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Abstract

This year, three tasks have been done ;

(1) discussion of FEPs for performance assessment of geological disposal
in Japan, and discussion on how to select the scenarios which should
be evaluated and on the scenarios screening approaches,

(2) discussion on the theoretical appprbach for handling bentonite
porewater chemistry and certification of systematic of
thermodynamic data of Am, and

(8) discussion on the important matters to be solved toward the second
safety assessment report, referring to expert opinions in the

" workshop.

Through these efforts, it is concluded that each serious problem should

be discussed and solved efficiently in collaboration with the expert in each

field.
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d2HMT D, T, ROEEEAMT S,
NEORBREOHCHFETSHBER :+ 248 (N—-1)
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ere ) nT o b OBREROMBICT 5 Bk
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N :BREOE (7~8, ZZTii8LT+3)

Pan  EVEVRFA POBE (=2.6g/cn® &55)

fon N bTA bRDEEIOTA POBESRGS IV 1 EBEL 0.48 &
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EX2RI, ERRECOERR 2 %, BRk»DHRETS 2 ENTE S, oK

REDNG A —FMERATE L, S~V hF o FOBEBPSEEN? L2 (g/cn’) BE

TH. 2 d R B0AZBATLEY, HLMRKXBEHNORREFETS,

FROX D gL -DEETT, BEEREBOEROBE LT, UTFORMSE

BEpS EDSEEp,, 2B, BMRSMEOCENRBsEELE,

(Low, P.F., Soil Seci.J., 44(1980)667.)
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o 81 1 F&

B e
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X4 FEEMRETOEMBOHEENME

BEDEX S, B2 d Rk, BREOCE L EBFEOMO 230 OFEMRSH D,
EHREEMEVCERIEEEY, EHEEOBVBARNENS+HISTE L 0L
Exbhd, TORE, BROABZEFALTIIE. BEORERE D L 5 748
MTBULDSVIEEFERRAL TV IpE2THREELRTRIEZR LRV,

(3) EfRRBEBHATABR BBV

(3-1) BEHRE

EfENIHRIIBRECHTHY ., ZOB4. BR_EBOEEIL. TrElnm
TA D2 I EOERFEFHCERTZENCXEERTWS, 7=FAV1ID
FITH, B A EBREEPL. REBWEERUTOIIRAEY, okiEiiey
EYRT A PORREECERTIED A= X MNOREFEEANE ML, EHFEER
DEI_EBIHREND, TLT, ENIAEECER T2, 7o MBS
BETHLENAR L, BHA Helmholtz EFARHEB BB EFANBHETEX S L E
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_54.T(weq /1008) _ 1 44, 103 (meq / m?)
380(n? / g)

=0.139(C/ m?)

i3, BEINRY P A PCHBIETFR, figRerElint S FTHL LR
T4 B L. EEEHEECEC =115 (neq/100g) . S =810 (m?2?/g) £V
o=1.42X10"3 (meq/ m?2) L7 ¥, FERLEEREFELND,

(3-2) {EHEMEIKTR _ o
BEESOMBRAERSLsOT, BREBOEEIT. 2« I HENEORERT
B L > CRRT 5, ZOBAE, REY T/ —/VESORBC Lo TENBEET
30T, p HYEMERES L OBWRNEE CEFRRIIZELT 5, T, KT ¥
P —BRELHOBR_ERMHRENS, EHREELL L, BAKE~OT 2 I
L OBBERMRETHD, Stern TEFAPBRZEBET VR I T, BITETD
HERD D, '
SOH+< SO +H? SOH+H'+ SOH;
BER=ERET IV

EEER JKEIA A >

NN
5'_
~
v
JY’
v

/4

? L EiHelmholtzHE

NEHelmholtzE
5 BiERETOLAyOREAZLODTER=ZERET/V
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(3-3) REEM & HEEM (Grahan OR)

RO L5 CHREFRIE T, REEREERAESRRERZEL5%ThH 5,
—ﬁ\Mﬁwiﬁﬁ\iﬁ%&%#iTﬁ(%ﬁﬁ%wwﬁ\Eibﬁtﬁﬁﬁﬁ%
C EPLREBMLZHEETIFRERNT S, (Thid, #3873 HNCHEROMERT
KBWTERRIRERATHZ LIKR3, )

7. BRMEEENDL, 2 oORFAOROPATBIT 301 T VERE (REOSE
ﬁ%kﬁﬁ@ﬁ%%ﬁoJﬁvﬁiﬁﬁ%K%ﬁ?é)&ﬁﬁ®4ﬁvﬁﬁkoﬁ®
BItRER®, &b, £hh b Grahan OXEPEHL T, BEEBHEE o & BEST
@y & DEFERER S,

A A DHF (B 1 m3 Y7 ) OFEE) 3. KO Boltzman HAITH S & F1
ahsd,

ze
Peount = pgnunt pr(— —k—‘l?’-)

AL, gﬁ:ﬂexp(— Zng/kT)d—¢ (BRSO count 4 <)
dx kT dx

dp  zep
& b IC, Poisson—Boltzman FiE= =, 2 exp(~ze@/ kT) 22 &
X

L oT, Eohrbd

e " (do 2 g de 2
e 4 -2
2kT J, \dx 2kT\dx/

e (de 2
= + —] —
Px = Po 2kT(dx)x

EBHEEICE LT, BP0 2 0BFOBRT 2 2OREEEZTWEINELL
ED1/2 TIW) CEBREOERN & IR SRS CHEAENZE L\ (B k)

e,
d df 12
- j zep dx =+ &'J. (d—fjdx
0 o \dx
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‘%ﬁﬁﬁ'ﬂia=z{%’) CHBBDL. BR

x=0

(A EEE)

o
Pty = Po ¥ 557

BAEEER A T 5 L,
>t =Tt .

kv,
ot <2 Lot - 50t

Boltzman 2 Hi b . pf = p] exp(- zie@s /kT) TH DD TRARHF LS,
o= Jzﬁ{z oL (e‘z“"?"” - 1)}”2 (Graham =)

Ay hF A FRIBKE NaSO, D1 : 2BRBELREL. TNVBREEMTRT L,

o? = 2ODOakNAT{(e'e9’”“T - 1)[Na* ]+ (o7 - 1)[30?;]}

EE SN, S ERPTRERD Z[Na+] = [SOi'] DEEETHRTHIHERD L)
& . Graham OFEII

o= IZOOO.SJ:{NAT ’[Na+ ] {e—-e«p,lk'l‘ L2 fo_ay 2}1."2

L7y, BEROLEEENER o L REBA ¢, & OBGREFTLR D, 25TTH,

172
o = 0.058208. [[Na* ] {e“e%”"" +e20/M 1o _ 3 2}

Yol ruill

2000£kN, T =0,058208
£=8.854 x107%* x 77.1726563
k =1.380662 x 10~%
N, =86.023 x 10%
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3.3.2 BEMBIERLERRE

(1) FHEHDOHEH
BFEXMERET S LR L oT, BEREEROMEN A OERFREHEE
THHFELS2WC, TOEHEFTIEN, FEOEHNTH B,

(2) Helmholtz @AM RNF—LEEFEK

A FDFEEFEEIHERT U VCRET I NG, BERTF Yy AVICEET
% Helmholtz MBAHTX/LE—ALLBFESIT b, LTOXTRENRS,
(Rasaiah, J., J.Chem.Phys., 56(1972)3071.)

5ﬂAel
tnyd =L
ny. FC

& LT, Helmholtz D H B TR/ F— A (AH= XX —HbRMTRA¥—T S %
BLEbOO, T2bbG=A+p VERD)E/HII. HERF VY NMZERT
BAMERNF— UL ERES (skT)KBELTHESTRIZ IV, Zhid, Gibbs-
Helmholtz DXEMHI T LMD, KOOI SFRENSB,

{a(Aﬂ/Tj} __u*
LA

éT T?

ELIA=1/kT kb

B
ﬁAEI =_J.Ueldﬂ’

o
DI AT AAE— L LCH, BB AR BET S @E =R E— B
EEXNTLORL, BB, BEREKFEET SR, HEIAVX—ERT 58
Fr kLR — EX LRIV LR B,

Helmholtz O HEM=XA¥—ARZETHEML, SHOREEYQL L., Qb
b, BEEZILF— ARABTIAE—UNELR (v—F R, BWHLEAM, pd3) |
AR ECBR LTV AL TH S, '

A=-kTmQ
U =kT2(§EnQ)
AT J,
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(8) FEERETE MSA) KRE3EEFEK
1966 4E Lebowitz & Percus 3, EEIFES FBF%I2H (Phys. Rev., 144 (1966) 251)
L. Mean Spherical Approximation (FEIRAEED K HMr&ITV. EZTRHER
BB OWTHRIFE LTV S,
BWIREOA TV ERIERE TS L, BIEROAMICETREETCERVIL, B
ST OEIZ0 &Y,
g:;(r)=0, r< Ry;
i, AEROAUERCIX, Bk & OBOEFEBEMERAL LT, K7y
u  BMERALTWA L L. FEREEH MsA) & LT, EREEEREEZKROLD
w3, (Montroll, E.W.,& Lebowitz, J.L., “The Liquid State of Matter : Fluids,
Simple and Complex” ,pl99, North-Holland, 1982)
ey5(r) = —fug (), r> Ry
ERAMEERET Y VBRETHE, uy=0 t>R)THHDT, ¢;;=0TH 5,
ZiiX, Percus-Yevik FRALF L TH D, Thik, MS AIFAMERP Y FEAOHK
BRTHBHELEAD,
A A R EEF2CHEUEAREF5RPM (restricted prinitive model) IC#
L <. Ornsrein-Zernike F R Z ¥ IC LT, Vaiseman & Lebowitz PRAEITHE
(J. Chem. Phys., 52 (1970)4307. ) # 52 CT\W5, ZhiKLhil, 1-1 EREOHE. E
EREEREIRACRENS,

