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Abstract

In this study, the following tasks have performed in order to take in
consideration of coupling of transport and geochemical for performance
assessment of engineered barrier system for TRU waste isolation.

(1) We have reserched on the literature for coupling of transport and

(2)

(3)

(4)

geochemical models/codes, and discussed theier applicability to performance
assessment for engineered barrier system of TRU waste isolation. And we
have selected coupling code for engineered barrier system of TRU waste
isolation. This code is HYDROGEOCHEM which is developed by Dr.Yeh of the
Pennsylvania State University under contract with U.S. DOE.

We have studied on method of operation to thermodynamic database for some
models and codes. And we have developed interface program in order to
generate thermodynamic database of HYDROGEOCHEM code from data of PHREEQE.

We have analyzed on verification and validation to confirm applicability of
HYDROGEOCHEM code. We have verified FEMWATER/FEMWASTE as benchmark analyses
, PHREEQE and analytical equation. And we have refer smoll scale
experimental data which is interaction with water and pure concrete.

We have analyzed on long term evolution of bentnite and nuclide migration of
engineered barrier system for TRU waste isolation by using HYDROGEOCHEM
code.

Work performed by Computer Software Development Co., Ltd. under contract with
Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison : Waste Technology Development Division , Geological isolation
Section, Tadashi Mano
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Kigt{LFE - FiRA /KA EFR TRERNT{EFE

HEATIC & B3 —F R OEFCaE (BEAETEXITL) O8mER3-1TISRY . ISR

S EER—DER ZRTH, EEMICIIANESL Y bEFCa=2DE0, JOERE.

LTFOZ EMBZ NS, £l BEDKH. 360 BRICKEITHIEECE (FAETE

KE(L) & IBITRT,

- B OEEICHNT, CH 2 U —XKRUCa(0H) (s) k U b ABEDEWTRBRAER
LT3, |

- EROBEBELICK L TBREFVOFRERENEHELE>THB T EMD. FERE
FILOEEASEER TRENES— &5,

3-4ATNY 7 ORIZEFRNT & & VLRI TREN OREHT
(WATI/NU 7 ORIZEHE R
CITHE. AINY 7ORBZBEHBENER 3-19 LRT—KTHATLETNICLY
. PILACTHRENTOEAY b4 b /FBKOREEAEEE L -RET £ 25
FTBIELET D, NV MFA M HEBKOBERERTIZ, XY FA PROFREDE
BELUARAEORRICE>TEHLICaERY P F I PLEELTVBF FUYALE
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SEUDFA FONak DA A VTBREERLTWS, o, PHEBITIIEHEEELT
B, BIFTERLEEREYE (BREE) 055, BERUIRaYIU—-FCZL-T
MM ERSNTIND EEZ, EpHEM, SCaRERMEE LTS, D DER.
R, MEALSTFEHETIVPHREEQE IC& Y. CSHO.8) L OFHEHEER L TREL T,
Ry b FA POBERBITEEHT SROBEREE. HHLFE. BTCRET SEGOH
HWEX 3-14 [CRT.

ARy bF4 FOEERBHOBERO—FIER 3-20 ~B 3-22 [ZR7. B 3-20 &,
R RFA FOESEEELT, Z-Na (F MU TATVEUDFA MIRE) &Z,-Ca(
DY LEVEYOFA MY KEBL, (FLI0FORRUEET EHER
LEbDTHD, 414 VTROPRICLY, Z-Nal3h ST LL2FICE>TRIL, ENIC
U TZ.-Ca [SBERIE & ICEMT BHEAERLTNS, Z,-Ca DA LRADSFIE,
LaATE— 2 ERLTEY, ThlE. AT LARLEOTERAIOANCaREHIHES
Ry bFA bPROARADBRNRESNTNEEEZ S,

B3-2113, NV bF4 FROFBEORESAERLTNS, XY bFA MROTTE
Alt. FEROBCEEAOCamEN T YU~ MIICERTENZ &5, KEORER
CONTEBINTW, — A, IV V- MIOHABRREL, BEALLTEAT
W335 Y~ bhDOSCAREDORAOREICLY, BT IEAICHS.

E3-22iF, XV bFA FREBRKPROHORTHER LI DTH S, FBRAKP DpHILEF
R DEBICHE > THEINT ZERICH B, ST, pHEROE— I (pH=12.2) &, 41 F
THZ L UCaBIDARY b F A PREHZ(EDIUEZTLTINS,

Lh, BEORDORY FFA FOEERBNET > CBOANT -5 U X P EHFR-C

bt

(AN 7 OIER I TN
BAEBTRENIE. AT/SU 7 ORMBHHEBH CEALI—RTETVICTT-
tro Efo. Ny MFA b /EBRKAEERDEFIALICOWTE ALY 7 OREES)
SR & R—DRLE - FEERNTL S, BREBITHABETTIZ. TRU BEEDLACHH
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THENLGETES U TCs~135, 1-129, Tc-99 , U-234%FEA L1z, EBIC. ThdOD
BREDS S5, Cs-135, [-1203Ex > bEILEK. 7R 7 7 L bEEFED Y —2EEEL
. Te-99, U-234 {3, B{t¥h. KBHEHOT—2EHBRE LT, 5 85— XORBHF%E

ﬁ’:) T:o

AHAFBINTIZ, BBEEORBEX D=L ELT, Cs-136i34 A TBEFI, [-129
[FIKAEF IV, Te-09 | U-234 EEREBEEFNEFZNENER LI

HEROASNREDS L, FLOBEEQCARE (BREE) . 20ROTHROERE
B, ERUKAECFES LUHYE, A LARELPEORZEE, & 3-15 &
UF FT(BEELNOBREE) IRT, £ic, REAFERETINONASA -4, NV
FA bSERKEEERAOBER. N b4 ok, KB, Z0omoREEK 3-16

[ZRY,

Cs~135 (X v PEHER, 7R 7 7L bELR) OEBIFERO—PIE. ZhEhE
3-23 | B3-24[S5RY, H3-231F, AV PEFRICE TS, hSALAAOCSERES &
URY MFA MCERENTICSRE(Z-C)DATHERLIEBDOTH S, COHTIE. 4
F R (Cs-13B) EER L ENGFDCSREICODOTSHT0w b LTEY., 10005FEED
CsBE. DS ADEEHICHENTCsDA F vRIC LY, BETLTWS, 2L, &
RIEBICE T, BiEACREDRINREONIN, ThEd, BHREBCE T Ay Y
a1 REHNBENC ENFEETHE LB bND, 77 7/l FE(LFROFERZR 3-24 1
REM, A Y ME{LFEREF—DERERL TS,

B, BEDI®H, Cs-135 (X2 PEUER, 77X 7 7L FEAER) ORHBERET- 12
BEOANIT—5 YR bR, ZhENMFERE-D. ME-ECRT,

| -129 (24 2 FEHER, 77 7/0 FEHER) OHBITERO—HI%, £hENE
3-25 | E3-26ICRT, ®3-250E, €2 Y FELKRICEITSE, A5 LAD| BESL
R ENnicl RE (RENERELER) 026G RLEbDTHS, HSLAT—
EDKAEHZ TSI &mnn, WERER. BRRECKA Uz L—-ERH&EMb
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TWd, 7277 /b VEULGEROFEREE 3-26 [RTH, X2 FEEKRREFA—D
EHEZERLTHWS,

., BEORH, | -129 (A2 bPELER. 7X7 70 FE{ER) OFBFTET >
BOAHF—FURbE, ZHENNFEF AHF-GIZTRT,

Te- 99 (LR, KELHR) ORBFERO—FIE, ZhZNE3-2T~H3-301
T, E3-27(, BLMRICHE T I000FERSETOREEE LEETRICOVTT DY
FLIcEDTH B, AER., —KTHEBHRG (FREEOREICENVTEFELSE
THEZZHZENE—OEE L, ELETAALCEWTHEBROERELTHEN, )
THBZEND, BREOLTERE—OEICLEZNETHS, L, E3-2TD100045kK
SETORSEER. FTTASYENRELONSB, 2150, b~F VBES I UERRE
2 FTEEBELCTHE, COERELT, Te- 99 (B(LiR) OBRREE. #1072
mol/8) THY, BHTNSNWT EMD, REBEORHECE O THERGZRENEC
fcbDEERZ B,

3-281F. HSLMRICHEIFB100 F. 1000FEBETOKRILYROLERERE L LR
EREANGERLIEDDTH B, COT—ATiE, BILPROBHRECLENTIHS
NCEMD, ERERERAY M PR TEENESHERL TS,

E3-29i. HS5 LA KEEHR) LHTE 1 ERSTORELFREOSHERLE
HEDTHD, HSLALBEICE T, SOHTcO(OH) ;" NEE(LFEFEL K> TS,

B3-3012. A5 LA KEEIR) (CHTB1000ERSTORBLEEDHHETRL
1bDTH D, BMEENDhRIFPACHNI TE, SOH TcO(OH) ¥ MNZEALFE LG -
THEY., —HhREFIMNS a2 U — MMISHT TSOH, T, WE(LRELE>TV S
c&EERLTHS,

., BEOH, To- 99 (B(LHR. KBILHR) ORHBHEZT > KBOANT -5
URbE, EHENMEH FF-1RT,

U -234 (BR{tHFR. KE{LDR) OEBIEREO—F%E. ThE€hE3-31~R3-37IC
Tod. H3-311d. BA(LMRICHITI0FHATOLARREELLREREEZ 7Oy b
Li=bDTHD, REEEAFILAREELZFR—OSGERETRIN, A5 A
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DEBICHIc->TH 1~ ieRBERENBENI EMhD. SCTMYW- EETIHE,
BEDHENNENEEZ S,

BI3-321d. BRILMRICHITBI00FEB A TORFLEBESIHETT . BHOZ GRE
Tid, SOHU(OH) s MEEM & B M, RIFSMIThTc> T, S0CaCHU(OH) s Hi X ERRY /2 R
BHILFEEEL LD,

B3-3313. KERLHRICEITZ | FRHRATOLABEELREAEOSBERLI
bDTHD, AT LeMgiChic> T, 2REEERFSBFFBRECENTH RN,

B13-34{3. KEAMLHRICHIT D IVNERSTOLEREELLBEEEOSMHERL
RbDTHS, 2BERER. WSLOFRIYDPERATHERELGY., B{LHRT
BoRLMERZERL T3,

B3-351d, KEA(EMRICE TS 1FRETORE(LEEREEORGERLEBOTS
%o NS AREICHz> T, S0Ca0HU(OH) M HEM LA LFIE L o> TWW B, —F,
SOH(UOD;)3(0H)s. SOH(UO,}(OH), (2 FECHIGRE(LEREL > THEOD, HS LA
TRHTEREBSERL TS,

BA3-3613. KEE{LURIZETB100ERSTORELFEEEDSHERLEZLDT
Hd. N3 LAOBEFEENSHRITLY T35 U — MUE TIZSOHUO, ) 5 (OH) 4 D ECHY
RRECFEL L >THY, 325 U — HADFE TIZS0CaCHU(OH) A R ELRY KRB/
FHEEL>TWS, chd, MAORBIEFEELDIASLACENWTEELEESTE
RULTWVS, Ffo. SOH(UO)(OH), . SOHU(CH) . 3. ZEMARE(LPE L A>T
WY, BT LAALEIICHIz> TREY-EHFERLTNS,

R3-3713. KEA{EHRICEHIT S 1004E, 1000FEREIZE1T 3 logKd) %O w b
LicbDTH B, 1000ERHSTOKE, T LAOTEETECRY, ASLATRE—4
SHELTEY. EEELEFTINOHHERLTHS,

B, B0, U -234 (BR{LHR. KBILYR) OFBIT 2T cEBOAAT—%
URbE, TNTNMANF-J FHEKIZRT,
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L1-€

& 3-1

BEEER D — FORERR

Xt %2 E2ET 2 —Jb |25 | S | AF | H5RM: | 1REE | FERE | #h T 8 Rl BETHE
J—F #oae FfE | FTEEHE F—5
CHEMTRAN A A Q O O |FBH|REE| X | (DELEN-YERER
B{LETT, SRR i
HWEF o JHE | 1D FA
Ey, A F 3T
HEEH Y,
CHEQMATE A A X A O O | O O  {avy-thoBR{bE
NEDOHEEL L, JE70v MEHT
A 1 A AFA, UK
VAR, BRILEST
DIEEEH Y, ‘ (THREE 2. 281 F)
HYDROFLOW O @) O O O ARER | A\BA X (17 AR
HYDROGEOCHEM | &% = (LB, 4 # (2)3h5{Y 2T R4
Vi, WG, B | 1D O
{LETOBIESD Y 28
D
(GrikeE 2. 151D
CHEMXPORT O O X A O |FRBA| X | FEH {(1PNCEEEFERIHE
AR LB, A F TRUMERESFAT
vETiE, A, B8 | 1D = O
BT OERED Y ZSD MMC, JP




¢l-€

K32 KE-PEBOXNVFT-IBATERALLAS -4

KBRS A—% INT X — & OBTFRR REHE Bifp
BKEH K BAROHBTEALNSEKERNE. SAERFEEERELIEE. 107°~10"*cm/sec 107° cm/sec
THd, YLD EOHBEEERT S,
KEEZE  AH SAEEAROERRS IO —RE Vi, B OEETHERIFCEH VT 5.3X107 5~
6.3X10" ' m/year T&H 3, FHEEDI0 n/yearEFR L. F I —DEBIV=K( AH)/LIZ 0.317 cm
O ZBEKZEK=10" cm/sec, V=10"% =3, 17X 10 %cm/sec, 1 RXTEZX L=10cm &7 3
&EIKFEEAH (30.317cm &3,
MERTTNZ A —F IND S — & DOFYTERHL REMIE B{L
ERNERREL D. | ESHEEURIUITEEE, HRE, BE. TRBISHLTRYFIAKERAW =R —F
4 72— a3 UHEERICEDE 5X107'% ~ 5X107" m?/secTH D, BEMEI0 " "m?/s 10°¢ cm?/sec
ec=10"%cm?/sec ZFEAL T3,
SYRUREL D SEREE DL = @ =V + D. éii‘%’s’"éo To12L . FEWASTEO S ELE S iEEEIR
DFHEHEH EEHEOBTRRIATE Y., ChoZEANTIBENES, - T, —_— s
FEEMICSFIRERE=Eh 8B E L, BiE=1&L0LT0V3,
SFIEFRE an | DEURE D ICRRHEHFE 107° cm?/sec
EEE T DERE D CREA 1.0 —
HEHE a. DHERRED LI ABRBNICHEEINDNGI-Y THEMN, o, = /10 GHEtEE T 1.0 cm
OIEHE:m) OBREINANLA TR &M, FBRFCHEWTHEA L, L=0.1n
TR ¢ ferme, HIE. BE. TRBCHUTKIPEMRCLBZAES —SICEIE, 2AE
BRICHITBREREL, 0.3~0.6 ThHd, iz CidbEiEEIEHE TS, 0.45 —_—
=E  C BNEFTORERM TR TEIONBATHREEAELTTEIC &7 3, EBTHEL
L TIEHTRU BRI AFAC B OWVTCEELR TR THAPUEE T B, Pud,(cr) & BREH 10-"! mol/L

REFE & LEE, BRBEEH 253107 " (mol /L) &L B, WE->T, BEBBEIL
107" " (mol /L) &E LTz,




% 3-3 HYDROFLOW(IKIZE ¥ o —JV)IBEERER
FHEIEER FEMWNATER®D £2 HYDROFLOW D 2 fi&
&I —FaE (cm/sec)
3.17x107° 3.17x107¢
Eis | ~EiR 42
g 102K3E (om) 3.1700x 10~ 3.1700x 10"
Eis To2IKEE (em) 2.6945%x 107" 2.6945X 10"
EiR13D2KIE (em) 2.2190x 107! 2.2190% 10"
B 19D-27KEE (em) 1. 743510 1.7435X 107!
Bi=2502KEE (em) 1.2680x 107" 1.2680x 107"
Eim31D2IKER (cm) 7,9250x 1072 7.9250x 1072
B =3TD2IKIE (cm) 3.1700x107¢ 3. 17001072
Ei=41D2KEE (cm) 0.0000x10"° 0.0000x10"°
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= 3-4 HYDROGECCHEM(F&ITE & o — )RR

L : BRETEE. () : FEMWASTE
B HERE (ml/L)
(8) 3 5 13 21 3 39

8. 488 e-12 7.031 e-12 2.538 e-12 5.822 e-13 4,805 e-14 2.977 e-15
40 [8.492 ¢-12] | [7.037 e-127 | [2.538 e-12] | [5.720 e-13] | [4.332 e-14] | [2. 371 e-15]
(8.988 e-12) { (7.993 &-12) | (4.454 e-12) | (2.030 e-12) | (5. 450 e-13) | (7.993 &-14)

9.125 e-12 8. 260 e-12 5, 096 e-12 2.711 e-12 9, 360 e-13 1,587 e-13
120 (9.126 e-12]1 | [8.262 e-12] | [5.008 e-12] | [2. 712 e~12] | [9. 350 e-131| [1.584 e-13]
(9.398 e-12) | (8.799 e-12) | (8.473 e-12) | (4.349 -12) | (2. 040 e-12) [ (3.983 &-13)

9.3711 e-12 8. 745 e-12 6. 332 e-12 4,175 e-12 1.918 e-12 3,713 e-13
240 £9.371 e-12] | [8.745 e-12] | [6.334 e-12] | [4.178 e-121{£1,919 e-121| [3.716 e-13]
(9. 490 e-12) | (8.980 e-12) | (6.946 e-12) | (4.933 &-12) | (2. 453 e-12) | (4.896 e-13)

9. 435 e-12 8.871 e-12 6. 662 e-12 4,582 a-12 2,205 e-12 4,347 e-13
320 9,435 e-12] | [8,872 e-121| [6.664 e-12] | [4.584 e-121 | [2, 206 e-12] | [4, 350 e-13]
(9. 498 e-12) | (8.996 e-12) | (6. 988 e-12) | (4.985 e-12) | (2. 490 e-12) | (4.977 &-13)

