBEESIFFL LY
ETT2LEDhTNS,

@ FBRYZECHLREERVHLEBARTHERBEESBRCIET T3 0. &
BHLavRORALPOHEERBELLNTND,
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5. IIFEFONOT 2 ERERIbEORTE - 5

BRNIEET S 3 VRBRBEBIEOWTHTARO 3 vRO(LERESHIERER VS
FEL. IUVERABELADLRTWAEAROW TR ST ok, . WINTENT
LEEAMEREETAZ L b PN b AXREOREL TR o k.

5.1 EEMEOIVEREREECETSHAE

EREEICMET 2 EFEHRE I KEERAT AHAEZEL., H<»P5FH I TWER,
BT R > TRA/T AL ERBHTIPAKTEERECIURBEERTWIZ LB
RENT., JETEFHEz, HAETREHFOMBED 50% Ll ke Z O#E TEE
LTWHEBEATHD., 3 VHEIFSUCFETI I RFETHTARERS L TTHICR
D, AT UBERERTa—A 7TV MERL->TEIRL., B BRIELLYE2ETH
FLLTWA,

ST, aVREZELHMER, HS2FRTESIC. LRBE LTS 30 ~ 240 F4ER
ORBHFLWHETH S, b 0oBREEREIZERER O TR, B 53R
T 5. BEFXR—AREETZILDOTHD. L&z, i thBEREETHE L BRO
WEBERRE, RS540 X5 CHEFRML2-oTEY, EREBRLFENDIAVRESD
HWEBIXELEE,OBHEEE T THS. Th,. LRERLSEHRL R TWABEMEIZE
HEBEELRANWI 2L FHENZ LR, LRBEOSHE TR I RABKE S TR
TW2WhEDThH?, LREHEZENICRILESSOLS LR ERCRESBRREICER
0 3o THELTEREROBILY 223 YRR ELPAKSBFELTNS Z L Kb 5.
IhBOPAKIHBRECREBOEE CHEREEL HILFEALEL AT S,

IVROBELOVWTRERLY BPAKOERSFEZB I 2o TREEL TV S,
Price b (1970) K XIhif. EPFEBL BB I - Ta VR —HEHRELEIR>TWH L
E5, LT, NREE (17/CX10%) <350, SEWHIS5~500, LEEE>
5002 LTNW3, ZZT. HAKDOHGHBRERSUTRT X I, BEMEO b DX
550 LA EBEW, Thid. BEHOHEFYICERTIH. BRIERCHE? 3 vVE-ERRE
OELBERLTWS, T, ALY ZPAKOERRF-LEROL P LEEE L XA
OHEFRYIIREHESEA L LEBREFRDE LHERL TS, Lok, avRoRE
FiZ. EEREIShTWenE, EREVOBBLL TIWESS,
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3= 5-1 The averaged contents of Cl7, Br~, 17, Ca?**, and Mg®* in some areal groups of
brines accompanied with natural gas in the Kujokuri gas field (contents: mg/i)
Area Res. cr- Br- 1~ Ca®* Mgt Br* I I-/CI | Ca**/Mg**
Mobara mU-iU 14, 640 103. 2 85.5 147 378 140. 1 116. 1 5. 84 0. 389
U0 16,430 | 114.1 96. 8 176 452 138. 4 117.1 5. 89 0, 389
1U-10 17,620 129.9 | 112.0 186 473 | 146.5 | 126.3 6.36 0. 384
K 18, 360 135.9 | 127.0 187 487 147. 1 137.5 6.92 0. 334
Otaki 0-uK 13,330 117.6 1 103.5 122 275 175.2 17154, 3 7.76 Q. 144
K 16,410 |- 135.8 1 116.2 144 329 164.2 | 140.5 7.07 0. 438
uK-Oh 17,330 | 126.2| 112.1 190 317 | 1447 | 12R.6 G. 47 0. 599
K-N or Kt | 19, 540 147.7 | 1 19.3 268 354 180.2 | 121.3 5.7 0. 757
Kuniyoshi K 17,460 § 131.7 | 134.3 157 401 M. 89| 1629 7.69 0. 392
Taitd mK-0Oh 179,460 | 134.0 | 109.7 153 425 152.5 ] 124.9 6. 28 0. 286
Ichinomiya K 1G, 790 125.7 | 104.3 131 459 | 148.8 123.5 G6.21 0. 285
Togane O-K 19, 180 123.3 101.5 175 64 127. 8 105, 2 h 29 {1, 310
Yokoshiba 0-0Oh 19, 410 122.7 &1.56 219 H34 125.06 86.5 4,356 Q. 410
Sésa U-Oh 18,370 | 1121 74.4 143 681 121.5 804 4, 04 0.210
Asahi U-Kt 17, 100 180, 3 53.3 302 4906 933 1.9 J.11 {. 609
Notes: 1. Reservoir N: Namihana Formation

—113~

. Br* and I™* are the Br~ and I~ contents calculated so that the chivrosities (CI7) are equal to
that in the normal sea water of 35 % in salinity. ’

. I7/CIm: I-/CI=X10? (iodine-chlorine ratio)

. The averaged contents are based on ISOMURA (1967).
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EMOBRETH2 I VRPLEBE TR, BEE TRESAEBERIBHOB T ROEER
BHEEWILR DY, NaCl, NaBr, Nal OEGEE (10 Fci-s 1) &, 25ClZBNWT*E
hZER 1612, 1627, 1616 THoT, WThLELAYSE LW, iz, CHioZFh b
22 (15%C) TH->T, ZHLBBPAKFFELLEES, B X>Tlhdp—oER
MithkbhaZ LEBNWEELTNS, ZOXIRBEALCE>T, HEVAHOERA A
CBEOEEAT (056 %55L. 0~ 1000m THEEALD O BERES, Rkb

c1” {g/2)
? R . O v .