BZr
c..r=c9.r —[i] R [2B— . 1'<R
1)( ) 13( ) ER qqu R
=_.%’ r>R
£R

=L,
¢d,(r) : FEEH OB O EHAT K
R AT DERE
B :1/kT
£  BHEOBESE
¢, A FVH i OEIRE
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B=L2[x2 +x—xm1
: X .

z=2h=ﬂ@m,?z

x K°R [( , jZ=1:c:1q1:'R

e;; (b, BECRNX—LEET 3 EMERY T D OFERIZFALX— E* IR
(J. Chem. Phys. , 56 (1972) 3086. )

_x2 +x-x1+2x 1

E¥(xh)= 7R3 B

XTHERBND,

T, AR A EX=U L LT E0T,

el A—A ﬁex N
sl st [E(os s

(65 +35% +2-21+25)

" 127R°

2
O _RUAnfa; 1y
e, 2 & x

J
el
ﬂ‘?A_hﬁ_q_i(«h +2x-1-x)
aC eRx

EERXROGTF - BT x 2R L.
X% =4nf/ex(c; +¢,)R2THE M B, HiEbEh T,

EHIC I-l EEEOB AT

x(l + 2:{)”2 —x~-x°

da(e, +¢;)R®

mys =

ZOLHELT, FREERONEN D, THEERREERET A LATEEL 25,
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(4) Debye-Hiickel Eff & O Huik

EEEROBENERE LTEALHAA R L DI Debye-Hickel HigHdH s, O
WA A % AEH L {HE Lk Poisson-Boltzman FREFIEHEEE bOTHY RF
BRI FEXTHIEDE, BHE2EEETHLDRAELEE (Debye-
Hickel ) 2T o bDThHB, ZOBRIL 1 DOREBOAL FDEDY OMD
A FOBRESTRRD LN, EORFAFECEEFESHES L, KRBTKRO
X 3 RERAERE b K RS AR BN E,

logy, =—-0.5091z,z_|f 1 (25T)

JI

logy, =-0.5091z, z_|————= (25°C)

1+ BaJI_+bI

I, zIEREA IV OMEK. 1A FVBETHD, EERFERD a BLUB
EMEEED AT A—FTHY, aldA TV ERICERLEDDLEZADLRTNS,
2 biI—HOFEETHY, BREIRENLDE. EHLEFEREICES IR
Hohd,

ZIZC.Ba#® 1.5 Lo, b DEARIBMICEHAZIATWS (v—H A, p 269)
DT, ThEFEoT, BEEFEEERDTHRD, BBHHERDIRAEL LTH.
KCLDLDEBLST & &35 (Barrow, p 337), HEKXIZLUTOED THD,

—‘/T—-O.OMI
1+1.5JI_

Fi, PYFEEERVEEESRE L 3FEEFROMIL. 1 OEEREZ, AV
VALY DOARIMEE 2 73A (Del Pennino,U.,et al.,J Colloid Int.Sei.,
84(1981)301) L ¥ FA X ¥ O A F 3 ¥ & 1.81A(Barrow,G. M., “Physical
Chemisty” , p636 7 =& X HIAFIL TV ARNET ) DR TH S 4.54A% Lz, 723,

BT REMK S K#E—T 571, Debye £ & O#E k # RERTHAE T 50RANEO B
O EBBREBORCER oAV TNS,

logy, =-0.5001

x(1+2x)”2 —x-x2
47 x 2000C x N, R*

iy =
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k =4/2000N ;62 C / 5,6,k T
x=xR

C EEETNMRE
6 HEGHES
g KROFHBEE

e : BWERE
k 1 R rER
T s MR E

N, : TEFFe$
& T, Debye-Hiickel il & P YHL OEENL RO ERERE L., BAMKE
(Barrow, Physical Chemistry, p337, McGraw Hill, 1988) & DIk s X 6 iom:t, =@
R»bH B LI, BERREUERS T ORT Ly A EAVWEEFATH, RHNE
& BB UEHERBEL., Lb, FL3R Debye-Hickel iAEEL v b L T—2
DRV, L3R Debye-Hiickel ELIFERAEE T 4 v T4 LTHATF A —F b 2Rk
LT3 bbb Th s,
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3.8.3 HNCHERIZ LB 347 OEHT

(1) FEDHEK

ZURRT LU VEBEY FAF BB X > THUMNITHEL BE. F0/REL L
T, BYGHEE., PYERE EHBIZHNCEEMNEBETONAT LT, MEEERILRL
LBV THD, I CH. EREREERIIMS AFEEZRY AREHNCEFAN
T, REFTETI,

(2) H&E
FETR, QEORACLER/NROAEBCOWVWT, HELFOBEkREBET 3,

< 246778

EREEFCIISEL EORT (5704 40) BEVRESELTHEET 32,
ROTINF—ORBUTH2B/BTS>FET DL EO=RLF— u(r,) OFTER
L. 36AUEDEENR2ERTS, $hbb,

0= Z u(rij)

LsioEeN
- BRI
BERORTE, AFLraE0L 3 REAVKET S, CRTHTRBEVHLEE
DEEL DL RURMBICH LTIRBVEL & 25, BIERELOSBE O 2 5T
RF VYA MIRO L S CRENRD, EREL. KT 1 L 2OMOERTHD .
o HEROEETH S,
u@)=+w r<g

u(r)=0 r2co

© 2450 B

SHEEE., BRYCTRTHIRTEHCH LM, HIFECRER L 2RBPRT
bLOT, EDSL, 2ESHBERIT. A r \KHAEHERd v, OB 1 oDk
FRHLF, RFME r D OGEHERI v,OF KL 5 1 20RFERWET
BEET, B ORTFREZIH I MRV,
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N
N jv...jexp[- uliT)]dvldvz cendv

n(:T)(rl',I‘z)= (N _n)! Z
L.

N RrFEE

k BNV UER

T :ExHRE

dv, : FEBENCEE r, 10 B KRER

ZN . EE%%

N)
Z.y=]- exp[— u ]dv dvy ---dv
B e Rl ARt

- BRI AT B

SUESIMBEOPLYVICANDS. r> o DREgr)=1LR5 L CHRBMLLED
DT, 1 DORFRRARH LB LB r b 5 —2ORTFERWIETHERETH D,
2
\% 1
g(r)E(ﬁJ n(:'r) =E.n(§)

7w L. ng: RFOEEKEE

BT, ﬁ?@ﬁ’fﬁ"&%ﬂ%itbi%@ﬁﬁlﬂéﬁﬁ%ﬁb\éﬁé“ﬂi‘b%753\ BRI
AW ORRETHY ., B2 EOMBEED L VRBESTRHEOL TERT S
BEWRETH D,

- THEIEB%

n EHEBIEEIIr . Ty r o WKEFRHBIEE, r KRTFHEHDTE
OHBERT. —RIC. nESFBEKT. nFEEEER e L BEn O EROMH
TRTIEBTED,

H(Nn)(rurz:rs: ..... rn)=ng.g(r1,r2,r3, ..... T n)
SHBEIT. TOEZOLOBRFOEELZHEENICRTLOTH Y, HEEEKIT,
FNERFOBECREIBIATRTEEOTREARLEADILLTE S,
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- BESMBEROEH
26Hu (D) PMMERT 2HE. BRSMEEIROL I KFKER B,

u(r 1 % [ Su(s
én S(r)'*‘l':—(,‘r')‘:—ﬁj;dr.[’ ali)P(rlsrzara)dvs

P ry, ¥ t)id, REDZOORFL, 2HEEr, & r KEET LT,
RTF3PERr ; EETOERTHE L, ALPOFETp (ry, 1, ra)diE
Zbhd e, BESMEe () BRDBNB, LaL,
n®(r,,1,,1,)
nQ(r.1;)
THHPL, HEHHEE (Tl 2FomEEORETHS) 215501k, 8K
DWEB D (ry, ry, r)BRBELRD, AR 3ESMEEKLZELOR 4Kk
DTEREBLEE Y, 4ESTEEERD O 5 BomBEs. . . LHNRO
P 2o T L&D, #oT, MLIDELOHEARTARERS, TOREEL
TREENTVS LD, RO3OBRELHTH B,
+ Born—Green~Yvon (BY G) i{l :
8 (k53 BA% % Kirkwood OBERALEDOFEEIZL Y, 2EHMEEOHET
T B EETHD, (FEHITIEET D)
» Percus—Yevic (PY) il
- Hyper-Netted-Chain (HNC) it

p(rl,rz,r3)=

» PYEEL L HN CHY

BHESMHBEOELZITOT, 2EEEE )25 b0EEAT S, £AHEK
h{r) i, BT 1 ORLTF 2 ~D “BEFOHR” 27T EFEBEEBEE (1) Ltho2T
DRFICL D “WHEODR” 2R LPDELLOL LTRET S, 0 “HEEHE”
Zh(r)k c(r)Dicle& THTRTFHED Ornstein-Zernike FRATH B, T4
bbb, BT ERTF2OEBERAEEEEc (1, 2), £HEEKXERU, 2)EL
A, O Z FERIL,

h(1,2)=¢(1,2) +n, J' o(1,3)h(2,3)dv,

ShiZ, ThENFOEEDOn OASFLERBMBROMTRT, BT, M
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DEEORERAL 25,

h(1,2)=c(1,2) +n, f e(1,3)c(2,3)dv,dv, +n? J‘ _[ e(1,3)e(2, 4)e(3, 4)dv,dv dv,

+03 [ | [ o(1,8)e(2,430(3,5) -+ dvadv dvgdvg +---

D5 h, BEEAREEOBOES % Mayer @ f BEOHELELETRTFERY
SRE—BHEVD, UL, 792 F—RETH. TOEMIIWKRITR SR D,
EEFAERTEEEERE, 75 7BREAOTHEREB LT, DRVER
TR EFERT 3, FOREFEL LT, PYHIWIIHNCEBPREESLTY
5,