9.453 e-12 8.908 e-12 6. 760 e-12 4,703 e-12 2,290 e-12 4,535 e-13
360 [9.454 e-12] | [8.907 e-121 | [6.761 e~121 | [4. 704 e-12] 1 [2.291 e-12]1} [4.538 e-13]
(9. 499 e~12) | (8.998 e-12) | (6.995 e-12) | (4.993 e-12) ; (2. 495 e-12) | (4.98% e-13)

9, 467 e-12 8.935 e-12 6, 820 e-12 4,789 o-12 2. 350 e-12 4,669 e-13
400 [9. 467 e-12] | [8.935 e-12] | [6.830 e-121 | [4.790 e-12]| [2. 351 e-12] | [4.671 e-13]
(9.500 e-12) | (9,000 e-12) | (6.987 e-12) { (4.997 e-12) | (2. 498 e-12) | (4.995 e-13)

9.476 e-12 8.953 e-12 6. 878 e-12 4,849 e-12 2.394 e-i2 4,765 e-13
440 [9.477 e-127 | [8.954 e-12] | [6.879 &~12] | [4.851 e-12] | [2.394 o-12] | [4.766 e-13]
{ Y1 (C )| ( AN )¢ )i ( )

9,483 e-12 8. 967 e-12 6.913 e-12 4,893 e-12 2. 424 e-12 4,832 o-13
480 [9.483 e-12] | [8.967 e-121 | [6.914 e-121 | [4.894 e-12] | [2.425 e-12]| [4. 834 e~13]
( PR )¢ )| ( )¢ )| ( )

9,488 e-12 8,976 e-12 6. 938 e-i2 4,924 e-12 2,446 e-12 4, 881 e-13
520 [9.488 e-121 | [8.977 e-12] | [6. 930 o121 | [4.924 o-12] | [2. 447 e-12] | [4.882 e-13]
( Y| ( )| ( )¢ )| (¢ DK )

9.492 e-12 8. 683 e-12 6. 956 &-12 4,946 a-12 2. 462 e-12 4,915 e-13
560 [9,492 e-12] | [8, 983 e-121 | {6.957 e~12] { [4.946 e-12] | [2, 462 ¢-127 | [4. 916 e-13]
( Y| (C JRR )i ( 1< ¢ )

9,494 e-12 8,988 &-12 6. 989 o-12 4,961 a-12 2.473 e-12 4,940 o-13
600 [9.494 e-12]1 | [8.988 e-12] { (6.969 e-12] | [4.062 a-121 1 [2, 473 e-~12] | [4.940 e-13]
( ) ( )i ( )i ¢ PR RS PR )

9,496 e-12 8,982 e-12 B, 978 e-12 4,973 e-12 2. 481 e-12 4,957 e~-13
640 [9.496 e-12] | [8.992 e-12]| [6.978 e-12] | [4.973 e-12] | [2. 481 e-12] | {4.958 &-13]
( ) ( Y| (¢ Y| ( Ji( AR )

9. 497 e-12 8. 994 e-12 B.984 e-12 4,980 e-12 2,486 e~12 4. 969 e-13
680 [9.497 e~12] | [8.994 e-12] | [6.984 e~12] | [4.981 e-12] | [2. 486 e-12] | [4.970 e-13]
( Y| < )1 ( (¢ Y[ (¢ Y ( )

9,498 e-12 8,996 e-12 6.98% e-12 4,986 e-12 2.490 e-12 4,978 e-13
720 [9.498 e-12] | [8.996 e-12] | [6.989 e-121| [4. 986 o121 | [2. 450 e-121 | [4.979 a-13]
( Y| (C )i ( )| (C Y[ (C )| ( )




% 3-5 HYDROGEQCHEM(R&ifARAE M REERE 52
[ 1 : FEMNASTE
RRBER EiiRE (mol /L)
(&) 3 5 13 21 3 39

400 9.606 e-12 | 9,035 e~12 | 5.337 e-12 | 1.810 ¢-12 | 2,011 e-13 | 1.985 e-14
£9.617 e-12]1 | [9.065 e-12] | [5.454 e-12] | [1.854 e-12]| [1.760 e-13] | [1.097 e-14]

600 9.808 e-12 | 0.522 e-12 | 7.316 e-12 | 4,085 e-12 | 1.136 e-12 | 2.884 &-13
[9.811 e-121| [9.532 e-121 | [7.383 e-12]| [4.172 e-12] | [1. 144 e-121 | [2. 634 e-13]

800 9.896 e-12 | 9.740 e-12 | 8.413 e-12 | 5.966 e-12 | 2,670 e-12 | 1.120 e-12
[9.897 e-12] | [9.744 e-121 | [8. 447 e-12]| [6. 040 e~121 | £2. 719 e-12] | [1.126 e-12]

1000 9.941 e-12 | 9.850 e-12 | 9,037 e~12 | 7.304 e-12 | 4.316 e-12 | 2.468 e-12
' [9.941 e-121 | [9.852 e-12] | [8.053 e-12] | [7. 354 e-12] | [4.379 e-12] | [2.501 e-12]

1200 9.965 e-12 | 9.911 e~12 | 0.403 e-12 | B8.209 e-12 | 5.775 e-12 | 3.986 e-12
[9.965 e-121 | [9.911 e-12]1 | [9.410 e-12] | [8.239 e-12] | [5.832 e-12] | [4. 040 e-12]

1400 9,978 e-12 | 9.945 e-12 | 9.623 e-12 | B.810 e-12 | 6.945 e-12 | 5.414 e-12
[9.978 e-12] | [9.945 e-123 | [9.626 e-12] | [8. 828 e-12] | [6.990 e-121 | [5. 471 e-12]

1600 9.986 e-12 | 9,966 e-12 | 9.759 e-12 | 8.208 e-12 | 7.833 e-12 | 6.616 ¢-12
[9.986 e-12] | [9.965 e-12] | [9.760 e~121|[9.218 e-12] | [7.864 e~12] | [6.666 e-12]

1800 9.991 e-12 | 9.978 e-12 | 9.844 e~12 | 9.472 e-12 | 8.482 e-12 | T7.561 e-12
[9.991 e-123| [9.978 e-12] | [9. 844 e-121| [8.476 e-121| [8.503 e-12] | 7, 600 e-12]

2000 9.994 e-12 | 9.986 e-12 | 9.898 e-12 | 9,647 e-12 | 8.947 e-12 | 8.272 e-12
[9.994 ¢-121 | [9.986 e-123 | (9,898 e-12] | [9. 649 e-12] | [8.960 e-12] | [8.300 e-12]

2200 9.996 e-12 | 9.991 e-12 | 9.933 e-12 | 9.763 e-12 | 9.274 ¢-12 | B.791 e-1i2
19,996 e-121 | [9.991 e-121 | [9.933 e-12] | [9.764 e-12] | [8.283 e-12]1| [8. 810 e-12]

2400 9.998 e-12 | 9.994 e-12 | 9.956 e-12 | 9.841 e-12 | 9.503 e~12 | 9.161 e-12
[9.998 e-12] | [9.994 e-12] | [9.955 e-12] | [0. 841 e-12] | [9.507 e-12] | [9.174 e-12]

2600 9,998 e-12 | 9.996 e-12 { 9.971 e-12 | 9.893 ¢-12 | 9.660 e-12 | 0.422 e-12
£9.998 e-121 | [9.996 e-121{[9.970 e-12] | [9.893 e-12]| [9.663 e-12] | [9. 430 e-121

2800 8.999 e-12 | 0,997 e-12 | 0.980 e-12 | 9.928 e-12 | 9.769 e-12 | 9,591 e-12
[9,999 e-12] | [9.997 e-121[9.980 e-121|[9.928 e-12]1 | [9.770 e-12] | [9.608 e-12]

3000 9,998 e-12 | 9.998 e-12 | 0,987 e-12 | 9.952 ¢-12 | 9.843 e-12 | 9.729 e-12
[9.999 e-12] | [9.998 e-12]1][9.98T e-12] | [9. 95t e-12] | [9, 843 e-12] | [9,732 e-12]

3200 1.000 e-11 { 0.999 e-12 | 9,991 e-12 | 8.967 e-12 | 9.893 e-12 | 9.816 e-12
£1.000 e-111 | [9.999 e-12]{[9.991 e-12] | [9. 967 e-12] | [9. 893 e-12] | [9. 817 e-12]

3400 1.000 e-11 | 0.999 e-12 | 9.994 e-12 | 9,978 e-12 | 9.928 6-12 | 9.875 e-12
£1.000 e-111 | [9.999 e-12] | [9.994 e-12] | [9.978 e-12] | [9. 827 e-12] | [9. 875 e-12]

3600 1.000 e-11 | 9.999 e-12 | 9.996 e-12 | 9.985 e-12 | 0.051 e-12 | 9.015 e-12
[1.000 e-11]1{[9.999 e-1211[9.996 e-12] | [9, 985 e-12] | {9.851 e-12] | [9. 915 e-12]

3800 1. 000 e-11 1.000 e-11 | 9.997 e-12 | 0.990 e-12 | 9,967 e-12 | 9.942 e-12
[1.000 e-11] {[1.000 e~111[9.997 e-12]| [0, 990 e~12] | [9. 967 e-12] | [9. 942 e-12]

4000 1. 000 e-11 1.000 e-11 | 9.998 e-12 | 8.993 e-12 | 9,978 e-12 | 9.061 e-12
[1.000 e-111{ [1.000 e-11]1| [9.998 e-12] | [9. 993 e-123 | [9. 877 e-12] | [9. 961 e-12]
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£ 3-6 HYDROGEOCHEM ver.1-1 XU F 7 — JiBiTHE
(HikPICE T BABREOBE - HREE)
AT
a—F PHREEQE HYDROGEOCHEM  4Y3fhni-37
MEIARREN #hK
pH 7.0 7.0 7.0
Eh pe=4, ()
Ca e 0.0 (mot/1) 102° (mol/1)
C —_— 0.0 (mol/1) 102° (mol/1)
RITETIL Ny FHR S LR
6 T 8 ] 10
|
=::> 1] 2] 3| 4=
) 1 2 3 4 5
#h PHREEQE PNC ver. 8 hHB#F— 9 X—2Z
F—HF~N—2 - Aqueous species - Mineral
1.Ca%" 7. CaOH* 1.Calcite
2.C0;7¢ 8. CaC0s
3. H* 9. CaHCO;*
4, 0H
h.HCO;~
6. H.CO3
BMRER
PHREEQE HYDROGEOCHEM £ JHhA-332
pH 9, 8080 0. 0000 6. 0990
pe 4. 0000 e —
CaiRfREE | 1.2232e4 0.0 2. 4802e+ 3
Ca%* 1.165 e-4 0.0 2.480 e+ 3
BE CaCo; 5.519 e-6 0.0 b.559 e- 6
mol /| CRABRE | 1.2232:4 0.0 7.3973e- 4
HCO;~ 8.294 e-b 0.0 2.542 e~ 8
€0,%~ 3,371 e-5 0.0 1.598 e-12
C0.(aq) 2.251 e-8 —_—
BikE ARE L=
Calcite 1.2232e-4 0.0 1.000 e+20
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£ 3T

HYDROGEOCHEM ver. 1-1 X F v — T RETHREER
(FiokIC 1T BCSH(L. 8) DFFMR - ILBTE)

AEHF
jm e PHREEQE HYDROGEQCHEM  fYIFhn-53»
IHE SRS Bk
pH 9.0 9.0 9.0
Eh pe=4, 0
Ca — 10.0 (mol/1) 10~ 2(mol/1)
Si — 10.0 (mol/1) 1073 (mol/1)
RiFETIL Ny FHR A5 LR
B T 8 9 10
"—Eb 1 2 3 4 -::D
) 1 2 3 4 5
Hhe PHREEQE PNC ver. BAhEF—F ~—X
Fe=HN—2R - Aqueous species
{.Ca"" 7. CalH* 13.8i0,{0H),"2
2.Si(0H).(ag)  8.Sis0s(0H)s~3
3.H* 0.Si30:(QH); - Mineral
4, 0H 10.Si,0;(0H),s =  1.Calcite
5.Si202(0]'[)5— ”.Si407(0H)5—3
6.Si20:(0H) 42 12.Si0(0H) 5~
FRATRE R
PHREEQE HYDROGEOCHEM  #Y3Fhi-53v
pH 11.5798 3. 0466 5.8139
pe 4. 0000 —_— —
CaiBERE | 3.06504e-3 1. 0000e+ 1 1. 0000e- 2
Ca?* 2.845 e-3 1.000 et 1 1.000 e- 2
BE | CaOH*r 2.059 e-4 2.373 e-13 1.019 e~ 9
mol/| | SiZBR=E | 1.6960e-3 1. 0000e+ 1 1. 0000e- 2
Si(0H) 4 (aq) 2.462 e-b 1.000 et 1 9.9998e- 3
Siz0s(CH),~2| 1.297 e-b 1.260 e-11 8.018 e-12
Si0(CH) s~ 1.601 e-3 1.456 e-10 1.184 e- 6
Si0, (OH), 2 3.808 e-5 9.125 e-17 5.810 e-14
BfEe ERE L=
CSH(1. 8) 3. 0504e-3 0.00 0.00

317




= 3-8 HYDROGEOCHEM RIRN YV F < — 7 BiTHEE
(FikRIC T B HFBAEDORRE « BFE)
AFIEHF
J—F PHREEQE HYDROGEOCHEM 2 RA-¥37
WHAREY iz
pH 7.0 7.0 7.0
Eh pe=4. 0
Ca e 1.0 (mol/1) 0.0 (mol/1)
C e 1.0 (mol/1) 0.0 (mol/1)
BRITEFT IV Ny FHR AS LR
4] 7 8 9 10
1
==:> 1 2 3 4 =I>
1 2 3 4 5
#h PHREEQE PNC ver. Z#2hFF—H# ~N—X
F g N—2R - Aqueous species - Mineral
1.Ca*" 7. CaOH* 1.Calcite
2.C0;°2 8. CaC0;
3.H* 9. CaHCO,*
4, 0H
5.HCO;~
6. H.CO:
FRHTHE R
PHREEQE HYDROGEGCHEM B BLA-Ja1v
pH 9. 8080 9.9101 9. 9101
pe 4, 0000 e —
CaiBARRIEE | 1.2232e-4 1.2287e- 4 1.2287e- 4
CaZ* 1.165 e-4 1.170 e- 4 1.170 e- 4
= CaC0; 5.519 e-6 h.bh9 e- 6 h.BhG e~ 6
mol/| CEBMEE | 1.2232e-4 1.228Te- 4 1.2287e- 4
HCO;~ 8.294 e-5 8.330 e- 5 8.330 e~ 5
€02~ 3.371 e-b 3.38T e- b 3.38T e- 5
C0,(aq) 2.251 e-8 _
BRE LEE B
Calcite 1.2232e—4 1.2287e- 4 1.228Te- 4
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£ 3-§ HYDROGEQOCHEM B~V F v — 7 TR
(Fizkeho &0+ BCSH(1. 8)DiBHE - (LB
ANEY
J-—-F PHREEQE HYDROGEOCHEM S ERA-%av
VRSN ok
pH 9.0 9.0
Eh pe=4.0
Ca —_— 0.0 (mol/I)
Si — 0.0 (mol/I)
EIRET IV Ny FHR HS LG
[ 7 8 ] 10
=:=> 1 2 3 4 =:=>
1 2 3 4 5
#hs PHREEQE PNC ver. BAhEFEF—F ~N—2X
F—HR—2X - Aduecus species
j.Ca®* 7. CaOH* 13.Si0;(0H) ;™
23!(0]‘[)4(30[) 8.Si305(0H)5-3
3. H* 9.8i30:(0H);~* - Mineral
4. 0H" 10.8i40;(0H),s ~* 1.Calcite
5.Si20,(0H)s~ 11.8i40,(0H)~*
B.Si20:(0H) "% 12.Si0(0H) s~
PRTHER
PHREEQE HYDROGEOCHEN oi R#A-73v
pH 11.5798 11. 5800
pe 4, 0000 —_—
CafiRfRimE | 3.0504e-3 3. 0500e-3
Ca®* 2.845 e-3 2. 845 e-3
BE CalH* 2.059 e-4 2.052 e—4
mo!/1 | SiLBRIEE | 1.6960e-3 1.6947e-3
Si(0H)s(aq) 2.462 e-5 2.468 e-b
Si,0;(0H),"% | 1.29T7 e-b 1.292 e-5
SiO(0H) s~ 1.601 e-3 1.600 e-3
Si0,(0H) .2 3.808 e-5 3.794 e-b
AR AES
CSH(1. 8) 3. 0504e-3 3.049 e-3
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= 310
(i

HYDROGEOCHEM

IRPICE T 2 ESIEDBRETE)