Formation

Uonuwa

Wanatsu

Haizume

Nisniyana

Hamatsuda

Shilya

300G

H
i
!
1
Terndouari - 1
1

5000 J

Beptl ind (GEPE, 1967)

B 56 HEBHAHIZHITSCREOEESH

DIEEBEZ > TnD, 1,000 ~2500m OBALYENCBECGEETIZ. ERIZLY
AFEBEORENVWCA BRI BENTLLEZ TS, TOLIRFTIRAA L EER L
DREDIVRBRERBEINITEERT V. —J7. 2,500 ~4000m Cl BEZEAF LD
ETLTWA, Zhid, $t@moaE@yhoksEBORER L L bich ki L b
SRk EBZZTWS, 2O RERTIIVREREELETTAESS., BIb, &
EARERERIE., avE —EREIVWThORSTH—BREARZEBTTHS, FE,
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B, HMEOHBEOPAKDOINHEL R S2UTT T, FNFTha vRBEELEFZEET
BHEOHDZ L EPRY, HEVHETHAHROFE TS YRBRERES, FALOD
WEAETLE L EL 6ND, —F, FECHFLWHETHIFEO LRERTIIa UE
BEAE. ERA4LLEAREN, UEDZ b2, FRBETI VESREINT
WB 7 3 ERBBBAT L < FAR L 3BEE S FbRTNRNT L8 LML
OB EEEPREBOFECHACTABBALIC Boflh Bz b3, k.
KUNEEIT 5 BRIER DR 3o e & 2 BET B,

RFEER L LTIk, BBW~03 Y ROEEREEET TOT AV ML= sy
2260, SERMTAEEETH A,

F52 ERKEEAZXBHTR - HhAKFIE

im ﬂ % _-_F, i gg*l ré.r p_ﬁ*z ﬁ’f :élata FP w*q,
i EH & iR = oy 8 F |E & 1+ K EHEE, AR i
(g kd Oh,din, | d Oh,m | Kd,0h [ ¥d,Oh | Sa,0 |65 S
) Kt Kt Wn,Kt | Nm,Kt
i H 4 R-2t ER-2 H-3 AR-1 HR-2 MR-2 | B2 k-1 R-8 g 54
4 |BrERR $58.9.5 | S58.10.1] S58.11.1| 558.9.5 | 558.8.11] 558.8.11 $51.11
3 [on, o766 | ©8.35 | 9R.20( 98.168 | 98.37 | 97.40 | 97.74 | 95.0 93.7 87.13
#7 |0, 7.92 | 1.37 132] 14 1.30 2.46 0.7 1.3 2.7 0.23
A [HE N, 0.08 0.23 0.41 0.37 0.31 0.13 ‘1.5 0.1 3.5 11.73
(%10, 0.03 0.03 .06 0.04 0.0 | mew 0.19 0.1 0.8 0.87
3 & . [ R2 |2 W3 {M1 |2 [MW-Z | #2 881 [ 1Bl |BEER B &
SFERAR §58.6.16] §58.6.16] 558.6.16) S58.6.18| 558.6.16] S58.6.16/ $58.3 $4].5.19]541.5.18
A o3 T 7.66 760 - 1.87 7.65 78] 1.8 745 7.4 74 1311 8.3
|- (e) 154 | 187 { 1.2 | 184 | 186 | 1.6 | 17.00| 1.5 | 1831 15 | 18.98
Na*{g/1) 11.8 14.1 9.2 | 1.5 12.3 12.7 9.6 1.8 9.1 7.0 10.56
| (re/1) 107.5 | 109.7 | 8.2 | 100.3 | 1204.8 |+ 99.7 | 620 | 45.8 | 32.9 | 30.2 |0.005~0.05
ir-(mg/1) 108.0 | - 59.5 §7.7 120.1 114.2 58.7 103 103.3 131.5 65
A {IC(J;‘(mz/l) 1433 744 1187 718 831 1113 304 _ 113 130
00,2 et By 55.6 | st et By o '
80,2 trace | wyy 8.5 | ] e 1.0 | 2650
£+ - 548 315 429 - | 469 428 363 a0 430 a0 62 " 380
Ca2* (ng/1) 152 | 25 9.8 | 260 | 65 | 28 | S | 30 | 4% 195 | 400
x| (|t g/l) 423 3% 318 23 404 443 233 642 689 .58.8 | 1270
Fe(total) (ng/1) 1.3 2.3 1.1 2.0 2.2 2.2 2.8 0.1 2.7 8.4 0.002
Wiy * {mg/1) | 283 258 225 225 m 87 120 1.5
0D (rg/1} 51.7 44.1 62.9 43.9 43.3 46.0 '
KkHn0y (ng/1} 207.0 176.5 251.8 175.7 173.2 183.9 . 36.7
X K REEE (LERE) BEIH
b kR (HBER 3l %:zsmﬁcmwmmammmmﬁa% (FICOMERR, TRRAS AHEERS, 195
Ne i # R (REREH *2: M%:tmgua%m&im AR b SWEH LS
ke : B g (LRET) (TR, AR A BiE A £, 1990)
$a : EEEE (U  BURBRAA-RELRE- (&F, A%, BHD, 1058, HAEE)
b o: MEFFE (Huan) SHBERUARBPAKDY F9ARTFERER L TORREFHEN (0,230,197
Gs 1 G (EEURIEETE) o I8 2 B avET (SRR A B TiE, 1960) '
G UG (KR B EIMREEE ([ildkiEihs,1983)
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5.2 HMAKXKBOITEMLEREST

KEMRBT AHOPAKELEEND I VRPFERILEFBRICXVPAKPIZEFES
hTn3 L EHTERCOVWTRITT 3D, EERBMERRY 20 AKOERTE LT
27, _

TR 6412 A 15 B I BARARFREEKRRSH MA0RHF (B EH 1,00m) T1Y
v N DBEF Y Btk Lk, AR O Eh= — 0mV/SHE . &REFFICHAEL TER
HIEL 72 pH=769 Thote. EHFOEBMINT—F X AEFRBZEFEEOLH TIIF
53D X5 oTHY, EM64ESFOMIOBFEHFO = VREBET 110ppm Tholk,

#5653 HFERKRRHFXEHFOMAKRITT—F

HHES| BrimgM) | I(mgh) | Ca(mgl) | Mg(mgh) [ Cl(gh) | CaMg I/Cl S
M-6 44 313 - 46 08 6.4 0.47 489 [FpkeF6ABEIE
M-7 97 762 118 245 12.8 0.48 5.95 #

M-9 137 113.2 202 375 17.4 0.54 6.51 7
M-10 134 110.3 195 360 16.9 0.54 6.53 7
M-8 132 105.6 184 351 16.5 0.52 640 |EBO6ETR WZE
M-15 139 1127 196 317 170 | 062 6.63 7
NRH-1 151 112.3 259 318 19.1. 0.81 5.88 7
NRH-2 137 913 293 265 189 1.11 4.83 G
M-11 | 136 111.4 197 360 17.3 0.55 6.44 |*ER6ES A HIE
M:-12 137 1123 191 360 | 17.0 0.53 6.61 2
NRH-3 141 1094 241 313 17.9 0.77 6.11 %
TEZE| 131 992 221 288 16.7 0.77 5.94 o
IHARE] 136 1147 200 370 174 0.54 6.59 [FRL6E A BIE
NR-4 137 106.4 283 186 19.4 0.73 5.48 7
K-1 147 123.1 178 551 193 0.32 6.38 ”
DH-3 132 65.6 291 325 18.7 0.90 3.51 s

