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Abstract

This year, first, the discussion has been made on the methodology and
the direction of R&D on the performance assessment of HLW disposal of
Japan, through the investigation of the significant research themes
listed up last year,

The second theme was cbncerning a simulation method handling a
reaction in geochemistry, where the concrete discussion has been made
on the theory and its applicability to the data in order to obtain more

reliable calculational result on the sclubility.
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CHE—EERICBELT, BOEBA A Y LLOHLELrHEZILED

CHBEBETIUPHOBEREFNVICIBHEESTE
FROWT, FzuvINBELZERS.,
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$2-1
U(V) DB AZET — KB 4.

TS DAOFET— & (CECD/NEADEH T — &)
i, WiEr - ey - REEA

Name AG:(kJ/mol) | &AHs (kJ/mol) | AHe(kJ/mol)
(8t & fB)
master [l -5. 299E+02 -5, 912E+02
p = yons* ~7,B639E +02 -8. 301E+02
U{0H)4 (aq) -1, 453E+03 ~1.656E+03
U(OH)s -1.621E+03 -1, 876E+03
B ok % uclLet -6. T09E +02 -7.773E+02
B B 65 IR US042* -1, 311E+03 ~1.493E+03
‘ U(S04)2 (aq) -2, 078E+03 ~2. 377E+03
B Bk 8f 1k UNO53* -6, 490E +02 -7, 171E+02
U(NOs) 25" ~7. B4BE +02 -8, 548E+02
% B 8k ik U{C0s) 4%~ -2, 842E+03 ~3.331E+03
U(C03) 55~ ~3. 363E +03 ~3. 987E+03
U(VDO#AREF - X1 KB
Name AG:(kJ/mol) | AH¢(kJ/mol) AHs(kJ/mol)
Gt B {8)
naster U0.2* -9, 526E +02 -1. 019E+03
X 1t 4 UQ2OH* -1, 160E+03 ~1. 262E+03
U0z (OH) 2 (aq) -1, 368E+03 -1.514E+03
| U0z (0H) 3~ ~1. 554E+03 ~1.726E+03
U02 (OH) 22~ -1, T13E+03 -1, 906E+03
(UDz2) 200" -2, 127E+03 -2, 377E+03
(U0z) 2 (0H) 22" ~2. 347E+03 -2, 572E+03
(U0z)s (OH) 2" -3, 738E+03 -4, 210E4+03
(U02)3 (OHYs* -3, 955E +03 -4, 389E + 03
(U02) 3 (OH) +~ -4, 341E+03 -4, 895E+03
(U02) 4 (OH) 7+ -5, 345E +03 -6, 037E+03

- 13 -




#2-1 USYOHMAEF X (OECD/NEADBHFF — &) (f=)
UWVDO#AZET -2 0 Hib4., Wk - - UVE - REss

Nane { AG+(kJ/mol) | AH¢(kd/mol) | AH¢(kJ/mol)
| (3t & f{#)

Bt B U0Cl1* -1, 085E+03 -1.178E+03
U02Cl2 (aq) -1, 209E+03 -1, 338E+03
U02C10s* -8, 633E+02 -1.127E+03

HE B 85 1k U02 50z (aq) -1, 478E+03 ~1.638E+03
02504 (aq) ~1, 715E+03 -1.909E+03
U0z (504 )22~ -2. 464E+03 -2, 803E+03

il B eF {h U02NOs* ~1, 085E +03 -1, I69E+03

U Bk U02P04~ ~2. 054E+03 ~2. 293E+03

UO2HPO, (aq) -2. 080E 03 -2. 335E+03

UO2HzP04* -2, 108E+03 -2. 356E+03

U0=2HaP042* -2, 106E+03 -2, 353E+03

U0z (H2P04)2 (ag) | -3.255E+03 ~3. 660E+03

U0z (HzP04) (HaP0s)* | -3, 261E+03 -3, B66E+03
R e U02C03 (aq) -1, 536E+03 ~1.689E+03
U02 (COs) 22" -2, 105E+03 -2.351E+03
U0z (0357~ -2. 660E +03 -3. 084E+03

U0z (C03)25" -2, 587E+03 -2, 900E+03

(U02)5(C03)6®~ | -6,333E+03 -7.161E+403

Grenthe, I., Fuger, J., Konings, R.J.M., Lemire, R.J., Muller, A.B.,
Nguyen-Trung, C. and Wanner, H.: Chemial Thermodynamics of Uranium.
Chemical Thermodynamics Series, Vol.1. Nuclear Energy Agenmcy (NEA),
Elsevier, New York (1992).
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(U0,),(Co,) *

'L]ll‘ll‘|‘ll]|lll!l!ll

| 1 | I { !

<7000 -6000 -5000 -4000 -3000 -2000 -1000

o

A G(kJ/mol)

H2-3 U(VI)SARDERBEHZ I VWX ~LERIZ YA NY —

(AH=1.1374X A G +42,335)

_15_.



- 2.3.2 ¥

FHOBRH

4

alb—-i3

1

1) A% > RIS DR

(1) AFEBRESOBTORES

AUYFNOPHREEQET I, A A Y RBR SO PHERE RO & > &, BEEw

DAFOWERE (LHHE) OLEUTERHICHYED.
Mg?* + Bey <> 2Na™ + A,

_[Na+]2

ZIZT. B (A AR BUBETHE2ARA T EA4D) A B VWHE B OERE

le3d. ZOFBEAVIEBRR. RAXMAEZRPOREEREZ LS &,

EHEMOBENIEZIZTILARELIHDTH S,
YCEF R A A Y RBRBICMb o EIES 2225 2.

Ca?* + B, <> 2Na* + C,,

Na* 2
Kea =[ a_]

[Caz]

Lo T, MO EIICHE2 LCa®* DERLILED —FEMICH EToTULED,

[Mg>] _ Keo _ ThEEKL LTS
[Caz+] Kexl ) : n

LAL, Z2Z2THD—204f A

EBHIC, calcitekDolonite N FH L LCBEFH FICHELTWS L. BHOE

R AN

_16...



calcite : CaCos <> Ca** + CO¥%
Solubility Product : .Kl =[Ca?*[CO%]

dolomite : CaMg(COs), <> Ca?* + Mg?*+ 2C0%
Solubility Product : K, =[Ca2*[Mg?*][CO3

LHREFEELZDS [C0:°7] =K./ [Ca®"]) &y, Zh &y,

[Ca>*[Mg?"]

K""“
° [ca¥]

2+
K} =Kis ]
leciy

LY, ®WRE

[Mg?*] X,

[C 2+] :K = ZHhEEH2ETB.
a 1

ERoT. AXVOBROHEN, A A YREEN (B 1) tEHOBRLHE
(EH2) WS 2BYDOER-EBLLTEADATLEI>ZLICRS, 20
=%, PHREEQEWFEITREE & & 5.

FTiRbb, ZRFOA AW ETEIAA yEHREBE. ACHEEOALT >
PEETLIEMBOLNE - BMELIEHRICZEADLDND & DRk T, PHREEQET
ELNTWE" AFYRBREOBITFR" BEA RV, BEAMNL, XY b
F A4 hMiCi. EZDdoloniteRcalcite NRMBLLTEETLDITHREIE L.
PHREEQED FHREA L VWD L ZBA DN B,

INRAEWES> DO L LT, Vannerid A4 Y RMKIEE. BT OHEER
RIGICRYT, BUMKEZRAA A YR BEGERFTIIFELERRELTW S,
IOFEDORFHEE. A A RMERE, AAVEEBEED2ODOKRBKTEL.
B4k, TRERTHEERRKGTRETZ2HDTH S,

#) H.Wanner, Nucl.Technol., 79, 338(1987).
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[BENT-Na]
[BENT"|[Na*]

[BENT-H]
[BENT-][H"]

[BENT-X]
[BENT-}[K"]

| BENT,-C
2BENT + Ca** < BENT,-Ca, Ke= [PEENT"];[C:L]
[BENT,-Mg]
[BENT* [Mg?*]

BENT + Na* « BENT-Na, Kyg=

BENT- + H* < BENT-K, Ky=

BENT + K* <« BENT-K, Kg=

2BENT- + Mg?* <« BENT,-Mg, Ky=

IOFETEH. BERPCAREELAVBENT L WH 1 VOEEEHRE LA
KTRZLBZRW, 20LEY., FIC, EBRENMRELEBAYMF A M EEFT
HHENR. ZROEHENEFETSIED, BENT" O (HELD) FEENREL
"B, EODRDL,

TERET7TZVERRENIESPAARBLBHRICEET S

(BENT"REHTHEIDPLERICE 7 A ELTHEELRW)
CREDTZAVOBRER. BHOA A VHELELZE, ZORR. ER
HWEKLAVWLIHERRYEIBELIOLER 2L RS, TOEH, ZO
MMOEEDERBENEDboTULE D,

- AEERBICHESpHER 2 FIT 5% &. PHREEQOD HF R TR, Bl oS n

2R 2AFA2E, 274 V0BHOEIS, BERPEEZEEH
WT, MAETIEMICHE T 270 by BARAFICFET S, £ LTpIN
HE2hd, ZOBFHELGICBENT ARYICEETs LRy, #Ho
PHAEE 2 h 5,
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UEOARSENTFHEAS., Zhik, ERKREEUVLVBENT 2 o{b2EES
AREHIKEZZ23H0OT. NanerOEFNVIKEARTHORAL 25,

TORBEE#MTAE2H. Wannerd it SEEFEERERKEZEBICREL 2 Y,
RIERA A HERWICHK Y, BENT BB EFELRAVWEIDIKERRESHEEER
EHKEEDTWDS,

BENT - + Na* = BENT-Na
Ky, K

LaL. KOWBOATH., HAOEERBOKLACEDRARY, Z0Z
L %M2-41C5R7F, PHREEQET ik, AWM U ZBENT-NS R H < T TAESEFHE L LT
BMYES ., AREHTHBBENT-NaicH LT H, KkESFOBREARTKEHERE
LTLES. HDH Tk, BENT-Na, BENT-CaR ¥ 2T DA A VRBMRIBILHFE
JTLHHMBOERFRE ., FHMEELEARENT, v =LE4AFEABNTWVS,
—%. PHREEQE:XE L T, BENT-MICH ST 68k DB HER E2 Ty = 1%
KEESHAIEERXTO>L, BERBOHERER, BIMOBRNMRER->TL
5. £, P, Kne~KuD I, XMCBROBEEy PERAW, 2
OB E —HIC10F~10°4 (2D A 4> TIRICHF~10'2F L T3) &
TRIZLWKL&oT, PINYORILENLTEINERLTWS. ZOHERMG, pH
DHEEE, BEERERKERE I ZLICE-oTHRBRLEIDELTD, BREDR
NENZ N B,

HL) AAVEBEBOLHEREERNL KD BHICE. BHEBRETRT

BEFPERNTHY., TOBRCEK.BHOEREREI1IEARTEEIE W,
_[Na*]2[Sy-Mg]
[S-Na]2[Mg2+]

exl

E2) b, HAERFHZEIE. 34(4), 342(1992),
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(2) PHREEQED &K R ,

Hannerb5 D EFLOBAR L E DS EHICH., BERBOBERLE 2754
ERHD, TDOED. ZZTCTRPHREEQEDY — X 70 ¥V SLDBEERF L L.
1B IE 2000 B 20 4 i i

- BETEEEOHBECEET Sy TN -F Y

- EHRBRBOHBICESETZY IV —F Y
THd. EIKEFICE TAQUOD) . TGAMMA) . TPTOT) BH&HELAB, HFLWE
EWBEQGHEBLRTA, COBERRYCTHENTARFcy s LERKRE,
H2-5iCR Y. FHEREEMELHICE T, BENTTOBRBEMNETL., £4iC
Mo TPHA—REERT LIRS, 2k, RBBOFYVFIVIREERY,
LHERDOEY P EZOFZOFVIFNTF—ATHEREBLUT — ZpiINEL h,
H2-4ICRIBALERY, AUV F VTR 2BETHHRENB LR,
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8.50

8.45

Revised version
Y = 1.00
8.400

Original Version
835L Y= 1654

Léo——e ® ®

8.30 : 1 ; ' \ :

0 2 4 6 8
Factor n, log Kex +mn

H2-4 BRIEFMHESRMEICH T 5PHREEQED Y — A D BED
FEICIAEREOHE : mi3 A4 DM

8.6 10°

5| o
‘ | e 1072
5 —
84r - 10 g
83| o7
= L 107 e
82 ;-rlo“6 E
_ F 107 M

8.1 :
Er10’S
8.0 T

4 2 0 2 4 6 8
Factor n, log Kex + mn

Be-b AAYXBEHEVOENM K L 2piE LI UHEEARE
BENT"IREDHEMRR : mid A4 > 0
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2) BHBER
(1) Ry b4 MHBRABPOMBEREEFTORER

a. RYMFA4 MEHRKPOKBERE OHRJ
EMARUPFAPORBARTORBERELIEREN L ERHER., ZhET
BRELTWRY., BEREFPBBEL L2, PFARTBEENSTH B, T T,
TZTR, BERERK - THOAETF -4 ZAVWT, HEWICEEBREE
HHU =,

RS
In-Diffusion®E TR, RV MF A PRETHEEFIBFRET BRI R->TW
BHDOLEEL. BEARK - THEIWEZEBE 177 A VORTEREMLE
X=O0AMT B LICEoT, ZONMMERMEREL ¥ 5,

eIl HDHFEERT. VM FAMPRBEBRLBHAUEBEEN V-V~ 0D
EVrEREIVDITHHFVWHECE. REEFCEHMEIATHL., RERHRE
A Ehsd. COBEBHOTHEOBERZ TR, REAMPOEENEZHMNOREE
EHBRNIC 7y F4 2 LT, ZOMBERBICHATAL., TOEEIKED
BREICHIETILEEALN S,

EoH#ais, MBRKFCHERECEETIHLEL., TORBEOREICHR
LTARY b FEBICRFLEEEOMTHS2 D, REOARMBREC. X,

Co=(e+p Ky C,

EEL., ¢ HRE
p: BE
Ks: #EHBH
Co: BRE

) B, BY MoF-—-RiI kB,
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TEALN, REYNBPEANBLS 2R L CREREC.OMMAEERD, &5
KARBEK 2 EANE. BRATOBBEC.ARDBI B,
SEERIBRELRETIEADOBERR 77V Z2—L230T, 22T
KOSBYDER-RFETER, B40HEEFxy 7 LE,

OR»2MTOMBBEMIOERD
_ g€ QJ) - Kl=§-2g§”1)
e 8+pKd12 0 d p(DaTZ

::v;Da:ﬁﬁwmmm%ﬁ(mmﬁmam%?ﬁané)
2 : BHE (MY FZALOIn-DiffusionETcEHE LN DB)
St IR E (BR2EEETNLIVHEZINS)

QRMITOUEBAKERHDIELBBHEIBEERD

ZZT, Dot BT OHEHBE (In-DiffusionZETH>NS)
D.: E%h3i#HRE (Through-DiffusioniZE THE BN D)

@OECD/NEADSDBA S B H 3 3

Fh, PLLMEDWTRAFAVEBRBTFNICEI>TFHLESEZRSE
WTEML =,
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. 3 by

R22ICVTSY, FUPZTUL, P7AVYD A, 2TV OLADORMRREE S
RY., Bk, PEEBELOIOILERIIL Lo THENEEZINSE B,
RiCH, PEERE4BYVORR->EEXAF 2 LTHBEELTH S, KR, A
SA—ATHENMBBK LT, BEERBERSEEERTY, ThoRH
©10-6nol /LI FOBETH o .