(3) HNC /MS AFER
(3-1) HN C3E#l
=¥, HNCEHoXE, BROHZTRERT, (ZOXRDEHIT >V TH, HE
EREE S 2SRoZL)
HN CEH

mgn+%§;u@—q@

T, g, HARFORBELEBESHRTHD, BIEREREL TV ENL,
x<o /2T, Y% g (x)=0TH 53, Thebb, HTFRALPEE~DOD Y ARITEN,
Fie, u((x)id. FETHIHEEENS x TN IMETO, FIF i ORT Ty
AT R —T, AR T OGECHBERT v VITHEET S, 85I h{&)
(IEHBEEE. ) IIEFEABREETHS,

HNCHEURZ SAF—RBELII77ERPLEDNRDIZ L& MEERLIN
LITHIVERMICHEAZELTBL,

EEAREEEL,. 2O TFROERMEERETRL, RTIEOMICN—2EO
RTHEETHNT, ROLIRFEEEZBELS ZLRRETHDHLEDRD, Tibb,
KF2DOBHOBRSMBET., ETOHEEEROBRLE LTERRLIDTHENG,
IHE gau@® & L, EFEOREEREZEERVHENZEEEROAOEES A
]2 FEEOT g™ ET 2 L. EFEOREEM QL EFRTICIE McQuarrie,
Statistical Mechanics, p276, Haper Collins, 1978.), RO X 3 IE 5,
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(1) = €1ota1 {T) ~ Eingirect ()
Yook ol D
&roa (T) = €xp[- SO(r)]
B ntirect () = xp{~ B[O(r) - u(m)]}
u(r) R FHEIOEREEERART Ve
Ar) : SEFELE L SR TFRMEEEROERT v v
2T\
ofr) =P _ o tAlOw-um])
ST EXLVEDE2HEETA7EBEHL, BERAOE 2HIZCTH LIS L
AW @) {_ Aoe) - u(r)]}
kb,
o(r) =% — 1+ B[d(r) - u(r)]
=g(r)-1+ B[O(r) - u(r)]

=h(r) + B[D(x) - u(x)]
= h(r) -{n gtotal(r) - ﬁtl(l‘)

i, HNCHEEHOXZFDOLOTH B,

(3-2) FEtT LORE
fRtT E. WD 4 REREL LTHRAT 5,
- ERERIKIL. 2,6 CHEBELL, ERoc OBIREPLHBRENL TV S,
F WIRIIEE R e DI TH B,
- ELORERAGEEOEREEL, COERBEEET-—ELTS,
BRI RERELT D, Thbbz,=—2,8%5,

(3-3) HNCHEs

QB EELERSERED Ornstein-Zernike FRRIIKRO L S icFEERE S,
LIC, BEFIEIMT I MRTF 2 S X AEBOBEEFL, £ 2ETTF 1A
RT3 HEBPEN, FETIHT 2 RERTIMENREELERT,

Q
hyj(mp)=cy(Tp) + me J. b (T )ep; (T3 )Ty

m=]
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=L,
hyy(rp) @ BRSY 1 DRLT 1 & FIG v, TN CEET ST ] DR
o b QU OLEEEE., BT 1 PRT 25X EEETT,
cyy(Typ) : FRAY 1 L RS | OEREEEEE
Pa : RS mOBEBEEE
SHEBEEE @) L BRSWEE g, @) & OMTIIROBEREIH Y |
hy;(r) +1=g;(r)
0,8, OIEA A VTE ] OF LD r BT EMBETO, 3 VHE I OERBEEZR
+, FROOZFERT, BRESHEEBEOERERLTHWHETTHY .. RED
AT B DB OFET o () FRDZVEY | BRSHEBESES I LIT TSR,
FROOZFBAIHNCEHORERAT S L HNCHRIFEXSAFTLND,
(FRIEAMEOLD, 1 RSRTRBLTHD, )

h{ryp) = h(z;) - €n g(5,) - fulTp) + o, _[ h(zy Je(ry, )T

£ g(rp) =-pu(n,)+ ij h(1,3)e(xy3)dry

T, WERER., | DAREEEOA T UREETIES. A4 1 OBHEZWE
i, A2 OPEPEL DL, HNCFHFERIBEERTHRDO L 5 TERE
na,

tng,(x) = Bzsep(x) +27Y . py J'_” h,(£)C ;5(%, t)dt
LI, BT 2REREREEL, TORANDOHERT V¥ V(B M &
P(x) ETBE. frep) Bz OV i BRERF V¥ ABEBVWIFET S
RF Ly ¥ VZRAE—ERT, Fh, CuE DA Ty UAOA T VIC K DEE
B OMOTOEE T T,

BERTF v V53T o(x) X, Poisson-Boltzman FREX & FERIC
dre & bt
p(x)= —;szpj L(t - x)h,(t)dt
b

RICHERZ L3, Cy(xt) & (CHAUTHFMO) HRRBATTT I L TH DR,
TR P YEEUC R B Wertheim OREHTHE (Phys. Rev. Letters, 10(1963)321) D&
BELF CFEIBRATE S,
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TIZC, Cyxt) KROVTHE, BRKOX S REXDATWADOT, ZhEdlAY
5, (Losada—Cassou, M. et al., J. Chem. Phys., 77(1982)5150.)

[x—t| <o DEE
~ ol —(x-t)? o’ —]x—t[a o’ —[x—1:|5
Cii(xt)=¢ 5 + e, e + ¢4 e
fzz.e” r 21 1/ T Y 3
M {a_lx—t[_[ura)[az_(x_t)]+§(1+ra) [03_(’{_1;) ]} x-t<o
=0, |x-t[>cr
b ok rall DN
3 (1+2r])
(1-n)°
2
2=6??(1+7;ar/24)
(1-7)
03———27-7-01
_ mpc®
T 6
P =P+ pe
r ='Jl+2KO‘—].
2o

’ 2,2
K_=4n‘ﬂzep
£

£ AV D ) AT D LEAVSD, x<o/2 ThhIL, g®x)=0Thb, k
2T, h(x)=-1TRIFNITRZERVIE, HNCFHERIL

Q o —
6,00 = )23 oy [ 10O a0 de
prak el ON

d7e & “

P(0)=== 2,5 [ (6 = b (0)dt
J
4me Q a2 Q o
- ;szj'[o(t - x)h;(t)dt +zj:szjjm(t- xh,(t)dt

47 < “
= O t—x)h,(t)dt
AR GRS

Zh¥b, HNCHERI C,,(xt) #RALTERYSL, 3EIHRZKROR
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g (x)=-fz, egp(O)+2:rpA(x)+21erJ J’ h, (1)K (x,t) dt

2B z0
g

- szijmhj(t)L(x,t) dt

A(x)= ‘”%[(x_%)a"63]"%[(X_%J4_Gﬂ_sgis[[x"%r_Gﬁ]a X<37G

o, FEROL—FN B 13, Fx

(61[ k- tl] [ 3—|x—t|3]+ [ k- t|] (x-o)<t<(x+0)
K(x,t)=
\0, t<(x-o) (x+0)<t

(- 2t, t<(x-o’)

L(x,t)= o-—x—t—1+rro_[0' x— ] 3(1+1"a) [ |x t]] x o <f:<(x+o‘)

~2x, (x+0')<t

\

TH D,

(4) BIERFE
(4-1) B FERAOMS

HN CHE. BESHEK E 2RO 2205 A —F CRRSRT
WEH®H, ZTRhEh(r)=gr)-1DBEKRERALT,. BLTOL 5 722HRRE h (r) D
ERAE LT B FERICT B,
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h(x)+1- expl}— Peep(0)+2rp A(x) + Zyerj I;Z h;(t)K(x, t)dt

+%%ﬁ§hﬁﬁﬁﬁﬂ@@n=o
LROXPFOIIREBEERE TS, BEEEENETIT., coFEXRE2E
Fredholm MOMEHES FRA LRV, ZOREIIHI LA LN TV B, BB
EHOT DI EREESFEAL Y | Fredholn B2 Voltera B DFE FRA DM
EEARV ERLDPLEIREFEACET L C natrix DbV ER L o THEER
HEIFELEZZY,

HBMEFRRNOMEL LTI, BYVIRUNEHEESCHREREF EMI X 525
b B E &R TV 3 (LozadaCassou, M., & DiazHerrers, E., J.Chem. Phys.
02(1990)1194.) 2%, RIZFDOFERTATY XALEMTHBOT, & T, ZOF
EEAWE,