5.2.1 £3avRERE
ICP O£ 178nm T4 3 YREEFHEL .
FITELEE : B ICPS-100011
BHBEORWE: (T VREZPAKEEDLEDLI DT, FS3LZHEW. CR°Br-
bNZ THRE L, 1,000ppm I 1Y v b (Nal = 1L18ig
+NaCl=2786g+NaBr=0.17g ) ZE¥EK L L, BEHFRL THWE.,
F i, BRKIT b YL (NaCl=27.86g+NaBr=0.17g)/ L OBER AW
7o ‘
200ppm ¥ CORBHZHE STICTRT I S, BEESAT THESES WD & SHER
Shiz.
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PAKZEZOEFRELLER. 23 VREERX 109ppm Thotr. THITEEFRE
EEHEEOSHRBRLZE—HLTWS,

El & : mobara
JE#E O Enm —BGEmm  tRGNM CC-2ff  BO  ~BGH +BG{f S/B
I 178. 274 -, 00000. DDDDO 4. 7166 4. 7160 a. 7180 4. 71860 . 00000
o tr ;g Zfﬁ'ﬁ&) ARl
272 B # RILH b 25l K& B BG P I I0&D
X A . mobara
1 178.276nm 1
5, 004 M
SB . 000
BG 4.72
4, 004CY 30.0
PK 1.00
3. 00+
2. 00
1. 00+
«n* :
0' r3

(F‘#—'C'mﬂﬂi-iﬁ?ﬂ LT <ssn,

) IET) ) BT

iZHx] -~ [ -- | -~ | WL178.2/6 WD-47 AIT 90 PD 62  AD 4.9 1995-01-00 15:06
I W (EEE) AR
1:&—&2;7"?0\;&"5 Kesld mTHEb 7 -3 LK 7 za"f.:b O AT 2 T
DA HLW T 7 :_youso
10. 00 f J No HE%  EEE TEIE -7
~ 1] 1 ¥-00 . 000000 . 015108
8. 000 e 2 W-01  50.0000 2.21573
] 3% 1178.276nm // 3 ¥-02 100. 000 4.55782
i - 4 W-03  200.000 9,13516
6. 000 | /
4. 000 | /,/
-
2.000 .} s SD .79013
- M . 9999
- ZH R ppm
0.0 L : } }
0.0 5. 00 100.0 150.G 200.0
@ a b c d - ]
1 2.18673k+1] 4.47309E-)] &R Eral +b[P+ci+d | =hmBjX
(RErmmLT< LN, ) 3T
Gix] -- | -- | -- ' WL178.276 WD-47 AiT 90 PD 62  AD 4.9 1995-01-09 15:08
5-7 DA9ESTRE L BETRER

ICP =&k
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5.2.2 I"A4FVBEST :
FVRAZFVOLRBERDLIVRATVERBEEZHAVWTOH L. EOWOER
RABBORERAF VRELRZIEESIIOT, REOAFTVRE LRIEBKRD
AFVBREP—BRSEINERDD., Eie. HAPHE L R3O0 THEERKREL2DHE
MABHd, T T, BHEOBEZ —HEIVIZLHERZAEER2BLILTEETHA.
BIESEE : HEEEIMSS, aUvRA A4 VvEE
BREORE : LiE L RFEOESEEXKEZB Vv, 1,000ppm & 10ppm TEIEL 7=,
FERLABOKEOELERL T 2EEEL &F 105ppm . 110ppm THh -7z,
L., DAKROIVRORFZEZIVRAA L LHBTE L,

5.2.3 ZOMog
a. IO~ AZF>DF vy
AVETCALVEIETIO A F v DF =y 22T, s r ok,

FE: HAKIOWIZ 2m D 0AM KIEK & 2w 0.IM HSO: il e Mz, =
3w DEBEAEME LB TASABELZEFEML TEL 5 LR,
ERESRED AP T,

103~ + 51 + 6H* = 3L + 3H:0
FYRTASAEG (L FHRE)
b. HEBETBHOSHT
BSmOPAKE 10 LOEERICERY, BERRAZ2ERIEL0L, ERTHEER
BEL. TOXERoE2YRAsu~w b7 74— (FID#BHER) THHLEZ. Zu=
NPT AERSBIERT ., TORER. AFUVLEDhARSTBLOBRFRET DB,
CH: R GHI D & 5 REHBADO I VYRIESHIEEL TWRNWI L BREREhE,

¢ HBRAOHH
PAKIEEERDISFBESITITOCH CHEEBRES L EERS ST ToHHT 3 Z

LRTES, BEERTERLRTINIC. A2 VLA OERAOERES 2EL 20 T
LBIV. REBAZT VERTIEREBEA L LV OBEREBRRELVSENAZLHELEM
Teote,
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(DCHaT 2421 (1000ppmV)

DTHMET  wd.uY. 08, B8, '
iz
3

- el
Le DL

STOF

@FBH 2
STRRT ©0R.06,00.80,

STOP
58 MAKPOBRIEBEDOIMT

Hik: B2l % 1000al 0 FHERICEHY ., HECKRELTSEEFIDTHHLE.
ST ¢« BoFyY7~ 50mi/min., $°I30° 99-7 354 2n, Temp. 150°C

FIELRE  BE TOC-5000
# 2 : Inorganic Carbon 170ppm (1.4 X 10 "2 mol/ 2 )
Organic Carbon 109ppm (9.1 X 10 "*mol/ 2)