—H. F|2-3ICH. PHREEQE (A A Y XM|MEBOBEFHON—-Ya>ritks)
ORFRREERT., BREHREEOEEL ko THEE NS BEELRER S
A, LEOWEREIBHEMERIHULE. U5 v 0BAC KN, HEFER
STWHBZLAHS (H2-T2E) . 20>k, LR kFRNELHEEL
KARERREADE L., HEBHELBELNOELHRERO—D & LTH
B, S—oEEEKAT I L EDES E /AW,

RRLHBLOR—HOREK>WTH. FREATOVWLOAPORBNTH
THY. BBEMTRETIZILRTE AV, |

CHBKEWBRART — ISR WA D B,

- EERWMES. BREOHEFRCRMLS 5.

CRBEFRERCBONSRARMEIC 2o THARL,

IASOMRIALT, SBLOBCHBIREI 2, ERWS & G EN
HERAILOWT, R EZLEDILENDLZBDEZHALN S,
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3 Kunipia F 0.2g/cm?
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F+2-2

In DiffusionABERMOHEL-BRE

% | B TGRS R SHEE U= B (nol /1)
| (g/ed)
I-DHER»S I-DRUT-D
HEBEHE O] BOABZAMO |NEA-SDBOIE| RBRILBOND | 4 A+
5 % F| e Ded o »RERT N
€ 0 0 e
K " -5: —;'2-— 1] Ki =";' [“I'j—a'— ]
1.0 4, 2e-7 7. 2e-6~2, 2e-8 1.6e~6 -
1.2 3, 8e-7 5. 9e-6~1, 6e-8 - -~
U 1.4 1. 2e-6 7. 7e~6~2, 0e-8 8, 8e-6 -
1.6 2,3e6 8. 3e-6~2, 0e-8 - -
1.8 2, 0e-6 5. 0e-6~1, 2e-8 - -
2,0 4,7e6 2. 9e-6~8. 7e~9 5. 9e~7 -
0.2 3, 4e-10 1. 9e-B~4, 2e~10 - 1.7e-6
Pu 0.4 2.8e-10 1. 6e-8~3, 6e-10 - 2.5e-6
0.6 2. 6e-11 2. 4e-9~5, 3e-11 — 2.5e-7
Am| 14 7. 8e-13 7. 2e~11~1, De-12 — 4. 0e-11
0.4 1, 4e-7 2.7e-T~1, 3e-8 — -
Np 0.8 6, 7e-8 3.2e-7~1,3e-8 - -
1.4 2. 0e-8 1. 2e-7~4, 8e-9 - -
2.0 2, 0e-8 5. 9e-8~2, 2e-9 - -
#2-3 PNC-TDBH31% I W TUPHREEQEIC kX W HHE L B MEE
% | & PHREEQEIC X ¥ HHE L~ BME (nol /1)
B | (g /cd) '
B PR E A UO2{0OH)2 UsQs
1.0 2. 9e-3 2. 9e-2
1.2 2. 6e-3 3.0e-2
1.4 2.2e-3 3.0e-2
U
1.6 1.6e-3 2. 9e-2
1.8 9, 9e-4 2.4e-2
2.0 4, 3e-4 1,7e-2
¥ R IR E A PuO-: Pu(OH)a Pu(OH)2COs
0.2 4. 8e-12 1.2e-4 1.6e-4
Pu 0.4 1.3e-11 3. 2e-4 4, de-4
0.6 2.5e-11 6.1le-4 8. 3e-4
o % B R E AmOHCOs;
Am | 1.4 5.6e-10
% BE IR A NpO-: Np{(OH)a NpO20H
0.4 1.9e-9 4. 9e-6 3.8e-4
N p 0.8 1. 2e-9 3.3e-6 3. 3e-4
1.4 7. 3e-10 2.0e-6 2. 8e-4
2.0 4, le-10 1.3e-6 2.3e-4




b, BR2EFEFNVORA

ZThET, A A VEREESOEVEBNLL, &2, AAYNTEERKEL
B+ ZrilkoT, Poisson-Boltznan FBERKC UMW UEEL2ERETVE
i, BEHDPOBNERKFOAAVOBERBOFEHRK D0 TR 24T
2o TER, ZOH. HFEHICHZ" SBW" BLU” #ik#k” zaHOomwEe L
T&E. UL, WAHBF T, THALOHRIRYEDILIEREIHLTS
57,
ORYNFAPHBADERENE 2 5iE. MIRHPOKSTFHE KA D
TEY., BULAEBDKICEVWRBICH 5.

SRV IFAMNOBBEER, BR2EFORANDHBEEILIBREELY B 1
Hy BA L8 vz,

7 ¥, Poisson-Boltznan A BROBEHEKBMXET RN BOLAB LOLE
> £ |

MELALLT. BE2EFEFAMFIRYUDIPELERMAENLEILR
HUCTHD, £F. AV bF 4 bRk EHKE, EWAHAS 1 2EEH
(NazS0.fHY) KT, 2oLy, BAREOAAAYREKERIHHER
CEEOESRRATREN D, DebyeR X1/ k TanBifi) TREST O D,

ezpm%
l: i = 0.176 VINEQSO;; (2500)
K erenk T
=EU. e : BIWER

Pot NIVIBEBRTOETNEE
2 A F OB

tr BHOKEESR

co: HHZEHOETR

k: Ry vER

T : # X i B

# 1) Y.Torikai, S.Sato, and H.Ohashi, Mat.Res, Soc. Symp.Proc, 3563, 321
{1995).
#2) RIL, WEWRS, FEERILI2A. HRAZE, KTHER. BAREQHH S,
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F2-4 DebyeB Xl EHAAY I+ A MOEEIE

B Na* §04%" (NazS04) | Debyeff & EBWARXYMFAMOD
g/L mol/L mol/L mol/L A RIBRIE D1 /2% A
800 8. 94E~2 4, 16E-2 4, 32E-2 0. 368 38.2
1060 1. 10E-1 b, 0bE-2 5, 05E-2 0,386 30.6
2000 2. 07E-1 g, 18E-2 9, 7T7E-2 0.550 15,3
4000 3. 94E-~1 1.67E-1 1.82E-1 0.751 7,48
6000 5, 73E-1 2.35E-1 2.81E-1 0,899 6. 89
8000 7.49E-1 3. 00E-1 3. 37E-1 1.022 3. 82

kN, HF. BHRRAWMEFSRS 0180024, (18990) . IcEMoFEIC L BHT,

EEEANIIC, HIER{EFE o~ F TPHREEQE) IS k2 Na* B X UFS0.2 A A Y D FHER
E AT HL. DebyeRIBRDBI B, ZONFTA—-R L, EHRY T A
MORHBRIBOHRERE 2L, H2-80 XD 2HEAHFLND,

TOEMSE., BENMAELL Y, XV FAFPOEHRESALEATI L. ®
MEENL Tg/en® (EBIETL000g/LEL L) 2HAB L, 1DOFHEICHLTD
fBRIE A Debye R 2 DIERBELMIRWZ LA S E, DEY, EfiahE
RN bFAPORBRICIE. BHR2EFPRBET AL T2 RAR-ZAAH B EE.
Budlkn, Z0oZeddd, EHMEFAGEVWEACR, BRZEFETFNVER
AT ilHEANDZLEEADRS,

T, BR2EFETSVOBRAMEORAERTDOLLT, RYMFAMOD
BWHEOHELNBTO L3, 2hid, ERZ2ER (FICHKERE) 0oERYK &
SHBHRBICL > THEENHET S, LVWIBAFTH B,

P =1.59 x 108 C y2 exp(- kD)

EEU.  y=tanh{e @q/4 kT)

k =vC /0.304
D : i E B
$a: Bl B

C:ERERBE (1: 1E8REICEL

EY ARSI NVTFIT 4V, THFRAbEREHI - pLE2
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BEOBWHBEORRICKE, BR2EBCLIBEAMNRES (ZhesiBmye
HE) BRI, ARV EA VEEBAOKSFOBAC LB FREH O NN
EFS5Hh 3 (ZHhE2RWEELER) AV FSA FPOBBEEFLTLHITAT
ABEECLD2DOLEBRERLIAVWE, ZITHER2EREROADSBHEHE
PHETLIIEIERET B,

MBEBMEAANTA -2 L, $£, BREABEG] : 1 EBHECHE
LEEBLLT. BEEEHBELEAHERR2-RY. 72/ VV I THBEE
lﬁNKMMﬁmE%ﬁHEﬁbT%Méht%ﬂEhﬂwhEEﬂ?éﬁﬁE
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Tedox potential Electochenical gradients, buffer =

- Bttt - R{EBRIOMH Effects of buffer and other repsoitory materials
Oxidizing conditions Redox front, buffer on groundvater chealistry

- el gy s L EDRALRMIC LA
pli-deviations Chemical buffering provided by iron and its

- B

G-3.2 HeMiRam

G-3.3 AR (X))

G-3.4 AROBT

G-3.5 HIAMMICKkDIO4 FES

Dissolution chemistry

+ B
Radielysis

» HRf
Gas generation
- KK B OB
H2 /02 explosions
s HAdhdk r Ay L38E
Gas generation: Pa production

¥ Acd il A
Thermochenical changes

A0 FRE SR
Lolloid generation = source
+aof ¥, RHEM

Colloids, complexing szents

- RN
Radiolysis, buffer

* Rk iEMT 5 O M R-ON
Radielysis prior to vatting

cHxRE

Gas gencration

- EEBORE
Kicrobial activity, buffer

s 104 FOER
Colloid generation-source, buffer
= 20 KO
Coagulation of bentenite, buffer

corrosion products

* BEHBOBE-EHBAMDORE S
Radiatjon ~ favourable conditions for stress
corrosion cracking

L Fp RS BB S MR
Radiolysis, inside and cutside of canister

L ik |
Nicrobes

&
Conmplexes

=1-Fd
Colloids

- BHEOR
Radiclysis

s AYDAH DL
lie gas productiocn

2 0] o)
Micrebial activity

R=1:Eg.1:1:0 ]
Colloid formation
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G-4.1 S AFHLE DM/ L5 8 * REZITR LR & L 22t vt ENHFEHOMRRRSE OB A + BB R - REH (A0
Damaged or deviating fuel Corrosion of metal parts Properties of fuel ’ Vaste product(glass)
CHEEBILLELEY ZIAEHOKR - EESEONAS ROK - WHE 2 RS IS BT A R IS H ot * ATV ANPGRS RS
Internal corrosion due to vaste Corrosion of stee) wessel Proparties of cladding tubes and other Stainless steel fabrication flask
s REBEMTAMICE U AR structural parts of the fuel assembly s HFALBENDZH L K2
Corrosion prior wetting BRI (o aie) Void space
- MRS EROL Chenieal substances(e.g. cesium) - ORALER Y
Degradation of fuel elecents Iron corresion products
- MCACRERY 2 o HIE e - i
Interuction vith corrosion preducts Phase separation
» HS DN K
Glass surface area
s HSADMEERIL

G2 HIRMLEDA v Y

G-1.3 HHiERi
(BosdE, EHBOKL)

G441 ROEE

G-4.5 HKHBHE

- MR ; %

Radioactive deecay: heat

« alkiz R DS

Recoil of alpha decay

« BAEMHS vA 0 LYoz
Changes in radionuclide inventory

- Bt
Radioactive decay, fuel

lleat generation

Glass recrystallisation

- BMEHROL v B Y
Radionuclide inventory

*Y—RH—b
fadionuclide source tern

- RS (EeHEEiE I M)
lleat output (RN decay heat)

s HSROERE
Glass tesperature

* BRI
Rodiation damage

« M
Quality control

= A5 XEHLIE DR VI
Handling accidents

* BB L 3= s b YOS B
Deviant inventory flash
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I, Cs-migration to fuel surface Fual dissalukion and corveraion b 3 & Zdn i i By Rodienuclide release frou glass
» BALH & BB OBR:F v R Hh « ¥ o FERRMSOHSHEE RO S Degradation of fuel and releases from the « HS2ADEI/ B
Extreme channel flov of oxidants and nuclides Gap and grain boundary release fuel-cladding gap, grain boundaries and fuel Glass alteration/dissolution
* ¥y SASROHERF ¥ INKhOBN CEMERET LU S 0BHERERO &S natrix « BROBYMITHTAER

G-5.1.1 awdncy - BR

G-5.1.2 faMmEsIn

G-5,1.3 MAIMZAATIREY

G-5.7 MoES

Role of the eventual chonneling within canister

C PR Y2 AdOERIR

Solubility within fuel eotrix

* HBRSAN (D)