WBEON Y Fv— T RITHESE

ANEH
J—- K PHREEQE HYDROGEOCHEM B RA-%3v
TMEA KRS fizk
pH 7.0 7.0 7.0
Eh pe=71.0 7.0 7.0
Fe — 0.0 (mol/1) 1072%mo /1)
S —_— 0.0 (mol/I) 1072 mot /1)
T E T IV Ny FH S LHR
& 7 8 2] 10
% 1] 2] 3 4%
) 1 2 3 4 5
=y ylead PHREEQE PNC ver. B %F — & N—X
F—#&%~N—2X | - Agueous species
1.Fe ¥ 8,HSO,~ 15.Fe(HS); 22,H.S(aq) - Mineral
2. H* 9.8 ¢ 16.Fe(HS); ~ 23.H.S0:;(aq) 1.Pyrite
3. e 10.HS™ 17.Fe *3 24, HS,0; ~
4.50,7? 11.FeQH* 18.FeOH *2  25.HSOs ~
5. Hz 12 FG(OH)z 19. FE(OH)z * 26. 8203 -2
6.0H -~ 13.Fe(OH); ~ 20.Fe(OH); 27.80; ~?
7.H:(aq)14. FeS0, 21.Fe(OH), ~ 28.0,(aq)
BRATER
PHREEQE HYDROGEQCHEM ti@r-v3v
pH 7.0062 7.0000 6. 9983
pe -3.7393 -4. 8517 -3.7673
Fee Ri2inE | 4.5266e-9 1.4214e- 8 2.9709%- 9
Fe*? 4.512e~ 9 1.417 e~ 8 2.962 e- 9
BE FeOH* 1. 446e-11 4. 474 e-11 9.317 e-12
mol/l | S 2®RREE | 9.0532¢-9 2.8428e- 8 5.9417e- 9
HS™ 3.832e- 9 2.843 e- 8 5138 e- 9
S0,~2 1.183e- 9 0.713 e-18 8.038 e-10
H, (aq) 2. 0T1e-10 3.570 e- 8 2.444 e- 8§
0.(aq) 1.072e-16 3.255 e-78 6.979 e-T4
RRE BHRE Yy
Pyrite 4. 5266e-9 1.421 e- 8 2.9 e~ 9
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= 3-1 HYDROGEOCHEM BHRIEDAR 2 F 7 — VTR
(kI & B EEREE - FREG DBRES)
ADEH
a—-F PHREEQE HYDROGEQOCHEM thE2/-3av
HHAERG foizk
pH 1.0 7.0
Eh pe=4.0 pe=20.0
Ca —_— 1072%(mol/1)
C e 1072%(mol /1)
Fe 1072%(mol /1)
S  — 1072%(mol /1)
BiFEFIV Ny FH A5 LR
B T 8 ] 10
-:::> 1] 2| 3| 4 -=:>
" 1 K 3 4 5
#HANE PHREEQE PNC ver. Bl AT —494 N—X
F—&F~N—X | - Aqueous species
1.Fe T2 10.HS™ 19.Fe(OH), * 28.0.(aq) - Mineral
2. H* 11.FeQH* 20.Fe(OH); 29.Ca?* 1.Pyrite .
3.e” 12.Fe(OH), 21.Fe(OH}, ~ 30.C0;°2 2.Calcite
4, 304-2 13. FE(OH):!_ 22H23(3Q) 31.HCO,~
5.H.0 14.FeS0, 23.H,S0:(aq) 32.H:CO;
6.0H - 15.Fe(HS), 24.HS.0; ~ 33.Ca0H *
T.H:(aq)16. Fe(HS) s~ 25.HSO; ~ 34, CaC03
8.HS0, ~17.Fe *? 26.5,0; ~? 35. CaHCO;*
9,8 “% 18.FeOH *? 27.50; ~*
BT R
PHREEQE HYDROGEQCHEM cgEA-~¥37
pH 9. 9089 9.9097
pe -6. 86471 -1. 0422
CaigfBRE | 1.2234e-4 1. 22T4e-4
Ca®* 1.165e- 4 1.168e- 4
=E
FeiRRRxE | 1.7823e-8 8.3832e-8
mol/l | FeOH* 1.180e~ 8 5.56le- O
C £F®EE | 1.2234e-4 1.22T4e~4
HCO;~ 8.293e- 5 8.324e- 5
S £ RfRRE | 3.5646e-8 1.6773e-8
S0,°° 2.852e- 8 2.417e- 9
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& 3-12

HYDROGEOCHEM S RARDE A D5
(BRALETFEEHOANICX § 3RORER)

AEH
a—F HYDROGEQOCHEM 2R EA-ay
THA TR
pH 1.0 7.0 7.0
pe 20.0 20.0 20.0
Fe 1072%mol /1) 1072%mol /1) 1072%mol /1)
S 1073 %mol /1) 1072%(mol /1) 1072 (mol/1)
ERApe 1.0 10.0 20.0
f=/\pe -5.0 -10.0 -20.0
BYyET I hI LR
5 T 8 9 10
w:» 1] 2 3 4%
1 z 3 4 5
#]mhE PHREEQE PNC ver. &8 A1%5F —4& ~N—2X
F—4&~X—2Z | - Aqueous species
1.Fe ¥ 8.HSO,~ 15.Fe(HS); 22.H.S(ag) - Mineral
2. H* 9.8 -2 16.Fe(HS); ~ 23.H:80;(aq) T1.Pyrite
3 e 10.HS™ 17.Fe *3 24.HS.0; ~
4.50,7% 11.FeOH* 18.FeQH ** 25.HSOD; ~
5.H:0 12.Fe(OH); 19.Fe(OH), * 26.8,0; 2
6.0H - 13.Fe{OH); ~ 20.Fe(OH); 27.80; ~*°
7.H:(aq)14. FeS0, 21.Fe(OH), ~ 28.0:(aq)
RITHER
HYDROGEOCHEM 2 R#A-93
pH 6. 9983 6.9983
pe -3. 7673 -3. 7673
'Fe2BfRimE | 2.9709- 9 2.970%- 9
Fe*? 2.962 e- 9 2.962 e- 9
BE FeOH* 9. 317 e-12 9.317 e-12
YIETVTM 49
mol/l |S @BEREE | 5 9417Te- 9 5. 941Te- 9 LHT ETELREE
HS™ 5138 e~ § .138 e- 9
S0, 8.038 e-10 8.038 e-10
H.(aq) 2.444 e- 8 2.444 e~ 8
0.(aq) 6.979 e-T4 6.979 e-T4
BRE Py iy
Pyrite 2.9T1 e- 9 2.9T1 e- 9
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% 3-13 REERITHROE &0
AR Cal BAEE | BiEE  360E®ROEEMICaE ()
BT REEE | EPMATSHTIE | EPMARSHTE

(mm) mAiTE | CaCl; BROGFE | CSH(I.8)BROEE
0.0 —_— — 0. 470 —
0.5 9. 551 0. 489 0. 591 —
1.0 16. 004 0. 820 0. 686 S
1.5 18. 047 0. 924 0. 761 -
2.0 18. 856 0. 966 0.818 —
2.5 19,135 0. 980 0. 864 —_—
3.0 19,184 0. 983 0. 898 S
3.5 19, 280 0. 988 0. 925 -
4.0 19.312 0. 989 0. 946 —
4.5 19. 375 0. 992 0. 961 —
5.0 19. 390 0. 993 0.973 _
5.5 19, 400 0. 994 0. 982 —
6.0 19. 402 0. 994 0. 988 —
6.5 19,413 0. 994 0. 993 —
7.0 19. 424 0. 995 0. 997 _
7.5 19, 435 0. 995 — —
8.0 19. 446 0. 996 — —
8.5 19, 457 0. 997 — -
9.0 19. 468 0. 997 — —
9.5 19. 477 0.998 — —

0.0 19, 486 0. 998 — —

10.5 19, 495 0. 999 — —

11.0 19. 504 0.999 _ _—

1.5 19.513 0. 999 — —

12.0 19. 524 1. 000 — —
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#F 3-14 Ry bFA P OEERITERN

B (nol/2)
% oE | UE(eES) | B 4 B R | BEAEE R
Ca 1. De+01 4.6 e-05 3.0 e-03
C 1. 0et{1 1.9 e-03 1.9 e-03
H 1. 0e-0T7 1.0 e-09 3. 16a-12
zZ 1. 0e-01 (1 -19) 1.0 e-01 1.0 e-20

1.0e-20 (21, 22)
Na 1. 0e+00 2.7 e-03 6.0 e-02

Ry bFHA FPOEFTIE

(MR bF+1 FDTBRERAFVE
Na = 1.079 (meqa/a)
Ca = 0.183 (mea/a)
Q21 F BT EER
2~ + Na* = ZNa ( log K =20.0)
22" + Ca®* = Z,Ca ( log K = 41.8 )
(3)EHE DiARME
CaCl; (7HER) + H,0 = Ca®* + HCO;~ + OH”

NYbFA OB

(1)22p= : 0.33 (=)
(EzigHE : 1.8 (g/cm®)

()L ERE ¢ 3. 107" (m?/sec)
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#& 3-15

HHEBITRIBTCRTIANENS (ED 1)

B T—Z
ANEHE

Cs-135

1-129

Te-99

U-234

ExsEMEE 7RI E AR

/IEHERE [ 7277 ETERR

[Z3[Z7E KER{LHHR

BRILHR KEBRIEDFR |

(17ERRE (mol/ £)

1.50 e-05 1.30 e-07

8.60 e-06 3.80 04

7.10 e-24 3.30 e-08

3.40 e-10 3.40 e-0b

(Mt D FEFE R BE

£ 31T CELHTRYT

(3ME A LTk BEALHE, S50

Ca®*, C0s°~, H* ,Z° ,Na* ,

Ca?*, C0;%",H* ,Z" ,Na*,

032+p Coﬁz_: H+ IZ— !Na+ ’

Caz+. CO3Z-IH+ vZ- -Na+ 1

Cst ; OH° ,HCO; ~ , H.CO,,
CalH* , CaCO;, CaHCO,* ,ZNa
Z.Ca, NaHCO;, NaC0, ~ ,ZCs
Calcite

BART— S IIBBRFEO
PHREEQE ¥ — % X—ZA %5

1~ ; OH ,HCOs ~ ,H:C0s,
CaOH* , CaC0;, CaHCOs* , ZNa
Z,Ca, NaHCO;, NaCO; ~
Calcite

BhEF -5 EREREO
PHREEQE & —4 ~— X %5l

H:0, e, TcD *2, SOH

H.0, e~ , UD; "%, SOH

OH™ ,HCD; — ,H.C0;, CaOH*
CaC0;, CaHCO; * ,ZNaZ.Ca,

NaHCOs, NaCO; -

TcO(OH)2, Te0s~ , Calcite
#HhETF— & SEBBRETAO
PHREEQE ¥ —4# N— X %EB|H

OH™ ,HCO; — ,H.CO;, CalH*
CaC0;, CaHCO; * , ZNaZ.Ca,
NaHCO;, NaCO; ~

U(OH) 4 (aq) ,Calcite
HMOEF— 7 IBHBEEFEO
PHREEQE F—# ~—Z %5|H

()R U 1ok b3

CsDA F vEiEEER
Z ™+ Cs* =iCs logk=20. 83

RIB{LFHE |-SORB Z1RE
I=1-S0RB  log K=0. 73667
Kd=10 ~*(m?/ke)#8 s

SH=80 " +H*

logk = -9.52
SOH + H * =S0H; *

logk = 557

SOH + Te0?* + 2H.0
= S0H.TeO(OH).* + H *
logk = 10.40
SOH + Te0?* + 3H.0
= S0H,TeOs + 5H * + 3¢
logk = 18,90

807 ,SOH; * 13Tc-99 &[FH%
SOH + U ** + 44,0 - 4H*
= SOHU(OH) .
logk = -4.00
SOH + U ** + 5H,0 4 Ca®*
= S0Ca0HU(OH). + 6H *
logk = -18.50
SOH + U ** + 3H.0 - 2e”
= S0U0-(OH) + 6H *
logk = -17.04
SOH 43U ** +11H.0 - 6e”
= S0CUD, ) (OHYs + 18H *
logK = -17. 04
SOH + UD, *2 - 2(0H) -
= SOHCUOZIECH):
logk = -7.10
SOH +3U0: *2 - 8(0H) -

logk = -31.00
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% 3-16

FRABTEETCHT AR (20 2)

R —2 Cs-135 1-i29 Te-99 U-234
AHEE DVIEHERE [ T2 MEER | BVIBHER |7 B | Bieh®R KEEH®R [Z2Z7ES REE{ETE
BIEHESEEEFT NS A -4 «EVEYOFA FOXEE 85 (m*-g °%)
*Triple layer parameter Ci= 140 ( uF-cm?)
= Triple layer parameter Cz= 20 {uF-cm?®)
GBIy bF A FhDA F 3R s N hF A bOFRERA F B Ma = 1.079 (meq/g) , Ca = 0.183 (mea/g)
BIUBREFI v A F AR ETER Z" + Na* =1ZNa ( log K=20.0)
27 + Ca*t = Z,Ca (log K=41.8)
- Bt CaC0, (F788F) + H.0 = Ca®* + HCO,~ + OH
(IR b1 Ot o] 0.33 -)
B IR 1.8 (g/cm®)
o R EURI 3. 107" (m?/sec)
(SHEIERSITETEEER (BERD) 10004
(A4 LZFuT) ( 145
(OhH A7 B%RE (B 0, 100, 200, 100, 200, 300, 0, 100, 200, 100, 200, 300, 0, 100, 200, 0, 1,100, 0, 100, 200, 0, 1,100,
400, 500, 900, 1000 400, 500, 900, 1000 300, 400, 500, : 200, 300, 400, | 300, 400, 500, : 200, 300, 400,
800 900, 1000 ; 500, 800, 900, | 800 €00, 1000 : 500, 800, 900,
1000 1000
(IR - &L — Tk 0.0 (cmfyr)
- HEE 0.0 (cm)
MWAHF—% 8- D {18-E {F8-F {F8- G {388~ H 8- | {F68- J {38~ K
(IBEROE LD 3-23 3-24 3-25 H 3-26 3-21 5 3-28 B 3-31 B 3-33
: : 3-29 B 3-32 PE3-34
B 3-30 B 3-35
;B 3-36
B 3-31
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& 3-17

BHEBTHRTICAT 3 ANRY (BERM)

BT — % Cs-135 1-129 Tc-99 U-234 i %
ADEE VIBIEE [T iEEE | e ERE [7oniEelE | B{EHR KE(LHR [ZZ|ZED KEBIEDR |
Ca (mot/ 2) 1.00 e+01 1. 00 e+01 1.00 e+01 1.00 e01 1.00 e+01 | 1.00 e01 1.00 et01 1.00 et01
#m|c “(mol/72) | 1.00 et01 1.00 et0i 1.00 et0i 1.00 et01 1.00 et01 1.00 ef01 1.00 et0T 1.00 ef01
HA [H “(mol72Y | 1.00 e-07 1.00 e-07 1.00 e-07 1.00 e-0T 1.00 e-09 1.00 e-09 1.00 &-09 1.00 e-09
|z “mol/ By | 1.e-1(1-20), 1.e-20(21,22) | 1.e~1(1-20), 1.e-20(21,22) 1.00 e-30 1.00 e-30 (Onode
B [Na | (mol/€Y [ 1.00 et00 1.00 et00 1.00 e+00 1.00 et00 1.00 et00 1.00 et00 7.00 et00 1.00 et00
~|Cs { (mol/8) " 1.00 e~20 1.00 e-20
2|1 Tmol/ Y 7.00 e-20 1.00 e20 _— N
|0 (mol78Y | —— —— 1.00 e-30 1.00 e-30
& (Te | mol78Y [ —— — 1.00 e-50 1.00 e-30
~ e "ol By T —_— —_— 1.00 etlb 1.00 et0b 1. 00 o105 1.00 et0R
Ca (mol/ 2) 4.60 &-05 4.60 e-05 4.60 e-05 | 4.60 e-05 4.60 &-05 4,60 05 | 4.60 e-05 4.60 e-05
# [T “lmol /2y 11,90 03 1.90 e-03 1.90 e-03 1.90 e-03 1.90 e-03 1.90 e-03 1.90 e-03 1.90 e-03
F[H “(mol/78Y "] 1.00 e09 1.00 e-09 1.00 e-09 1.00 e-09 1.00 e-09 1.00 e-09 1.00 e-09 1.00 e-09
[z “(mol 72 ] 1.00 e-01 1.00 e-01 1.00 e-01 1.00 e-01 1.00 e-01 1.00 e-01 1.00 e-01 1.00 e-01
E(Na | (mol78) | 270 e03 2.70 e-03 7.70 e-03 2.70 e-03 2.70 e-03 2.70 e-03 2.70 e-03 2.10 e-03
~|Cs | (mol/8) "1 1.00 20 1.00 e20
=1 ol/EY 1.00 e-20 1.00 e-20 —_— —_—
(U ol /2y T —— — E— 1.00 e-30 7.00 e-30
@l Tc | ml/EY | —— — 1.00 e-50 1.00 e-30
~ e ol 2y T —— — T.00 ef05 T. 00 et05 .00 e+05 T.00 et05
# | Ca (mol/ ) 3.00 03 3.00 e-03 3.00 e-03 3.00 e-03 3.00 e-03 3.00 e-03 3.00 e-03 3.00 e-03
f®|C “mol/BY 11,90 &-03 1.90 e-03 1.90 e-03 1.90 e-03 1.90 e-03 1,90 &-03 1.90 e-03 1.90 e-03
# [H “mol/8Y | 3.16 e-12 3.16 e-12 3.16 e-12 3.16 e-12 376 e-12 3.16 e-12 3.16 e-12 3.16 e-12
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BE(Cs | (mol/2Y "} 1.50 e-05 1.30 e-07
Z |1 mol/8Y 8.60 e-06 | 3.80 e-04 R —_
(U ol /2y T — — 3.40 e-10 3.40 e-05
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1 HGC VERIFICATION TEST OF CHEMICAL MODULE VS. PHQ
C seseses DATA 3BT 2: BASIC INTEGER PARAMTERS
10 410108=-11010101300010
C sewesss DATA SET 3: BASIC REAL PARAMETERS
1.0000 0.000 1.00D0C 1.0000 1.0D0 1.0D0 1.0D0 1.0D00 L.0R-2 1.0DO
C wssssss DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
33
11
B
1.0D38
G #essess DATA SET 5: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR
5
1283465
C w»sesvew DATA SET 6: MATERIAL PROPERTIES -
0.0D0 0.0DO 2.0D-20 1.0D0 0.0 0.0 0.0 0.0
C wassves DATA SET 7: NODE COQRDINATES
1 4 1 0. 10.0 0.0
-] 4 1 0.0 10.0 0.0
o} 1] [} 0.0 0.0 0.0 END OF X-COORD
1 4 1 0.0 0.0 0.0
-] 4 1 10.0 0.0 0.0
0 o] ] c.0 0.0 0.0 END OF Z-COORD
B
C rsosnase DATA SET 8: ELEM'ENT CONNECTIVITY
1 1 7 1 1
C sossuse DA’I‘A SET 10: CHEMICAL COMPDNBNT INFORMATION
4
CALCIUM i 1
CARBONATE 2 1
HYDROGEN 3 1
SILCATE 4 1
C esvsesss DATA SET 11: INITIAL CONDITIONS
1 9 5.1D0-4 0.0 0.0
0o ¢ 0 0.0 0.0 0.0 END OF I.C. CA
1 9 1 S5.1D-4 0.0 0.0
0 0 0 0.0 0.0 0.0 END OF I.C. CO3
1 9 1 1.0D-7 0.0 0.0
0o 0 0 -0 0.0 0.0 END OF X.C. H
C ssswees DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SIHK AND B.C.
000C 000 212 0000
C #eessas DATA SET 15: DIRICHLET BOUNDARY CONDITIONS
0.000 5.1D-4 1.0D38 S5.1D-4
i3 1 1 0
=} Q 0 ] ¢] END OF B.C. CA
0.0D0 5.1D-4 1.0D38 S.1D-4
1 1 1
0 0 L] ] 0 END OF B. C. C03
0.0D0 1.0D-7 1.0D38 1.0D-7
1 1 1 o]
0 0 0 0 0 END OF B.C. H
1 1 1 i 5
o] /] 0 o ] END OF NPDB
C sesssvs DATA SET 16: HYDROLOGICAL VARIABLRES
1 9 1 0.0 0.0 0.0 0.0
0 0 0 0.0 0.0 D.O 0.0 END OF VELOCITY
1 3 1 0.3 0.0 0.0
0 0 o 0.0 0.0 0.0 END OF TH
C s#ssssas DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
3o 8 0 0 1 250 10 1.0 1.0D-6
C ssssees DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION
0.0004 1 0
298.0 1.0 4] o ] 0
-20.0 20.0 0.0 20.0
C ssssuvs DATA SET 19: CGMPDNEHT SPECIES AND THEIR ION-EXCHANGE INDEX
FREE CA+» 4
1.0D-9 2 0
FREE C03-- ] 15
L.0D-9 -2 1]
FREE H+ [} 1
1.0D-7 1 o]
H4SIO04 (A ] 13
1.0D-7 [+ [}