5.2.4 ®& &
DAKFORBAOZIIVRIZI AFTHY, Mifioa VRERHBOFE THE

RELSE, PAKFOIVRIEOHEREIC L > THEPBES N L EZ LFR
BETHD, LEL. FHRYULPRVEFATVB LD, Zhb LOBIRAALLY
DHEMERZEETHZ LRTERN, ‘
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5.3 ®iEkitECEY WL
BFFRRBEROEXKOFEIZLNEZOCLDLUMI VE LN TS (Lane, 1914),
TOHBEIBREOSETHT I BRBEERYTEFE (CNFWMP, Dixon & Rosinger,
1984) DREHLOREFRRCIVEE->TWS, I FFFF54A% (Atomic Energy of
Canada Limited, AECL) BH## T 2EFHEIX. lkm 282 5 THEBE COH#TKERE
ILEAMAERERTA DI T FIFRBIIBT 3 KREAB I UVEEERAMOKEHE
FLABEHBBEOEELRHREZED. ZOFRIT. £2YBE~OHRHEEBORRE &,
ERILGERSEZZENY TVRTF AR L Z2BBRBEFEYOF LADEREOTMEDO
ERVWBNBTFETHS. RE~ORHEHEEEREOR L HEREOEN A N =X A3 BH
LTWABEMTA~NDERL L ZBEETHD. LitioT. BETIHLOBERE (5
ZEEL) OBELE-Y VSRRV TERARBERY A7 A 2AVWERBILATBOF
EORHFIC LD BT T AORLOBEEEEL, BRI 2EALETHS.
AEHEOHE—WTIX. Waterloo KEHBRBREBOHEEFILCNFWMP 2B L ThHT &
BN OZUIC BT 2EAOBERE L LEL2FETILDOXEREELE, Zhbd
ORI, HREEFHEKOEERRO(E (Frape et al, 1984) & Zh b HEAKDRAL
HRAL R NI (Fritz & Frape, 1982, McNutt et al, 1984) #FERL TW3. B,
ZOBFEE ) EFF VA RBITAEAKOREHRH ( “moose licks” EaEKER
bﬁ%%ﬁ\A~XD??)@ﬁﬁ&Cnﬁgéntﬁmﬂﬁmﬁﬁ%lbmﬁﬁ&ﬁ%
Bl OBLBTEEM LEKFEDOEREORE~ LTSN (Frape & Fritz,
1985) . '
HEOE-MWMit~=Fr"MicH 3 AECLEK Y A b ¥ = VEFHIFEF (WNRE) %
IR ERBLIEMEZTICL > Tithhv, BEITLIZERBO 4 3 FrOEKSEE2H
km OBEEZTCHELLE (H59) . BECEIE+xOFESAWLh, EfiE=FY 7
DEBOEDEELVNVEEY AT A (R54) 2AnTTbhlk. Z0oFER. TERRL
Ry PXETA YR ARBREBEANWAESHOLDOF LT Y 7B LTKE
~y FRIZO D OBFEME~DT 7 B R W/ T 5,
FHEET. KRHAZERL 4 »FTOREBHBROKILEEZHRB ST 2 LTHEEERZD
R, FOF—2EIFIEROHEIL EHOE % OERELLBLNEEREEBELED
DTHB, '
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3 5-4

Research area and borehole characteristies forming part of the hydrogeclogical work in the Canadizn
Nuclear Fuel Waste Management Program.

Number of Diameter and Minx Completica
Research Area Rock Type Deaignation Holes Type Depth (m) System
Chslk River, Ont. Quartr montonite Fg ‘15 165 — 152 mm 100 muiti-level
gneise CR 21 apd 610 pve casing
+ Westhay
Esst Bull Laks, Layered gab~-o! P i4 150 mm apd 100 none
Maesey, Out. anorthogite EBL 4 76 mm dd 875 Westhay
Eye-Dashwa Lakes, Granite FL 21 76 mm dd 40 water-table
Atikokan, Omt. piezotneter
ML 16 76 mm dd 70 multi-level
Bve casing
ATK 8 76 mm dd 1050 PIP/Westbay
Whiteshell (NY Granite B 33 76 mm dd 15 slatted well/
Uaderground Research piezometer
Labaratory (URL} B 10 155 mm apd 50 multi-level
Lece du Boanet, Man, pve casing
M 14 155 mm apd 400 muiti-level
PvE casing
URL 11 76 mm dd 1090 Westhay
WN 10 76 mm dd + 1000 Westhay +
i 152 mm apd multi-level
pvc caning

dd = diamond drilled borchole
apd = mir percussion drilled borshole
PIP = pressure inflated packer

&

.

% .
MANITOB
5-89 Location of re- q
search areag in plutonic rocks
on the Canadian Shield. '; ;

PYTR T L 1)

B reacomanrcn smrtrn

I e e
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5.3.1 HHmoKEMESE

RSATBF EFEHIE TRAEL £ 4 » FORRESERTOKEMERZI AT HER
BKE,/ BEBREEIIRINALTWS., M2 TESHOHIEEPREL L b—FHUTERE
PRI XL BN (BlXIE. BB, B TARORLS) TORFoTNE,
{8 % OHIROEERFERLUTICE iz,

5.3.2 FrFUMFa—r Y-

Fa—27 ) B (K59 @A FFHERmO S Ly eABERAT Sy U od
R 200km ITABEL TW5b., ZOMBRITEFEF L, BELEETHD, KEE. &%
OERERVRT v F A4 MERESOLEY VBB ERREL A XL L2050
S TW3, TRRELMIBMETEE (FFY - FKXvFoHER PoErEoT
ESFMITEEHRHIT TRV IEFICHRSEA TS, EEHKFERAERE S L < i3#ix
BECZYORBIHKII—RIIESIIImUTT. LELERECEEL2E-TNS, F
BERFs— 2 INN—HEBOR LD VSN HBRFELD THS (Bottomley et al,
1984a) ,

Fa— 7 Y N—FEHEOKEHERER. XLBERVEXEFROBRBOEE TR
ETn3, Zhbng<id, BAETHY, BEHARC UL L—3RBFPIZA
MAFELTWS (Raven et al, 1984) . KEH5OF a — 27 U A—EITLIZ HE 28
XIIKRBEHRED LD IELNIEbOTH S, —>OEHIF CR-1313 45 1T KB #hBR A
FHREREO DI ELEHFRETHEA Sz (Bottomley et al, 1984a) , Z Z K FE
HMLEFa—2 ) —FEAOFERIE., ZOBBALTORAEZEIZLDOTHSE, A¥E
VAE (BRE400m L E) PO TARBHRERZ. M) FUACELKOTREE L EKE
FEHGEERLI-THFE2ZT . oL TORER TRWEEhEBEVWRBEEEE
(TDS) KOBERLTF a—7 UV X—FEHZ TR S ok,

5.3.3 A—ANTAHWIEE

A4 —ANTNVEFRBREEA S Z VMo AL (59 0D, I+ 7k
HMORRYFNVBEFICEELTWD., F LV EVEEEIEREOmIch B, 1 —R
FIAVEREIFERORLBRELEDTRY., 22 2 b 25 BEMITERL K
BEED., ATREFEBEILa—u Y X—N—HLABRROLOTHD, WMENERK
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HREADOHELVAEL 2BHEOH L ABERL 6> TW5, BEOZEFLIC L. B
BAEEIRER 760m T, FTHICRERESERFEESEDL S,

Z OO MBRICENE AT Z OEEN OBBRTEDE ORIE » FA2NE
REUVHES 850m E TOMTRILEDHFERAELETIRITo . BREHESEHIILT
DERSTA—AMTVHRLV A BIREATNS, Zhbid, SEERUVHBEDL »8
S LU D MABERERSSE & D OKEE LBk, Rk, FEE. B7 v B2 Lo
DEEZY % €L (McCrank et al, 1984, Kamineni, F{E) ., 1 — A M T ABOKE
WEF SRS 800m . LD 2 X 2km BHIDBE L A BRI B B H T Kbk % RERR
TA3EDIEA LN,

EIVBENELOI L 2EE, FESH200m & 400m CEERSAECGESBRRE LS
DT RSP o, BREIESEE TSN TS Y. 400m BFic b B AkREE S
BEETITEEEZFRL T3, JIETE 37 —Fic i, ThbHILBiTiiE#
WRHREBFET 2 L LARN, '

A—AMNTABOBTAOKEHEBZLRVCAEENBERERIREGITOATED,
FRHT — F DRERLITED .