Coupled effects (electrophoresis)
-

Reconcentration

« BRIRME

Reerystallization

s U L—5ha
Saret effect

Release fron fuel matrix

» BEIRT~ 0L, CsD BT
I, Cs migration to fuel surfaca

» WA EFH NGRS S 0SB oL H
Release from metal parta

- RE I D OEHER OBOL

Total release from fuel elements

* W 2 LB BILDF; e B R L s ol
Degradation of cladding and other structural
parts and releases of activation products in
thex

s XY b FESAROPRBEICER 2 2OBE
Effects of heak on concentration of substances
in bentonite porevater

R (2 63754
Speciation

Solute transport resistance

« SHIRAYE &
Salective leaching

 ERRML/ ) LR
Precipitaion of silicates/silica gol

sandnxyk (MR &%
Congruent dissolution

* B B M SR
Cleacntal solubility liwits

« HSADEMRIR
Rate of glass dissolution
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O0P-1.1  #-n"=n" 3 A"y HEN R ODIE
3

0P-1.2 BoOE®

REH (SEHRALHE) ol TFAAL
Flow through buffer/backfill
- PR
Resaturation
* ROEH ML R Lo iRt s
Preferential pathuays in the buffer/backfill
GRREILEZSEHOER
Stress changes of conductivity

B-k-EhHOEE
Thermo-hydro-nechanical effects
BRI BN
Thermal buoyancy

s AR R ROk DR
Vater tucnover, copper canister

* KMOH D% AR NDRDBA
Intrusion of vater in a defective canister
- G¥A Ay S ASADRDEN
Intrusion of vater in tha steel canister
cHRSER R D Fy 2 ASMDOUK
Displacexent of vater from the canister due to
Eag generation
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A==y 7O HFHREE

0P-2.2 F—ri—riy 2 DRI

0P-2.3 F == 2Dk T

0p-2.4 moOXW

0P-2.5 WAESHOEE

Hydrostatic pressure on canister
AP ZAFLELSKTUENIL

Changed hydrostatle pressure on canister
A E

Internal pressure

s BEEROREY S ARDI T FRE:
Electro-cheaical cracking
BB A Sy 2k
Cracking aleng velds

CRILESEYZAROI Sy IIE
Therzal cracking

B k-IEHOER
Thermo-hydro-pechanical effects

* LR DTN

Svelling of corrosion products

Reduced rechanical strength, canister

cBUEY S AROEN
Fai}ure of copper canister
AR LORIN
Failure of steel vessel

By ZARDEIE
Teaperature, canister

 FIMRIZ R B % ZXIADAY BT FHEAGHL
14

Filling materials prevent intrusien of bentonite
in the canister
+ Ry ZARADORE A ADTEN
Gas bubble may fill the canister
- B SHMEY A S OMk
Veakening of steel canister due to corrosion

SRAF Y —ABONRA (Er A XORRIZED)
Collapse of the copper container
(due to corrosion of jon canister)
sIEAIC R SMEBRRYY =2 2 OB
Stress induced collapse of initially dafective
canister
s HAREILXSHE AN R TING
Damage caused by internal overpressure due to
gas generation
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0P-2.1 PAHMILETY - SHERIED * ¥ S AXADRENER - ¥y ZXFHDAY R4 FORA s Ry A0t (EotoB®iks)
External stress Hechanieal ivpact en canister Intrusion of bentenite in the canister Canister integrity(other effects)
s ¥p 2R B52 BKIUE - BERARE ik

s R AR (L7 L R)
Canister failure(reference)

« Ry S AR {SHE—F)
Canister failure(alternative modes)

s Ky ZAXOUE
Canister temperature
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/2Tt Redox front Vater chemistry, canister -3 Chenical buffering{canister corroalon
¢« BEHERIE - MM bRdRir g Effects of buffer and other repsoitory materials
Oxidizing conditicns Electochemical gradients, huffer on groundwater chemistry
= pllDEEh cMfegRvovk k& EORACER BT X A LA ML
pll-deviations Redox front, buffer Chexlcal buffering provided by iron and its
s B2ty corrosion products
Redox potential
- BRI
Dissolution chemistry
e aTHORS

0P-3.2 HeAliadrw

3 Hzgd (h#)
Ll

09-3,
0P-3.4 AR (RAQ

WEBOET

5
.6 4rids

0rP-3.7 AolE

P-3.8 a04KOxR

0P-3.3 KAEERBOER

Pb-I reactions

- HeAgsHR
Radiolysis

< HASkE

Gas generation

« IR/ BRI
12,70z explosions

- ¥
Microbes

BRI
Thermochenical changes

sa04FRE SRER
Colloid generation - source
<204 F, BN

Colloids, complexing agents

» BOHAN
ladiolysis, canlster

< KEEMT BEID BB MR
Radiolysis prior to vetking

+ HRASE
Cas generation

- BEMOEE
Hicrobial activity, ean

C RV SALOUR
Temperature, canister

s FpmAapDanS KART
Colloid/particles in canister

* BEHBOEE- MARANORE R
Radiaticn —+ favourable conditions for stress
corresien eracking

s Fy A sub oA MBI S KNEAN
Radiclysis, inside and cutside of canister

« SR st
Properties of filling gas

« ¥Rk
Micrebes

%tk
Complexes

[=1:Ea
Colloids

- BHEHR
Radiolysis

s RRORE
Hydrogen production

* ¥y ZAROBR
Canister tesperature
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0W-4.1 A—HA—rRyoafa/L2HiEn | - ooy cREROIY~S ‘HoxLS “U¥Mxy =B
Creeping of copper Creeping of steel/copper Tyre of copper Cast steel canister
R Z AN DHEENS - Biltdy A2 O Boe4d Ry AXOHK
Loss of ductility Properties of failed canister Type of steel Canister thickness

0P-4.2 F—n—rRo2OKK
0P-1.2.1 ¥—gkf

0p-4,2,2 ALy

0P-1.2.3 T EERK

0P-1.2.4 XAUKS (Frmidn)
0P-1,2,5 Kktfik

0P-4.2.6 [HhKAh

0P-1.3  MSkfuE

0P-4,4 MOER

0P-1.5 WEHOBT

-4 HHBRINE

0P-1.7 Kt o BRL/ LeiitEst

- TP DL
Voids in the lead filling

* Xy AL OERRS (HORRK)
Chemical reactions (copper corrosion)
RO B0 5 8RS
Role of chicrides in copper corrosion
ik
Pitting
= MSYRIC R B /MO W kR IR
Repository indused Pb/Cu electrochenical
reactions
=R IC R S RAEFHES
Watual tellurie electrochemical reactions
© BESCALL fREdy, KL
Corresive agents, Sulphides, oxygen etc
 EBDRULHIIL L S HOKAADES
Backfill effects on Cu corrosion
s BAKANND

Stress correosion cracking

Ry ZARICEASENEOBR

Radiation eflects on canister

* B s &y L IR

Interactions with corresion products and waste

SuH RSy A SORM - RHTR
Randon canister defects - quality control

¢ SEERALLE D% SASDXE - SHED
Conzon couse canister defects - quality control

cAREy S22 OBf
Corrosion of copper canister

ke EMSOIICE UBRA
Corrosion prior vetting

- MERMEIIE DS (L
Reduced mechanical strength, canister

CEyZAROBIE
Temperature, canister

cHy ZARICEA S EMBROLE
Radiation effects on canister

* AR & O HIZE )
Interoction with corresion products
¢ BACERIC K B RER
Yolure increase of corrasion products

WBRMOBS XY =A% (BroXibotR)
Initially defective canisters: probabilities of
different kind of defects

AR = AR ONHL TN B ORGSO T L
Kanufacturing and sealing of the copper
canister, location and types of valds

AR AR EBAF Y S RAELOMDE Y 2T
Gop between the copper and steel containers

- RIS E KIS MO ¥y o FOLA%

Closing of the initial gap betveen copper and
iron

MWy = ASOWALBHBE, FLRED, Bk
#, BHE
Manufacturing and sealing of the steel ecanister,
bolted vs. welded lid, design basis load

» RO~ R RSO
Plasticity of copper - deforwation of the
defect

“Hasy-=-F
Creeping of

« EHITOME
Properties of solid filling materials

< EiROs Y-

Creeping of filling material

D, ¥y AKEE, MK TEULKA, &
hkfAdh

Stress, deformation of canister, stress induced
corrosion, stress cerresion cracking

HOBA (RAMORKEBIT, BELRHoHS)
Corrosion of copper: concentration and transport
of corrodants, fate of corrosion products

ROEA (MicHOBRE BT, RALRBOS)
Corrosion of iron! concentration and transport
of corrodants, fate of corresion products

s FAEERA (WBRREATI Sy 4)
Aercbic corresion {in an initially defective
candster)

- REER AR A
Galvanic corrosion

CEABARN GV 15)
Stress corrosion eracking (in bolts)

Sy 2Rk (REMRAN)
Corrosion of steel rack (consumss woter and
corrodants)

. ;gwm s {Lpdsdhit, BRBITREE IR, BK

Corrosion products: chemical conditions,
retardation and coprecipitation, volume expansion

cRRYe =22 (IS0 7 /NHXOEE
Residval canister{crack/hole effects)

- Bt omA
Oxic corrosion
- RUEME A L EXR
Microbially medlated corrosion
» BARRETORA
Anoxic corrosion
- Rk
Localised corrosion
- EAAE
Total corrosion rate
IBhKANHR

Stress corrosion cracking

cHp o ARDUE
Canister tewperature

+ BMBIZHT D LdaAE
Radjation shielding

s Bfet il (RER & SLHRNLE)
Corrosjon products(physical effects,
including veluss increase)

* BRA
Quality controt
cBHREESLEXy 2R
Kis-scaled canister
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0P-5.1.1 hiRe

0P-5.1.2 4

0P-5.1.3 MMtriiisg

0P-5.1.4 tER/ i

0P-5.2 o4 FoiBlty

0P-5.3 HABH

Release of radionuclides from the failured
canister

W —2hg
Soret offect

- W REH
Diffusion - surface diffusion

-5 K

Dispersion

LY
Sorption
< L E o sl

Saturation of sorption sites

s BRErR
Solubility and precipitation
« MEkShE: (Ratikay)
Coupled effects (electrophoresis)
- FFA
Reconcentration
- RS
Recrystallization

- K ABtT
Cas transport

Transport and release of nuclides, failed
canister
* By = 22 ORI ITALR

Preferential pathvays in canister

- RifEy 228 hH MK
Diffusion in and through failed canister

© Fy Z AR PRAONY
Sorption on [illing material

* BRI O R
Radicoctive decay of moblle nuclides, canister

LR/ TERR

Precipitation/dissolution, canister

< EBY AR M BN AL
Gas escape from canister

- MBRMFY = A 2 Ao 0MEER M RO RS
Releasa of shovt~lived nuelides from an
initially daffective canister

NV A RERANONRRIIFLZROEE
Effects of heat on concentration of substances
in bentonite porewater

Bk AIB L
Mass flows by diffusion
B A A
Anionic exclusion
- HEEM
Surface diffusion

UL et
Saturation of sorption ploces

i3 08
Solubilities

[Ria: b1 4]
Speciatjon

HADEH L BT

Gas preasure and release

Radionuclide transport

* BeSHEMR O & ik
Radionuclide sorption and co-precipitation
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i-1,2 BaRER

Stress changes of conductivity

CA-K-LhOERE
Thermo-hydro=nechanical effects
s BILXaEN
Thermal buoyancy

-0 3
Tewperature, bentonite buffer

bR L]
» b BLL Hhilook e
Flow through backfill
ISR Lo
Resaturation of bentenite backfill

Temperature, bentopite backfild
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B-1.1 Av k4o hoidk - BEH /DD RUBOBTARY 530121 o (RE%d) A bhFA Fotif WTFKIE DA b F A R OfE

Flow through buffer/backfill « B aken (Uneven) saturation of bentenite Bentonite saturation

- Miwka Flow through buffer TEDLE SR SRR R AR - BEHOF AT
Resaturation (a8 b T T Effects of stress on repository structures Buffer imperseability

- B/ R L hoi IR e es Resaturation of bentonite buffer
Preferential pathvays in the buffer/backfill

. £ 3 M By o) o

R EAEE
Thermal evolution
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B-2.1} ARybt4 ROKD s BEPFIas bF o PN [ ¥ ] LR P8 ob o8 ) 2 s Ay b RONERE
Uneven swelling of bentonite RV FORT Svelling of bentonite Bentonite svelling pressure
Bentonite svelling, buffer .
B-2.2 MREMEH - B/ DR L HOMEARN 1100 2 g 3 * RAEEYOERBRL X 5 by o FOES e AV RS OB
Hechanjcal failure of buffer/backfill Kechanical impact/failure, buffer Corpaction of bentonite due to volume expansion Bentonite plasticity
of corrosion products
B-2.3 A—r~Ay20HTF - RiEH /D RLENO Sy 2 2 281 * RV TOE Y 2 AR OBY CEYSABILRBAY AL FAGRES Y YIRS | - X v 2R (F=r—su 2) OET
Hoverent of canister in buffer/backfill Hovement of conister in buffer DUTF Canister sinking
Load of canister on bentonite =) sinking of
canister
B-2.4 ANubkFa O - BHEH /ISR L 0@k AV RS oK <Ay A P ERORIHNS IO %
Erosion of buffer/backiill Erosien of tuffer Erosion of bentonite and other repository
naterialg
B-2.5 RAOEE s Bk - IEhOETE M o® B R
Thetoo-hydro=pechanical effects Temperature, bentonite buffer Thermal evolution
FRESHEN

Thereal bucyancy

[ RLH]
Lol
Erosion of backfill
< BENER/#i
¥echanical impact/failure, backfill

LN 3 4
Temperature, bentonite backfill
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B-3.1 Nkt FREgRkOES - B oL [} « {EPH RLRIL SR s N bPA hERkOES
Near field buffer chemistry - Wk OER Chemical and gecchemical conditions Bentonite porevater chemistry
ANV ERA FILK BT RLEADBE Vater chemistry, bentenite buffer B TROES AV OMS EOHIERD
Effects of bentonite on groundvater chemistry = BAbrdRi o Salinity of groundvater Interaction with cement components
s AV RSk EDRE Electochenical gradients, buffer s R 2 EORH BRSO T ARSI EX DY
Reactions with cement pore vater - BiERRT7OM -