(4-2) BYIELE

B ELNEREREZIT O DI, HNCHESFRAOETD (@) 2R LT, 1450
KBHETS, bk, FUOHED2HBEEE ) IREE, B40ThiFHEL+
i, WO L S aEX{LdiEh 3,

hi*(x)=-1+ exp[— Pziep(0) + 27pA (x)

2nfzse” < | old
-~ sz,oj'[mhj () L(x,t)dt

27y o[ nHORx O+
J J
BDELEOFIEIDWT, BEKH%E (Lozada-Cassou, ., et al., J. Chem. Phys.
_Wu%mmmJénrwéﬁ\::vﬁ\%tﬁﬁﬁiﬁ&%bﬁc%otw\%ﬁ
HRESOWTHAFRBHERIIToTEL T, HTFLLRERFREL IV LR, LT
EDOFEIRERT,
1) BROEREHROEN A v =2 THET 5,
2) £Ayvak, BAVESCIMERS %, | FEROETEIET S,
3) BLPHELNROE., EWOFE N #HET S,

4) HBOYEHEMCEHFLC, ABEHET S,

_35_



5) FIE2)~4)2BVIEL, BELFEOEIHFFABCRE LR T, TI
TOFEEROIBLT S,

(4-8) BERS&HEF

HNCHSFERDEMSHHEILo/2~0 TH D, EEEOF FE THIHL OIIRH
B, HERMITSAOEMEETSEN0 5. FROFEICEROFRSIENS Z
gy, BFREL. BFLTVALOLEMNTERTLES, £2C. 2HOHFT
AR O A CH 0 IR Lt PRdef: T % EH % 5, B E @ Poisson—Boltzman FERIT
X AMEETCH. COEREERIRT LU AREMN 0 LEONAIHE,. T TH, Hil
kh=0& L7, ZOWENEKR, PATES I VRALOCREERIC L SEESM
OXV (EREFTOSMICHBELTCO)BEL RS LEEMETH D, #oT, PR
CRELSHTOIVRELS Y, BBRIHERILe(c/2)=1LR2BDT, 1 AT A
R B THESR I B 72 TR BRIB 0 7 — A I R &Y,

b H—DDEREM, THRDLLERERICH LTI, K7y AV 2RETSEE
BEREMHEEFHRA LKL, 8.3 1 ATRAL L 5 I, BERFEEROEFRITH LT, Graham
@K%%wfﬁﬁ%ﬁaEﬁﬁ?%iﬁ%&%%ﬁﬁbf.Aﬁf%:&tkéo

12
o= Zd{T Zp?(e—meg’sfk'r _])‘|

AL

o

P&

—+» X

7 HNCHESHFEXOFEMREOER
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(4-0) TEHi5y
RO HFBRXOBSIHEARL, HEREBARNTITo %,

f:mh(t)K(x, t)dt = i[h(% +[n- 1]At)K(x,£2’. #[n- 1]At)

nw=l

+ h(% + nAt) K[x,% + nAt) ]At /2

(d—-a/2)

T, NiZZERA vy ¥ ol Avv=BRiAt= THd, EMEDA

va M. EMSEFOLOL. BREHETALDOLOL, 2EELETHY.
CO2ORLTLLA—THELEIR, b, Ay aMERES X5 EEL
EHATIE, WA v a®s v ETOBROBHARI L ) R 3,

(4-5) BtEOZn—F%—}

BDEBELHAREZIT O LT, BHEBKEKELRAVERE, &V ELHEOFRK—
EETHEL, A, K, L, OBERBVELHEOL—7OREEL L Sic, #5H
BRERE LR, ik, FHLEEETAEWE W, oitAdt—F—Tchs) %
BOERRDOT, BEOKRE S, A TV ¥EDO o THIEMLL, BEOT & —
7R=RF—R—T -kl LI CERLE,
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h 44(x) DR

B A, K, LOEH
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=

H
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—————<:::§EEEE$T?

<k

\

BERT LU NVOER

h A
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3.3.4 HNCFHFERKIC X 575 & Gouy—Chapman H35 & D HEk

(1) FEOEH

4 AV O XEEELHNCES FRICE NI, AL BH k. TheBE
L72" Gouy-Chapnan FEMIC J 54 43 5377 & % Wl Lo A2 ¢ XOAHIC L 578
BT LN, KEOBMTHS,

(2) GCHEROENE
(2-1) BRI 2 4TE
LD —=REDOWTHE, TTEXBRBIXE, AR 72T FT 1Y, [HFHMH
EREA) , p179, =BT B, Q991 ) KHEFBEELLIRERTVWEDT, &
R DHEEFERT,

—KX
LI,(X)=21<T En(1+ye J 4T -
e l—ype™ e

12

Lt PN
P FRREDDEMEx TORERT > v
Y, : EERREOHERT Ty

e : BWEE
k : BAYerER
T : #H3EE

x i Debye ROWE (ZERBEH)

Y{mV
y= tanh(—el}l—c') =tanh .._f’(—)
4k T 103

(2-2) FATYHRIER S D —IRAET FIR
SHOEITERDFRCOBERT v V& o LEITIE, Poission-Boltzman 5
BXEko ki cirans,

/2
d¥ ’ZOOON kT g .
E =Sgn('~{’e) _e"‘—{g ¢ (e 2@ PIRT _ -zt /kT )}

1
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i ol PR
Sgn(¥,) Y OFF
¥, : 2ROFTEEOPRMUBETCOHFERT vV
N, :THRFFe#
z;, :AZAVHEiIOER
¢, AAVHEIDENEK

LROEHSFRRIEDB LI OEDOTLLER o 2 S B FBATHY. 2
NEEIBARIE., “hbVWHbHE RYoBVELVIRHEESFERSRS, Lk
L. — i, DORBEIIESETH B OT, T2 Tk B Y IE LEE OLEH Y Chan
EDFATY XA (J. Colloid. Int. Sei., 77(1980)283.) ##H T 5, 7245, Chan b
DERICTH 1-1 EREIATAREEOL LHRENTVRNWOT, ERERBEEE
LT, LY —REZEL LTTFT,

¥ 2000N ,e?
s v = e_J’ X = }_A_ - .
B exP[kT T x=xx T HiX

d¥ d¥ dY dX kT 1 dY . )
= == = . LEDOPB . B,
Y TX o v ox - LROPBIERE. k0L

d_X=Sgn 1

dY (\PE) YJZCi(Y -y e—zs)

d X/d YRY DZROBEETRENELL (Y BERLLTEZDR TV D LT
B), REEEXHEERSCLVBRELZEBTE S,

Chan & DFEDHFMIT, BT EROEHRE d 2BEAE L LTI LOHREEX LD T
%, REBMp, BLUOHREMp, 2ENELXT, LRXERRE TS dE2RD D,
Whipd “HEORE” FREALEILEDS, TOTAIY AL R THRTF Uy
NG R RETHFIFEELLTILRT,

1) REBML @, DY o EFABM, 1BY 2. BLRET D,

2) Y . 2512 BMBEOEEXEX=0L1L, FA (X=0) »LEREE (X=4)

Wb THET 2,
3) Y 2WOOMBAEEL, YERORBREETY =Y, +AY £ L. dX/dY
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R 3,

4) RungeKuttaHEAR SR LD, HEFIPOX2EET D, (BEBYOHZEE
DHEMECTHIDTERARD EOMELRMEMSELFIATE 3, )

5) Y=Y DRATHESZRTL, FOLEEBLNLX2HEREd CHET5E
&1 B,

6) PAEEBMe ZEZT2)~5) OBIELEVIERT,

7) FREMe, & d LOBRKRERPERBICLY, BLEREKE T4 T4
+5,

8) KROROEMR A &WET LT REMe, 2, ZOBROABIZL-TE3,

9) AR, REEM g, PREM e, BETRE>TVADT, PBFEXEF
ERERS T/ :E%».J:U‘J’T//ﬁ'ﬂfﬁ?f’ﬁ’éﬁ%ﬁﬂ"én ZDBE, PBEE
E2W b

dl_Sgn(llf )Y\/Z )

1) OFFHT. RungeKutta ITHEL & v,
LIERECHLUELRE, PREMNg, & d LOBEREUTCRY. ZhIZRE
BALE @, =-100mV L L, SREREN1MOBEEOHTHS,

20
Surface Potential : -100mV

o)
o
T

Midplane Potential, ¥, [mV]

-60
fitting:
80k = - 104.90 + 26.422x - 2.4962x"2 + 8.617Te-2x"3 _
RA2 = 1.000
_100 1 L It 1 i 1 ' 1 1 I i
0 2 4 6 8 10 12

Half Plate Distance, d, [A]
9 Chan HD7 ATV XAR L D9 KB & FHHIEMEd & OBME
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(3) BF V¥ ADHOLE

(3-1) HERT VY VDRE

ERD Chan BOFHEIZHEST, Tt MCHTICCHFEAZREILD
OBERGHELREPERT VY VERVE, R2ZEBREE2TRT, BB, I —FHO
EWREM L R BRERT Ve MI, -57.6 mVT—EE Lk, AR ThHhiI, RE
HREOL X L, BEHREBOLX L CREBART VY Y VREDLZEEZ LR,
COCHIEK, GCHEHNCHLOEERT I LEMNEMNTHLOT, ERREIL
R —F L Lk, “OEEHET VI v, (BYEOREETHY . T TR
BEBORERT LI MELVWEER LE, HLETEHEUTH S,