Bl 3-9  HYDROGEOCHEMEANZF —& N— R{EEAANF—%
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C sensese DATA SET 2:

C seseres DATA SET 3:

C s=ssxsss DATA SET 4:
33
11

1.0D038

C #s#ssane DATA SET S5:
5

12345

C esasses DATA SET 6:

1 ‘HGC VERIFICATION TEST OF CHEMICAL MDDULE VS. PHQ
10 410108 -11
©0.0D0 1.00000

00991
BASIC INTEGER PARAMTERS

010101300010

BASIC RRAL PARAMETERS

1.00D0 1.0DO 1.0DQ 1,000 1.0D00 1.0D-2 1.000

PRINT AND AUXILEARY STORGE CONTROL

CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR

MATERIAL PROPERTIES

15 0.0DC 0.0DQ 1.0B-20 1.0D0 0.0 0.0 0.0 0.0

16 C assenea DATA SEY 7: NODE COORDINATES

17 1 I 0.0 10.0 0.0

18 & 4 1 0.0 10.0 0.0

19 L] o 4] 0.0 0.0 0.0 END OF X-COORD
29 1 4 1 0.0 0.0 6.0

2 ] 4 1 10.0 0.6 °.0

22 4] aQ ] 0.0 0.0 0.0 ERD OF Z-COORD
23 B

24

4
CALCEUM

0

"nawe

0.0D0

0O 0
SO QDD

o

0.0D0

o

0.0D0

OHOR

3.0004
298.0 1.
~20.0

1.0D-9

1.0D-7
H45I04{A
1.0D-7
H20(L}
1.0000
© aee
OH-
1.0D-7
HCO3~
1.0D-7
H2C03
1-0D-7
CAOH+
1.0D-7
CACO3
1.0D-7
CAHCO3+
1.0D-7
SI20Z(0H
1.0D-7
SI203(0H
1.0Dp=7
SI305(0H
1.0D-7
SIage (ol
1.0p-7
S1403({0H
1.0D-7
ST407 (OH
3.0D-7
SIO{QH)2
1.0D-7
5Y02{0H)
1.00-7
COZ{AQ)
1.00-7
[

CALCITE
0.0
ARAGONIT
0.0
BiIL GEL

9.0
SIL GLAS
0.0
LIME, QU
0.0
CHALCEDD
0.0
QUARTZ
0.9

SILY{AM)
¢.0
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g
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Zorenot
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A
00O
* DATA
3.1D0-4
1 1

[ ]
(X}
ey

TN

N

] 1]
5.1D-4
1 1

a 0
1.0Dp=-7

Lad

OHOM
OWOOHOHOROD

3
C seswses DATA SET 218;

1
Q
20.0

3

[+] [

2

FREE CO3-

-2
1

-14.900
10.330
16.881

-12.598

3.225
11.435
-8.100

=19.001

-27.501

=28.601

-34.901

-25.501
-2.810

-23.141
16.581

ssv2 DATA SET 2

8.48
8.34
2.70
3.02
-32.70
3.49
3.78
2.71

HYDROGEOCHEMER 1322 5°

HO00DO000 -

o e

D38

=]
o
-]

o
-1

C ssssres DATA SET 8: ELEMENT CONNECTIVITY
1 7 & 1 4 1
C ssessew DATA SET 10: CHEMICAL COMPONENT INFORMATION

END OF I.C. CA

END OF I.C. CO3

END OF I.C. H
CONTROL INTEGERS FOR TRANSIENT SDURCE/SINK ARD B.C.
0000

DIRICHLET BOUNDARY CONDEITIONS
8 5.1D-4
END OF B.C. CA
-1D-4

END OF B. €. cO3

=OoOWOoDo

Q

=]
T

-

END OF B.C. K

END OF NPDB
ROLOGICAL VARYABLES
9.0 0.0
0.0 0.0
0.0

EDHDO

END OF VELOCITY

go<=o=

0.0 END OF TH
ER OF COMPONENTS AND PRODUCT SPECIES
B 250 10 :.0 1.0D-8
E-, IONIC STRENGTH AND SORPTION INFORMATLON
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0.0 20.0
C essssss DATA SET 19: COMPONENT SPECIES AND THEIR IQN-EXCHANGE INDEX
PREE Cae++
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o

o0 -1
1
2

-1

e Qo o o o
O 6 o 9 & o

-1

-2 -1 =1

-3 -2 -2

o O o O FH H # 8 o
o 0 o o @ 0 o 9 o o o 0 o0

o 0O 0 O K B o

o O 0o 0O O 0 0 ° & o

c o0 o QO B = o o o

O 8 0 0 = B O Fr + O

W W N N O O O 0 O &

-3 -3 -3

J
[*]

-3

[}
[
&=

-3

o < o
U
-

Y

=1

1
N

~2

A -
@ o o o o
= ©o o o o

EJ@ B = & & W W N N O O D @ O O
O H

HS © 0O o o

a8~ o
o
]

DDOOEN

L

]

o

-2 -2

-1 -1

'
Q N

-2 -2

(=]

-2 -2

0O 0 Q@ = O 0 o
o O o O 0 o @ o
o 0 2 O 0 Q0 H |
S O 9O M O O e
o oo & o o W R
© © o nm o o o o
= M e O R M 8 O

-]

-2
aQF JOB

-2

ZH M k9 koo

N—RERAKEN T —F

3-37



B

3
UAHoF—5

B 3-11

B o

- EFIUER%E
- RO — K

N F T — TR
ATFh VS, BEFH

NO

At7h = BIFH
YES

O BT

RIEELEHICER L
NS A — G

NG
EREL-HTH?

WRX(FEHFE
F-4x-2DHEEL

YES

NO

ERES—HTBE?
YES

WA - FEEEERHTICEAT A FmE 07O~




L.,

B 3-12

41

39

37

35

33

31
29
21
25
23
21
19
17
15
13

11

42
20

40
19

38
18

36
17

34
16

32
15

30
14

28
13

26
12

24
11

22
10 10.

20
9

18
8

16
.

14
6

12
5

10
4

8
3

6
2

4
1 0.5

2

< 0, 5>

BAT . em

KIE - EBITRVF T~ IBFEF IV

3-39



SRR AR

HYDROGEDCHEM

-11

-12

-13

3-40

-14

log C

(mo1/L)

~15

10.0

2.5

7 LA B X HF A (c m)

7

N Fe—-0r (R BR

= 3-13



py

)

3-41

log €

(mol/L)

10.0

7.5

5.0
L B X K

2.5

( ¢ m)

i

AT

EEES

)

Ry F7— U (BR

= 3-14



r-t

B

E P M A &4 #r #®

Ca0O

20

1 ]
. 1 |
I o © © © o ¢ o o © o © d o o o o o ¢
o o ' |
o i , |
: H |
4 ]
)
' :
o] ' :
] L}
]
' : 1
' ]
1 [
1 1
' ]
. ! I
: :
[+) [ '
1 ]
' ]
1
: : ;
15 i : |
) L]
: : :
’ L]
: ' }
' ]
: : [
L}
| ' |
! 1
1 1
! 1
[]
. [
: I
+
1
L]
L]
L]
L}
]
'
'
'
.
L)
10 .
© i
! |
' I
L}
T
L}
L}
L}
1
'
1)
.
]
)
L}
.
1 - 1
. ! 1
'
5 1 1 1 1 1 3 1 1 1 'l 1 : !

0 3.0 6.0 . 5.0 12.0

MOBE ft 3L fk b 5 1 BB M (m om o)

315 FIREBERNREHBRER (Ca0 : EPMARHIHESR)



Hfro

dm

101 50 102
ag 49 100
817 48 a8
a5 47 96
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a1 45 82
Sﬂl 44 80
g7 43 B8
85 42 8B
23 41 24
g1 40 32
Te 39 340
Fq 77 38 18
15 37 TE
E 13 36 74
71 35 T2
#t E8 34 10
67 33 58
£ 85 32 B
3| 31 |** 0.2
ﬁ; 81 30 §2
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When hydrological transport is coupled with chemical equilibrium, the basic
requirement for computing the reactive chemical transport is the capability of
computing chemical equilibrium at any point of interest. In other words, the model
used for computing chemical equilibrium should be able to handle as many chemical
systems as possible. Most models take the aqueous component concentrations as their
independent variables to compute chemical equilibrium when they are coupled with
hydrological transport. However, if the amount of an aqueous component dissolving
in the aqueous phase is negligible when compared with that precipitating in the solid
phase (i.e., the precipitated concentration dominates), then the model might fail to
conserve the mass of that aqueous component. In order to deal with such a situation,
which happens in real-worid problems quite often, this study presents an essential
approach. Based on the approach originated in the HYDROGEOCHEM model, we use
the modified total analytical concentrations (with the concentrations of domninating
_precipitated species excluded) rather than the total analytical concentrations as the
dependent variables of transport. In’ addition, we save the concentrations of all the
dominating precipitated species at both the previous and current time steps for
calculating the rate of change due to precipitation/dissolution. The rate, playing the
role of a source/sink term, appears on the right hand side of the transport governing
equation. This paper presents a brief derivation of this approach and includes two
“designed examples to verify the approach.

INTRODUCTION

During subsurface transport, reactive chemicals are subject to a varjety of
hydrophysical and chemical processes. The combined effects of all the processes on
reactive chemical transport must satisfy the principle of conservation of mass. In the
past decade, coupled models accounting for complex hydrophysical and chemical
processes, with varying degrees of sophistication, have been developed [Yeh and
Tripathi, 1991]. When chemical processes are coupled with solute transport in a
mathematical/numerical model, the model needs to be constructed with some specific
consideration (e.g., to generate symmetric positive definite global matrices) so that it
is able to solve real-world problems for reasonably accurate solutions [Yeh and
Tripathi, 1990]. No matter what consideration is taken into account, the basic
requirement is that the coupled model should be able to handle as many chemical
systems as possible. In computing chemical equilibrium, most models take the aqueous



components as their independent variables, which are basic quantities to be checked for
convergence when solving a set of nonlinear algebraic equations of chemical
equilibrium. However, if dominating precipitated species exist in a chemical system,
we might obtain a non-mass conservative but convergent solution which will introduce
either nonconvergency or a wrong result in the transport process. This is so because
there is always a nonzero error tolerance for checking the convergence of chemical
equilibrium, which could make the order of solving nonlinear equations significant and
result in initial guess-dependent solutions when dominating precipitated species exist.

In order to resolve this problem, an approach, which excludes the concentrations of
dominating precipitated species from the related total analytical concentrations to
eliminate the non-mass conservative problem caused by dominating precipitated species,
is presented in this paper. A brief derivation, examples for verification, and
conclusions for the approach are given in the next three sections.

DERIVATION

In the HYDROGEOCHEM model [Yeh and Tripathi, 1990], the chemical equilibrium
is assumed to be achieved immediately, and it is computed by solving a set of nonlinear
algebraic equations of (1) mass conservation of the total analytical concentrations of all
components and (2) constitution describing the relationship between species and
components. To overcome the non-mass conservative problem caused by _dominating
precipitated . species, the mass conservation equations of the total analytical
concentrations of aqueous components

M, oM M, M, v
nec Yokt Yal vt Yol e aim Qni,.o.,n, ()
i=l i=l i=l iel
are replaced by the mass conservation equations of the modified total analytical
concentrations of aqueous components

c+2a X+Eauy+za z, + Z af p; @ 1, N (2)

i=l ~i=l - i=ndps+1

where T, and T, given as the input for computing chemical equilibrium, are the total
and the modified fotal analytical concentrations of the j-th aqueous component,
respectively; c; is the concentration of the j-th aqueous component species; x;, i,
z,; , and p; are the concentrations of the i-th complexed, adsorbed, ion-exchanged, and
precipitated species, respectively; aj%, ai’% , ass, and af are the stoichiometric
coefficient of the i-th complexed, adsorbed, 1on-exchanged, and precipitated species,
respectively, on the j-th component; and N,, M, M,, M,,:M,, and ndps-are the
numbers of aqueous components, complexed species, adsorbed species, ion-exchanged
species, precipitated species, and dominating precipitated species, respectively.
Therefore, when checking the convergen¢e of chemical equilibrium, the modified total
analytical concentrations, rather than the total analytical concentrations, of aqueous
components are examined for mass conservation. Although dominating precipitated
species exist, they will not yield non-mass conservation because they are excluded from
the equations of the modified total analytical concentrations of aqueous components.
To couple chemical equilibrium to solute transport, we simply substitute Eq. (2) into
the governing equations of the HYDROGEOCHEM model
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9_3% +V-VCJ.-V-(9D-VTJ.) +t;{'I'j+_aTC.'I'j j=1,...,N, (3)
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(4)
30 R pd(0p)

= =V- (8D-V(S;+F))) +q(8;*F}) + = C;+qC; —; ai}’_at_ |
where Cy, Sy, Py, and P are the total dissolved, total sofbed, total precipitated, and
modified total precipitated concentrations of the j-th aqueous component; 6 is moisture
content; q is(Darcy velocity; v is(Fource/sink of watep; and ¢ is the total dissolved
concentration of the j-th aquédus component of source/sink. Eq. (4) can be further
written in the Lagrangian-Eulerian form as follows.

bC, 9 (S, +F.) ' LY .
8Dt1+9 51: P2 -V (6D:VT)) +q'1‘;+_a.E'Irj j=1,...,N
- 30 . ndps a(ap) (5)
= -V-(6D-V(S;+F))) +q(8;+F]) * o= C;*aC —; ai?—ﬁt_:—l—
EXAMPLES

In this section, two examples are used to verify the approach presented in this paper.
The first example is to demonstrate how significantly the approach eliminates the
problem of non-mass conservation due to the existence of dominating precipitated
species. The second example is to demonstrate how properly the approach works for
a clean-up problem.

Example 1: chemical equilibrium under complexation and precipitation

In this example, two components, namely ca 2+ and cOZ~, are considered. The given
total analytical concentrations of ca 2+ and co2” are 10° M and 10%° M, respectively.
In addition to these two aqueous component species, one complexed species, CaCo,,
and one dominating precipitated species, CaCO,,, are included for chemical
equilibrium simulations. The associated equilibrium constants of CaCO, andCacCo, 4,
are 10° M? and 10*3 M?, respectively. If we directly use the total analytical
concentrations of aqueous components to solve for chemical equilibrium and use 10
as the relative error tolerance, then we will obtain the following answer: [ca2*] =
1.784x102M, [co2™1 = 2.809x10° M, [Cac0,] = 5.012x10° M, [CaCO; ] =10%
M. Itis true that this convergent result is not mass-conservative for both components,
and more obvious for coZ~. This result will introduce either a wrong solution or
nonconvergency if it is applied to sblve for chemical transport. In the approach,
however, the modified total analytical concentrations, which are set to be 0.0 M for
both aqueous components before chemical equilibrium, are used to solve for
equilibrium. The dominating precipitated species, CaCO,(,, has a concentration of
107 M before equilibrium. In other words, we initially put all the concentrations into
the dominating precipitated species rather than the component species. With the same



relative error tolerance, 10, the following answer can be obtained by using the
approach: [ca?*] =[co? 1= 7.079x10% M, [CaCO,] = 5.012x10°¢ M, [CaC0; (g ]
=10%-7.580x10° M. It is mass-conservative for both aqueous components. In the
approach, the concentration of the dominating precipitated species, CaCO; g, i8
recorded with two variables: one is to store the dominating amount, 10?° M, and the
other one is to store the variable amount, -7.580x10° M, which is the amount of
dissolution (if it is negative) or precipitation (if it is positive) relative to the situation
before chemical equilibrium. With this recording, the difference of the concentration
of a dominating precipitated species between two successive time steps can be correctly
calculated in the transport process. In other words, the contribution from the change
of a dominating precipitated species can be accurately computed, which cannot be
appropriately calculated with the former approach.