2 HHBRIN
L3 HRRE (R
4 AR (20

ﬁ?w
£ L3 g

i )i b
1

B8-3.7 AOET

B-3.8 o4 FoER

- B{ER ety
Redox potential
cRtEm7AsE
Redox front
- BRibtE ik
Oxidizing conditions
- DR

pli-deviations

- MM
Radiclysis

- HARE
Gas generation

s kM BHROIR
Ha./0z explosions

Hicrabes

- Bk sk
Therpachemical changes

oo FRA SRER
Colloid generation - source
saod F, AHEN

Colloids, complexing agents
« 304 FoRl
Coagulation of bentonite

Redox frant, buffer

- BB

Radialysis, buffer

c HARE

Gas generation, buffer

- WEHOBE
Hicrebial activity, buifer

s 304 FoER
Colloid generation-source, buffer
+ IO Foagi
Conagulation of bentonite, buffer

[HHRLE)
- DROLE
Vater chemistry, tunnel bockfill
- R bRt R
Electochemical gradients, baekfill
g, (-t a s M
Redox front, backfill
* MR
Radlolysis, backfill
HARE
Gas generation, backfill
- BEHOER
Microbial activity, bachfill
s 304 FOES
Collold generation-source, backfill
L and FOR#E (MHRL )
Coagulation of bentonite, backfill

Effects of buffer and other repsoitory materials
on groundvater chemsistry

* BETOMA LSS L H{EEHREHE
Chenteal buffering provided by iren and its
corrosion products

* BHBOEEEDRAMhORES S
Radiation — favourable conditiens for stress
carrosion cracking

* R MR EOAMIC BT A ENRNR
Radiolysis, inside and cutside of canister

<H A
Gases

- BED
Hicrobes

M
Complexes

=L
Colloids

- MR SN
Radiolysis

cBatokE
Hierobial activity

+ HlB LAY b4 PO
Organics/contanination of bentonites

[ the 2.3 5
Therwal evelution

AP FORA/ D04 FOBR
flentonite erosion/colloid formation -
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B-4.1 Ay bdq ORI/ ERiER

1.2 moE¥

0-4.3  HADSIRGE

* REHOLT
Hear field bulfer chemistry
AEFERIBILE By hh o rOEE
Begradation of the bentonite by chemical
reactions
- BEHOIEFHRERITEASBA
Perturbed buffer material cheaistry
- BEHORM
Backfill material deficiencies

cBEHILEA SAOESE
Thermal effects on the buffer material

cRU bR R ILERBEBMBOEE
Radiation effects on bentonite

6 3473
et Sl 0

Properties of bentonite buffer
+ BRI DB

Chesteal alteration of buffer

<k

Tenperature, bentonite buffer
+RILkBRIEHOHE

Thermal degradation of buffer

s BHgoRE
Radiation effects, buffer

[ BEL 4]
» DD E LB
Properties of tunnel backfill
- BHgoRE
Radiation effects, backfill
F BRIk BT
Therzal degradation of backfill
IO RUH ORI
Chemical alteration of backfill

AR 3
Temperzture, bentonite backfill

¢ N bR OWE (B, WEAAH, FHNS)
Properties of bentonite {e.g. density, initial
saturation, impurities)

Ay bA bR SRR ROER
Alteration of benonite and other repository
materials

- IRER LR L dros
Corredants in buffer and backfill

* MMOLBIERS S DR R
Daviations from the planned repository design

s Ry b FORT M
Bentonite esplacerent and composition
- Rt 2o
Kineralogical alteration
Ry bR FORRAS MG
Bentonite cementation
RN AREAV LIS EOHERN
Canister/bentonite interaction
AV ROFYME (ME- -)
Inhonogenelties (properties and « «)
* Y =X XUMOREHN
Interaction between canisters

S
Quality Control
- BidoRII A
. Poor emplacesent of buffer

< Rtk sy
Thernal evolution
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[Hmh L)

* BRORL Bho Bl o 17 & il
Transport and release of nuclides, tunnel
backfill

i B
Diffusion, backfill

s by o AR
Hatrix diffusion, backfill

* BhA 7 sk
Anion Exclusion, backfill

K
Sorption, backfill

L
Dilution, backfill

[ ed . Fg]
Precipitation/disaolution, backfill

» BRMEOM MR O %

* HAOBITE H AL LSPHEBY
Cas flov and transport, bockfill

Radicactive decay of moblle nuclides, backfill
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B-5.1 Ay b¥o BOBREBIT - M- AT (iR @) s MIIRME N v 228 i SOEEEMAR O bR - BES OB EHED BT
B-5.1.1 & Diffusion - surface diffusion » REH R OBRAMERROB T BN Release of short-lived nuclides from an Radionuclide transport through buffer
B-5.1.2 ik +Th U AN Transport and release of nuclides, bentonite initially deffective canister + B EHBOBITEE
B-5.1.3 RIS Hatrix diffusion buffer [F% {3 5] ] Radionuclide retardation
b-5.1.4 TR/IEM oK 5 B Hass flows by diffusion * BB ROIBRE St
Sorption Dispersion, buffer - FEE K Elemental solubility/precipitation
+ SEY - bk 5 K Surface diffusion
Saturation of sorption sites Diffusion, buffer - 354 A R
5 M DA -8 x Anionic exclusion
bispersion Hatrix diffusion, buffer - ¥ obah
cEBREZER - B A o AER Saturation of sorption places
Solubility and precipitation Anfon Exclusion, buffer < BmeE
- BRAL R B Solubilities
Reconcentration Sorption, buffer « {LERHR
- MR (ALKiRAN) » BREOHAHEER ORI Speciation
Coupled effects {electrophoresis) Radicactiva decay of mebile nuclides, buffer
- THESSE s LR/ ER
Recrystallization Precipitation/dissolution, buffer
\E L
Dilution Dilution, buffer
WL LT T3
Soret effect, buffer Saoret effect, buffer
8-5.2 3 S/ BEBADME— + 204 FO708—58
e Colloid filtration
0-5.3 HaBty - RiESha A A BIT HAOBITEHAILLODNBY - HADEHLBIT + HADERIE
Cas transport in bentonite Gas flov and transport, buffer Gas pressure and release Gas permeability
B-5.4 BAOkH#
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H-t. | NF RRE o) « TR C LT DA =K R R [fEAtEmeE (LOD) )
€hanges of grounduater flow Groundvater flov, IF rock (R b b EREE DT ()
-~ FEp c ST T4 = EBEONRA » EAABAURIZ BT Sk meaiy i
Resaturation Resaturation, NF reck LPD effective hydraulic properties
SRS SENOEY ST L LR RN + WoklERS (24 7)
Stress changes of conductivity Faulting, NF rock Water-conducting features(types)
* TR YOH A% - (R A E S o ARy
External flow boundary conditions Groundvater flov in LPD
.  TFAOBITESS
Groundvater flowpath
- BARRORE (hEE X
lydraulic gradient changes({magnitude, direction)
MDA (WA 2
Geogas
1.2 EMEE  AKEGEL - I/ ITWRL OB L EHOEIEAO RN TR ENUOREIL DM TAUNAOET - PR/ R AR O R ETREE ()
Hlydraulic eonductivity change Excavation effect on nearby rock Effects of repository en greundvater flow Disaturation/resaturation of EDZ
~ Excavatlon/backfilling effect * BRI ADAY b F A FEROBE()
Effect of bentonite swelling on EDY
AV M EREEDA v A—T o AU BITS
JETFAHR(*)
Yater flov at the bentonite/host rock interface
1.3 BoRE s k- hobR R

Therm-hydro-mechanical effects
MBI EBETRAAOEE
Geothernally induced flov

Temperature, ¥ rock

 REBIC L BB TADAR L CEAOBE
Effects of clisatic changes on flow and
cheaistry of groundvater

* ANMTEBL L DI FROKM L LFEAOER
Effects of human actions on flew and chemistry
of groundvater

» KFE B D AIUE
Ilydroatatic pressure during glaciation

e RFICE 5 T4 U SRkl RkEEnRiE
Glaciation Induced changes in gradients and
infiltration

+ KFEOEbk
Glacial melteater

- BIEZICK DM TR (B
Density-driven groundwater flow {thermal)
o JHph S A
Geothermal regime
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H-2.1 QWRED

0-2.2 gmze

12,3 ARubd4RORA

2.4 KROER

CEHOERIZ LA AR/ RO RLOEY
Excavation/backfilling effects on nearby rock
- REMER- RN MO ELOES
Hochanieal effects
- Excavations/backfilling effect

< LHBHEOKAADA Y b P FOBIA

Swalling of bentonite into tunnels and cracks

* B-k- B HOEE
Therm-hydro-pechanical effects
L L % ¥
Thermal buoyancy

* 1B H

Stress field, NF reck

‘iE B

Temperature, W rock

s RYRFA PORE

Svelling of bentonite
*REFRIETRBERADRE

Bffects of disposal depth on wechanical loads

s BEADAY bFA FORA
Intrusion of bentonite into fractures

Ik SR
Tee load

APk SEHBORE L SbroaRtE
Changes In stress field and fracturing of rock
due to glaciation

s REICE HRMBNE R OM
Erosion of structures of tha repository dus ta
glaciation

[AkiEmg (LPD) |
[Ny BFod b ERBEDEY-THAN] (o)
- IR
Regional stress reglae
HAEDRR
Gas pressure effects
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3.1 NFatBhaeFRiLF < EOEEPOETADERES ML » BFko{es + LM B FIRRLEARE [MEgkitds (LPD) )
Change of groundvater chemistry in nearby rock Groundvater chemistry Cherical and geochemical conditions - e
XY b FRESBTAEFAORE - @A T ADGA * BB & DA GIEHE MR TALEF IS 58| Hineralogy
Effects of bentonite on groundvater chemistry Deep saline water intrusien 4 ¢ TS
- Bk (LK) DMTFhaEBA cRLDMTREDS A=A Effects of buffer and other repsoftory materials | Grounduater chemistey
Saline (or fresh) groundvater intrusion Intecface different vaters on groundvater chealstry « EAETAROBA
cB{eBRIov b » WA DIES « {TROE Sy Intrusion of saline groundvater
Radox front Vater chemistry, NF rock Salinity of groundvater « BB TR DRA
- BttEait « BALEN R AR Influx of oxidising vater
Oxidizing eonditions Electochemical gradients, NF rock
- pllD2ERY L[4l
pli-deviations Redox front, NF rock
+ BEZ el
Redox potential
H-3.2 B « BB - s
Radiolysis Radiolysis, NF rock
H-3.3 HR (&) » HAfuE L -3
Cas generation, NF rock Gases
=3, 4 WEHOpBE e Ys  BEHOILR) - By s Wk onih
H-3.5 Aieath Hicrobes Hicrobial activity, NF rock Kicrebes Microbial activity
- AHEH LF T + Y
Complexing agents Corplenes Organics
3.6 moBR = ML
Therpechenical changes
=3, 7 204F s ooq K, RHEN + 204 FOER sanA K
Colloids, complexing agents Colleid gereration=source, KF reck Colloids
« B O - R

Dissolution chemistry

Reconcentration, NF rock

» MR L BT R OAR L (L AORY
Bffects of climatic changes op flow and
cheaistry of groundvater

(AR bt b & BEEOLP TSR TR R
« TFAMERLES

Groundvater chenistry
- Bilreii i StmikoNn

041 or crganic fluid spill




(08)ve- §

H-4 Z=774—)VFBEOYHE {LFHHEE

H-4.2 BIHEE

.3 Aok

1.4 BB

Creeping of rock mass
BRI E A SH{LENER

Cheuical effects of rock reinforcement
« ARy b YR

Sedimentation of bentonite

Mteration/ueathering of flow paths, NF rock
T ST7 74— EREOABIHIK

Enhanced rock fracturing, NF
swlory-S

Creeping of vock mass, NF
* WBRDA Y b4 PR

Sedipentation of bentonite

-4
Temperature, N rock

Alteration of fracture fillings

 H b RHBRIL
Disturbed rock zone

PNC SKB/SKI SK I (SITE94) TVO Nagra
-4, 1 NT B#00L/ biiien - BifthonHox C TV =LE BEONT - BikRRoNE [E:gkirms (LPD) )
b rock fracturing Properties of NF rock Properties of rock fractures [ bt 2 RBEEO-T{188] ()
kDo y—F * 774 = KBS TR MR & Bt « ARRNHROER - HERHEHE (24F)

Water-condueting features(types)

+ WHEIIE (EDZ) (+)
Excavation-disturbed zone(EDZ)
« SUER{E AL s}
Gecchenical alteration
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I-5. 1 NFBEEHPOHEBT

I1-5,1,1 8BH/ DM

H-5.1.2 % (T hU o ARRERT)

I-5.1.3 08

H-5.1.4  Besiteibg

l=5.1.5 LRAHM

H-5.2 odf HiijsHoiss

-5, 3 MHABIT

5 B
Dispersion

- M- Fm iR

Diffusion - surface diffusion
*RhRUS R

Hatix diffusion

R
Sarpticn
- WA MR

Saturation of sorption sites

+ PRIIE & Tl
Solubility and precipitation
-
Reconcentratlon
- ARSI (RERKED)
Coupled effects {(electrophoresis)
* TREG AL
Recrystallization

i B
Dilution

» AR
Isotopic dilution

a0 FoREE BT
Collojd generation and transport

- HABIT
Gas transport

* AR BN/ EROEN
Dissolution of [racture filling/precipitations

* D774 = EBENOBEME RO BITE Bt
Transport and releass of nuclides, N rock

8 M
Dispersien, NF reck

A 4

Diffusion, NF rock
RS A Uk

Anion Fxelusien, NF rock
YU AER

Hatrix diffusion, WF rock

o
Sorption, NF rock

- Bl bt ol

Radivactive decay of mebile nuclides, NF reck

LR/
Precipitation/disselution, NF rock

*HADBITEHAIL K DBUBH
Gas flow and transport, N rock

s ZF A —IE s AU TGO RR Ry
Differential thermal expansion of NF barriers

R LD ERSD
Hass flovs by d.i.ffusipn

« HADIES & il

Gas pressure and release

Eidkims: (LPD) )