5.3.4 T7Fa4ahy, TA—FyaTU#

ZOBFEMIEIL, EEA L FIVIFTOT A —F v 2 VHERESRREE LICHLED
5 (H59) . BRAKI BEEMODOTH Y. I FFIERIMDO ALY F %N
ZHd. fEMEIE. Lac du Bonnet DJEME L VA EAL TRV, 2KREYWEEZL SR
BRE 1km F TOWREEZREL TS, BT EHESDOBEGR. RUHEMERIZE
FIZ Stone & Kamineni (1982) Tk o THERLN TS, £& 1,200m F TOEF T
BE W ERBEF I OO T AKEHEEZHBAL WS X5 1CR23. B
HADNR—b VAR LRAF s —Fuy 788011, AL ER~DES 350m O —7
V¥ R OFER. BORKERERCHELEL TN, LA, BEBROK
HR~OEEBIH LR TIIR,

5.3.5 FYAPTY=ARFER

<= b Lac du Bonnet If< OFR T A k¥ =/ (WN) BRUHTHER (URL)
g, EREEROBRICMBEL THY. KUV M= VFREO—BTHS (M5
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9. 510) . BRI S BEHOLOTHY, AT FERBOASLT I ABEFNLD
3, ¥y RORETERSEN WNURL TRW/Z Sh, 200m AT ClRKaitianE
BTHD. 2TCORITEEEZEYPLLEERESZDTDOLEI 2REVMBERLOND.
WN/URL # DER I HBHEIL 22T TRy, Zh bRz, MoNIIcEERE
W TREESL TWS., —HOME & A ERERR S-1URL .

= 510

Regional setting for the Whiteshell Nuclear Research Establishment and U nder-
ground Research Luboratnry lease area, together forming part of the Whiteshell Research Area.

7 URL11 M4A.4B URLE M2A,28 |
300{ 834 MS;\._SB - | I L O
__‘—V—_l_—f__'/_— L
— 2001 //'J 100 _
z ] iy o £
=z ;
g 100 200 E
¥ i - o
u o) Sea laval - 300 o
Lt | _D_?--—. Lo b
1004 g&m{ 400
. : . 0 100 200m
-2004 =] LS00

FRACTURE ZONE
B HiGH PERMEABILITY REGION OF ZONE

B LOW PERMEABILITY REGION OF ZONE
@ 5-11 Schematic representation of fracture zones {numbered) in granite at the URL
location showing relative hydraulic permeabilities and boreholes which access the zones. The
section runs from north (gt B34) to south {at M2B),
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BERECBITI3ZEKEIZI *ms b EBEWS, TERPREREZZITTWANVWESTE
I07°~ 10" mps A% T2, MBI TWRNWEREOEKET—RIZEL 2BIEYR
j/'l’\‘é-é -]

5.3.6 HTAKRBERESH

B F IR REYEEAEO-ME L T, EREVELLLOH T AREERO -
DILEL OFERRE SN, FELRENZ. ELZZT 0L RICHEETIHTA
ERETIHBE2BI3ZL TS, Zhiz—RIDTOLSCLTERSATWS, &
. R—YV VTP OELK, T, BEREERIV 7 MEFERAY v THETR
ELERICT S, RPFRIBT 5B ORBHERIL, Ny 1 —TCRELZR2LEML
Ry T Tfiolk. RV7THRHBEFZHEBKE, Eh, pHEURER2VF 7 Z 0 XY
Y —EBARATE 7o —ENMIER L. BEAADNANZBZI 045 mD 7 4V F—
REE. BEEBEZ2EEALLE. ERLERBRUAEL AT A—F #5500 F &
Hic. KIS OEREFITIIDFIRER WNRE TfFo 7z, BERMEAERV MY F 9 A
SHTiE Waterloo REXIZF 3 — 7 URN—EHFNHEF CTELEESITRUVEEY v F
L—¥a VERREBIR L DITo 7.

3 55

Summary of samples taken, pretreatment methods and analyses made for groundwater from a given zone
in a research area borehole.

Sample Species/Element Container Volure Filtered? Preservative Analytical Methods
Arnions HC0,.50,.CLAr, HDPE! 0.12 yes none filtration, ion liquid
F.B,POLNG, chromatagraphy, colorimetry
Cations Na,Ca Mg K Sr.Si HDPE 0.08 yes 4 mlL/L HC Atomic Absarption
Trace Li.FeMn,V HDPE 0.06 yes 8 mi/L HNO, inductively coupled
: and others plasma spectrometry
1sotopes FHIH 180 HDPE 0.06 no _mone mass spectrometry, liquid
scintillation eounting
[ Wg 140 M350, S1IRD, EDPE -50 no? none? - mass spectromerry, liquid
scintillation counting
Sr KIS S HDPE 0.25 yes & mL/L HNO, masa spectrometry
u U =Hy s8] TeRg HDPE 4 yes 6 mL/L HNO,, alpna apectrometry
Rn R glass 0.05 no none " gus scintillation counting
vesael
thle] Hy He.04,N2,C0 steel 0.05 no none mass specirometry
CHATH.S cylinder
: DNG He 2HeMHe, Cu tube 0.02 na none mass spectrometry
Ne isotopes

L. high density polyethyiene bottle
2. unless containing significant sediment
3. precipitating reagents may be added
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5.3.7 H#TKHER

4 3FOWEHRBETEHELN R T RBERER S6ILFT., RLEF—FE2TIROWVWT
AFAOMIE10% LN TT =F > OFCELY (FOWMBER IV IS T4/ LTH
FLTHDB) « XSOWRLETF—FIVPRVELLOF—FRINLHFRHETELN
A, KBSLEREOLVHFLWARITHTI GO THE., BHRJEML OB VERE
DEWRBOREFRLE., F3—27 Y R—BEBEOFT— # i3 Botiomley & (1984a) »
LEALKE. u—FIVWIOHERE ((—AFTAH) IKE->TRENBZ LI, &
FEDE  ZEALKRT EZHFE T AREIHTILOTHS. Fa—-7 U —-DFA, =
DT LIH200TU. 2 FLRERKCEETIE M IFUVALAAMLZ L o THRENTW
B. BN, FROMIFUARE (10-120T.U) OFEZ. RBERETHERIED
27 Z L ERLTN3,

- K56

Chemistries of saline groupdwater samples from boreholes in plutonic rocks in four research areas on the
Canadian SHield All lonic concentrations are in mg/L. Dashes indicate no analyses were made.