Example 2: one-dimensional clean-up problem

This example considers the clean-up of a precipitated species in a one-dimensional
horizontal column. The chemical system involves two aqueous components, A and B,
and one precipitated species, D, which is composed of one component A and one
component B and has Ksp = 10" M=2. The simulation is conducted for 40 days with
a time step size of 1.0 day. The region is made up of 100 elements of size 1 dm x 1
dm x 1 dm. In order to see how aptly the approach works, five different initial
conditions are set up. They all have the same modified total analytical concentration,
1x10° M, for both components at every node. But they are given different amounts
of precipitated species: 0.0 M, 1x10° M, 2x10° M, 5x10° M, and 1x10* M. As the
simulation starts, clean water comes into the column through the left boundary plane.
The flow velocity is 0.4 dm/day, the effective porosity is 0.4, and the dispersivity is
assumed negligible. Fig. 1 shows the schematic description of this example.

P 100 dm /
—

V = 0.4 dm/day
z - 1 dm

ng=04 ./_;d::

Figure 1 Schematic description of the clean-up example

o
rad

Figures 2 through 6 illustrate the results of transient simulation for the five cases with
initial precipitated species concentrations 0.0 M, 1x10° M, 2x10° M, 5x10° M, and
1x10® M, respectively. The concentrations of the precipitated species (i.e., the
"Background" in Figures 2 through 6) for the five cases, varying from 0 up to 10 times
of the designed modified total analytical concentration, 1x10° M, are not really
dominant because this example is mainly designed for testing if the approach (i.e.,
solving Eq. (5)) has been correctly implemented. The computational results have been
checked to be exactly the same as those from the former approach (i.e., solving Eq.
(3) with the Lagrangian-Eulerian approach). Figures 7 and 8 display the difference
among the five cases at time = 20 and 40 days, respectively. Since there is no
precipitation during the simulation for case 1, both components can be thought as
conservative components [Yeh and Tripathi, 1990]. Therefore, it is easy to determine
the location of the clean water front.
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Figure 3 The transient simulation result of case 2
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Figure 4 The transient simulation result of case 3
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Figure 5 The transient simulation result of case 4
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Figure 6 The transient simulation result of case 5

In this example, the mesh Courant number is set up to be 1.0 such that numerical
dispersion can be avoided [Yeh, et al., 1992]. Figure 2 shows that the approach
provides exactly the same result as_expected for case 1. In Figures 7 and 8, the
comparison between case 1 and the other four cases confirms that the approach offers
reasonably accurate numerical solutions. That is so because the clean-up amounts of
both components are 19.5x10%, 20x10°, 20.5x10%, 22x10%, and 23x10” moles at time
= 20 days and 39.5x10%, 40.0x10%, 40.5x10°%, 42x10%, and 44.5x10° moles at time
= 40 days for cases 1 through 5, respectively. These data agree with the mass

"
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Figure 7 Comparison among the five cases at time = 20 days
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Figure 8 Comparison among the five cases at time = 40 days



conservation of the clean-up amount. -

The difference of the clean-up amount between case 1 and any other case does not
increase with time, instead, this difference increases with the increment of the
concentration of the initial precipitated species (or the "Background” in the figures).
In other words, this difference is generated due to the existence of the precipitated
species which introduces the nonlinearity to the chemical transport equations. Only
when finer grids and smaller mesh Courant numbers are used, more accurate solutions
can be obtained if the "Background” is getting larger. In this case, for instance, if the
adaptive local grid refinement technique is used to capture the clean water front
through the simulation process, the difference mentioned above will be reduced [Yeh,
et al., 1992]. The finer the local grid size, the less the difference.

CONCLUSIONS

This paper presents an approach to compute reactive chemical transport with
dominating precipitated species taken into account. In the HYDROGEOCHEM model,
the total analytical concentrations of aqueous components are used as the dependent
variables in solving chemical transport equations. It helps to gain positive values of
the total analytical concentrations of all components through the whole computational
process, which is required to solve fof chemical equilibrium. However, this approach
is not suitable for dealing with a system containing any dominating precipitated species.
Because 4 non-mass conservative solution might be obtained from computing chemical
equilibrium, as illustrated in Example 1. Moreover, a non-mass conservative chemical
equilibrium solution will introduce either nonconvergency or a wrong answer in solving
transport equations. To overcome this problem, the approach presented in this paper
uses the modified total analytical concentrations of aqueous components, which exclude
the concentrations of dominating precipitated species, as the dependent variables in
solving for chemical transport. Example 1 demonstrates that the approach provides a
mass-conservative solution in computing chemical equilibrium under the existence of
a dominating precipitated species. In addition, Example 2 shows that the approach
offers reasonably accurate solutions for chemical transport if an appropriate spatial and
temporal domain discretization is given, which is needed because of the nonlinearity
precipitation reactions contribute to chemical transport equations.
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com
————— USE CONCENTRAIONS AS MASTER VARIABLES com
com

""""" ONLY ONE ION~EXCHANGE SITE IS CONSIDERED com
- com
AAKEERAKREEARAAARAKAEX AR T AN AT AR I IR AT AR AR TRk Rk hdhkrhdrdodbhhhhhehddhkhkktoom
* *com
* EQMOD *Ccom

i

* *com
**********************************************************************com

* *com
* YEH, G. T., EQMOD: A Chemical Eguilibrium Model of Complexation, *com
* Adsorption, Ion-exchange, Precipitaiton/Dissolution, Redox, and *com
* Acld-base Reactions. Technical Report No. XXXX, Department of *com
* Civl Engineering, The Pennsylvania State University, University *com
* Park, PA 16802 *com
KR AKARA AT IR R AR A AR AR RARARRAANAAAANNXA RN AL A AR A A hdhk ki hddh ik ki hdoom
* *com
* PFor Any Question, Call DR. G. T. ¥Yeh at (814) 863-2931 *com
* : *com
FEAAFARKRERRARA N AR AR R AR A IAA I AT AL T A AT R Ak I ko d kT kdhdhddddr kR rdoom
* ' . *com
KHEEAAAXAA AKX IAA R IR ARk hhhhdhd *com
w* * *COm
* DEFINITION OF VARIABLES * *com
* * *Ccom
AEEEEAATAFTRA AR AR A A hA K Aok & dok ko ek s * SOm
* *com
* COMMON /DIM/ MAXN,MAXM,MAXMZ,MAXMP,MAXPD,MAXEQ *com
* COMMON /NUM/ NON,NONA,NONS,NOM,NOMX, NOMY, NOMZ , NOMP, NOPD , NOEQ *com
* COMMON /HEI/ SICOR,ICOR,LNH,LNE *com
* COMMON /SBT/ CEC,CAPl,CAP2,SREA,TEMP,PRESU,IADS,LNO,LNB,LNI *com
* COMMON /REI/ EPSLON,OMEGA,EPS,KPR,KAU,NITER,NPCYL,cnstrn . *com
* COMMON ]REH/ PEMN, PEMX, PHMN, PHMX , EAMN, EAMX, HAMN , HAMX . *com
* . *con
* MAXN = MAXIMUM NO. OF COMPONENTS = MAXNA + MAXNS *com
* MAXM = MAXIMUM NO. OF SPECIES *com
* MAXMZ = MAXIMUM NO. OF ICON-EXCHANGED SPECIES *Com
* MAXMP = MAXIMUM NO. OF PRECIPITATED SPECIES *com
* MAXPD = MAXIMUM NO. OF PRODUCT SPECIES *com
* MARXEQ = MAXIMUM NO. OF EQUATIONS *com
* *com
* NON = NO. OF COMPONENTS = NONA + NONS *com
* NONA = NO. OF AQUEOUS COMPONENTS *com
* NONS = NO. OF ADSORBENT COMPONENTS *com
* NOM = NO. OF SPECIES = NONA + NONS + NOMX + NOMY + NOMZ + NOMP *com
* NOMX = NO., OF COMPLEXED SPECIES *com
* NOMY = NO. OF ADSORBED SPECIES- *com
* NOMZ = NO. OF ION-EXCHANGED SPECIES *com
* NOMP = NO. OF PRECIPITATED SPECIES ‘ *com
* NOPD = NO. OF PRODUCT SPECIES = NOMX + NOMY + NOMZ + NOMP *com
* NOEQ = NO. OF EQUATIONS *com
* *com
* SICCOR = IONIC STRENGTH USED FOR COMPUTING ACTIVITY COEFFICIENTS *com

005
010
015
020
025
03¢0
035
040
045
050
055
060
065
070
075
080
085
090
095
100
105
110
115
120
125
130
135
140
145
150
i55
160
165
170
175
180
185
190
195
200
205
210
21s
220
225
230
235
240
245
250
255
260
265
270
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ICOR

LNH
LNE

CEC
carl
CAP2
SREA
TEMP
PRESU
IADS

LNO

LNB

LNI

It

[t

It

I

IS TONIC STRENGTH USED TO CORRECT ACTIVITY COEFFICENTS?
0 = NO

1 = CONSTANT IONIC STRENGTH IS USED

2 = VARIABLE IONIC STRENGTH IS USED

LOCATION OF THE COMPONENT H -

LOCATION OF THE COMPONENT E

CATION EXCHANGE CAPCITY

CAPACITANCE BETWEEN SURFACE PLANE AND BETA PLANE
CAPACITANCE EBETWEEN BETA PLANE AND DIFFUSIVE LAYER
SURFACE AREA OF THE ADSCRPTION SITES

ABSOLUTE TEMPREATURE IN KELVIN

PRESSURE

ADSORPTION MODEL INDEX,

0 = SIMPLE SURFACE COMPLEXATION,
1 = CONSTANT CAPACITANCE MODEL,
2 = DOUBLE LAYER MODEL

LOCATION OF THE EXP(—-E*PSIO/KT) COMPONENT IN THE COMPONENT

LIST (OR IN THE SPECIES LIST)

LOCATION OF THE EXP(-E*PSIB/KT) COMPONENT IN THE COMPONENT

LIST (OR IN THE SPECIES LIST)

LOCATION OF THE REFERENCED ION~EXCHANGING SPECIES (OR ION-
EXCHANGED SPECIES) IN THE ION-EXCHANGING SPECIES LIST (OR

IN THE ION-EXCHANGED SPECIES LIST)

MACHINE EPSILON

= NONLINEAR ITERATION FARAMETER

1l

TOLERANCE OF ERROR FOR NEWTON-RALPHSON ITERATION
PRINTER CONTROL FOR THE STATIC SOLUTION
AUXILIARY OUTPUT CONTROL FOR THE STATIC SOLUTION

NO. OF ITERATIONS ALLOWED FOR SOLVING NONLINEAR EQUATIONS

NO. OF PRECIPITATION ITERATION CYCLES

EXPECTED MINIMUM PE
EXPECTED MAXMIMUM PE
EXPECTED MINIMUM PH
EXPECTED MAXIMUM PH
EXPECTED MINIMUM ELECTRON ACTIVITY
EXPECTED MAXIMUM ELECTRON ACTIVITY
EXPECTED MINIMUM HYDROGEN ACTIVITY
EXPECTED MAXIMUM HYDROGEN ACTIVITY

DIMENSION CNAM(MAXN),TOTAC({MAXN),GXW(MAXN),ICELI (MAXN)
DIMENSION TOTDC(MAXN),TOTSC(MAXN), TOTPC(MAXN)

CNAM(J)

TOTAC (J)

GXW (J)

ICELI{J)

_TOTDC(J)

COMPONENT NAME OF THE J-TH COMPONENT

TOTAL ANALYTICAL CONCENTRATION OF THE J-TH COMPONENT
LOG10 OF CW(J)

INDICATOR OF THE J-TH COMPONENT LEGITIMATABLE FOR
FOR ELIMINATION IN DETERMINING THE NUMBER OF SPECIES
ALLOWED FOR PRECIPITATION;

0 = NOT LEGITIMATE, 1 = LEGITIMATE

1l

i

TOTAL DISSOLVED CONCENTRATION OF THE J-TH COMPONENT

*com
*com
*zom
*Com
*com
*com
*Com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*eom
*com
*Ccom
*Ccom
*ocom
*oom
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*Ccom
*com
*Com
*com
*com
*com
*com
*oom
*com
*com
*com
*oom
*com
*com
*Com
*¥com
*com
*com

275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540
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*
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TOTSC(J} = TOTAL ADSORBED CONCENTRATION OF THE J-TH COMPONENT *Ccom
TOTPC(J) = TOTAL PRECIPITATED CONCENTRATION OF THE J-TH COMPONENT *com
*Com

*com

DIMENSION ZM(MAXEQ,MAXEQ),RE(MAXEQ),RR(ﬁhXEQ),IPVT(MAXEQ) *com
DIMENSION SPECN(MAXM),CN(MAXM),CW(MAXM),ISCN(MAXM) *com
DIMENSION GAMA (MBRXM),VJ(MAXM) *com
*com

ZM(I,J) = JACOBIAN MATRIX = PARTIAL RE(I}/PARTIAL CW(J) *com
RE(I) = RESIDUE OF THE I-TH EQUATION *com
RR(I} = RESIDUE OF THE I-TH EQUAITON *Ccom
IPVT(I) = INDEX OF THE I-TH PIVOT *com
*com

SPECN{1) = SPECIES NAME OF THE I-TH SPECIES *Ccom
CN(I) = CONCENTRATION CF THE I-TH SPECIES *com
CW({I) = CONCENTRATION OF THE ITERATE OF THE I~TH SPECIES *com
ISCN(I) = INDICATOR OF SPECIES CONCENTRATION OF THE I-TH SPECIES *com
3 = CONCENTRATION IS SPECIFIED FOR DISSOLVED SPECIES *Ccom

ACTIVITY IS SPECIFIED FOR SOLID SPECIES *com

2 = I-TH COMPONNET SPECIES APPEAR AS A FICTITIOUS *com

COMPLEXED SPECIES IN THE MOLE BALANCE EQUATION *com

OTHER THAN THE I-TH MOLE BALANCE EQUATION ITSELF *com

*Ccom

GAMA (1) = ACTIVITY OF THE I-TH SPECIES *com
VI(I) = CHARGE OF THE I-TH SPECIES *com
*corm

——————— EQUATIONS (RESIDUES) ARE ARRANGED IN THE FOLLOWING ORDER *com
1. NA AQUEOUS COMPONENT BALANCE EQUAITONS, *com

2. NS ADSORBENT COMPONENT BALANCE EQUATIONS, *Ccom

3. ONE CEC CONSTRAINT EQUATION AND (MZ - 1) ION-EXCHANGE *com

REACTION EQUATICNS, AND *com

4. MP PRECIPITATION REACTION EQUAITONS. *com

——————— UNKNOWNS (SPECIES CONCENTRATIONS) ARE ARRANGED IN THE *com
FOLLOWING ORDER *Com

1. NA AQUEQUS COMPONENT SPECIES MOLE CONCENTRATICHNS, *Ccom

2. NS ADSORBENT COMPONENT SPECIES MOLE CONCENTRATIONS, *com

3. MX COMPLEXED SPECIES MOLE CONCENTRATIONS, *com

4. MY ADSORBED SPECIES MOLE CONCENTRATIONS. *Ccom

5. MZ ION-EXCHANGED SPECIES MOLE CONCENTRATIONS, AND *Ccom

6. MP PRECIPITATED SPECIES MOLE CONCENTRATIONS, *Ccom

*com

*com

*com

DIMENSTION AXYZP(MAXPD,MAXN),BXYZP(MAXPD,MAXN) *Ccom
DIMENSION EQK(MAXPD),EQKM(MAXPD),GEK(MAXPD} *com
DIMENSION LOCZ(MAXMZ),INDPS(MAXMP),ITCPS(MAXHP) *com
DIMENSION RIAP(MAXMP),IAP(MAXMP),INDTB(MAXMP) *com
*Ccom

BAXYZP(I,J) = STOCHIOMETRIC COEFFICIENT OF THE J~TH COMPONENT IN *com
THE I~TH PRODUCT SPECIES USED IN MASS ACTION EQUATION*com

BXYZP(I,Jd) = STOCHIOMETRIC COEFFICIENT OF THE J-TH COMPONENT IN *com
THE I-TH PRODUCT SPECES USED IN MOLE BALANCE EQUATION*com

EQK (I} = EQULIBRIUM CONSTANT OF THE I-TH PRODUCT SPECIES © kcom
_EQKM(I) = MODIFIED EQUILIBRIUM CONSTANT OF EQK(I) *com

B-4

545
550
555
560
565
570
575
580
585
580
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
745
750
755
760
765
770
775
780
785
790
795
800
805
810
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*

* % * & *

GEK(I)
LOCZ (I)

INDPS(I)

ITCPS(I)
RIAP(I)
IAP(I)

INDTB(I)

PRODUCT SPECIES ARE ARRANGED IN THE FOLLOWING ORDER:

1.
2.
3.
4.

LOG10 OF EQKM(I)

LOCATION CF THE I-TH ION EXCHANGING SPCIES IN THE

SPECIES LIST

INDEX OF THE I-TH PRECIPITATED SPECIES

O = THE I-TH SPECIES IS NOT ALLOWED TO PRECIPITATE
1 = THE I-TH SPECIES IS5 ALLOWED TO PRECIPITATE

VALUE QF INDPS(I) OF THE PREVIOQUS CYCLE

SATURATION VALUE OF THE I-TH PRECIPITATED SPECIES
RANK OF THE SATURATION VALUE OF THE I-TH PRECIPITATED
SPECIES. THE LARGER THE RANK,

SATURATION VALUE

THE INDTB(I)~TH PRECIPIATED SPECIES HAS THE I-TH LOWEST

SATURATICN VALUE

COMPLEXED SPECIES,
ADSORBED SPECIES,

ION~-EXCHANGED SPECIES, AND

PRECIPITATED SPECIES.