[ bdof bEREEDH-7IE] (o)

* RS R T
Radionuclide transpert through LPD

* SRR S B MHE B DR ()
Radionuclide release form EUZ

* BN DM EHROBIT()
Radionuclide aigration

v U2 ZBER
Matrix diffusion

o#
Sorption

¥ U E
Kon-linear sorption

« BAERE OB ITNIE(e)
Hadicnuelide retardation

s BRIRERL/ O KRR
Solubility limits/colloid formation
» B ROBRIE()
Elemental solubility

CBTFARTOSRME (MERPEAIE S EGR AR
B A ENRAD)
Dilution of radionuclides in ground-vater{LPD to
HPD or HYCF)

cRSoOoq4K
Hatural colloids

- 304 F(s)
Colloids

* HADOBIT/ BM(s)
Gas transport/dissolution

* KIROBMERHE / e (e)
Ratural radionuclides/olements
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F—1 277—74-—)UFEEHOKHE

Enhanced groundvater flow

s MBI DT RO E
Geothermally induced flow

Resaturation, NF rock
* 27— =K REONR
Faulting, FF
TR O RS
External flow boundary conditions

B4
Temperature, FF

PNC SKB/SKI SKT (§ITEY4) TVO Nagra
F=1.1 FFagdokn - MEF Ak HE RO * T T =74 =N FORTFRKD BAEOFE L LS TR ADBSE [ LRI BRNCE) ]
Changes of groundvater flow Groundvater flov, FF Effects of repository en groundvater flov. * MWCF kAt
+ R EI AR * P T L =N EO B HUCF effective hydraulic properties

* SLTEMIC L B TRDABL (bR AOHE
Effects of climtic changes on flov and
chemistry of groundvater

» AMERIC S D FROXBELEADEE
Effects of human actions on flov and cheaistry
of grounduater

- WkBEOREE (247N
Vater-conducting features(types)
s MWCFIzBUI S FARE
Groundvater flow in MWCF
- FRKOBiTRS
Groundwater flowpath
« BASROEL (KEXLHR)
llydraulic gradient changes(aagnitude, direction)
© BUSEC L SITRDIER (B8 /6kmmn)
Density-driven groundvater flovs [thermal)

[EAAdEN (HPD) ]
- BEKIEAR 12 51T AR AFMINHE
HPD effective hydraulic properties
~ BFAOBITRES
Groundvater flow path
« TFARHR
Groundvater flow
« MTFREDOMR RS
Boundary conditions for flow
« Rikyid (kdEehm)
llydraulic gradient{magnitude, regional direction)
PRI L BT RO (e 2 )
Density-driven groundvater flous
(teoperature/salinity differences)

* TRUREMI X3 7AYo Fa—a
TRY alkaline or organic plume

+ HiRFthan A A
CGeogas

REH—-Y T (=)
Exploratory boreholes{sealing)
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F—-2 77—74—)VFEBEHEDOHZEHRENE

PNC

SKB/SKI

SKI (SITES4)

TVO

[ & 3472k ER(HUCF) )

F-2,1 EEMED

F EAHS

Stress field, FF

-3

Temperature, FF

- AL SRRNTE~OREE

Effects of disposal depth on mechanieal loads

» BMOEH R
Regional stress regime
s HRAEDBE

Gas pressura effects

- Ealkn
Geothernal regime

[¥GEALEIE (HPD) )
* kR

Stress regine
2%

Erosion

Nagra
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F—-8 77—74—)VKEBEHOHTRA{LELE

PNC SKB/SKI SKTI (SITE94) TVO Nagra
F-3,1 FFREsholFkits < Bk (RILRK) DIt TFkotia . a {olin - (b R Rk L A {3 B i kR (HNCE) )
Saline {or fresh} groundwater intrusion Groundwater chemistry Cheaical and geochemical conditiens - FAR DL
* WEAETROEA « WFEADEL S Groundvater chemistry

Deep saline water intrusion
* RIRBITROA =2 x4 X
Interface different vaters

- BR{ERRE A
Electochemical gradients, FF
- Bftdrnzov b
Redox front, FF

= Ak

Gas generation and gas sources, FF

+ Bk oishh
Hiercbial activity, FF

04 FOER

Colloid peneration-source, FF
- HK

Reconcentration, FF

Salinity of groundvater

Gases

2]
Kierobes

M
Cozplexes

saoq4
Colloids

» MRESIL L SR TROABEEFEADER
Effects of elmatie changes on flov and
chenistry of groundvater

* AMBERC K ST ROKE L LEAOER

Effects of hunan actions on flov and chemistry

of groundwater

UG TADERA (BIZkE)

Intrusion of saline groundvater(thermal)
* BB T AOIEA

Influx of oxidising water
» gt

Hineralogy

e H A
Geogas

* Bk BaniERh
Hicrobial activity
ki ]
Organics

sRMO0AK
Hatural collolds

(EEAHSE (HPD) )
« WFA{LS
Groundvater chemistry
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SKB/SKI

SKTI (SITE94)

TVO

Nagra

F-4.1 FFREOQT/ LML

* Bbcho A ROR X
Enhanced rock fracturing

* T7T A= KBEDNTE
Properties of FF rock .
» 27 =7 4 =N E DT QL & BYE
Alteration/veathering of flow paths, FF

8O (s)
Texperature, FF

* BHEA RO

Properties of rock fractures
+ ABIFM T OEH
Alteration of fracture fillings

[ A A IR GICE) )

- WokiEsE (%4 7)

Vater—conducting features{types)

[kttt (HPD) |
W RM I
Mesozole sedirentary cover

CNEINMZ IS AT

Permo-Carboniferous Trough
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PNC SKB/SKI SKI (SITE94) TVO Nagra
F-5.1 FFRfhoidsiT { BN IR (ICR) ]
* MWC F o8 S BAHE B ROB 1T
Radionuclide transpert through KVCF
K &k RV
Dispersion Dispersion, FF Hatrix diffusion
L (% {5 80 ]
« PR — Rk Diffusion, FF Hass flows by diffusion
Diffusion - surface diffusicn s RUS AR
v bhUs AR Katrix diffusion, FF rock
Hatix diffusion * BEA o o HEBR
Anion Exclusion, FF rock
< 3 (R ]
3 Sorpticn, FF Sorption
Sorption » RN
- FHA o Nen-Llinear sorption
Saturation of sorption sites « HAEOEMEE 0NE

C TR EUR
Selubility and precipitation

ko
Diluticn
» Pl EER

Isotepic dilution

04 KO L BT
Colloid generation and transpert

s HABIT
Cas transport

- AT ES /DRhOnR
Disselution of fracture filling/precipitations

Radicactive decay of mobile muclides, FF

- R/ BR
Pracipitation/dissolution, FF

s HAOBITE A A K HBTUS I
Gas flovw and transport, FF

BRI/ 04 KRR
Solubility limit/colloid formation

» HAE DR
Gas pressure effects

S BFKILESEHERROLR
(MW CF #2528 kEE 505554 YaRR)
Dilution of radisnuclides in grounduater
(NUCF to HPD and Biosphere)

[RAAENE (HPD) }

» MR ORE

Madionuctide sorption

- WBAMMTORMEBRONE
Dilution of radionuclides in D
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PNC SKB/SKTI SKT (SITES4) TVO Nagra
HBlkomA » 8 /R ORA - Fkaibes « Rey i dEHm
BIZ L A Erosion on surface/sediments Surface vater chemjstry Present-day biosphera
LERREUHEBROAI A 2 —A-a v | - BIFERORE * HUTTIER o 5 o oM U A BR 0D 3 22 Bl ~ ks ot
o 2] Yeathering of flow paths Distribution and release of melides from the Future biosphere conditions
 {ebhdt * ST C OB R geesphera * WA AR O BHORL
et & o HIE Accumulation in sedirents Exfiltration to local aquifer
EMROIHE (WRWE) + ERTOWK * RAK~DHRORE
AREBV~OEBADRE (RHFTHES) Accumulation in peat Exfiltration to surface vaters
HEHhoit C EDBOERTEADEA » RN T OB ROBK
Intruglon inte accumulation zone in the RN accusulation in zadizents
biosphera » R TORRERROHER
* ARSI & SR MACK DY Nadionuclide lation in soils
Human induced changes in surface hydrology - KEMR
+ AN EB IS LD R kD {LF Vater resource exploitation
Altered surface vater chemistry by husang ‘R A
CAZDRA Filtratien
Hethane intrusion « BitHhogs
Uptalie by crops
* BB
Uptake by livestock
s s
Uptake in fish
» BRERRORR /70 I/ KA

Radionuclida volatilisation/aeresol/
dust preduction
(R {444
Exposure pathways
» AMDEL
ltuman 1ifestyle
* BHROBRE
- Radiation doses
* ferA ol
Foed chain equlibriun
- BMtE RO WA
Radionuclide sorption
- B
Secular equilibrium of N chains
- {AROHL
Surface vater flow{river fthine)
« BT RO
Growndvater flow{alluviua of Rhine valley)
- BHIEMROSR
Dilution of radionuclides(alluviun to river)
- BB (BHE)
Eroslon/deposition{changes)
- HEERSE
Sedimentation
+ RoEH
Soil fermation
-k ="

Sof)
« #kObR

Surface vater bodies
kA

Atzosphera
AR AT
Interfaca effects
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A H
Precipitation
- R - R
Evapotranspiration
+ BRI L 5%
Capillary rise
s A=ab—-ay
Percolation
ik
Irrigation
» REIADRL
Surface run-off
b RO B
Bioturbation
- FHIERDOBY
Suspended sediment transport
- RTOES (ANGR, RE%)
Barth vorks{human actions, dredging ete.)
- BMHER
Ploughing
- BRToER
Agricultural processes
- BAARIHE A M
Natural and semi-natural environments
(s g d; 1 e
llunter/gathering lifestyle
* PGk
Contaninated products{non-food)
sBEOAH =X
Rewoval mechanisas
IOk
Censusption of uncontaninated products
c GFYOBITER A BE
fadon pathvays and doses
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PNC SKB/SKI S KT (SITE4) TVO Nagra
JEERSF I A i
HEOER - BN R }gg;g;;tzl
ARAYH Yeteorite Extraterrestrial eventa
fiseknlis Bk
FU—FER/F U oo AMZEE s EAY - AR « IRk Hikals
B OEHE Tectonic activity - large scale Earth tides Rock movements
KIRTER - rolhEokE - T ] )
R AR Effect of plate sovements Land uplift s TTER (g & R A
B4R « B i B Hagmatic activity(volcanisam and plutonisn)
23 (Pav ] Changes of the uagnotie Lield Earthquakes - SBELH
i/ W ED = KUk Seismic octivity
HEOFMIE GAARE, LN Volconisn » BLE DS
cHALDORA Basement alteration
Intreding dykes
BRUN
Uplift and subsidence
K
Earthquakes
- B
Faulting
- BRI
Diagenesis
s ARHDBITR O R

L) e PR
wiy
Kifi ¥
Bl
FNOET
Bk
REERHEIH
HHABROER (VYIS 2va W)
(LB Rl 2 TR AL N

AR HHR
MUFARHNG
TESBLAETORTFARHY
WEARIRE DL
WTRRARADHAROEA
Bt AnE®
MIERFAM
MRnEE

Undetected discontinuities

< RIHDRUP I

Undetected fracture zones
« FIAIOEEH

River meandering

- WFROER LWL
Groundwater recharge/discharge

F AARUTORTFREF-R, BIEH, AEH
Gas field hydrochemistry - acids, cxidants,
nitrata

- WRAN ok
Enhanced groundvater flov

- HEfe /M
Erosion/denudation

* IBhOZHE—AE AR
Stress changes-hydrogeological effects

« R T ROk Moty &
Regional horizontal movesents

» RS TAROBRAFMOYH E
Rogional vertical movements

s ZRLNN N AT RO E
Kovements along major faults

< AHOIM I § S T ROk %
Hovements aleng small-scale faults

* Bkl
llydrothermal activity
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PNC SKB/SKI TVO Nagra
TIREELT [HEAH Dz L HR)
= kFIHEE » K = KEHEm - KFICE DA/ MK
Glaciation Gluciation Glaciation Glacial erosion/sedirentation
ARSI DB . R - 3 + KFE- S kS E R/ HER
IREMHEN OkFBIa ) No ica age Permafrost Permafrost Glacial-fluvial erosion/sedimenation
L - F ROEE IKIRDEE (BMEONE, BhowR)
Permafrost Ice load Ica sheet effects(loading, melt vater recharge)
< ETOH DK KPS A RTE - G-
Aecuenlation of goses under pereafrost Hydrostatic pressure during glaciation Pernzfroat
KPR AEH N0 SHETORERYE:  KFAE
Changes in stress field and fracturing of rock Glacial climate
due to glaciation
» RIS L B RS B RO AL
Erosion of skructures of the repository due to
glaciation
B SO L o] i Pl T
Glaciation induced changes in gradients and
inflltration
SKER S B TARROREHR S H ADRIL L
Glaciation induced changes in concentration of
dissolved substances and gases in groundvater
< IKFDEAK
Glacial meltvater
T » AR EEE) » BARDEER « BLED AR RN
Change in sealevel Sea~level charge Present—day climtic conditions
- PBHL 2 RO

NEAT, AEL, RRokRE
ik

Desert and unsaturation

« BRERESAS (K)
Effective moisture({amount)
« AR R ER
Seasonality of climate
« e it
Future climatic conditions
C IUESHE
Tundra climate
+ BB
Varver climate-arid
F BRRRAE (S Y)
Varmer climate-seasonal humid
c HEERAE (FEEREL)
Varner climate-equable humid
s BRHE
Greephouse effect

ROt 5 g 1 ¢

Fluvial erosion/sedimentation
- JEmE

Surface denudation
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AR &

B (Masrsd) Sk
ALEHE R G Ml 5
ARSI L BARIL (Bahass)
$RE « BB

City on the site
» ANMRERNLT J 5 AR gh
Human induced elimate change
RE 150
Nuclear var
- BFCOHRERS
Underground test of nuclear devices
B 3]