Rhoda- aH
Resesrch Bore- Depth Eh mine Wz,
Area hole (m} Na K Ca Mg Sr Cl 80, HCO, Si F Br pH (mv} pg/lhr =BT
Chalk CR-13 341 209 L.t 351 24 17 a2s 54 50 35 25 30 719 +330 - 0
River, CR-13 423 70 26 153 28 05 37 22 155 3.5 07 03 1.3 +325 - 316
Ontario CR-13 486 §2 58 81 15 03 48 82 171 5 07 05 83 -100 - G615
CR-13 576 53 28 186 28 08 29 8.8 158 60 07 <0! 8.1 0 - 512
East Bull EBL-1- 405 242 0.8 60 0.1 0.07 328 16 65 15 03 1.5 102 +130 23 13
Lake, EBL4 443 B46 2.8 Z1% 20 350 1743 77 Tl 61 3.5 57 89 - 2 24
. Ontario EBL-2 538 584 2.1 233 L7 280 1350 13 a0 L5 20 21 14 - 13 62
Eye-Dashwn ATK-1 790 613 2.7 8978 24 24 2380 80 13 2.1 0.8 179 6.0 +220 - 106
Lakes, ATH-1 880 1830 98 11500 3.8 308 25400 430 45 39 45 141 73 +10 - 86
Atikokan, o 7
Omntario ATK-5 680 86 1.5 940 11 24 1880 91 <2 2.1 05 165 6.6 +100 - 112
ATK.5 700 116 2.8 1240 14 31 25680 114 12 <12 06 193 57 +150 - 86
ATK-5 980 816 7.4 8980 0.9 220 18100 263 <2 24 3.1 137 55 ~180 - 62
ATK.5 1050 1779 8.5 7460 L4 205 12200 1B6 21 1.7 23 119 35 -210 - 12
Lac du WN-1L 416 1490 B4 1600 64 - 4600 914 62 - - - - 5 = 56
Bonnet WN4 385 316 12.1 472 403 - 1380 2310 237 - - - 80 - - -
Hathelith WN4 465 B1B 24.4 9Zf 6535 - 3050 496 164 - - - 78 - - -
(WNIURLY  WN 487 510 267 1480 241 -~ 6350 1090 T2 - - - 186 - - -
Munitobe W4 513 1530 207 1080 25.9 ~ 4000 631 208 - - - 8.1 - - -
WA 568 457 12.6 424 232 - 1440 243 358 - - - &.1 - - 2
WnN-4 577 3080 289 1850 249 — T740 1240 14 - - - 69 - - o=
WiN-4 720 2130 129 1860 340 28 7410 L1BO 113 5.1 1.4 251 - - - 12
Wi BOO 4170 135 1680 23.1 21 9570 1210 42 5.8 <0.2 230 - - - 12
URlL.-2 874 50 3.2 1000 8.7 2 17585 22 50 T 0.5 i3 7.8 - - 64
MIA 300 1550 7.0 st0 L5 4 2980 604 49 4 22 6.2 14 - - 16
M3A 75 1700 53 510 6.0 5 3020 693 <z 4 2.8 <01 6.1 - - 18
M5A 322 810 3.9 620 5.6 4 1880 473 72 6 29 57 T2 - - 50
M7 350 1800 100 3600 16 40 BGOO 720 25 [ 31 7.1 -140 - Q
. M10 400 1270 6.7 1440 10.9 12 3830 153 30 2 1.9 29 1715 - - 17
M1l 335 T9% 43 126 6.2 1 856 504 35 2 1.9 &8 17 - - 9
Ml4 340 T00 57 2450 1.5 25 5970 856 30 6 31 39 71 - - 0

5.3.8 BESRVEZREOEH
2TOWIREET, Tk (2EREE. TDS) EUEREITIEEL L LITHEXR



PNC

Solinily (TDS, mg/L]

TJ1564 95-001
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512 Variation of a) total dissolved solids (TDS) and b) chlorinity with depth for
research area and Shield mine waters, Large circles indicate dilution by fresh waters (from
presence of =15 iritium units) for samples deeper than 100 m. Arrows show projected parent
brine compositions for Sudbury (5), Thompson (T) and Yellowknife (Y} samples (see text).
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& 5-7

Estimated compositions {in g/L) of parent brines from three mines
in the Canadian Shield (from Pearson, 1985).

Location Ca Na Mg K Sr Cl Br TD3
Sudbury, 109 34 0.068 0.47 2.6 270 2.2 418

Ontario

Thompson. 822 447 6.3 0.23 14 241 23 a78

Manitoba .

Yellowknife, 806 53 1.6 0.07 22 230 2.1 80

NW.T
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REFOBKETHA5. T4 2N TEREBEOBREORE L 2R 513105
L. EROT L —2 3 EEHE 300-500mTREbN, ZOERED ETREBNEN—
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(L2 b 10 ms ETO) OWIEFEDRLRL LD 1,000m OFEEREELTEY.
B 5-12a, bDF—FOZ BHHFPLOEMEINZARBCET 2 L0 THBIZ 2
BEITRETHE. bbb d. JC CRERECIEB AL ENEKEDESE
KRITIERLBETHD LEET S,
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513 Variation of permeability with depth at
the Atikokan research area.

5.3.9 FRUVAM=ABTE (WRA) 03 vikhA 3 RE

B Ex €5 /v ( geospher transport model, .GEOMET) BPRAWAIr—XAF¥F 4D
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D, SWOEEIRHES% ThHD,

BHRU IS VIEHREESEHRERESCIVERTIERSE b, EhidgE
LLBRBLTIHEMICH -, E, BEERT (Eh &L T) RUI VILHOEES)
% GEOMET {t ZHBEHEOZhFhICH L TBEL & (£58) . EHBEOS R
BAZE, 1-/TDS BBV —ETHD, 12X 10 55 16X 10 *Th3, =
VLA F LV BEEGIESIC L > TEIZRE->TWS (515 . W TDS # FksE

(TDS <1y 2) oa v{LBHEEZ. 0-17pg/ 0 ThY, EE, ESZOEFLZZE
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B5-14 Ceneral Location of Borehole Sites Within the Vhiteshell
Research Area
=58
SELECTED RANGES OF VALUES OF SALINITY (AS TDS},
I:-_AND REDOX POTENTIAL (AS Eh) POR THE GEONET MODEL
NS (g/L) Eh (=) I+ (ug/L)
GEQNET ) -
Segment Depth (m) Range Mean Range Host Likely
Representative  Range
Lover Rock 300-500 15-25 20 <-300 to -200 -300 210-350
Layer
LDl 300-500 5-20 10 <-200 to +100 -200 70-280
Intermediate 150-300 3-13 10 <-300 to -200 -300 40-1B0
Rock Layer
LD1 150-300 1-5 2 -200 to +100 -100 15-70
Upper Rock 0-150 0.3-0.8 0.4 ~ -100 to >+150 +50 5-10
Layer
LDl 0-150 0.5-1.5 1 -50 to +200 +50 5-20
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Plate 2.1. a). Scanning electron micrograph of colleidal silica from BR22 well after initial
polymerization. b). After further growth and agglomeration — note the porous structure - and
c). the deposited scale with the pores filled with silica to form a hurd vitreous sincer.