#9 GCHIAWAFARTYV¥L

IR E i fe] EREBRE" REEM @, BN e,
g/cm® d (A) (M) (mV) (mV)
0.4 22. 68 0. 0105 ~57.8 -27.0
2.0 2. 44 0.6 ~-57.6 ~32. 8

*E R, =T (FFERXY) RO EERE»L. 13T ORE (6/2)
3. 62AFELBWIEETH D, WERDIT. ATVl /2 L) bERIEETE
BV, x=c/2DBEILHEBBNERENDILELLRIPLTHD,
S, BREELORFLTHEESRIERR A3 A VERL D BAENLD,
o, BREEL4CHTIERRE TRE LT, ThULEKERS LAY
&L,

wBEREIY. PHREEQER X AHERREEZTIC. NaS0, 0 1-2 EREILHE
ML THELE,

(3-2) HNCH¥: L GCEDERDIEE

K 10 i, HNC¥ & G CIEDRRZ B LTRT, G CHRIL2VWTL., MER 1-1
EREOE—FERICHT 3L HE R, SOEMBHS LT, REEMLIRAL
ThoTh, HNCEFEIRGCEL YL (BHER) SVFRART ¥y iRt
TEThD, i, EREEENGEL2DLE, HNCELGCHEL OEEIIERT D,
3. 1-1 BREOCE—FERICHT 3HIIC CHILEVERESE L DM, FRART ¥
Ty TIIA VB REL RS, EHiE. BRhEDEREUCETERATORT Yy
JUA AR Il B RN, BREEE 0.4g/ c mPDBETTDIIL A LBER LT
L7aby,
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3.3.5 £&®

Ef Sic_y bFo MO A2 OBIFREIED TR THY . B I0ADTL
Zx b T35, 20X 5 BREPHEBRCEET 2K TCOT RUKEPRERAD
PP EOBREREETS L TH. HROBRREEEET 5 TENEOTE
WRTERVTEEREVOT, BORRKICEATERFEREC O TRFETo .

BT, FRIESA AV RORBERELRY, A3V XEEHE L
THRMFECHIER_ERETAOEAEICBRAES S0, BERBEREHANT
EEEREZEETAINESERD S, BEREEROXEP LEERRERETSEE L.
EXMCREETOL T ORAESHERDILERH Y, Zhid(d T OBES
HEKEROLZLIEET S, L L, HBRIGEEOEELRSHO A I HEO
HEEREZBE LS EREE2HLERD Y. —RICITEMECBITRICAEL 2 LR
TERY, FOTEHIBAEINIEL E LT Percus—Yevik 3T{ElI & OF Hyper-netted
Chain EED 2 SOFERL D>V THERIT -7,

BEMIE., TEXELRTWAPYIEEKEL T,

- BUEERA & 2 RE L BERROAEEFIEOHREE

- P YRR X ATEEARE & Debye-Hiickel ¥F1IZ X A B BEE & DO HES
k7. PYEER XY BHNCEEUMERTWS LS TWHHNCERIZS>WT,

« BAEARHT R
FEET T TOHKER. LTOHRRIELRIC

(1) ~» hF A bORBEREE

ABECHATIHEOMMECIL. BRECHEEBEOMO 28 Y OFREMRES
Hy, EMEENENBAREEEN, EHBEFAVEERIINENELRIET S
boLEZLNE, TOHE, BROIEBERTT/METSICHE, BEORANRLEOL
SR TEMN S AIVIEMERRAL TV 22 +aZE LATHIERLR,

(1-1) &ENRE

FEHENAMRIBRECHTH Y. Z0FE,. BER_ZEEOERIIET LTI T
A4 PD2 1 HECERFEFMIEERTAIENEXE SN TVWS, ZhiTESEER
BETH-DHA—=R FREBEERDINE, ENEEROBR _EBFERENS,
FLTC, EFIHSICERT A0, 7o b oBRERLIRMEFTORREFRL T
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SHEI/2< . BHHZR Helmholtz BT /LB _EFETARERATCE3LEL DN
Do
(1-2) &EREIRTE
ERKOMBRPERENLOT, ERZEBOERIT. 2 : 1 HEREORERT
L > TRRT S5, ZOBEHE. BREY T/ —VESOREER X » TEFRRBET
50T, p HYPEMEEER L OWENEECERERILBRT S, f#oT, FFrv
¥ V—BHECEOBR _ERNERIND, BEEZELD L, BERE~O7 2 b
YORBERAERL TEHEOD, Stern TTFARERSBEEB TV L o, 2T 3
DENRH D,

(2) WiRfER & ERRE

£ AV OBEBKIHERT L Ve VICBET 520, BERT ¥ v VIEET
% Helmholtz 8B =R /L¥— A LEE-SiF B, & 5T, Helnholtz O H BRI
X—ABERT Ve MICEBET5AEM XX — UL RRE F (=k T) B LTH
Gy, 2T AB=RAX—L LT, BEFIAF—CERT S8R~
FNF—EFEEZEIRT LI VD L, #R. FEEEZEETICE, BE-XLX—
CEETEF=XAVEF—EERDNIZI VI LA B,

EEEREE e () E2RTOLPYREMERATIE, HBE=FILX—-IEET S
B RS 7 ) O@EI = R AR —E IR L LTE X bR, ZLT, 1-1 BRED
BRCIIEEFBEDLEHECRXTRERS, ZOX K LT, BFEEEROEND,
FHERFRREREETSIEFARELRS, (FEHOBWIIL A 2EBBOZ L)

x(l + 2x)”2 -x~x2

4rfc; +c,)R®

in yzl =

(3) HNCHERI L 31 4 B ORI

SERT e NVREE Y FRAF—BAK L o GELMIEL B, TORELL
T, HNCEUBEIT NS, I Cid, ERBEBEEIMS AFEEZRY Al
HNCHZHAWT, BBSMBROBRBET 21T o7
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(3-1) FEHFRA

HNCHFRBRIZ, $RESAEHE SHEREED 20T A —FTRBSHTHD
7eth, 2BBE @) O ERNEETIFERNCT S, EEHOEKIL3.3.3H
CBROZE)

b, (x) + 1~ exp|~ fz,e0(0) + 22pA(x) + 27 s | “;zh RO

2mfz e” = |
+—E—-;szjjmhj(t)r,(x,t)dt =0
ERORIE, EHRBEERERE TN SERBHLFTEXCTH D, Fredholn R Voltera
B OB FBRAOBERIEELRW, BRZHOEEARBFEKXCEL L T matrix
ObYEI X > THRERDDZFEBELL,

(3-2) BiEfEE
FHHMBEFBAOMEE LT, 74T XAPEMREYERLIGRHEEREZAVE,
BOEBUNRHEZITO DI, HNCHEASFEXDOETh@EEL T, fixH
CBET D, SbR., FUOFHORMBEEWC)IIREEZ, EHOELEHFEL T
hid. RO LS REXEBEREND, EEHROEKILS.LIESZROZL)

h?ew (X) =-]+exp|— ﬁzleq;(O) +27TPA(X) + Zﬂzpj Iejzhgld (DK (x, t)dt
3 o

2nfz,0° -
+_£_~Z}mimmWwmem

&
J

0B LB BROEREAROES A vy ot ABIL, &X vy ah, B4 40
EECIBES S, FRACHIRHET 5, HINEbRILRBIE, EIOFIE
hee % 3HT 5, AODOHNEFEMICEF LT, HLEHET S, LEFIEZRY
E L. S B OSSR EREITIE - BT, %o COFEYRDBRET 5,

(4) HNCHFEK & Gouy—Chapman B & H#
AZADYA XEZERB UILHNCESFBRATE LA AL, ThESE
L 72> Gouy—Chapman BRFRIZ L A 4G & #HB L, 41 2V XOFRT LD
HEETR L,
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(4-1) FATERIZH 32 G CERO—fkE

Gouy—Chapman EBIGD IR 5 FRIII 2WOEEHERS TR TH L, “hd
BLBEIRIE, “RbWVWITHE” RLOBVELERHEESFEAERS, LiL,
R, ICREFRIVEETH 0T, BEREREREEL T, BVELHEOL
ERRVT ALY XLERN Lz, TOBE, FATROEME d #BAKE LTH
LHICELZOTHEHRL,, EEEM o BIUVPHEfl o 2BACEZL T, 5XEMN
BT5d%RDB, Chan bO “WORM” RMATHI LI KXo T, 57 Runge—
Kutta sl X o URF v M HERD B FEEZR L,

(4-2) KT ¥ ¥ VGO
HNC]REGCENEBONEBERT Iy M T 5 L, REEBHMNE
LCHhHoTH, HNCEFEILGCHELD b ([EHED) MW FART v &R
THMEHDZ LMok, £, BRERENEL 2L, HNCEHEGCHEED
HEIEXTERIRBO bR, 2B, -1 EREOE—FRICHT5#MIZG CHR
CEVEREESX 30, HARF LY r VTHALRAESAS, SbiK., Bhib
R CETERERATORT v L3 eintl T 5 FHEIBRER LT LW
&P o7,
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3.3.6 5% DOEE