Explosions

PNC SKB/SKI SKT (SITEY4) TVO Nagra
MAEDETFEY (B ADiEN) [Anai5#]
HESED S 5L LR EY - FUREBEN, Wik - AMGRA - MW
7 OITH HDOITEN Vaste retrieval, aining Buman intrusion Exploratory drilling
- 4 s HRREOWKMN REELT) # B « REES
RO Other future uses of crystalline rock Vell Kining activities
/T 2F—RM c BT L~ DRM et
bogitrda Geothernal energy production Geothernal exploitation
[ ik Sl T TOEE » BETRSOEA
WFRRYEELY (B, MMEHoRs)) Underground dvellings Liquid vaste injection
FETONNE - BEFEHAE - BT ARDERD LY
R WS DEA Archeological intrusion Deep groundvater sbstraction
WFRD L LS s BREXKHO#E s WTAOBY
Yater producing well Groundvater pollution
s -V TIO B - #M o (R, F)
Reuse of boreholes Surface pollution{soils,rivers)
3 Ee Qb Pdates o]
fosha i s RBONE
¥ L, Bk, ¥k Loss of records
FIMDak + AMTEBHIZ X 5 TRAFS - Nk, v—h-~
% ¥ Human induced actions on groundvater recharge Raposj;tory records, markers
RS R BRI AOK TR = A LB D L » AMIASIE RS 4 MR

Human-induced climate changes
- MY
Planning restrictions
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A RORI R
RRLOBEDRN (RIS
WEMRRAOWMHR MBI LR S

1L
USSR R M N K a5 S LR

el
ﬁ)mmmt (emetE. M, TROE

AR OBK
ﬁ.l'.;lﬁﬂ)kﬁﬁ (F—r—rp rORHR
%

133340088
B RGDSHEUNOERX L SR 0L

>
REDOTHIUE (BPENRIL{LRR)

<=1 Fokbe BHIIThh RN - 2
Fatlure boreholes and undetected past boreheles
L) T ERTWROIA S
Noti~sealed repository
- R LR
Stray saterials left
« I OEN
Decontamination materials left
- LR
Lhemical sabotage
MBS OREE A
Poorly designod repository
s M 2
Poorly constructed repository
s =N T ERTRH— Y S FRLETETH
Unsealed borehales andfor shafts
« BRI e Ieig
Accidents during operation
FREATHO— U IDHL
Begradation of hole= and shaft seals
B8 kR Sl A TRVE/ )
Postclosure monitoring
« A LR DK
Unsuccessful attempt of site Smprovement
- MAHB DL R
Hechapical failure of repository

« EOHESEDRGSD
Co-storage of other waste

- GRS Eh Y
Near storage of other waste

« BEMOLR ML
Chemiecal toxicity of wastes

B
Criticality

“BY M

Criticality

BN
Criticality

{34 Srint b3 e )
» B g (=10
Explorztory boreholes(zealing)
* B~ EHan D500 (de)
HLV panels(siting)
CFOEARBLUT
Access tunnels and shafts
c MTREAHO Y~ w i
Shaft and tunnel seals
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AX2.3.2Mi0OBMFICHEIE, MR EHE T~ FPHREEQEO R BEF R ELUTK
=Y.

B.1 PHREEQE®D VYV — R & EH Fi

In SUBROUTINE ”AQNOD"

c ELECTRICAL BALANCE
C R Rk R R R R KRR R KR KRR R KRR KKK K KKK K KKK KR HHHEHRERKR KAk K
C BENTONITE MUST BE IGNORED FROM ELECTRICAL BALANCE
c ‘
IF (SNAME(I). EQ. 'BENT- ') GO TO 105
C .

AR(1,K2)=AR{1,K2) +DH*ZSP(I)
105 CONTINUE _
C EREE R R R KK B R R R R R Rk R kKR K KRR R KRR RN R R R E R KRR R R RN FR KRR ERRE K
c THOR BALANCE
AR(2,X2)=AR(2,K2) +DN*THSP (1)
C ALKALINITY EQUATION
AR(3,K2)=AR(3,K2) +DH*ALKSP(I)
110 CONTINUE
THSOLN=THSOLN+M(I)*THSP(I)

[

c
M s e P Ty e ST e ST
C REVISE FOR REEPING OF CHARGE BALANCE IN PRESENCE OF
C BENTONITE. BENTONITE 1S REGARDED AS FIXIOUS
C SPECIES THEREFORE EXCLUDED FROM BALANCE EQUATION
C

IF (SNAME(I). EQ. 'BENT- ) GO TO 115
C  REVISED FOR CORROSION PRODUCT AS WELL AS BENTONITE
C

IF (SNAME(I). EQ. 'SI:ADSI ') GO TO 115

IF (SNAME(I). EQ. 'SI:ADSII') GO TO 115

IF (SNAME(I). EQ. '"AL:ADS ) GO TO 115
C

ELECT=ELECT+M (1) *ZSP(I)
115 CONTINUE

C kR Rk RN R R R KRR KR KRR AR KRR R RN AR KRR RN KR AERR KK
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in SUBROUTINE "GAMMA®

a, O af

s NeNeoNeReNeoNeNeRelel

O ao

[or I B o B v I b N ]

(]

CALCULATE IONIC STRENGTH

DOLDMU=NU
SUM=M(1)
MU=M(1)

FRRXEFKKEE KRR ERERRREHERL KKK KKK E KR ARITRKEREERKE KKK KRR KRR KRR KK
REVISE FOR PASSING OF ACTIVITY COEFF. CALCULATION FOR
SOLID SPECIES BECAUSE THESE SOLID SPECIES SHOULD HAVE

UNIT ACTIVITY COEFFICIENT.

DO 10 I=4,LASTS

-—-- ADSORPTION DUE TO ION EXCHANGE

IF (SNAME(I).
IF (SNAME(I),
IF (SNAME(I).
IF (SNAME(I).
IF (SNANE(I).
IF (SNAME(I).
IF (SNAME(I).
IF (SNAME(I).

EQ.
EQ.
EQ.
EQ.
EQ.
EQ.
EQ.
EQ.

"BENT-")
" K-BENT
" CS-BENT

" HG-BENT
" SR-BENT

")
")
' CA-BENT ')
")
")

GOTO 10
"H-BEKT ')
" NA-BENT ")

GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
GOTO

10
10
10
10
10
10
10

---- ADSORPTION TO CORROSION PRODUCT ----
*COROSION’ ) GOTO 10
"SI:ADSI ') GOTO 10
"SI:ADSI!') GOTO 10
"AL:ADS ') GOTO 10

IF (SNAME(I).
IF (SNAHE(I).
IF (SNAME(I).
IF (SNAME(I).

EQ.
EQ.
EQ.
EQ.

% ook o oK K 3K 3k ok K oK oK ok o o R R KRR SR RO R R ORRR K R R R R R RO R R R R R R R R Rk R Kok kX

LG FOR CARBONIC ACID

e 3K o ok ok oK sRTR KK R K KK % K oK 3K oK ok S ok e ok S SR RS K OR R  R Rk K R R R OR R K K ok R R R R R

REVISE FOR PASSING OF ACTIVITY COEFF. CALCULATION FOR
SOLID SPECIES BECAUSE THESE SOLID SPECIES SHOULD HAVE

UNIT ACTIVITY COEFFICIENT.

DO 80 I=4,LASTS

-—-- ADSORPTION DUE TO ION EXCHANGE ----

IF (SNAME(I).
IF (SNANE(I).
IF (SNAME(I).
IF (SNAME(I).
IF (SNANE(I).
IF (SNAME(I).
IF (SNAME(ID).
IF (SNAME(I).

EQ.
EQ.
EQ.
EQ.
EQ.
EQ.
EQ.
EQ.

"BENT-")
"H-BENT '
"NA-BENT '
"K~BENT °
" CS-BENT ’
" CA-BENT ’
" MG-BENT '
" SR-BENT '

L (IR S | N { O { S { S
OO D OO oo

~~-- ADSORPTION TO CORROSION PRODUCT --—--

{4 -38(104)



IF (SMAME(I), EQ, '"COROSION’) LG(I)=0
IF (SNAME(I). EQ. "SI:ADSI ") LG(I)=0
IF (SNAME(I). EQ. 'SI:ADSII') LG(I)=0
IF (SNAME(I). EQ, "AL:ADS ') LG(I)=0
C
80 CONTINUE
C FEEXTXXXXTREERLXAKKXREERKR KRR KK RXEKERKER KK RRR KK RKR KK KR KRR KL KK
G
RETURN
END

F-39(105)



The following change may be required if some solid species are accounted
as aqueouse species because they must be excluded

in SUBROUTINE "PTOT”

DO 10 I=4,MAXT
IF (TOT(I).EQ.0.0D0) GO TO 10
KK=1
DLT=DLOG10(TOT(I))
DNAME=TNAME(I)
IF (IASPEC.EQ.I) DNAME=DALX

C=ADD FOR BENT- MODEL CORRECTION
TOTC(I)=TOT(I)

PRINT 240, DNAME,TOT(I),DLT
10 CONTINUE
also in SUBROUTINE "PTOT”
PRINT 320, I1,SNANE(I),ZSP(I),DM,LN(I),DA,DLA,DG,LG(I)

KKK R R KRR R R EE R R I LN LR KRR KRR R R RR R RK R KRR KRR KRR RRE T RR R R KR

MODIFICATION OF THE CORRECTION FOR BENT- MODEL

[eNeRe Ry

DTOT1=D¥
DTOT2=DH
DTOT3=DH
DTOT4=DX
DTOTS=DN
DTOT6=DH

IF (SNAME(I). EQ. 'NA-BENT
IF (SNAME(I). EQ. "XK-BENT

IF (SNAME(I). EQ. 'MG-BENT
IF (SNAME(I). EQ. 'CA-BENT
IF (SNAKE(I). EQ. 'SR-BENT
IF (SNAME(I). EQ. 'CS-BENT

L A A

IF (SNAME(I). EQ. ’SI:ADSI ') DTOT7=DX
IF (SNAME(I). EQ. 'SI:ADSII') DTOT8=DM
IF (SNAME(I). EQ. '"AL:ADS ') DTOT9=DH

KRR KRR R R KRR KRR KRR KR EERR ALK RERR R KRR ERRKEERIER KRR

o Ne

40 CONTINUE

KK K K oK ok K S 0K SR SO KK 3K KK 3K K K K K K K Ok 3 3K 0K Ko ok ok ok oK KK RKOK R R R KOK R k Rk Ok

MODIFICATION OF THE CORRECTION FOR BENT- MODEL

QOO

FLG=0
DO 41 I=4,HAXT
IF (TNAME(I). EQ. 'BENT ") FLG=1

IF (TNAME(I). EQ. ’'COROSION') FLG=1
41 CONTINUE

C #xxxxxxx THE CASE OF BENT- MODEL NOT UTILISED #*x*x
IF (FLG. EQ. 0) GOTO 43

[N

PRINT 221
PRINT 230

£ -40(106)



DO 42 J=4,HAXT

IF (TNAME(J). EQ. ’'NA ") TOTC(J)=TOTC(J)-DTOT1
IF (TNAME(J). EQ. 'X ") TOTC(J)=TOTC{J)-DTOT2
IF (TNAME(J). EQ. '¥G ") TOTC(J)=TOTC(J)-DTOT3/2
IF (TNAME(J). EQ. 'CA ') TOTC(J)=TOTC(J)-DTOT4/2
IF (TNAME(J). EQ. 'SR ') TOTC(J)=TOTC(J)-DTOTS/2
IF (TNAME(J). EQ. 'CS ') TOTC(J)=TOTC(J)-DTOT6
C
IF (TNAME(J). EQ. 'SI ') TOTC(J)=TOTC(J)-DTOT7-DTOT8
IF (TNAME(J). EQ. 'AL "y TOTC(J)=TOTC(J)-DTOTO
C DTC=DLOG10(TOTC(J))
IF (TOTC(J).EQ.0.0D0) GO TO 42
: PRINT 240, TNAME(J),TOTC(J)
42 CONTINUE
PRINT 280
C

43 CONTINUE

G KRR R R R KR ERERREREE R EI KRR RE R R EERE AR R LR RRRREER KRR KRR

C
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B.2 A &M GMEATD TPHREEQE) HiAH

DATA READ FROM DISK

ELEMENTS
SPECIES
LOOK MIN
1INITIAL GRANITIC GROUNDWATER

0200001006 0 0 . 00000
SOLUTION 1
Granitic groundwater
8 03 8.30 3.47
6 1.560D+01 7 5, 300D-01
15 3.664D+01 16 1.360D+01
NEUTRAL
7 186
ELEMENTS
BENT 26 0, 62000E+02
0 0. G0000E+0Q0Q
SPECIES
26
BENT- 101 -1, 000
. 000 . 000 00000
26 1.000
200
NA-BENT 201 L 000
. 920 .000 00000
26 1.000 6 1.000
201
K-BENT 201 . 000
. 890 .000 00000
26 1.000 7 1.000 '
202
CA-BENT 201 . 000
2.930 .000 00000
26 2,000 4 1,000
203
MG-BENT 201 . 000
4,710 .000 00000
26 2,000 5 1.000
204
H-BENT 201 . 000
7.990 .000 , 00000
26 1,000 1 1,000
0
LOOK HIN
ALBITE-L 5 2.98
6 1,00 10 1.00
ANALGIME 5 7.18
6 1,00 10 1.00
GIBBSITE 3 8.77
10 1.00 3 3.00
FERRIHYD 3 3.79
115 1.00 3 3,00

18

.3

1,00

4 1,040D+01
1.770D+01

13

.00

.00

.00

.00

.00

.00

13

13

0
. 00000

0
. 00000

0
. 00000

0
. 00000

0
. 00000

0
. 00000

31.9
3. 00
-23.6
2,00
-22.8
-3. 00
-19.6
-3. 00

. 000

. 000

. 000

. 000

.000

.000

5 1.000D+00 14 5.800D+00

. 000

. 00000

.000

. 00000

. 000

. 00000

000

00000

000

. 00000

. 000

. 00000

1 -4,00

I -4.00

ft -42(108)