THE LARGER THE

*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*com
*Ccom
*com
*com
*oom
*com
*com
*com
*Ccom
*Ccom

815
820
825
830
835
840
845
850

860
865
870
875
880
885
890
895"
900
905
910
915
920
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FILE:E:BENTODZ.DAT _ 10:01:49 PAGE 001
10:00:52

2 PNC PIS5.DAT : CACO3 PPT-DISSOLUTION & ION EX ooooo
C =xsssws DATA SET 2: BASIC INTEGER PARAMTERS
2210 101000 18 ~110103001300000
C =ssxwss DATA SET 3: BASIC REAL PARAMETERS
1.00D00 0.0DO 1.00D0OO0 1.0DC3 1.0DO 1.0D0 1.0DO 1.0DOO 1.0D-3 1.0D0
C ssssas» DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
300000000000000000000006000000000000000000000000000000000000000000000000000000000
000000000000000000002000000000000000000000000003000000000000000000000GC0G0000000
000000000000000000000C0000000000000000003000000000000000000000000000000000000000
00060000000000000000000000000000000000000000000000000000000030000000000000000000
00000000060000006000000000000000000000000000000000000000000000000000000000000000
30000000000000000000000000000000000000000000000000000000000000000000000060000000
00000000000000000000300000000000000000000000000000000000000000060000000000000000
00000000000000000000000000000000000000000000000000000C00000000000000000000000000
0000000000000000000000000000000000000000000000C000000000000000000000000000000000
000000060000000000000000000000000000000000000000000000000000000000000000000000000
30000000000000000000000000000000000000000000006000000000000000000000000000000000
00000000000000000000000000000000000000000000000000006000000000000000000C00000000
0000000000000060000000000000000G000000003
00000000000000000000000000000000000000000000000000000000000006000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000006000000000
00000000000006000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000400000000000000000000000000000
00000000000000000000000000000000000000000000000000G00000000000000000000000000000
00000000000000000000000000000000000000000000C00000000006000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000006G00000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000G00000000000000000000000000000000000000000000000
00000000000000000000000000000G00G00000000000C0G000000000000000000000000000000000

CR-Ihhs -

WRNNNNNNRNNE R e
COGUNAMLRDRHOUENIONLWwNHO

31 00000000000000000000000000000000000000000000000000000000000000000000000000000000
32 000000000000000000000000000000G00000000000

33 1.0D3s

34 C sewenwes DATA SET 5: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR
35 11

36 1 3 5 7 9 11 13 15 17 19 z1 NODEP

37 C »sss»sa DATA SET 6: MATERIAL PROPERTIES

38 0.0D0 0.0DO 0.93312 1.8 0.0 0.0 0.0 0.0 AL AT AM RHOB CEC CAP1 CAPZ SREA
39 C »swsssses DATA SET 7: NODE COORDINATES

40 1 10 2 0.0 1.0 0.0

41 2 10 2 0.0 1.0 Q.0

42 8] o) 0 0.0 0.0 a.0 END OF X-COORD

43 1 10 2 0.0 0.0 0.0

44 2 1o 2 1.0 0.0 0.0

43 o} ¢ a 0.0D0 0.0D0 0.00D0 END OF Z-~COQRD

46 C wswsswex DATA SET 8: ELEMENT CONNECTIVITY

47 1 1 3 4 2 i 1 10

48 C wsss2a+ DATA SET 10: CHEMICAL COMPONENT INFORMATION

48 5

50 CALCIUM 1 1

51 CARBONATE 2 1

52 HYDROGEN 3 1

53 Z 4 1

54 NA 5 1

55 C ess#sss DATA SET 11: INITIAL CONDITIONS

56 1211 1.0D+1 0.0DO 0.0DO

57 0 00 0.0 0.0 0.0 END OF I.C. CA
S8 12131 1.0D+1 0.0D0 0.0DO

39 c 00 0.0 0.0 0.0 END OF 1.C. C0O3
60 1211 1.00D-07 0.0D0 0.0DO

61 o 00 0.0 0.0 0.0 END OF 1.C. H
62 1191 1.0D-01 0.0 0.0

63 21 11 1.0D-20 0.0 0.0

64 0 o0 0.0 g.0 0.0 END OF I.C. Z-
B35 1211 1.0D00 O.0 0.0

66 o 00 0.0 0.0 0.0 END OF X.C. NA
67 C saanan ONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.

» DATA SET 12: C
1012 000 422 0000 NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
69 C w»sssas# DATA SET 13: DIRICHLET BOUNDARY CONDITIONS

70
71
72
73
T4
75
76
77
78
79
a0 0.0Do
81
8z
a3 0.0D0D
84
85
86 0.0D0
a7

[s;]
=]

(=R - RN L LY

Yt

.0D38 0.2494

oR

END OF B.C. CA
.0D38 1.00D-20

Q=

END OF B.C. CO3
.0D38 1.00D-20

or

END OF B.C. H
g9 0
a0

g1

g2 -  0.0D0
a3
94
a5 0.0DO
26

oDo .0D38 3.1897

-

END OF B.C. Z-
.0D38 2.9403

o P

END OF B.C. NA
.0D38 1.00D-20

H Ol OF OK OF Ok
ORCOFROOKROOHROOHOD K

[




FILE:

97
a8
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

1a7

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

1686

167

168

169

170

171

172

173

E:BENTOZ.DAT — 10:01:52
10:00:52
0 0 0 (i} 0 END OF B.C. DUMMY
C sswsxs¥ DATA SET 15: DIRICHLET BOUNDARY CONDITIONS
0.0D0 4.6D-5 1.0D38 4.8D-5
0.0D0 3.0D-3 1.0D38 3.0D-3
1 1 1 1 0
3 1 i° 2 0
0 0 o 0 0 END OF B.C. CA
0.0D0 1.9D-3 1.0D38 1.9D-3
0.0D0 1.8D-3 1.0D38 :.9D-3
1 1 1 1 0
3 1 1 2 ]
a 0 0 0 0 END OF B. C. CO3
0.0D0 X, 0UD-09 1.0D3871.00D-09
0.0D0 3.16D°12 1.0D38 3.16D-12
1 1 1 i 0
3 1 1 2 0
0 0 0 o 0 END OF B. €. H
0.0D0 1.0D-01  1.0D38 1.0D-01
0.0DO 1.0D-20  1.0D38 1.0D-20
1 1 1 1 0
3 1 1 2 0
0 0 0 0 0 END OF B. C. Z-
0.0D0 2.7D-3 1.0D38 2.7D-3
0.0DD 6.0D-2 1.0D38 6.0D-2
1 1 1 1 0
3 1 1 2 0
4] o 0 o 0 END OF B. C. NA
11 1 1 1
2 1 121 1 :
00D 0 00 END OF NPDB
C wwsesws DATA SET 16: HYDROLOGICAL VARIABLES
1211 0.0 ©.0 0.0 0.0
6 00 0.0 ©.0 0.0 0.0 END OF VELOCITY
1 51 0.33 0.0 0.0
0 o0 0.0 0.0 0.0 END OF TH

C wsswsws DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
5S010 001 800 50 1.0 1.0D~5 nona,nons,nomx,nomy,nomz,nemp,nitere,npyl,ocnega

C #esssws DATA SET 18: H+,

0.004 230
298.0 1.0 0000

E-,

I0NIC STRENGTH AND SORPTION INFORMATION

-20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
C ssxexss DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX

CA++

i.0D~9 2 O
co3--

1.0D-9 -2 0
H+

l1.0D-7 1 0

Z-

1.0D-7 -1 @

Na+

1.0p-9 1 0

C »sxsss DATA SBET
DH-

1.0D-7 -14.0
HCO3-

1.0D-9 10.33
H2C03

1.0D-10 16.681
CAOH+

1.0D-9 -12Z.598
CACO3

1.0D-9 3.225
CAHCO3+

1.0D-9 11.435
ZNA

1.0D-9 20.0
Z2CA

1.00-9 41.8
NAHCO3

1.0D-9 10.08
NACO3-

1.0D-9 1.268
C ++xsx DATA SET 2
CALCITE

1.0D-4 8.48

o]

0
0
Q
0

o ©o o o O O 0O © O 9=
H R O O K R O B = O

0

-1

[=] (=2 = } o o [}

o |- I

0o o o o o @

=
=] o O o o Q o o o

o
END OF JOB

o c ¥ o H ke o o O

# M O O M B O H B O

o} 0
¢} o}
o] 0
0 o}
o 0
o] 0
1 1
2 0
Q I
0 i
o o

PAGE 00Z
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FILE:E:CS01.DAT - i 12:05:03 PAGE DDl
11:29:00

2 PNC PI1S5.DAT : CAC0D3 PPT-DISSOLUTION & ION EX 00000

C mxeawss DATA SET 2: BASIC INTEGER PARAMTERS

22 10101000 18 -110103001300000
C sxsusse DATA SET 3: BASIC REAL PARAMETERS

1.00p000 0.0D0 1.00D00 1.0D03 1.0P0 1.0D0 1.0D0 1.0D00 l 0D-5 1.0D0

C »xsweesx DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
300000000000000006000000000000000000000000000000000000000000000000000000000000000
00000000000000000000300000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000003000000000000000000000000000000000000000
0000000000000000000G00000000000000000000000006000000000000000030000000000000000000
00000000000 00000000000000000000000000G000000300000000006000000000000000000000000
2000000000G0300000000000000000000000000000900000000000000000000000000000000000000
00000000000000000000300000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000D00000000000000000000000000000000000000000000000000
000000000000000000000003000000000000000000000000000000G00000000000030000000000000
000000000000000000000000060000000000000000000000000000050000000000000000000000000
30000000000000000000000000000000000000000000000000000000000000000060000000000000
0000000000000000000000000000000000000000000000000000Q000000000000000000000000000
0000000000000000C000000000000000000000003

WO NN

e s el
wE-ht kRO

20 00000000000000000000000000000000000000000400000000000000000600000000000000000000
21 00000000000000000000000000000000000000000000000000000000000000000000000000000000
22 0000000000000000000000000000000000000000000000000000C000000000000000000000000000
23 00000000000000000000000000000000000000000000000000000000000000000000000000000000
24 000000000000000000000000000000000000000000000000000000000000000000000:00000000000
25 000000000000000000000400000000000006000000000000000000000000003000000000000000000
26 00000000000000000000000000000600000000000000000000000040000000000000000000000000
27 000000000000000000000000000000000000000000000000000C0000030000000000000000000000
28 0000000000000000000000000000000000C000000000000000000000000000000000000000000000
29 00000000000000000000000000000000000000000000000000000000000000000000000000000000
30 00000000000000000000000006000000000000000000000000000000000000000000000000000000
3%t 00000000000000000000000000000000000000000000000000000000000000000000000000000000
32 00000000000000000000000000000000000000000°

33 1.0D3s

34 C wxnewss DATA SET S: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR

33 11

38 1 3 5 7 9 11 13 15 17 19 Z1 XODEP

37 C =»xsexe DATA SET 6: MATERIAL PROPERTIES

38 0.0D0 0.0DO 0,93312 1.8 0.0 0.0 0.0 0.0 AL AT AM RHOB CEC CAP1 CAP2Z SREA

39 C sswsesn DATA SET 7: NODE COORDINATES

40 1 i0 2 G.0 1.0 0.0

41 2 10 2 0.0 1.0 0.0

42 o} o Q0 0.0 0.0 0.0 END OF X-COORD

43 1 10 2 0.0 g.0 0.0

44 2 10 2 1.0 0.0 0.0

43 0 [+ 0 0.0D0 0.0D0 0.0D0 END OF Z-COORD

46 C s#wwswss DATA SET 8: ELEMENT CONNECTIVITY

47 1 1 3 4 2 1 1 10

4B C sesssss DATA SET 10: CHEMICAL COMPONENT INFORMATION

49 6

50 CALCIUM 1 1

51 CARBONATE 2 1

52 HYDROGEN 3 1

53 Z 4 1

54 NA 5 1

55 C8 1

SB C sxxsuan DATA SET 13: INITIAL CONDITIONS

57 1211 1.0p+) O0.0D0O 0.0DO

58 o 00 0.0 0.0 .0 END OF I.C. CA

59 1211 1.0D+1 0.0D0 0.0DO

60 0 0o 0.0 0.0 0.0 END DOF I.C. CD3

61 1211 1.00D-07 0.0RO 0.0DO

62 0 0o 0.0 D.0 0.0 END OF I.C. H

63 1191 1.0B-01 0.0 0.0

64 21 11 1.0D-20 0.0 0.0

65 o0 00 0.0 0.0 0.0 END OF XI.C. Z-

B6 12121 1.0D00 0.0 0.0

67 0o 00 0.0 0.0 0.0 END OF 1.C. NA

68 1211 1.0D-20 0.0 0.0

69 0 00 0.0 0.0 0.0 END OF 1.C. C8

70 € »swssxe DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.

71 1012 000 422 0000 NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
72 C #swesww DATA SET 13: DIRICHLET BOUNDARY CONDITIONS

T3 L

T4 2

75 3

76 4

77 S

78 8

79 Vi

80 ]

81 9

8z 10

83 0.0D0 0.2454 1.0D38 0.2494

84 1 9 1 1 0

835 0 o 0 0 0 END OF B.C. CA

86 0.0D0 1.00D-20 1.0D38 1.00D-20

87 1 9 1 L o

88 0 o} 8] ] ¢} . END OF B.C. CO03

a9 0.0D0 1.00D-20 1.0038 1.00D-20

90 1 9 1 1 o]

91 0 s} 0 8] 0 END OF B.C. H

8z’ 0.0D0 3.1897 1.0D38 3.1887

a3 1 9 1 1 0

94 [} Q 0 0 0 END OF B.C. Z-

95 0.0D0 2.9403 1.0D38 2.9403

=151 1 9 1 1 0

D-2




FILE:E:CS01.DAT

97

98

Q9
100
101
102
103
104
105
108
o7
108
109
110
111
112
113
114
115
1i6
17
118
119
120
121
12z
123
124
125
126
127
128
129
130
131
132
133
134
135
138
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
150
161
162
163
164
165
166
167
18
169
170
i71
172
173
174
175
176
177
178
179
180
181
182
183
1384
185
1856
187
188

0 4] o} 0
0,0DD 1.00D-29

1 9 1 1

o] L1} 4] 0
0.0D0 1.00D-20

1 o 1 1

0 0 4] o

C =xesxws DATA SET 15:

0.0D0 4.6D-35 1.0D38
0.0D0 3.0D~3 1.0D38
1 1 1 1

3 1 1 2

1] a o 0
¢.0D0 1.9b-3 1.0D38
0.0D0 1.9D-3 1.0D38
1 1 1 1

3 1 1 2

0 ] o] 0
0.0D0 1.000-09 1.0D
0.0p0 3.16D-12 1.0D
1 i 1 1

3 1 1 Z

Q [#] 0 0
D.0DPO 1.0D-01 1.0D
0.0D0 1.00-20 1.0D
1 1 1 1

3 1 1 2

] 0 o 4]
0.0D0 2.7D-3 1.0b
0.0D0 6.0D-2 1.0D
1 1 1 1

3 1 1 2

o] /] [} o]
0.0D0 1.0D-20 1.0D
0.0D0 1,5D-03 1.0D
1 1 1 1

3 1 1 2

0 4] 0 0
i1 1 1 1
3 1 121 1

00 0o OO0

C wssnwx» DATA SET 16:

1211 0.0 0.0 O
0 00 0.0 0.0 ©
1 91 0.33 0.0 0O
o 00 0.0 0.0 0O

0.004 2230
298.0 1.0 0000

.0D38 1.00D-20

Q
i
0
0
1.0038 1.000-20
0
o]
D

END OF B.C. NA

END OF B.C. C8

END OF B.C.