THETORNT, HNCEREZRAWTRT VY ARTHEHET DI L. HREE
WP LEESEAEETIZ L. BOTHLEHARCTHI L EFRLEL, L L,
CSEORFNIEOVTD, MELPERRERToLESVEH Y. SRIIZH L OHEET
EPRETOMLERDHBLEZLD, LT, SRORNERGET ~EHREEBE 25,

(1) HNCHEX L ERAEK

A F > OEEFBEEIHERT VU VICERT 05, BERT Vv VICEET
% Helmholtz D H BT R AF— A% LBH-SiF bh., &bic, Gibbs-Helmholtz DR %
BT AT &b, Helmholtz ODHBERAX—AT 2B A, HERT Iy K
HETARB=RAE—U 2 BEL (=k )AL TESTRITI VI &3 3,

ﬁABl =“Lﬁueldﬁ'

ZIT BT RAX L LCI BT R ¥ RET 5 BT R ¥ —E &
EXNTLODSD, BEEROEECIE. BEZIAX—ICERET 5BR R ¥ —
B & RONIT LV, |

A%t =ﬂA—A0 =IﬁEex(p,ﬂl)dﬂ'

ﬂV v o

EHIT, BREIT=RAX—IZONTHR, BESHABEEIPLUTOL S KER (LS TY
30T,
Fot _ %anipipjrwgu(r)mzdr
i1 371 o &p
FEROLZAS, BHRSHABE (H2WIIEAEEE L () =@ —1) BEXLNIE,
FRXEFFERM->TWL ZE T, BEREOAENRTREL 25,

HE, HNCHFEROEFT 70 77 ATH., BEREOHHETHRE ATV 2V
DT, SHOEBRPURETH D, B, BRITRVX —% Helmholtz B T FRAF—
OIEEH b T, Gibbs BEHTFAF-OMENOBRITHIZ L LR
(Friedman, H. L., Ionic Solution Theory, pl9l, Interscience, 1962) TH Y, T O

oW CHird a3,
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(2) HNC HFBRAOER &M

FHREFTHLHN CHES FRAOEE S & RITAE2H0 & 35 720, Bl 2o
FITEROFRTh=0 & TIERARMEEMA L, ZOWBENERI. FATIIA A
 VEEOHEFRRESZEESHORL (BREFTCOSMICHLELTO) BELZ
B EEEMTHD, L, BiLA F 2 XIS TERICHED RERIBED 7 —
ATCH. TBA T VEOBCHEEEROED, £ O3B ENEZ D, AR
WTHGMADALVIERE LTEL-TWAAREENEN, £07), HNCHERD
BRAHEZERD LI, KVRENDERREERELTEN T ILERD S,

2B, 2HOVTERICH T DEMAEM 2 BB ICR Y RAAEFMFHIT VT
$EH (Lozada—cassou, M. , J. Chem. Phys. , 80 (1984)3344. Lozada—Cassou, M., &Diaz~
Herrera, E., J. Chem. Phys., 92(1990)1194.) #H B DT, % Zhx &L, FHEOK
BETO T ENTE D,

(3) A F 1 REOE

T OHE L, BET A I VHECHRDLT, 2TOLAVOEREEIELLDL
RE LT (Zh# Primitive MoDel &FEL) A, ZHMBELWLOTEAR/WVWI LIXE
ACHD, TDIH, A T FRORRIRCERE S LT OBITFREZAERN
TALERDD, THRIZBLTIE, BEHRITHT 5P YREORENTH (Adelman&
Deutch, J. Chem. Phys., 59(1973)3971. ) BWESNTWVWAIDT, Th2B8BRL T3 &
RTE B,

(4) FEEOEE

BHEMET TNV TH. REBEFMEET. FER 25X 0EGHEEL LTREL
TV, ZORE, ERIT NIKICHTIUFEELEQCTR.HETOEEERS
T=ABRETHD, L L, FREPHRETIHPHRTIE, FELLELRE
KEBWTA IV TOHRENORENHC ., FRAOKII LIRS NI OKRERT
RE\BELDVETFREND, ZhE. AFFOERE LT, 1TV ERAKRKESHE
FREICALA AN SN, B ThAanER Y OFREEZHENTAIXNENSH S, L.,
R THL, HHEAFIEEIXRE L, B ERERERIEICHE AT - LIIRELE
IERFERILEYY, 20, Y, #ROBXFEHBLT, FEE: 252 5k
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BEE LTROVE I L ETIONRENTH D, £ L. TOHAEITIE, bides
N7 LRUFERZRAT LS LETERY,

FEELEEREZS AR TOBERICOV T, TCP BFEXICIE LR
" %) (Gur,Y.,et al., J.Colloid Int.Sci., 64(1978)326, 64(1978)333) 2%, LLTFT®D
EVFBEREMLIER LT, BFERLERPLOMECHKL LTFTILMNT
x5, BLUVWRHEIIXHRIZHE S 45, Poisson ORXPLBEEENRBEHEEOCEKL LTH
ENBJEABTEITOROBEH D,

in"z ex (— eziqj)
148 T T

i
dx? de
+._._._.
T4E
g 3¥
dx

LREOKX, DX, BERIEBMERECKETSZ LBEHNTE, ~VbTA D
EMEEVIHBRATFOBREBENLEET I L. EBROCLERBITN
(Ohe, T. &Tsukamoto, T., Nucl. Technol., in press) K HHBINTRY., bIIVHEE
FBE—EELTRYFEIZERFELLRZVWILEBHTH S,
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3.4 BAHEF—FOHH
3.4.1 AmDEHEF—F

OECD/NEADAMKBTA3HNEF—FERICEIT D, AmT—F I
OEFERBIZHT B2 HOPHBETC, VRIITEDTRLATND,

AmF—F Cil, —BERT FAE—BNTTVBERERD I D, ZhER
BRI L ELE, BBAIL LT, 29 RN RBITFL2ACGLAHL ORR
EB, Zhil., AmOMEEZERL, X3 HI2TOPELEERTHE L
BRETHD, Ele, BT —FOHEMEHLT, MFROIZ 7 LIEHOR, E12
Thd, MEZLETHE, BREOFPELDERLRNZ EPHD,
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#£3 AmORNETFT—F

HFAY— {558 AGY M= A HS RE
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
lons Am+2 -376. 780 15. 236 -354, 633 15. 890
Am+3 -598. 698 4. 765 -616. 700 1. 500
Am+d -346. 358 8. 692 -4086. 000 6. 000
Oxides AmO2(cr) -874. 492 4,271 -932. 200 3,000
AmO2+ -739. 798 6. 208 -804. 260 5.413
AmO24+2 -585. 801 5. 715 -650. 760 4, 839
Am?2 0O 3(er) -1613. 32 9. 242 -1690. 400 8. 000
Hydroxides AmQOH+2 -799, 307 6. 211 ~-827. 191
Am(OH)2+ ~992, 495 5. 860 -1034. 308
Am{(OH)3(am) -1213. 082 5. 861 -1270. 799
Am(OH)3(aw) -1163. 422 5. 547 -1217. 559
Am(OH)3(cr) -1223. 356 5. 861 -1281. 814
Carbonates Am?2C 3(cr) ~156. 063 42. 438 -151. 000 42, 000
AmCOQO 3+ ~1171. 120 5. 069 —-1225. 812
Am{(CO3)2- -1724. 706 5,332 -1819. 311
Am{(CO 3)3-3 -2269. 159 5.976 -2403. 019
Am2(C0O 3)3-4
AmO2(CO 235
Am(CO 3)5-6 -3210. 227 7.919
Am2(CO N3(er) -2971. 743 15. 795
AmCO3(0OH) (er) -1404. 828 9. 307
Fluorides AmF+2 -899. 628 5.320 934, 745
AmF 2 -1194, 851 5. 082 -1251. 254
AmF3(cr) -1518. 833 13. 099 -1588. 000 1.300
AmF3(g -1159. 331 15. 148 ~1166. 900 14. 765
AmF 4(er) ~1616. 833 20. 064 -1710. 000 20. 000
Chlorides A Cl14+2 ~735. 909 4. 768
Am C13(cr) -910. 650 2. 290 -977. 800 1. 300
AmOC {cr) -902. 538 6. 726 -949, 800 6. 000
Bromides Am Br3(cr) -786. 531 11,228 -810, 000 10. 000
AmOBr{er) -861. 372 13. 413 -893. 000 12. 000
Todides Arm I3(cr) -613. 309 g, 215 -612. 000 7. 000
Sulfides AmS O4 -1364. 678 4. 776 -1433. 325
Am(S 042~ -2117. 530 6. 267 ~2240. 458
Nitrate AmNO3:2 -717. 083 4. 908 -739. 039
Phosphate AmH2 PO 4+2 -1752. 974 5. 763 ~1849. 617
Others Sr AmQO3{cr) -1539. 000 4.100
Ba AmO3(cr) ~1544, 600 3. 400
Cs?Na AmC16(cr) ~-2164. 816 4. 864 -2315. 800 1.800
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-500 ' '
[ y= - 11125 + 0.94020x
i R72 =(,998 g

-1000 | ////»6/

pad

~1500 | ////ﬁij

AGP of Am, [kJ/mol]

-2000 i /

-2500 i/////’/

g0 b b e b P
23000 2500 2000 -1500  -1000  -500

AHQ of Am, [kJ/mol]