. 000

. 00000

. 000

. 00000

. 000

, 00000

. 000

. 00000

. 000

. 00000

. 000

. 00000

3

3

. 000

. 00000

. 000

. 00000

. 000

. 00000

. 000

. 00000

. 000

. 00000

. 000

. 00000

-4, 00

-1.00



TY

GAMMA

8. 580E-01
1. 000E+00
1. 000E+00
8. 303E-01
8. 364E-01
9, BHGE-01
8. 551E-01
1. G00E+00

GYPSUM 3 _ -4, 85 . 261 0
4 1,00 16 1,00 3 2.00
0 . 000 . 000 0
1SOLUTION NUMBER 1
Granitic groundwater
TOTAL MOLALITIES OF ELEMENTS
ELEHENT MOLALITY LOG MOLALI
Ca 2.595073D-04 -3, 0859
Mg 4, 114798D-05 -4, 3857
Na 6, 786305D-04 -3.1684
K 1. 355695005 -4, 86878
Si 2. 946159D-04 -3, 5307
cl 1.636134D-04 ~-3.7862
C 8,326262D-04 -3.0795 -
S 1.415825D-04 -3, 8490
~——-DESCRIPTION OF SOLUTION-———~-
PH = 8. 3000
PE = 3,4700
ACTIVITY H20 = 1. 0000
TIONIC STRENGTH = L0017
TEMPERATURE = 18. 3000
ELECTRICAL BALANCE = -1.4566D~13
THOR = 4, 1993D-03
TOTAL ALKALINITY = 8. 4029D-04
ITERATIONS = 15
MOLES OF S ADDED = 0.3210D-05
DISTRIBUTION QF SPECIES
[ SPECIES Z MOLALITY LOG MOLAL  ACTIVITY LOG ACT
1 H+ 1.0 5,232E-09 -8.281 5.012E-09 -8.300
2 E- ~-1.0 3,388E-04 -3,470 3.388E-04 -3.470
3 120 .0 1.000E+00 0, 000 1. 000E+00 0, 000
4 Cat2 2.0 Z2.bl7E-04 -3,599 2.103E-04 -3.677
5 Mgi2 2.0 4,030E-05 -4,395 3.371E-00 -4.472
6 Na+ 1,0 6,779E-04 ~-3.169 §,478E-04 -3,189
7 K+ 1.0 1.355E-05 -4, 868 1.294E-05 -4, 888
13 H45104 .0 2.888E-04 -3.538 2.889E-04 -3.539
£ -43(108)

LOG GAN

.019
. 000
. 000
. 078
.078
. 020
-, 020
. 000



14
15
16
31
33
34
35
36
40
75
76
77

78.

85
86
87
88
95
96
a7
100
170
171

Cl-
C03-2
504-2
(-

H2 AQ
HCO3-
H2C03
c02 AQ
HS04-
CalH+
CaC03
CaHCO3+
CaS04
HgOH+
¥zC03
MgHCO3+
HgS04
NaG03-
NaHGO3
NaS04-~
KS04-
H35i04-
H25i04-2

0 1.,636E-04 -3,786 1.563E~04 -3.806 9
¢ 7.481E-06 -5,1i26 6.251E-06 -5.204 8
0 1.381E-04 -3.857 1.161E-04 -3.935 8
0 1.251E-06 -5.903 1,194E-06 -5.923 8
.0 2,185E-27 -26.661 2, 186E-27 -26.660 1
0 8.119E-04 -3,090 7,.763E-04 -3.110 9
.0 9.634E-06 -5.016 9,638E-06 -5.016 1
.0 1,570E-22 -21,804 1,570E-22 -21.804 1
0 4,816E-11 -10,308 4,696E-11 -10.328 8
¢ 6.305E-09 -8.200 6.024E-08 -8.220 8
.0 1,629E-06 -5,788 1,630E-06 -5.788 1
.0 1,442E-06 -5.841 1,378E-06 -5.861 8
.0 4,695E-06 -5.328 4.696E-06 -5.328 1
.0 6,219E-09 -8.206 5.941E-09 -8.226 9
.0 1.813E-07 -6.742 1.B814E-07 -6.741 1
0 3,413E-09 -8.467 3.261E-03 -8,487 9
.0 6.587E-07 -6.181 6.580E-07 -6,181 1
.0 b5.BBOE-08 -7.255 5,312E-08 -7.275 8
.0 2,805E-07 -6,552 2.80BE-07 -6,5562 1
.0 3.77T7E-07 -6.423 3.608E-07 -6.443 9
0 1,020E-08 -7.991 9,743E-09 -8.011 9
0 4,984E-06 -5.302 4.771E-06 -5.321 9
0 8.440E-07 -6.074 T.030E-07 -6.153 8
TOTAL MOLALITIES CORRECTED FOR BENT- HODEL
ELEMENT MOLALITY LOG MOLALITY
 Ca -6, 970914+126
Mg 3. 852525-323
Na 8. 858368-301
Fe 8. 285706-301
Hn -1.722898-206
Al 5. 47666QD+02
Ba 4,413751-312
Sr 3.275655-321
Si 2.758595-313
cl 2.418075-312
G 8, 378009-301
S 7.218496-301
N 8.301939-301
B 1.625001D+00
P 2.703041-168
F 4,413751-312
Li 8. 285535-301
Br -2, 4572430491
U -1,491668-154
BENT 1. 600000D-10

fF~-44(110)

.551E-01
. 366E-01
. 347E-01
.050E-01
. 000E+00
.561E-01
. 000E+00
. 000E+00
.553E-01
.553E-01
. 000E+00
.553E-01
. 000E+00
. 553E-01
. 000E+00
. 553E-01
. 000E+00
. 553E-01
. 000E+00
. 553E-01
. 553E-01
. 953E-01
. 330E-01

[ == I = 2 |

[

o oo |l ol ol
o s s

. 020
. 078
.078
. 020
. 000
. 020
. 000
. 000
. 020
. 020
. 000
. 020
. 000
. 020

000
020
000

.020
. 000
. 020
. 020
.020
. 079



———— LOOK MIN TAP ——-
PHASE LOG IAP LOG KT LOG IAP/KT
CALCITE -8, 8812 -8, 4375 -, 4437
DOLOMITE -18.5576 -16, 8803 -1,8772
GYPSUN -7.6125 -4,8524 -2.7601
CHAICEDY -3. 5392 -3.6008 . 0615
QUARTZ -3.5392 -4,1108 L5718
SEPIGLIT -43, 2539 -40. 5261 -2,7278
PCO2 -5, 0160 -1, 3867 -3.6293
02 GAS -41.2714 -2, 9289 ~38. 3424
o HZ GAS -26., 6604 =-3.1204 =23, 5400
1HAND DISSOLUTION OF CALCITE and DOLOMITE
0131001000 1 3 . 00000
MINERALS
CALCITE 2 4.0 ~8.5 -2.8 0
15 1.00 4 1.00
DOLOMITE 3 8.0 -17. -8.3 0
4 1,00 5 1.00 15 2,00
0 . 00 .00 .00 0
TEMP
30.0
STEPS
1.00
REACTION
4 2,158 .000 15 2.918 4.000 5 . 759 . 000
1STEP NUMBER 1
0 .
0 1,000D+00 MOLES OF REACTION HAVE BEEN ADDED,
REACTION IS:
2,16 HOLES OF Ca VALENCE = . 000
2,92 MOLES OF C VALENCE = 4,000
.76 MOLES QF Mg VALENCE = . 000

ELEMENT

C
|
N

S
C

30.00 = NEW TEMPERATURE (C).

HOLALITY

. 158360D+00
.9956411D-01
. 786305D-04
. 355695005
. 946159D-04
.636134D-04
. 918433D+00
. 448023D-04

a
g
a
K
i
1
c
S

[ B el S B o > T B =

ff-45(111)

LOG MOLALITY

. 3341
-. 1194
-3. 1684
-4, 8678
-3.58307
-3.7862

.4651
-3. 8392

. 000
. 000

.000



—-——-PHASE BOUNDARIES-—-

PHASE DELTA PHASEx LOG IAP LOG KT LOG IAP/KT
CALCITE -1, 398770D+00 -8.5113 -8.5113 . 0000
DOLOMITE -7,593662D-01 -17.1202 ~17.1202 . 0000

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE INDICATES DISSOLUTION.

—~-- LOOK MIN IAP --—-

PHASE LOG IAP LOG KT LOG IAP/KT

CALCITE -8.5113 -8.5094 - 0018
DOLOMITE -17.1202 -17.1202 . 0000
GYPSUN -7.7076 -4, 8448 ~2.8628
CHALCEDY -3.6026 -3. 4672 -.1354
QUARTZ -3. 6026 -3. 3308 . 3282
SEPIOLIT -39, 4451 -39, 7582 L3132
PCO2 -5, 3489 -1,56229 -3. 8258
02 GAS -36. 1480 -2.9823 -33. 1657