—157—



PNC TJ1564 95-001

— fHR—2 —

gD TFEOER)
BERFEHER B F &

A URIRET TRARERERD Z BMEATHER, 2REOL ST, ZLOR

DPLRIRTE, TOBEHIFFICERTDH D, :EEEPODEIW%@%E?&%I\V Y%
ﬁfﬁ%?% EZAME LTHRE HEZT->TND,

1.

BRI O M D Y B0

RELBREE L TEEREWORL L LS8 - BYOBHER FICX > TT
EBEBIPGLERSNTV S, Eiz. b<LR. HHTOL 5 RS, BHOR.
BF, Bi, RRE. SEOL O REY. BERFLVELEThTRY., —20/NEH
EWRL TWB, ZLT, bhbhtl LOEMRICHT BREOSEE 2D, Lo
T, BROWHEOERI R EEREH 2 ELL TV 3.,

129 T3 TR TERTIHMETHE B, 150 FELLERHFIEV DT, #
BT URARETE YO 3 CERT B ETASDOIEN F L—H—Th 3, B
BERICHEETS 29 I RE LA L BECHADNEAEENORBEERICHETS S
DTHB. TNET, bROURBERETOI I OSMELIZERILY . S0
HREOWTERE T >R DEOTEL Y. FRUOSVERZ LRSS HT
TEHILBbPoTERL, LI, RELE. RESmUNRBLALGHTEII
Bbiolk., HEOABORS LEREROBHELOVWTHEL LEE. REEtR. &
BHoRIIL Tk, BEECHESHILEDIAZ Abhok?, ¥, BED
HETE, FTH~OBFBESbh, —EOBEETBTTE I LAEEXHHLELMK
Rot. THAKE, BHETIBRLAVEILDHEZ L bbirotk, i, EHL
LB TRAEL SRR ERL 2 EE ORI DS, DEVBBELICINT 2
L L, ZOBEREREGTERHT L, —BAML 2B TRARRESAS N
TeBbholk, TOZ L, BEOELLEERER I -TEETI I LavES
OMEERZERLTWE L EZL .

2SI RBBEVA_ABIEFERBNOT, 200 - BEW ONTIFET 3 - LT HE

—158—



PNC TJ1564 95-001

THd. LrL. BRBROZSEHHE TIA 7+ —ATY MEEOERBEALNE T LR
HOhTNEOT, ZOX5RMRO—2>THEERETo. 9. MOANTHHER
BLrbiZ'PI0XBIORESHERDE. TORRERZIRIEZRLEL S, ¢
PR LREN D 0m K2ED 5% BEETIH. 727 3F 7 A3 LEBHBITHEE RKA
ENnZ eBbdhot, 24 Am, 239.240py 237 Np | 137 Cg R EBEAKERT T,
Am3*, PuOx*, NpO:*, Cs*lBBAF LV THETI DL LATWS, Zhick
LT, 99Tc, 29143 TcOs ™, I (7210 REDEBAFT L THEETILELLOR
BB THD. HEOBHES TH P LEDPEEPIT BB AV EERFLIZ W
LEZBRD, TOCLE4 Am, 239240 py | 237 Np | 187 (5| 99 To TREEES
WMPLLEBTIILETES, LL, P lRIoLBTRW TR THADOH
TARHBLNTVRW, TOZ &R, BEEDPCEER EOFBYLUAOREEEZ D4
BRHLOTRRVWELNWIOH, BLxO—EOHEOHIERTHD., £, ZHET
OMFETRAERLZLBWEREL. 2mm ¢ OS5V EBBIRLIOEAVWIORE
Thold, LBEOLFEN - PER - AYFENRERZELIYRVED. THEIERS
BEbHREBREIHEE L. ThtE0ERI L - TRER2 ABTR+SITEN L HH
PRABETERWEEREDLEZDT, BAABEETTo.

HRIZCAWEHRBEIUTO4ETH S,

AL EHRBLTREER

Bt RIRREEEN RS 2o

JkHE L FRIRE WX BERE RN

Mt WEE L ETH RS ISR

B2, B3ICZ0MBRERLZYE. BHRELLEDRAS L. BESOFEBRS N
KHL, BESHFPLOIDELFELOESHh, tEHIBAEKLLHEEh 3, KB
b, WEROBD. KB, BOotEEAWE,

2. TECINIZITROREXRORE
BFIBERRE Sg 212 "ML — Y — 2 SUERE 1Nz, BEREPLEZA/Y
SAADPT—EHIRYL 5 Lk, & OEEERN 2B * % H T 3,000pm TE D
SEEL. AWH D 1l T Nal(T) RIS TREL., kX TRFIEL 2RD .
SBR[ 0l /g)=( 18 1g 7c D D125 T ~DREEE V(A 1 il b 7z Y D125 T~ Ot

—159—



PNC TJ1564 95-001

3.

4.

CERALBIERE: Y b Y 70— CFS0A (7 3348, 45FR 50,000 LT % BiE)

RELEEHORMOLDICERT, L OSRMELEL THRELERDELIS, X
ADEHIEEDHETYL 10 A CREEHCELTNAE b0 T, Zhilig
OERTIHEL HBM% 10 B E Lk,

LROERTIRI T4V IEERETH o8, BEFRMESLETIEERE
HEREZEZ THAL. TORER. BS5IZAGAZ X312 10 " BERERSETHL TN
AEAIHBLARRLAY, 10 X VEERE 2B LARIKEI L. ZOZ L
AREFRPERTHE L E2RTLOTHS, |

RECEELESZSETF

AVROLBINTOIREFLFEELZEZ2EFREE4OLOREL LD S, EE
WA FARERSRVWOT, TRICESEOLBERET I LIRE>T, BIBHRHF
ZFOTILEHA. ERFEZMROFETEETIOHEKRSE 5 Lk, BRLIZE
BEEFPRLICAZLICHAEL . _