H11 AmDOAGEAHEOBEE

3.4.2 VAFTTF A4 VAN L ARBTF—FOHE

RET—FOHEFEIIT, IEOAMOHEME LicBEER V., HERITERE
R

AHY =29746 + 1072AG S
Thd, LERNICLHHEEEEZEIPOOCHmHEIITT,

- K5 ~

0



-500 /

-1000 22

i y = 29.746 + 1.0721x
: RA2 =0.999
-1500 ¢ /2!(
22000 | e

2500 | —
3000 - ‘f//// - —

300 -2560 lzodol -1500.. :1000 -500 0
AG of Am(IID), [kJ/mol]

AH of Am(I11), [kJ/mol]

K12 Am(ll) OAGEAHEDOEFE

WEOBMAST —F (Phillips, S.L. et al.”Thermodynamic Tables for Nuclear
Waste Isolation”, NUREG/CR-4864, Sandia National Labolatories, (1988).) IZIX,
OECD/NEA?-&Anz@ukELrwéf—&o&ﬁﬁﬁﬁénfﬁb\%
EOEFSTCHIEEES. NURECOEEL 2E& L, BREZRI BT, 4
EEEN. WTFRBNUREGOEL Y b, £2EMICLO/NSHDOERBETRIV
X —EEERTVS,
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AmCl+2 §
Am(OH)3(aq} |8
Am(OH)3(am
Am(CO3)2-
AmCO3+
AmCO3(OH)(cr
Am2(CO3)3(cr’
AmEF2+

AmE+2
Am(SO4)2- |
AmSO4+

0.6 0.8 1.0
Regresson Analysis / NUREG Data

13 ERDIHERONUREGT—F & OHE

3.4.3 MR Eu, Pu, AlF—&% Lt OH#

AmtBULNEOHEEFTAIEu, Pu, Al OBAEF—& L Am(l) F—#
LD ET I, TRLDOEFEOCETREERROILSITHY. BIIFHETFOEET
i, EudHdViEPudBEERAMOZTREEN., LoT, ThbDOTROEBELER
HHZXAFX—EFAMmD) OFALOHBPENLDO LM/ TE S,

Am: [Rn] 7s25f7
Eu: [Xe] 6524 (7
Al: [Ne] 8s23p!
Pu: [Rn] 7s25 (6
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%4 MEDMAm. Eu, Pu, AlOHA

2F—%

o= AGY {bEFE ' A G2 o e L ;_'_-“-ZA_[Gg {L54E AGY
(kJ/mol) - - (kJ/mol) - : “(kJ/mol) (kJ/mol)
Icons - Lnim _j * R BRI I AR R
Am+3 ~598. 698 Pu#d - 0 -578.600 | . But3 . i =576.200 Al+3 -439. 530
Oxides N I R A
An203{cr}  -1613.320 | : Bu208 cubic - -1564.900 A1203 -1582. 300
L RO corundum
Hydroxides o e e
AmOH+2 -799. 307 R BuOR e ALCH+2 ~698. 310
Am{OH) 2+ ~992.495 | PuOHt2 -~ -770.300 [ "Eu(OH)2+ Al(oH) 2+ -905. 160
An(OH)3(am) —1213.082 ~Pu02(CH) (am) © <1086.000 |~~~ i
An(0H)3(aq) -1163.422 | o o e g e T Al(0H)3{aq)  -1104.430
An(OH)3(cr) -1223.356 | - Pu(OH)3(s) - . ~1157.000 § . Eu(OH)3(s) - ~1198.900 A1(0H)3
Carbonates R L
AmC03+ -1171. 120 ‘EuC03+ - --:~1150, 500
Am(CO3)2-  -1724.706 “Eu(C03)2- " -1709. 200
Flucrides
AnF+2 -899. 628 EuF+2 -877. 000 ALF+2 -811.820
AnF2+ -1194. 851 EuF2+ -1172. 700 AlF2 -1123. 900
AnF3 (cr) -1518. 833 PuF3 (s) -1516. 400 EuF3(s)
Chlorides
AmC1+2 ~735. 909 EuC1+2 -710. 500
AmC13 (er) -610. 650 EuC13(s) -855. 800
AmOC1 (cr) -902. 538 Eu0C1(s) —854. 400
Bromides
AmBr3 (cr) ~786. 531 EuBr3(s) -716. 000
Sulfides
AmS04+ ~1364. 678 PuS04+ -1343. 000 EuS04+ -1341. 200
An{S04)2-  -2117. 530 Eu(504)2-  —2094.600
Nitrate
AuNO3+2 ~717. 083 EuN03+2 -691. 300

iE}E)u._, Pu, Al OF —FIINURE G/C R~4864 i#D{E
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INEDOREOBAET—F 05 b, BUOHERLOERARMTINVI—2F 4
W2, Fle. ThbOF—%%7 oy MLIOR, @14 TH D, EEBHRTIRL
R—OHEBEER3EY. EuloE@EngLEL. Al BELE,, BPOERER

. EulAmIOHEETHY. Thrb, Am(D) ORMBEOTEESE u bk

LB TFRTIIENTE D,

(LFEEEREOETS, EFEEOHREICL

AEBPERETHIE. ZTLLE udsE L FEOSBERERTIEIERLRY, )

Or i /
= 500} ' , , ]
g l y = - 42.707 + 0.98978x . -
= [ R*2 = 0.999
2, 1000} /ﬁ(éjf
= 1500}

& I

< [

S -2000f

S

Q ; O Eu(ll) _

< 1500 _ s  Pu(l) —

w  AI(ID
_3000 L . 1 1 1 1 I Y I i 1 1 .. .3 L L L 1 l Lo it

-3000 -2500 -2000 -1500 -1000 -500 0

AG{? of Eu(IlI), AI(ID), Pu(Ill) [kJ/mol]

X 14 i OmFEOEHARK B B = F v —OFEBEER
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HLPE
MEECE EHE, FRAWAIL Y, UTORMEF ok,

@ HBASHEEFMITIVARKEBTSFEPORFHRCRANT T T
OREPRZ V—= v F BT 5 FiEmas

® ~v b4 FERALRCET B EFAOBRMR LT A Y YT AOHK
HEF—FDVAT =T 4 7 AOFHR

@ FE2RBVELDEATTCOEERELHETIV I ra vy HEEZED
To it

FOfER, OTH, FEPHERROF—FS—IAXRVRATLEFALTWL L
THETAEABATENE, . @TH. ¥ Mo PORBREE. FRbER
YRR, A AL ST EOMERNEEI R b, Sbit. @TR. —HL
LTHRY BT b RAKBRESYT ) ACHT SEMFARORRT 022 2EL. 4
BLEOFORRELOBHREEEZSCOE 2RIV ELHRMITTOEEEREIC
BOFBATHL REZ EBFERENI, ,

S%OBEL LTI, FEPF—FR—IFHROT TV TR ~OERAFEORN.
ERFECHRF Lo b F o MERACFEFERIC KT 2 EEERom Lok
B, W2RERD ZEDEEMFMOEERE~ORD. RENBLLRD,
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Figure 1. Schemartic of Plate Subduction Geometry, Responsible for

Current Style of Island-Arc Volcanism in Japan.
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Figure 3. Variations in the Volumes of Quantenary Volcanic Material
across Honshu. Hatched areas indicate volcano sources and open areas
indicate caldera sourcés (from Aramaki and Ui, 1982).
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b. Stage

C. Stage 2 ka< t < 200 ka

d. Stage3: 200Kka<t< 250 ka

Figure 6 Stages of the Reference Case for Volcanism Scenario.
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A. Model Grid

[ CH EE S

1000 2000 3000 4000 5000 20000 °
m

B. Axial displacement

Model 1

C. Radial displacement
Modei 1 Mode! 2

T l' T T ¥ T L} 1) L ] T L)

1000 3000 sooa M 1600

Fig. 8. Numecrical modeks. (A) Model grid with one in cvery two grid elements displayed for clarity. Inset shows
whole model with boundary conditions. (B & C) Displacernent fields calculrted from the numerical models:

1 (elastic), and 2 (clastoptastic). (B) Axial displacement; (C) radial displscement. Contours are in metres, with
the convention: positive = upwand or outward, negative = downward or inward.
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A. Axial stress

1000 3000 5000 Meters 1000 3000 5000 Meters
B. Radial stress
meters Modal 1 meters Model 2
2000 1 2000
1000 1 1000 -
0-\.0,15 CoY AN 0=
1000 - % 1000+
2000 7 - 01 -2000
T Lo T —— ;
1000 ,3000° 5000 Meters 1000 3000 5000 Meters
. C. Tangential stress
meters . Model 1 meters| Modal 2

- — - - . . 0.8
1000 3000 5000 meters 1000 3000 5000 meters

Fig. 9. Numerical models. Stress ficlds derived [rom the two models discussed in the text. Model 1 is the purely
clastic substratum modzl, and model 2 is the elastoplastic substratum model. The stress ficlds along the three 2xes
of the modcl arc shown: (A) axial; (B) radial and €C) tangential. Values are to 10 Pa. Shaded portion indicates
area of tensile stress. Conventions in the package are: compressive stress = negative, and tensik stress = pesitive.
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C. Maderas ' o General stress
Movement rates along decollement___ ‘ orientation
is dampened by adjoining rock &