HZ GAS -27, 3225 -3.1713 -24,1512

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY LOG MOLALITY
Ca 2.234020D-04 ~3. 6008
lig 1. 748663D-04 ~3, 7570
Na 6. 786305D-04 -3, 1684
K 1. 365695D-05 -4, 8678
S5i 2.946159D-04 -3, 5307
cl 1. 636134D-04 -3, 7862
G 9. 303392D-04 -3. 0314
S 1,448023D-04 -3. 8392

~~~-DESCRIPTION OF SOLUTION-——

PH = 8.6056

PE = 3.4700

ACTIVITY H20 = 1.0000

IONIC STRENGTH = - . 0020

TEMPERATURE = 30. 0000
ELECTRICAL BALANCE = -1, 4443D-13
THOR =  4.5902D-03
TOTAL ALKALIMNITY = 1.0357D-03

ITERATIONS = 99
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DISTRIBUTION OF SPECIES

I SPECIES Z MOLALITY LOG MOLAL ACTIVITY LOG ACT = GAMMA LOG GAM
.1 H+ 1.0 2.599E-08 -8.585 2.480E-09 -8.606 0.540E-01 -,020
2 E- -1,0 3.388E-04 -3.470 3,388E-04 -3.470 1.000E+00 . 000
3 H20 .0 1. 000E+00 0.000° 1,000E+00  0.000 1.000E+00 . 000
4 Cat2 2.0 2.124E-04 -3.673 1.742E-04 -3.759 8.203E-01 -.086
5 Mg+2 2,0 1.694E-04 -3.771 1,392E-04 -3.857 8.215E-01 -,08%
6 Nat 1.0 6.776E-04 -3.169 6.446E-04 -3,191 §,512E-01 -.022
7 K+ 1,0 1,355E-053 -4,868 1,288E-05 -4,890 9,506E-01 -,022
13 H4Si04 .0 2.496E-04 -3.603 2.497E-04 -3.603 1.000E+00 0. 000
14 Cl- -1.0 1.636E-04 -3.786 1,555E-04 -3,808 0.506E-01 -,022
16 C03-2 ~-2,0 2,155E-05 -4,666 1,788E-05 -4,752 8,205E-01 -, 086
16 S04-2 -2.0 1,373E-04 -3.82 1.126E-04 -3.949 8.195E-01 -, 086
31 OH- -1.0 B6.180E-06 -5.209 5.B874E-06 -b,231 8.505E-01 -, 022
33 H2 AQ .0 4,757E-28 -27,323 4,759E-28 -27,322 1,000E+00  0.000
34 HCO3- -1.0 8,843E-04 -3,048 8,512E-04 -3,070 9.518E-01 -.021
35 H2C03 .0 4,476E-06 5,349 4,478E-06 -5,3429 1,000E+00 0.000
36 GO2 AQ .0 1,087E-22 -21,964 1,087E-22 -21,964 1.000E+00 0,000
40 H504- -1,0 3,277E-11 -10.485 3,11BE-11 -10,506 9.509E-01 -.022
75 CaQH+ 1.6 2.794E-08 -7.554 2.657E-08 -7.576 8.508E-01 -.022
76 CaC03 .0 4,946E-06 -5.306 4.948E-06 -5.306 1,000E+00 0.000
77 CaliC03+ 1,0 1,883E-06 -5.725 1.791E-06 -5 747 9,509E-01 -, 022
78 CaS04 .0 4.158E-06 -5,381 4,161E-06 -5,381 1.000E+0¢ 0,000
85 MgOH+ 1.0 1,457E-07 -6,837 1,385E-07 -6.859 8.509E-01 - 022
86 MgC03 .0 2,535E-06 -5.586 2,536E-06 -5.596 1,000E+00 0,000
87 MghCO3+ 1,0 1,152E-08 -7.938 1.0896E-08 -7,960 9,509E-01 -,022
88 HgS04 .0 2.894E-06 ~5,538 2,896E-06 ~5.538 1,000E+00 0.000
95 NaC03- -1,0 2,848E-07 -6.546 2,708E-07 -6,567 0,509E-01 -, 022
96 NalC03 .0 3,072E-07 -6.513 3,074E-07 -6,512 1.000E+00 0,000
97 NaS04- -1.0 3.945E-07 -6,404 3,751E-07 -6.426 9.509E-01 -.022
100 KS04- -1,0 1,149E-08 -7,940 1,092E-08 -7.962 9,508E-01 -.022
170 H3Si04- -1.0 1,594E~05 -4,797 1,516E-05 -4,819 9.508E-01 -, 022
171 H2Si04-2 -2,0 2,912E-05 -4.536 2.380E-05 -4.623 8,175E-01 -, 088

TOTAL MOLALITIES CORRECTED FOR BENT- MODEL

ELEMENT MOLALITY LOG HOLALITY
Ca 2,234020D-04
Mg 1.749663D-04
Na 8. 786305D-04

K 1, 355695D-05
Fe -5, 260037+141
Mo 1,310720D+05
Al 8,579184-289
Ba -3. 230496+231
Sr 2.726775-312
Si 2.946159D-04
Cl 1.636134D-04
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9, 303392D-04
1. 448023D-04
8.301939-301
1.625001D+00
1.928414-301
8, 365987-314
8. 285535-301
-2,457243D+81
-1.481668-154
BENT 1. 000000D-10

1CHEMICAL SPECIATION OF BENTONITE PORE WATER AS FUNCTIONS OF SOLID/WATER

0231101000 1 6 . 00000
MINERALS
RUNIVI-M 9 .72 2.5 =27, 0
6 .240 4 0,600E-01 7 0.200E-01 5 .280
13 3.84 115 . 240 1 -6.64 3 -3.36
QUARTZ 2 .00 -4,9 6.2 0
13 1.00 3 -2.00
ALBITE-L 5 .00 3.0 3z, 0
6 1.00 10 1,00 13 3,00 1 -4,00
CALCITE 2 4.0 -8.9 -2.6 0
15 1.00 4 1,00
DOLOMITE 3 8.0 -17. -8.3 0
4 1,00 5 1.00 15 2,00
PYRITE 4 .00 -18, il. 0
1 -2.00 2 -2.00 8 1,00 42 2.00
HAGNETIT 4 8.0 30. =70, 0
8 3.00 3 4,00 1 -8.00 2 -2.00
0 .00 .00 .00 0
TEMP
30.0
STEPS
7.00
REACTION

7 . 029 .000 8 .30l 000 4 . 088
16 .143  6.000 26 . 644 . 000
1STEP NUMBER 1
0
0 7.000D+00 HOLES OF REACTION HAVE BEEN ADDED.

REACTION IS:

. 03 MOLES COF ~ K VALENCE =
.35 MOLES OF Na VALENCE =
.09 HOLES OF Ca VALENCE =
.04 HOLES OF Mg VALENCE =
. 14 MOLES OF S VALENCE =
.64 MOLES OF BENT VALENCE =

30.00 = NEW TEMPERATURE (C).
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. 000

. 000
. 000
.000
. 000
6. 000
. 000

. 000
10 1.86

. 000
. 000
3 -4,00
. 000
. 000
. 000
. 000

. 000

5 . 044

.000



TOTAL MOLALITIES OF ELEMENTS

LOG MOLALITY

...‘2
_.5

108
122

. 3905

-.6
-3.5
=3.7
-3.0

.0
.B

LOG KT

2,1874
-3. 9308
3.3708
-8.5113
-17.1202
-18, 3434

ELEMENT MOLALITY

Ca 6. 155234D-01

Mg 3. 074750D-01

Na 2, 457673D+00

K 2,030136D-01

5i 2, 946159D-04

Cl 1.636134D~-04

C 9. 303392D-04

S 1.001145D+00

BENT 4,508000D+00

—-——-PHASE BOUNDARIES——-

PHASE DELTA PHASEx LOG IAP
KUNIVI-N -1,894832D+00 2.1974
QUARTZ -2.160345D+00 -3, 9308
ALBITE-L 3. 145421D+00 3.3708
CALCITE  -1.005897D+00 -8.5113
DOLOMITE  5.108281D-01 -17.1202
PYRITE -1, 033544D-02 ~18, 3434
MAGNETIT  1.550317D-01 29.1528

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE INDICATES DISSOLUTION.

PHASE

CALCITE
DOLOMITE
SIDERITE
GYPSUM
CHAICEDY
QUARTZ
GIBBSITE
KAQLINIT
SEPIGLIT
HEMATITE
GOETHITE
FeQH3A
PYRITE
FeS PPT
PCOZ

02 GAS
H2 GAS
ALBITE-L
ANALCIME

29,1525

---- LOOK MIN IAP -——-

LOG IAP LOG
-8.5113 -8.
-17,1202 -17.
-13. 4386 -10.
-5, 4651 -4,
-3. 8308 -3.
-3.9308 ~3.
6. 9548 8.
=38, 8361 -36.
-43, 6576 -39,
~-3. 6684 -4,
-1, 8596
-1.8102 4,
-18. 3434 ~18.
-9, 7505 -3,
~-3.7729 -1,
-68. 1378 -2.
-11, 3782 -3.
3.3708 3.
7.2509 6.

KT

5094
1202
6144
8448
4672
9308
4844
3268
7582
3809

. 3249

8910
3434
9150
5229
9823
1713
3708
8994

LOG

925
307
862
314
005
540

LOG

TAP/KT

-, 0018

. 0000
. 8252

-. 6202

. 4636
. 0000
. 53886
. 5093
. 8994

L7125

. 1845
. 8012
. 0000
. 8355
. 2500
. 1595
. 2070
. 0000

.351b
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IAP/KT

. 0000

0000
0000
0000

. 0000
. 0000
. 0000



FERRIHYD -1.9102 3.9536 -5.4639

TOTAL MOLALITIES OF ELEMENTS

ELENENT MOLALITY LOG MOLALITY
Ca 8. 7643387D-03 -2.1693
Mg 2.877501D-01 -. 5410
Na 5. 148340D+00 L7147
K 1.651168D-01 -. 7822
Fe 1.090145D-08 -7. 9626
Al 3. 056062D-08 -7.5148
Si 5. 834335D-05 -4, 2340
Cl 1.636134D-04 -3.7862
C 1.668932D-02 -1.7776
] 9, 804738p-01 -. 0086
BENT 4, 508000D+00 . 8540

----DESCRIPTION OF SOLUTION----

PH = 8.0701

PE = -3, 9666

ACTIVITY H20 = . 8899

IONIC STRENGTH = 2.1784

TEMPERATURE = 30.0000
ELECTRICAL BALANCE = -2,0387D-10
THOR = 5. 9496D+00
TOTAL ALKALINITY = 1.8134D-02

ITERATIONS = 170

DISTRIBUTION OF SPECIES

I SPECIES Z MOLALITY LOG MOLAL  ACTIVITY LOG ACT GAMMA  LOG GAH

1 i+ 1.0 1.179E-08 -7.929 8.510E-09 -8.070 7.220E-01 -.141
2 E- -1, 0 8,259E+03 3,967 9,259E+03 3,967 1.000E+00 . 000
3 120 .0 8, 899E-01 -, 051 8,899E-01 -.051 1,000E+00 . 000
4 Cat2 2.0 2.316E-04 -3,635 6,879E-05 -4.162 2,971E-01 -.527
5 Mg+2 2.0 1,356E-04 -3,868 5,495E-05 -4,260 4.053E-01 -,392
6 Na+ 1.0 1.522E+00 L 183 1.224E+00 .088 8.038E-01 -, 098
7 K+ 1.0 6.237E-02 -1.205 3.517E-02 -1.454 5.639E-01 -, 249
8 Fet2 2.0 4,850E-09 -8,314 8.115E-10 -9,091 1.673E-01 -, 776
10 AL+3 3.0 1.478E-16 -15.830 7.881E-18 ~17.103 5.333E-02 -1.273
13 H45i04 .0 5,624E-05 -4,250 9, 287E-05 -4.032 1.651E+00 . 218
14 Cl- -1.0 1,636E-04 -3.786 9.226E-05 -4.035 5.639E-01 -, 249
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15
16
26
31
33
34
35
36
38
40
41
42
43
. 78
76
77
78
85
86
87
88
© 895
96
97
100
105
106
107
108
109
110
115
1186
117
118
119
122
126
126
150
151
152
153
154
155
170
171
188
190
191
192
193
194
200
201
202

C03-2
504-2
BENT-
Ol-

HE AQ
HCO3-
H2C03
C02 AQ
CH4 4Q
HS04-
5-2

HS-

H2S
Ca0H+
CaC03
GalC03+
CaS04
HgOH+
MgC03
MeHCO3+
MgS04
NaC03-
NallC03
NaS04-
KS04-
FeOH+
FeQH2
FeQH3-
FeS04
Fe(HS)2
Fe(HS)3~
Fet+3
FeOH+2
FeQH2+
Fe(H3
FeOH4-
FeCL+2
FeS04+
FeS042-
AlOH+2
Alonz+
AICH3
ALOH4-
ALSO4+
AIS042-~
H35i04-
125i04-2
H25(aq)
H2503(a)
H8203-
HS03-
5203-2
S03-2
NA-BENT
K-BENT
CA-BENT

= b Lo
P « . . - P s oa e
OO O OO OO OO0 OO0 00D OO0 000D OO0 OO0 ODOOOOOCODOOOCO

_1.

-1.
-1.
-2,

-1,
-1.
-2,
-2.

. 091E-04
. 921E-01
. 193E-01
. 912E-086
.B3BE-12
. 198E-02
. 090E-05
. 207E-21
. 920E-14
. 583E-08
. 858E-13
. 062E-09
.660E-11
. 542E-09
. 997E-06
. 741E-06
. 962E-04
. 325E-08
. 536E-08
. 013E-08
. B70E-04
. 216E-03
. 072E-03
. T19E-01
.558E-02
. 620E-11
. 203E-14
. 015E-16
. 015E-09
. 946E-19
. B28E-26
.017E~-25
.421E-21
. 359E-16
.879E-18
.031E-186
.B80E-29
. 889E-24
. 194E-23
. 944E-15
. 394E-12
.457E-10
.001E-08
. 149E-16
.623E-15
. 535E-06
. T24E-07
.112E-11
. 861E-21
. 444E-20
.322E-14
. 019E-14
. 340E-13
. 250E+00
. 716E-02
5. 868E-03

CO GO DI DO 00 N CN #— B CA GO CAl 0D 00 = QT DY GO = DO ~I DD 00 0 B GO L0 O LY 00O = CALID DN & 0D U100 O DN WD W

.510

. 228
. 496
. 536
. 596
. 921
. 041
. 656
. 050
. 223
. D44

.332

. 585

. 523
241
. 250
. 878
.814
. 454
L412
. 915
.513
. 430
. 807
. 441

. 494

. 696
.221
. 306
. 054
. 695
. 130
.627
.726
.518
. 572
. 230
. 923
. 048
. 194
.. 263
. 523
. 288
. 581
. 814
. 242
. 291
. 083
. 612
. 634
. 220

. 873

.5l2

. 060
. 224

U'lmwb—‘"-QNM’—'CD-Q!--‘NCJ'ICOCDG)'-"—‘GJQDwCDNCOI—‘CDOO(DNmmHODm)—O)WNHCDO)#hNqi—‘mm)—‘wb—“-]pp-l—'wm»b

. 479E~05
. 291E-02
. 193E-01
. 523E-06
. 186E-12
. 398E-03
.501E-04
. 645E-21
.4T3E-13
. 977E~08
.711E-14
. 863E-09
.696E~11
. 721E~09
. 948E-06
. 146E~06
. 184E-04
. 418E-08
. 536E-06
. T61E-08
. 391E-04
. 302E-03
. 072E-03
.981E-01
. 668E-02
. 875E-11
. 289E-14
. 157E-16
. 932E-09
.167E-19
. 450E-26
. 076E~26
. TA4E-21
.526E~16
. 103E-16
. 245E-16
.518E-29
. 304E-24
. 278E~23
. 174E-14
. 845E~12
.011E-10
. 212E~08
.512E-16
. 808E-15
. 643E-06
.516E-07
.441E-11
. 463E-20
. 617E~20
. 485E-14
. 903E-14
. 760E-13
. 250E+00
. T16E~02
. 968E-03
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-4,
. 201

-1

-5.
-11.
-3,
-3,
-20.
-12.
_7-
. 430
. 730
L 114

-1
-2

349

. 496
817
378
131
824
438
832
224

. 565
. 306

.211

. 037
. 848
. 586
. 425
. 194

. 885
. 285

. 400
778
.412
. 277
. 666
. 003
. 088
. 025
. 968
.01
. 598
. 508
. 489
. 454
. 200
.893
. 930
. 165
. 045
. 493
. 299
. 552
. 784
124
. 074
. 836
.582

. 605

. 102
. 755
.a12
. 060
. 224

HHHHHHHHH)—i’-&.—l'—-l.—l|_L’_AH)_A'—lp—lp—lp—.—l.—i’—ltﬂ'—l]—l.—lp—t)—l)—lp—l)—lp—l'—l]—lHH'—."—A]—AH,—A]—IU"H'—IHHHmHmHHH

. 449E-01
. 063E-01
. 000E+00
. 280E-01
.B51E+00
. 170E-01
.651E+00
.651E+00
.B51E+00
. 070E+00
. 289E-01
. 230E-01
.B51E+00
. 070E+00
. BB1E+00
. 070E+00
.G51E+00
. 070E+00
.B51E+00
. 070E+00
.B51E+00
. 070E+00
.651E+00
. 0TOE+00
. 070E+00
. 070E+00
.6D1E+00
. 070E+00
.B51E+00
.B51E+00
. 070E+00
. 333E-02
.313E+00
. 070E+00
. 8B1E+00
. 070E+00
. 313E+00
. 070E+00
. 070E+00
. 313E+00
. 070E+00
.B51E+00
. 070E+00
. 070E+00
. 070E+00
. 070E+00
. S13E+00
.G51E+00
.B51E+00
. 070E+00
. 070E+00
. 313E+00
. 313E+00
. 000E+00
. Q00E+00
. 000E+00

. 839
.974
. 000
. 281
.218
. 210
. 218
.218
.218
. 030
. 887
.281
.218
. 030
.218
. 030
.218
030
.218
. 030
.213
. 030
. 218
. 030
. 030
. 030
.218
. 030
.218
.218
. 030
.273
.118
. 030
.218
. 030
.118
. 030
. 030
.118
. 030
.218
.030
. 030
. 030
. 030
.118
.218
.218
. 030
. 030
.118
.118
. 000
. 000
.000



203 MG-BENT
204 H-BENT

P
oo

D DO
oy Co

72E-01
55E-01

-.542 2.872E-01 -.542 1.000E+00 . 000
-, 576 2,655E-01 -.576 1.000E+00 . 000

TOTAL MOLALITIES CORRECTED FOR BENT- MODEL

ELEMENT

BENT

Ca
Mg
Na

X
Fe
Mn
Al
Ba

MOLALITY LOG MOLALITY

6. 764387D-03
2.877501D-01
5.148340D+00
1,651169D-01
1.080145D-08
1,310720D+05
3. 056062D-08
1.127118-296
4,243892-314
5, 834335D-05
1,636134D-04
1.668932D-02
9. 804738D-01
8.301939-301
2.125001D+00
1. 000234-293
1.697597-313
8, 285535-301
-2.457243D+81
-1, 491668-154
4.508000D+00
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