IRICHLET BOUNDARY CONDITIONS

4,.6D-3

38 1.00D-0%
38 3.16D-12

38 1.0D-01
38 1.0D-20

38 2.7b-3
38 6.0D-2

1.0D-20
1.0D~05

END OF B.C. CA

END OF B. C. CO3

END OF B. C. H

END OF B. C. Z-

END OF B. C. NA

END OF B. C. C8

END OF NPDB

ROLOGICAL VARIABLES

oD

.0 0.0
.0 c.0
.0
-0

END OF VELOCITY

DUMMY

12:05:07
11:29:00

END OF TH

C s«nwssu DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES

6011001 800 50 1.0 1.0D-5 nona,nons,nhomnx,nomy,nonz,nomp,niterc,npyl,omega
C s#xwsweax DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION

-20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
C #=wx+sns DATA SET 19:

CA++
1.0D-9
co3--
1.0D-9
H+
1.0D-7
Z—
1.0D-7
NA+
1.0D-9
CS+
1.0D-9
C #nnasn
o~
1.0D-7
Hco3-
1.0D-9
Hzco3
1.0D-10
CAOH+
1.0n-9
CACO3
1.0D-9
CAHCO3+
1.0D-9
ZNA
l.0D-9
Z2CA
1.0D-9
NAHCOZ
1.0D-9
NACO3-~
1.0D-9
ZCcs
1.0D-9
C nesax
CALCITE
1.0D-4

Z0
-2 0
10
-1 0
10
10

o Q Q =] [ =2 =]

DATA SET 20:

-14.0
10.33
16.681

~12.598

3.225
11.435
20.0
41.8
1¢.08

7 1.268

20.83

DATA SET

5.48

o o o [=] [=] =] o o o

o B B & O F B O P B O

COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX

-1 0 00 0 4] g -1 4]
1 o 00 O 0o .1 1 0
2 6 00 0 0 1 2z o
-1 o 00 © i 0 -1 0
0 0 00 O 1 1 o0 o
1 0 00 0 1 1 1 o
o 1 10 0 o o o 1
60 2 00 O 1 o0 o =2
1 ¢ 10 0 6 1 1 0
c o 10 @ 0 1 o0 0
o 1 01 0 0 o o0 1
0 (8] 00 1 1 0 1]
END OF JOB

=] H = O +» © Q o o o o

Q o o (=] o Q@ o
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- FILE:

CoNOURLRE

10
11
1z
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3o
31
32
33

as
a6
a7
38
39
40
41
42
43
44
45
48
47
48
49
50
51

53
54

56
57
S8
59
60
81
62
63
64
65
66
67
68
69
70
71
T2
73
T4
73
78
T
78
79
80
Bl
82
83
&84
85
86
87
88
89
20
91

92

93
94
25
96

E:CS00.DAT -

2 PHNC PIS.DAT ¢ CACO3 PPT-DISSOLUTION & I0N EX 00000
C +s+wuxss DATA BET 2: BASIC INTEGER PARAMTERS
22 101 01000 18 -1 310210 3001300000
C #+»»uese DATA SET 3: BASIC REAL PARAMETERS
1.00D00 0.0DO 1.00DCO 1.0D03 1.0DC 1.0DO 1.0DO 1.0D0C 1.0D-3 1.0DO
C #«wwxs» DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
30000000000400000000000000004000000000000000000000000000000000000000000000000000
00000000000000000000300000000000000000000000000000000000000040000000000000000000
000000000000000000000000000000000000000030000000G000000000000C000000000000000000
60000000000000000000000000000000000000000000000000000000000030000000300000000000
Q00000000000000000000000060000600040000000000000000060000000000000000000000000000000
30000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000300000000000000000000000000000000000000000000000000000000000
600000000000000000000000000000000000000000000000060000000000000000000000000000000
0040000000000000000 0000000000600 0G0000000000000000000000000000000000000000000000
00000000000 000000000000000000000000000000000000000000000000000000000000006000000
3000000000000000000000000600006000G00000000000000000000000040000000000000000000000
00C000a00000H0000000000000000000000000000000400000000000000000000000000000000000
00000030000 000000000000000000000000000003
00000000000000000000000000000000000000000000000000000000000000000000300000000000
00400000000000¢00000000000000000000000000000000000000C000000000000000000000000000
00000000000000000000000000000000000000000000300000003000000000000000000000000D000D
000000000 00000600000000000006G000000000000000000000000000000000000000000000000000
Q00000000000000000000000000060000000000000000006000000000C000000I000000000000000
Q00000000 000000000000000000006000000000000000000000000G000000000000000000000000000
000000000000000000400000000400000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000600000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
000600Q0000000000000000000000:0000C000000000000000000000000G00G0000000GO0D00000000
0000040000000003000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
1.0D38
C swasres DATA SET 5: CHEMICAL PRINTOUT AND CHEMICAI, PROPERTY TYPE INDICATOR
11
1 3 5 7 8 11 13 15 17 19 21 NODEP
C rasnews DATA SET 6: MATERIAL PROPERTIES

0.0D0 D0.0DO0 0.93312 1.8 0.0 0.0 0.0 0.0 AL AT AM RHOB CEC CAP1 CAP2 SREA
C #ssssws DATA SET 7: NODE COORDINATES

1 10 2 0.0 i.0 0.0

2 10 2 0.0 1.0 0.0

0 o 8] 0.0 0.0 0.9 END OF X-COGRD

1 10 2 0.0 0.0 0.0

2 10 2 1.0 0.0 0.0

a o] 0 0.0D0 0.0DC 0.0D0 END OF Z-COORD

C =s+ssswe DATA SET 8: ELEMENT CONNECTIVITY
1 1 4

3 2 1 1 i0
C assenns DATA SET 10: CHEMICAL COMPONENT INFORMATION
5]
CALCIIM L 1
CARBONATE 2 i
HYDROGEN 3 kN
Z 4 K
NA ] 1
Ccs & 1
C #xaxuss DATA SET 11: INITIAL CONDITIONS
121 1.0D+1 0.0D0 0.0DO
o o0 0.0 0.0 0.0 END OF I.C. CA
121t 1.0D+% 0.0D0 0.0DO
0 00 0.0 0.0 0.0 END OF I.C. CO3
1211® 1.00D-07 0.0D0 0.0DO
0 00 0.0 0.0 0.0 END OF I.C. H
119 1 1.0D-01 0.0 0.0
Z1 11 1.0Dh-20 0.0 0.0
0o 00 0.0 0.0 0.0 END OF I.C. Z-
1211 1.0D00 0.0 0.0
0 00 0.0 0.0 0.0 END OF I.C. Na
1231 1.0D-20 0.0 Q.0
0 00 0.0 0.0 0.0 END OF I.C. CS
C ##»wwwan DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SQOURCE/SINK AND B.C.
1012 00 422 0000 NSEL NSPR NSDP NWNP NWPR NWDP NDNF NDPR NDDP
C »xxassns DATA SET 13: DIRICHLET BOUNDARY CONDITIONS
1
2
3
4
]
6
7
8
9
10
0.0D0 0.2494 1.0D38 0.2494
1 9 1 1 0
] o] o 0 0 END OF B.C. CA
0.0D0 1.00D-20 1.0D38 1.00D-20
1 9 i 1 0
0 8] o) 0 4] . END OF B.C. CO03
o.0n0G 1.00D-20 1.0D38 1.00D-20
1 a 1 1 0
4] o 0 0 0 END OF B.C. H
0.0D0 3.1897 1.0D38 3.1897
1 9 1 1 4]
0 o] 0 0 4] END OF B.C. Z-
0.0D0 2.9403 1.0D38 2.9403
I 9 1 i 1]

17:06:05
L17:15:54
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(=]

[= B I I -] = o DO

O O o o o o Q @ Lo ©

[

87 0 4] 4] o 0 END OF B.C. NA
98 0.0D0 1.00D-20 1.0D38 3.00D-20
89 1 9 1 i 0
100 o 0 o] o 0 END OF B.C. C8
101 0.6Dh0 1.00D-20 1.0D38 1.00B-20
102 i 9 1 1 0
1032 o} 0 o a 0 ’ END OF B.C. DUMMY
104 C s»#+w»x DATA SET 15: DIRICHLET BOUNDARY CONDITIONS
- 105 0.0D0 4.6D0~5 1.0D38 4.8D-5
106 Q.0D0 3.0D-3 1.0D38 3.0D-3
107 1 1 1 1 0
108 3 1 1 2 4}
109 0 s} 0 0 0 END OF B.C. CA
110 0.0D0 1.9D-3 1.0D38 1.9D-3
111 0.0D0 1.9D-3 1.0D38 1.9D-3
112 1 1 1 1 8]
113 3 1 1 2 0
114 0 0 0 4] o] END OF B. C. C03
115 0.0D0 1.00D0-09 1.0D38 1.00D-09
116 0.0D0 3.16D-12 1.0D38 3.16D-12
117 1 1 1 1 o
118 3 1 1 2 o}
119 0 8] 0 4] o END OF B. C. H
iz20 0.0B0 1.0D-01 1.0D38 1.0D-01
121 0.0D0 1.0D-20 1.0D38 1.0D-20
122 1 1 1 1 [#]
123 3 1 1 2 [¢]
124 o} [¢] o a [ END OF B. C., Z-
125 0.0D0 2.7D-3 1.0D38 2.7D-3
128 0.0D0 6.0D-2 1.0D38 6.0D-2
iz27 1 1 b3 1 0
128 3 1 1 2 o
129 +] o 0 o] o} END OF B. C., NA
130 G.0DO 1.0D-20 1.0D38 1.0D-20
131 0.0D0 1.3D-07 1.0D38 1.3D-07
13z 1 i 1 1 o
133 3 1 b3 2 o}
134 4] o 0 0 o] END OF B. C. CS
135 i1 1 11
136 3 1 121 1
137 00 0O 0o END OF NPDB
138 C ssvwsuw DATA SET 16: HYDROLOGICAL VARIABLES
139 1211 0.0 d.0 0.0 0.0
140 o 00 0.0 0.0 0.0 0.0 END OF VELOCITY
141 I 81 0.33 0.0 0.0
142 ¢ 00 0.0 o.0 0.0 END OF TH
143 C #s=»+s+s DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
144 60 11 001 800 50 1.0 1.0D-5 nona,nons,nomx,nomy ,nomz,nomp,niters,npyl, onega
145 C w#s#swss DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION
146 0.004 230
147 298.0 L.0 G 0O O O
148 -20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
149 C #»»x##s» DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX
150 CA++ ¢}
151 1.0D-9 2 0O
152 CO3--~ o]
153 1.0p-9 -2 0
154 H+ o
155 i.0D-7 1 0
156 Z- o
157 1.0D-7 -1 ©
158 NA+ 0
159 1.0D-9 1 0
160 €S+ 0
161 1.0D-9 1 0
1682 C =wsxss DATA SET 20:
163 OH- Q
i64 1.0D-7 -14.0 4] o -1 o g0 o 0 o0 -1 0
185 Hcoa- 0
166 1.0D-9 10.33 o] 1 1 o] 00 © o} 1 1 0
1567 H2co3 0
168 1.0D-10 16.681 0O 1 2 o 00 © 0 1 2 ¢}
169 CAOH+ 0
170 1.0p-8 -12.598 1 o -1 o} o0 0 1 o -1 4]
171 CACO3 4]
172 1.0D-9 3.225 1 i 0 o 00 0o 1 1 0 o
173 CAHCO3+ o .
174 1.0D-9 11.435 1 1 1 o o0 0 1 1 1 0
175 ZNAa 0
176 1.0D-9 20.0 o v} [#] 1 10 0o 8] 0 .0 1
177 Z2CA 4]
178 1.0D-9 41.8 i 0 v} 2 00 o 1 o] 4] A
179 NAHCO3 0
isp 1.o0b-9 10.08 o} 1 1 0 10 0 o] 1 1 0o
181 NACO3- o]
182 1.0D-9 1.268 © 1 0 Q 10 0 0 1 o] o)
183 zcs 0
184 1.0D-9 20.83 o 0 o) 1 01 o 0 0 o} 1
185 C ++a+sx DATA SET 22:
186 CALCITE 0 .
187 1.0D-4 8.48 1 1 0 Q oQ 1 1 o] o
188 END OF JOB

17:06:10
17:15:54
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FILE:E:I02.DAT 21:23:31 PAGE 001
21:16:50
1 2 PHNC PI5.DAT : CACO03 PPT-DISSOLUTION & ION EX 00000
2 C sssssss DATA SET 2: BASIC INTEGER PARAMTERS
3 2210101000 18-11401 030001300000
4 C ssanmews DATA SET 3: BASIC REAL PARAMETERS
5 1.00D00 0.0D0 1.00D0Q 1.0D03 1.0DO 1.0D0 1.0DQ ).0GDOO 1.0D-3 1.0DO
6 C ###wens DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
7 30000000000000000000000000000000000000000000000000000000000000000000000000000000
8 00000000000000000000300000000000000000000000003000000000000000000000000000000000
g 000000000000000000000000000000000000000:03000000000000000000000000000000000000000
10 00000000000000000000000006000000000000000000000000000000000030000000000000000000
i1 00000000000000000000000000000000000000000000000000000000000000000000000000000000
12 30000000000000000000000060000000000000000000000000000000000000000000000000000000
13 00000000000000000000300000000000000000000000000000000000000000000000000000000000
14 0000000000000000000000000000000000000000GCGC000000000000000000000000000000000000
15 90000000000000000000000000000000000G0C000000000000000000000000000000000000000000
16 000000000000000000000000000000000000000000000000000000000000000000000000300000000
17 3000000000000000000000000000000000000000000000000000000000000000000000000000004006
18 00000000000000000000000000000000000000000000000040000000000000000000000000000000
19 00000000000000000000000000000000000000003
20 0Q0000000000000000000000000000000000600000000000000000000000000000000000000000000
21 000000000000000000000000000000000000000G000000030000000000000000000000C000000000
22 0000000000000000C000000000000000000000000000000000000000000000000000000000000000
23 0000000000000000¢0000000000000000000000000000000000000000CC000C000000000000000000
24 000000000000000000000000000000000C000000000400000000000000C000C00C000000000000000
25 00000000000000000000000000000000000000000000000000000000000000000000000000000000
26 0000000000000C000000000000000000000000000000000000000000000000000000000000000600
27 00000000000000000000000000000000000000000000000030000000000000000000000000000C00
28 000000000000000000000000000000000000000000000Q0000000000000000000000000000000000
29 000000000000000¢0000000000000000000000000000000000000Q000000C00000000000000C0000
30 00000000000000000000000000000000000000000000000000000000000000000000000000000000
31 00000000000000000000000000000000000000000000000000000000000000000000000000000000
32 00000000000C00000000000000000000000000000
33 1.0D38 :
34 C seswse» DATA SET S: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR
as 11
3 1 3 & 7- 9 11 13 15 17 19 Z1 NODEP
37 C wessanw DATA SET 6: MATERIAL PROPERTIES
38 0.0D0 0.0D0 0.946 1.343D+0 0.0 0.0 0.0 0.0 AL AT AM RHOB CEC CAPl CAPZ SREA
39 C =sasmann DATA SET 7: NODE COORDINATES
40 1 10 2z 0.0 1.0 0.0
41 2 10 z 0.0 1.0 0.0
42 s} o 0 0.9 0.0 0.0 END OF X-COORD
43 1 10 2 0.0 0.0 0.0
44 2 10 2 i.0 0.0 D.0o
45 0 8] 0 0.0D0 0.0D0 0.cDO END OF Z-COORD
46 C sawenss DATA SET 8: ELEMERT CONNECTIVITY
47 1 1 3 4 2 1 1 10
48 C se=swss DATA SET 10: CHEMICAL COMPONENT INFORMATION
49 6
50 CALCIUM 1 1
51 CARBONATE 2 1
32 HYDROGEN 3 1
53 Z 4 1
54 KA 3 i
55 I B 1
56 C w#eswsww DATA SET 11: INITIAL CONDITIONS
57 1211 1.0D+1 O.0DO 0.0D0
S8 0 DO 0.0 0.0 0.0 END OF I.C. CA
59 1211 1.00+1 0.0D0 0.0D0
60 0O 00 0.0 0.0 0.0 END OF 1I.C. C03
61 12131 1.00D-07 0.0D0 0O.0DO
62 0O 00 0.0 0.0 0.0 END OF I.C. H
63 119 1 1.0D-01 0.0 0.0
64 21 11 1.0D0-20 0.0 Q.0
65 0 00 0.0 0.0 0.0 END OF I.C. Z-
66 1213 1.0000 0.0 0.0
67 0 00 0.0 0.0 .0 END OF X.C. NA
68 1211 1.0D-20 0.0 0.0
B9 ¢ 00 0.0 0.0 0.0 END OF 1.C. 1
70 C #a#ww+n DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
71 1012 000 422 000D NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
72 C »sxws»s DATA SET 13: DIRICHLET BOUNDARY CONDITIONS
73 1
T4 2
75 3
78 4
T 1
78 3]
79 T
80 8
81 9
8z 10
83 0.0D0 0.2494 1.0D38 0.2494
84 1 2 1 1 4]
BS 0 0 0 o] 0 END OF B.C. CA
86 0.0D0 1.00D-20 1.0D38 1.00D-20
a7 i 9 1 1 ¢}
ag ] 0 0 0 0 END OF B.C. CO3
Bg 0.0D0 1.00D-20 1.0D38 1.00D-20
o0 1 9 1 1 0
91 ., 0 o] o} o s} END OF B.C. H
92 ¢.0D0 3.1897 1.0D38 3.1897
a3 1 = 1 1 0
94 o] o] 0 0 0 END OF B.C. Z-
95 0.0D0 2.9403 1.0D38 2.8403
96 1 9 1 1 0