D. Mombachq_ ) /, \ . Wit
Movement interacts with free > thiusting

surface and is free to accelerate

Fig. 10. Representative cross-sections of the vekcanoes discussed in the text, illusirating the different responses of
cones to different substrata. (A} San Cristobal: on Tertiary volcanic rock. Minor sagging cocurs with no plastic or
viscous flow in the substratum. The volcano is subjected to compression, but with the small degrees of sagging,
stresses are not large enowgh 1o indtiate fadlore in the usaltered rocks. (B) Mombecho volcana: on marine rocks
under ignimbrite layers. Substratum response is by sagging with slow viscous spreading. Compressional structures
form in the cone. Preferential deformation occurs along hydrotbermally altered, or active hydrothermal zones.
Movement tates arc not dampened by adjoining masses, but can interact with the free surface. Movement on
decollements can thus aceclerate to eatastrophic failure. {C) Concepcion: on mudstone substratum with low
viscosity, Sagging occurs, but the dominant process is the outward flow of substratum, cither as diapirs or along
decollkement planes. This causes spreading and rapid refzxation of compressive stresses. (D) Maderas volcano: on
mudstene bascment similar to Concepcidn. Leaf graben have formed as the volcano has spread and relaxed. A
stump feature has formed o the cone but has not ked to sector collapse. This is duc to reduced slopes, and sharing
of deformation between substratum and voleano. Movement rates are dampencd by the resistance of the -
adjoining substratum.
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Figure 8. Schematic Representation of Construction and Eruption Rates
for a Stratovolcano over Time (from Wadge, 1982).
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Table 1. Japanese Volcanoes

"Caldéra” | Age, 104 | Size,km | Volume Magna Zoned Local Under- | Ring | LavaDomes | Resurgent
years” xkm of Ejeca, | Composition, | Chamber | Bouguer ground | Fault | Amangedina Dome
km3 Si02% Anomaly, | Serucrure Ring
mgal
Kugchzro } 4.3C 26x20 90 71-74 no —46 funncl none none nonc
Mashu LOC07C | 7.5x55 1] 64-68 yes ~10 funnel nonc none none
Shikotsu 3.2C 17x15 125 52-74 ys -20 funnel none none none
Toyo (>4} 15213 40 77 no 14 funnel none nonc nonc
Nigorika 1.2C 5x3 7 61 no -4 funnel none none nonc
w3l
Towada 0.54C 35x3 i0 62-67 no ~15 funnel none nane none
sags 2
Teawadz 1.3C-25C | 11 x1l 50 69-77 no () ~15 funnel none none none
sugs |
Hakone 6.5F-4.5F 7x5 =15 58-63 heteroge- -10 funnel nonc none none
stage 2 ncous ’
Hakone 19F-29F 12x8 r ? H ~10 funnel none none none
sugz 1 ‘ h
A0 4 8F 25x18 >80 50.70 ys ~20 funnel none nene none
Ao 3 10F B >40 55-G9 yes funne! none none none
.C-) I17F ? »25 5766 ye funnel none none none
Aol 37.27F L2 >30 65-67 ? funndl | none pone none
Kakuio %F 16216 | ~ 50 67.70 .. y= -15 funncl none “nonc nonc
Alra 2.2C 20 x 20 (300)1 73-75 no -35 funnel none none none
An 26-3C 1$x12 40 (8-70 ne (=10} in funnel none none none
graben
Kikai 0.63C 20 x17 69-72 no =15 funnel none none none

* C, radio carbon; F. Fission tra k.

1 Volume for Aira takes Jose deposit by erosion and air-Tn into account.
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Table 2. Summary of Anticipated Stage 1 Impacts
(Early Stratovolcano Formaton from 1 ka to 10 ka).

_ Processes

Approach

Expected Impact
at 10 km
Repository

Expected Impact
at > 30 km
Repository

Conductive heating
from 5-km deep
magma chamber and
vertical voleanic
vent.

Use simple heat conduction
models assuming steady
mzgmatic heat input (i.e. ignore
pulsed magma input to magma
chamber).

minor

nil

Convective heating
of groundwater

Use two-phase thermal-
hydrological models {e.g.,
TOUGH, ECLIPSE) assuming
steady-state heat input,
recharge, and rock properties.

moderate

nil

Mechanical loading
of near-field by

volcano construction

Calculate progressive increase
in rock load assuming steady
construction rate.

minor

nil

Topographically
driven groundwater
flow

Calculate redistribudon in heads
from creation of 2000-m lugh
voleanic edifice. :

minor

nil

Hyd roaeochem:ca!
evolution

Use equilibrium groundwater
models, H-3 inital
groundwaters, and magma
volatiles to examine progressive
changes in composition as 2
function of two rock types and
thermal’ gradlent's

major

minor

Mineralogical
changes

Apply thermal., water
chemistry, kinetics, and time
data to examine degree of
alteration of primary rock
minerals and EBS materials.-

miner

nil

Dike Intrudes
Repository

See Table §

Not Included in
Reference Case

Not Included in .
Reference Case
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Table 3. Summary of Anticipated Stage 2 Impacts
(Mature Stratovolcano Formation from 10 ka to 200 ka).

data to examine degree of
alteration of primary rock
minerals and EBS materials.

Processes Approach Expected Expected
Impact at 10 | Impact at > 30
km Repository | km Repository
Conductive heating | Use simple heat conduction minor nil
from 5-km deep models 2ssuming steady
magma chamber and | magmatic heat input (i.e. ignore
vertical volcanic pulsed magma input to magma
vent. chamber).
Convective heating | Use two-phase thermal- major nil
of groundwater hydrological models (e.g.,
TOUGH, ECLIPSE) assuming
steady-state heat input, recharge,
and rock properties. '
Mechanical loading | Calculate progressive increasc in moderate nil
of near-field by rock load assuming steady
volcano construction rate,
construction
Topographically Calculate redistribution in heads moderate nil
driven groundwater | from creadion of 4000-m high
flow volcanic edifice.
Hydro-geochemical '| Use equilibrium groundwater major minor
evolution models, H-3 initial groundwaters,
and magma volatilés to examine
progressive changes in
composition as 2 function of two
rock types and thermal gradients.
Mineralogical Apply thermal , water minor nil
changes chemistry, kinetics, and time

Dike Intrudes
Repository

See Table 5

Not Included in
Reference Case

Not Included in
Reference Case

Ash-fall deposits

Develop qualitative model for
impacts on recharge and
chemistry of infiltrating
meteoric water.

. Not Included in
Reference Case

Not Included in
Reference Case
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Table 4. Summary of Andcipated Stage 3 Impacts

(Caldera Formation from 200 ka to 250 ka).

" Processes

Approach

Expected Impact
at 10 km
Repository

Expected Impact
at > 30 km
Repository

Conductive heating
from 1-km deep
magma chamber and
verdeal volcanic
vent.

Use simple heat conduction
models assuming steady
magmatic heat input (i.e.
ignoring pulsed magma input to
magma chamber).

moderate

nil

Convective heating
of groundwater

Use two-phase thermal-
hydrological madels (e.g.,
TOUGH, ECLIPSE) assuming
steady-state heat input,
recharge, and rock properties.

major

nil

Mechanical loading
of near-field by

volcano construction

Calculate rock load assuming
‘instant’ unloading at 200 ka.

moderate

nil

Topographically
driven groundwater
flow

Calculate redistribution in heads
from creation of calder2 (loss of
voleanic edifice).

moderate

nil

Hydrogeochemical |
|t evoludon

Use equilibrium groundwater
models, H-3 initial
groundwaters, and magma
volatiles to examine progressive
changes.in composition as 2
function of two rock types and
thermal gradients.

major

minor

Mineralogical
changes

Apply thermal , water
chemistry, kinetics, and time
data to examine degree of
alteration of primary rock
minerals and EBS materials.

minor

nil

Dike Intrudes
Repository

See Table §

Not Inciuded in

Reference Case

Not Included in
Reference Case

Ash-fall deposits

Develop qualitative model for
impacts on recharge and
chemistry of infiltrating
meteoric water.

Not Included in
Reference Case

Not Included in -
Reference Case
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Figure 11. Schematic of Surface Recharge-and Subsurface Hydrothermal System
Typical of Active Island-Arc Stratovolcano (from Henley et al,, 1984).
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Figure 10. Typical Subvertical Dike Structure (from Ryan, 1988),
Survey poles with 30.5 em (1 ft) alternating bands provide scale.
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Figure 12. Schematc of Dike Intersecting HLW Repository and Possible
Entrainment of Waste Package (from Barr et al., 1993).
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Table 5. Summary of Anticipated Impacts from 1-m Wide

- Dike In_trusid_n-__Vax_'i_:;.r_lt:(IO ka to 250 ka).

Processes

T ._"Exlﬁected Impact

Expected Impact on

2|+ on Repository Host Rock

Conductive heating | Use simple heat conduction . | - . major moderate
from 1-m wide { models assuming steady = o
vertical dike. magmatic heat input (i.e.

ignoring pulsed input) for 1 .

year, s
Convective heating | Use two-phase thermal- - major moderate
of groundwater hydrological models {e.g., o

TOUGH, ECLIPSE}

assuming steady-state heat

input and rock properties.
Dike stress impacts | Calculate stress regime in moderate nil

bentonite-waste package S

system as a result of 1 m wide

dike intrusion
Hydrogeochemical Use equilibrium groundwater’ ‘" 'major moderate
evolution models to examine progressive ERI

changes in composition as a

function of two rock types,

temperature, and gradients.
Mineralogical Apply thermal ., water .. major . moderate
changes ' chemistry, kinetics, 2nd time L

data to examine degree of
alteration of primary rock
minerals and EBS materials.
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