10 CT2ARMERT 2 LFHBEICEENRIKIER2ILADND., BE 20 CEETS
FNAFBROIERT IS, UFRZEOERF TEHEBERS oIRGB ST, RER
BDIEH20CTHEHEAEBKEL RoZDOT, 0 CTEEREEHEIRL L., F#
LEEL LTI L2 0B L L X ONERE LEBROLERL 2, FHELD
TREETEBHEEERLTHD. RPbbP3X5i. ABZLRNVES. ML >KH
TOHHESHEOBIRREFTIE,. ChEdTLORBHIORL —FH L2 b
b, T, WIThOLELMEBAEIZ L > TRBSFEEBBO L. 20T &iTnE
Lo TRDNIEBRABRERBICHE L TWIZ LETRT DO THD, ¥, &
HRELCRLBOBFESFERLTVWDS, BEEZTALIERTHELZbORIT 55
Bkl oml/g Thote, 2N, BREKIVERZIEBEEFELL2NDT TN I &8
bdroiz,

EYEERE _

MBAEE L TREFRBBI T, BE. BRI TREEBBLI TR LR
EpbERT, AVROBBICTRPOEDFEEL TWLT LBEFHEEIND, £ T,
TEFOEYREPMIREL LT, ARML2BEDREL L TARRELMEEZRD. K

—160—



PNC TJ1564 95-001

FHRETHELZ. TORER. RRHE. #EL VHETELEL,. 4BOLETELE Y
EZEEPHBONRPoTc. FIT, EMBEZEZ D L5 RNERTo T, HERIELDR
HIPEIHPBATL, BEFEELLTIE, ZuoaRLac k3 ERL, vERRE2T-
o TORER, BE vEBHLOLARE. HEIEL L. Thid bicHEBEE biERY
L. RSIKHERERLE,

5. SEEOBEKFE
UMY OB B EMICEET B L Lk b, L 5BOBER & »T2hids
T3 b0eELLRE, 22T, 2 HBER S THE 50 CREL S & THRL Y
Rvf. TORBEE TGRS, FE 5 EER 20 ~ 30 CTHEEFBAILAZD |
BETLEE TSR IEARRNE, COBRERESMERE L T, BE
BERTBIEONT, BHEEEO L. LEEH L RSN 235 Ths. —F.
EPEEICEEL TWB 2 ThIE20~30 CTRARRZEZ LIITHETE B,

Fe&D
INETREBELREERPL, VP L ORBLE~OBRFE S HEROEY I

BLTWIDOTRBNWPLWIRELDHIBERESEI LD Thok, LaL, 18T

IEHIZE L DERPE-HERRREOT, Z2EBHTIE TR >THANn,
SHELTELRVERORETOI VRO ZHBHAL TW FETH 3,

51 F 3zik

1) R. Seki, E. Kimura, T. Takahashi N. Ikeda, J. Radioanal. Nucl Chem. Articles, 138,
(1990) 17-31

2) B 42, EHR2, MEEE, Radioisotopes, 33 (1984) 51-54

—161—



PNC TJ1564 95-001

O I P
i @ B O
:_ ] 241Am
1 0 E B Oo o 39.240Pu
5 . 237Np
= N &
& - O O 0 s
0 .ooL Tc
N 129I
_30 - 1 | I [ ] | ]
10* 10° 10% 107 10° 10" 10® 10°
(Bg / kg)

1 EHEBLUTORBSRECEOEZHROIENOREEDREES T

B BEp N#ER [

2 FHECABVITEORES T



PNC TJ1564 95-001

b+ :
D £
W w7
st
0 20 : 80 100
Dixs EEEY
8 FHRCH VT EDRS
10° o i%#‘ - 3
| AN
9 102F ﬂ; © ._
'g' @CD/O/G'@/ O
3 © |
o B CY N
R 10" i
[ L
P
joo———
0 10 20 30
H# [day]

4 HELOERS SEEI-NT 2T



PNC TJ1564 95-001

[mi/g]

SrBCkl

N R
1010 109
HAEDEE  [mol/]

B5 BEOREERENELOBE

lj
300
g =
E E
o5 R eof
ka B2 eof .
<R @ a0t @ @ |
- @
20

Ewﬁ--\\; G108
2 { 2
> 1 =
w105 w105
O, ARRE Q|
107 u A& ﬁw‘;
- SN i
H 3 :I:H 3
10 —_ ] 10%
e S e
CAZERRE]  [h] v REHRBE  [kGy]
6 7O0KRNLERS IV r BEFICLZRRER JUHER S SEL
a) HML

—164—



PNC TJ1564 95-001

c c
E =
= &1
= M|
R R
@
% 2
AFERR )
?10’5[ ~§105L
o |2
j sl - :5 Sl
105k 10
ﬁ10"_ e -ﬁw“-
® | iE
ﬁ'i-[oaf p- :H']-Ioﬂ_ A A-
02 4 6 T a0
CAFEERE [h) v RESBRE  [kGy]

6 JOORLLABESIU r BEHICIZRANES JUHMER S SEL

by #t
70—y
600} "
500} -
§4oo 5
E300 |1E ,
Lo
éz@o ‘Q
R &
00—t ot
CAERE [h y REBEHRE  [kGy]
= F Tz THRRE] -
S 18 L B HE
o8t 1 210%
2 2 f
L w
o, » RRE| 1O
» )
10%F 5
4 14
| f 1 1 ] 1 ] f. - 1 Il { [} 1 ]
Z 4 3 0 50 a0
CAZEEERE ] v IRBABRE [kGQy]
B6 7O0FRLABRSLU rBRHICEZARES L UMES S SFRE
c) Bt

—1656—



PNC TJ1564 95-001

500 [ t
300} .
— @
_.;_D'J B 1 =
E E. ol
27
23100F 4
=
B sof 1%
':R 60F 7 )
40 N 101_
S R S & 0 50 Q' 30
CAZERRE  [h] T HEHEE  [kGy]
—_— é — g '(\- :
= u\\n: = A zf\.{j(%
g-joslg E 23106' mﬂﬁ%
S |3
wooL = Jw
G %ﬁ@'gg
W AE | ]
10 7 810%
= 1 |
H B I ]
A A A e A,

SO e
CAEER [

d XHEIE

SrELE  mb/g]

§

— 20 40
T REARE [kGy]

6 Z700FRLAERBIV rEBHICIZRNES S UHMER &SR

RE [C]
B7 K& IRECLBHELEOELL

—166—




PNC TJ1564 95-001

*=1

MALIR | 110°CEIE | 400°C hn
ML | 30110 2012 0.8140.10
o) T R e e
WL | 3.910.1| 0.45+0.02 | 0.02310.001
ey e e e
JKHE LT | 400410 | 0.4210.02 | 0.2110.01
e e e e
y(ijund 610110 | 0.8710.03 | 0.2810.01
6.1% | 9 | 21 8.0

—167—

TIBOMBSIB(Z L DI T{EY A 4 ORESELLOEL

(EB WA S ECHInl /gl TE : mERIYD)

fEYE
eml/g
A47%