F-2




FILE:E:I02,DAT 21123:58
21:16:50
a7 0 o] 0 0 0 END OF B.C. NA
a8 0.0D0 1.00D-20 1.0D38 1.00D-20
99 1 9 1 1 0
100 0 o 0 ¢} 0 END OF B.C. CS
101 0.0D0 1.00D-20 1.0D38 1.00D-20
102 1 9 1 1 0
103 ¢} 4] o} 0 Q END OF B.C. DUMMY
104 C #=»s%w2ss DATA SET 15! DIRICHLET BOUNDARY CONDITIONS
105 0.0D0 4.6D-5 1.0D38 4.8D-5
106 ¢.0DC 3.0D-3 1.0D38 3.0D-3
107 1 1 1 1 0
108 3 1 1 2 ]
109 0 Q o [y] 0 END OF B.C. CA
110 0.000 1.9D-3 1.0D38 1.89D-3
111 0.0p0 1.9D-3 1.0D38 1.5D-3
112 1 1 1 1 o
113 3 1 1 2 )]
114 o] o ¢} 0 o} END OF B. C. COD3
115 0.0D0 1.00D-09 '1.0D38 1.00D-08
1t6 0.0D0 3.16D-12 1.0D38 3.168D-12
117 1 1 1 1 0
118 3 i 1 2 o}
119 0 0 0 0 0 END OF B. C. H
120 0.0D0 1.0D-01 1.0D38 1.0D-01
121 0.0D0 1.0D-20 1.0D38 1.0D-20
122 1 1 1 1 0
123 3 1 1 2 o
124 A 0 0 V) 0 END OF B. C., Z-~
125 0.0DQ 2.7D-3 1.0D38 2.7D-3
1Z6 0.0D0 6.0D-2 1.0D38 6.0D-2
127 hi 1 1 1 0
128 3 1 1 2 Q
129 0 o] 0 o 0 END OF B. C. NA
130 0.000 1.0D-20 1.0D38 1.0D-20
131 0.0D0 8.6D-06 1.0D38 B8.6D-06
132 1 1 1 1 s}
133 3 1 1 2 o
134 o 0 0 o o] END OF B. €. 1
135 1 1 1 1 1
1386 3 1-121 1
137 00 0 00O END OF NPDB
138 C #sawaxe DATA SET 16: HYDROLOGICAL VARIABLES
139 1211 0.0 0.0 0.0 0.0
140 0 00D 0.0 0.0 0.0 0.0 END OF VELOCITY
1431 1 91 0.33 9.0 0.0
142 0 00 0.0 0.0 0.0 END OF TH
143 C w##s+wasss DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
144 6 0 10 1 0 1 800 S0 1.0 1.0D-5 nona,nons,nomx,nemy,nomz,nemp,niterc,npyl, cmega
145 C w#eswss» DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION
146 0.004 230
147 298.0 1.0 00 0 0
148 -20.0 2Z0.0 -20.0 20.0 PEMN PEMX PHMN PHMX
149 C ==»xx»» DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX
150 CA++ 1]
151 1.0pD-9 2 0Q
152 C03-- 0
153 1.0b-9% -2 0
154 H+ 0
158 1.0p-7 1 0
156 Z- 0
157 1.0D-7 -1 0
158 NA+ 0
159 1.0D-2 10
160 I- 0
161 0.000 co
162 C =»»x»x DATA SET 20:
183 OH- 0
184 1.0D-7 -14.0 0 o -1 ] 00 O ¢} 0 -1 0 0 0
165 HCO3- 0
166 1.0D-9 10.33 4] 1 L o 00 O 4] 1 1 0 0 0
167 HZC03 o}
168 1.0D-10 16.6881 O 1 2 0 00 0 ¢} 1 2 0 4] Q
168 CAOH+ o}
170 1.0D-9 -12.598 1 o -1 Q0 00 0 1 0 -1 Q 0 0
171 CACO03 0
172 1.0D-9 3.225 1 1 3} 0 00 0Q 1 1 0 0 0 0
173 CAHCO3+ 0
174 1.0D-9 11.435 1 1 1 0 g0 0o 1 L 1 a 0 0
173 ZRA 0
176 1.0D-9 20,0 0 0 0 1 10 0 o] 0 4] 1 1 0
177 Z2CA o
178 1.0D-89 41.8 1 0 0 2 00 O 1 s} 0 2 0 Q0
179 NAHCO3 ¢}
180 1.0D-9 10.08 Q 1 1 s} 10 0 o 1 1 o} 1 0
181 NACO3- 0
182 1.0D-9 1.268 0 1 0 0 10 0 o} 1 Q o] 1 Q0
183 C #»wa»» DATA SET 21:
184 I SORBEDR o]
185 0.000 0.73867 Q a 0 0 01 0 0 0] o o 1
186 C =ewses DATA SET 22:
187 CALCITE 0
188 -1.0D-4 8.48 1 1 0 0 00 1 1 o} 0 o} 0
189 END OF JUB
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meadnenenende bbb da DA S B BWWOWHWWOLWWNNNNNNRNNDNRE e e
NMAWRNMNHFOUDD~NOMLAONRHOYEIOUMLALBNRPODOUDEIOUAEWNEDOURIOGAWDNE

56
37
58
59
60
61
62
63

65
66

68
69
70
71
72
73
T4
73
76
77
78
79
80
81
82
83
B84
B3
86
87
88
B9
90

92
93
94
935
96

tE:103.DAT

2 PNC PIS.DAT : CACOD3 PPT-DISSOLUTION & ION EX

C =sxxnes DATA SET 2: BABIC INTEGER PARAMTERS

2210 1 01000 1 8 -1 102103001 300000
C wxsxwss DATA SET 3: BASIC REAL PARAMETERS

1.00D00 0.0D0 1.00D00 1.0D03 1.0D0 1.0D0 1.0D0 1.0D0OO 1.0D-3 1.0DO0
C w»s#swzss DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
300000000000000000000000000000000000000000000C0000000G0000000G000000000000000000
4000000000000 Q00000030000000000000000000000000000000000000000000000000000Q000000
00000000000000000000000000000000Q00000003CG000000000000000000060COO00000000000000
00000000000000000000000000400000000000C000000000000000000000030000000000000000000
0000000000000200000000000000000000000000000000000000000000000000000000G000000000
3000000000000000000000000000000000000000000000Q004000000000000000000000000000000
00000000000000000000300000000000000000000000000000000000000000000000000000G00000
000000000000000000000000000000004000000000000000000000000000000000000000000000000
0000000000400 0000000000000000000G00000000000000000000000000000000000000000000000
000000000000000000000000000000C0000000000000000000000000000000000000C0000C0000000
30000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000Q00000000Q000000000000000000000000
00060000000000000000000000000000000000003
0000000000000000000003000000000000000000000000000000000000000000000000000C0000000
Q0400000000G0000000000000000000000000000000000G0000000000000G0000000000060000000
Q0000000000000000000000000000000000000000000000000000000000060000000000000000000
000000000060000000000000C0000000000000000000C00000000000000060000000000000000000
000000000000000000000000000Q00000000000000000000000000000000000000C000Q000GR000000
00000000000000000000003000000000000000000000C000000000000000600000G0000000000000

00000

00000000030000000000000000000000000000000000000000000000000000000000000000000000 .

2000000000000000000000000000000060000000000000G0C0000000000000000000000000000000
0000000000000000000000000000000000000000000000000000006000000000000000C00000000
0000000000000000000000004000000000000000000000000000000000000000000C00Q0000000000
00000000000000000000000000000000000000000000060600000000C0000000000G000G000000000
a0co0000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000

1.0D38

C #sx»#4#s DATA SET S: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR

1l

i 3 5 7 9 11 13 15 1Y 19 21

C »sxssxss DATA SET 6: MATERIAL PROPERTIES

NODEP

0.0D0O 0.0D0 0.946 1.343D+0 0.0 0.0 0.0 0.0 AI, AT AM RHOBR CEC CAPl CAPZ SREA
C #+xxnxx DATA SET 7: NODE COORDNINATES

1 io 2 0.0 1.0 0.0

2 io 2 0.0 1.0 0.0

o] o] o] 0.0 0.0 0.0 END OQF X-COQRD

i 10 2 0.0 0.0 0.0

2 10 2 1.0 0.0 0.0

o) 4] [¢] 0.0Do 0.0D0 0.Ccho END OF Z-COORD

C #xsssss DATA SET 8: ELEMENT CD&NECTIVITY
1 1

3 4 2 1 1 10
C ##xawxs» DATA SET 10: CHEMICAL COMPONENT INFORMATION
6
CALCIUM 1 1
CARBONATE 2 1
HYDROGEN 3 1
z 4 1
NA 3 i
I 6 i
C w###ssss DATA SET 11: INITIAL CONDITIONS
1211 1.0D+1 0.0DO 0.0DO
0 00 0.0 0.0 0.0 END OF I.C. CA
1211 1.0D+1 0.0DO 0.0DO
0 00 0.0 0.0 0.0 END OF I.C. CD3
1211 1.00D-07 0.0D0 0.0DO
g 00 0.0 0.0 0.0 END DOF I.C. H
1191 1.0p-01 0.0 0.0
21 11 1.0D-20 0.0 0.0
a 00 0.0 D.0 0.0 EKD OF I.C. Z-
1211 1.0p00 0.0 0.0
¢ 00 0.0 0.0 0.0 END OF I.C. NA
1211 1.0D-20 0.0 0.0
0o 00 0.0 0.0 0.0 END OF I.C. I
C #»wesaxne DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
1012 00D 422 0000 NSEL NSPR NSDP NWNP NWPR NWDP NDNF NDPR NDDP
C wawewses DATA SET 13: DIRICHLET BOUNDARY CONDITIONS
1
2
3
4
5
&
T
&
g
10
0.0D0 0.2484 1.0D38 0.2494
1 9 1 1 ¢}
¢} 0 0 4] o] - END OF B.C. CA
0.0D0 1.00D-20 1,0D38 1.00D-20
1 9 1 1 0
o] 0 0 0 0 END OF B.C. CO03
0.0DC 1.00D-20 1.0D038 1.00D-20
1 9 1 1 o]
o} Q 0 0 8] END OF B.C. H
0.0D0 3.1897 1.0D38 3.1897
1 9 b 1 o]
] o} 0 o 0 END OF B.C. Z-
0.0D0 2.9403 1.0D38 2.9403
1 2] 1 1 0

21:39:33
21:31:36
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a7

98

29
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
1186
117
118
119
120
121
122
123
124
123
126
127
128
129
130
131
132
133
134
135
1386
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
136
157
158
159
160
161
162
163
164
165
186
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
188
187
188
189

21:39:39
21:31:38
0 0 [¢) 0 [¥] END OF B.C. NA
0.0D0 1.00D-20 1,0D38 1.00D-20
i 9 1 3 o]
] o 0 0 4] END OF B.C. (8
0.0D0 1.00D-20 1.0D38 1.00D-Z20
1 =] 1 1 0
0 0 ] Q o END OF B.C. DUMMY
¢ ss#sass DATA SET 15: DIRICHLET BOUNDARY CONBITIONS
0.0D0 4.8D-5 1.0D38 4.8D-5
o.0D0 3.0D-3 1.0D38 3.0D-3
1 1 1 1 o]
3 1 1 2 0
8] b] 0 4] Q END OF B.C. CA
¢.0D0 1.9D-3 1.0D38 1.9D-3
p.0pO 1.9D-3 1.0D38 1.8D-3
1 1 1 1 o]
3 1 i 2 [¢]
o 0 1] 0 0 END OF B. C. CO3
0.0D0 1.00D-08 1,0D38 1.00D-09
0.0D0 3.16D-12 1.0D38 3.16D-12
1 1 1 1 0
3 1 1 2 0
0 0 Q 0 ) END OF B. C. H
0.0D0 1.0D-01 1.0D038 1.0D-0)
0.0DCG 1.0D-20 1.0D38 1.0D-20
1 1 1 1 [}
3 1 1 2 0
1] o o] o 8] END OF B. C. Z-
0.0D0 2.7D-3 1.0D38 2.7D-3
0.0D0 6.0D-2 1.0D38 6.0D-2
1 1 1 1 o
3 1 1 2 o
0 4] D 4] 4] END OF B. C. NA
0.0D0 1.0D-20 1.0D38 1.0D-20
0.0D0 3.8D-04 1.0D38 3.8D-04
1 1 1 1 0
3 1 1 2 4]
] 0 0 4] 0 END OF B. C. T
i1 1 1 1
i 1 121 1
o0 0 0O END OF NFDB
C »wessss DATA SET 16: HYDROLOGICAL VARIABLES
1211 0.0 0.0 0.0 0.0
0o 00 0.0 0.0 0.0 0.0 END OF VELOCITY
1 91 0.33 0.0 0.0
¢ 00 0.0 0.0 0.0 END OF TH
C sswswaxs DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES

B 0O 10 1 0 1 800 50 1.0 1.0D-5 nena,nons,nomx, nomy ,Nonz,nemp, nitere,npyl,cnega
C sasewsx DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION

0.004

23

o)

298.0 1.0 0000
-20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
C »»saxsws DATA SET 19:

CA++

0.000
C #essnmn
OH-
1.0D-7
HCO3~
1.0D-9
H2CO03
1.0D-10
CAQH+
1.0D-9
CACO3
1.0D-9
CAHCO3+
1.0p-9
ZNA
1.0D-9
ZZCA
1.0D-9
NAHCO3
i.0D-8
NACO3~
1.0p-9
C ssnxs
1 SORBED
0.000
C #anun
CALCITE
©1.0D-4

20
-2 0
10
-10
10

o0
DATA SET

-14.0
10.33
16.681

-12.598

3.225
11.435
20.0
41.8
10.08

1.268
DATA SET

0.73667
DATA SET

B.48

o o 0o © o0 ©

20

o o o o o o ©o ©o 0o o=
T - - T T =

4]
0
0
1
1
1
4]
1
0
o
21
0

22

3 1

COMPONENT SPECIES AND THEIR JON-EXCHANGE INDEX

-1 0 00 0 ¢} o -1 0 o o}
1 0 o¢ O s} 1 1 o o] o
2 [ oo 0 0 1 2 0 9] o]

-1 0 oQ 0 1 o -1 0 0 0
o] 0 Do a 1 1 Q 0 o 0
1 o} 00 O 1 1 1 o 0 o)
0 1 i0 ¢ 0 o 0 1 1 0
0 2 oo 0o 2 o] ] 2 0 0
1 0 10 0 0 1 1 0 1 0
[s] o] 10 0 o} 1 o) 0 1 o)
0 4] ol 0 [¢] 0 4] 9] 1
o 0 [( ] 1 1 0 0 0 0

END OF JOB
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59

B R e e e R R W e e e s s e
OGN RFOB DU O

78
79
80
8L
8z
B3
84
85
86
a7

89
a0
g1

az ’

93
94
25
96

TE:TCU3.DAT —

3 PNC CA.DAT :CACO3 COMPLEXATION-ADSORPTION [slela]ela}

C swesnns DATA SET 2: BASIC INTEGER PARAMTERS

221010 100018 -1 10103001300000

C =w«ssnss DATA SET 3: BASIC REAL PARAMETERS

1.00D0O0G 0.0D0 1.00D00 1.0D03 1.0D0 1.0D0 1.0D0 1.0D0OO 1.0D-2 1.0DO

© sssexsss DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
30000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000300000000000DDOO00000000000000000000000000000000000000000000
00000000000000000000000000000000000000003000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000030000000000000000DOO
DO0000000000000000000000000000000000000DUOOOO00000000000000000000000000000000000
30000000000000000000000000000000000000000000000000000000000000000000000000000000
0000DUODUO0000000000300000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
30000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000006000000000000000000000000000003
00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000DDDOO00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000DDOOO000000OOODUO0000000000000000000000000000
0000000000000000000000000000000000000000000000000000000DDODGUUOOOOOOOOODDDOUO000
000000000000000000000000000000000000000DUUOOO00000000000000000000000000000000000
0000000000000000DDDUO000000000DUUOOOOO000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000U00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000

1.0D38
C ssssxse DATA SET S: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR

11

i 3 5 T 8 11 13 15 17 19 21 NODEP

C sssasss DATA SET 6: MATERIAL PROPERTIES

0.0D0 0.0D0 0.946 1.3430 0.0 1.4D-2 2.0D-3 1.14D7 AT AM RHOB CEC CAPl CAPZ
C =w##xses DATA SET 7: NODE COORDINATES

1 10 2 0.0 1.0 0.0

2 10 2 0.0 1.0 0.0

4] o o} 0.0 0.0 0.9 END OF X-COORD

1 10 2 0.0 0.0 0.0

2 10 2 1.0 0.0 0.0

0 0 0.0D0 0.0Do0 0.0D0 END OF Z-COORD

o
C swsews» DATA SET 8: ELEMENT CONNECTIVITY
1 1 4 2 1 1 1o

C s+xesen DATA SET 10: CHEMICAL COMPONENT INFORMATION

8

CALCIUM
CARBONATE
TECHNETIUM
SODIUM
WATER
ELECTRON
HYDROGEN
Z"’
SOH 9 2

C swssaws DATA SET 11: INITIAL CONDITLONS

(2

BNAUELNH
BPHRRRRPRP

1211 1.0D01 ©.0DO 0.0DO
o o0 0.0 6.0 0.0 END OF I.C. CA
1211 1.0001 0.0DO 0.0DO
g oo 0.0 0.0 G.0 ENL OF I.C. CO3
1211 1.0D-3¢ 0.0D0 0.0DO
0o 00 0.0 0.0 0.0 END OF I.C. TECHNETIUM
i211 1.0D-00 0.0 0.0
o 00 0.0 0.0 0.0 S0DIUME
1211 1.0D+00 0.0 0.0
0 oo 0.0 0.0 0.0 WATER
1211 1.0D+03 0.0 0.0
0o 00 0.0 0.0 0.0 ELECTRON
i2r1 1.0D-08 0.0 0.0
0 00 0.0 0.0 0.0 HYDROGEN
1211 21.0D-30 0.0 0.0
0 o0 0.0 0.0 0.0 Z-
1211 1.0D-30 0.0 0.0
o 0§ 0.0 0.0 g.0 SOH
C sswsese DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
1012 000 422 0DO0OOO0 NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
C sww##ss DATA SET 13: DIRICHLET BOUNDARY CONDITIONS
1
2
3
4
5
6
T
8
2]
10
0.0D0 0.2494 1.0D38 0.2494
1 9 1 1 [+
0 v} 0 4] o] END OF B.C. CA
0.0D0 1.00D-20 1.0D38 1.00D-20
i 9 1 1 0
o o 0 0 0 END OF B.C. CO3

v 12:14:25
20:52:12
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20:52:12
a7 0.0DD0 1.00D-50 1.0D38 1.00D-50
a8 1 =] 1 1 o
99 o} o] 0 0 0 END OF B.C. TC
100 0.0b0 2.9403 1.0038 2,9403
101 1 9 1 1 o]
102 s} 0 0 o 4] END OF B.C. SODIUM
103 0.0D0 1.00D-30 1.0D38 1.00D-30
104 1 2] 1 1 0
105 ] ) o 0 0 END OF B.C. WATER
106 0.0D0 1.00D-30 1.0D38 1.00D-30
107 1 9 1 1 o)
108 0 [¢] ¥} 0 0 END OF B.C. ELECTRON
109 0.0D0 1.00D-30 1.0D38 1.00D-30
110 1 9 1 1 v}
111 0 o} o] Q 2] END OF B.C. HYDROGEN
112 0.0D0 3.1887 1.0D38 3.1897
113 1 9 1 1 o
114 o 0 0 o} o} END OF B.C. Z-
115 0.0DC 1.00D-30 1.0D3% 1.000-30
116 1 9 1 1 0
1r7 Q o o} 8] 4] END OF B.C. §SOH
118 0.0DG 1.00D-30 1.0D38 1..00D-30
119 1 9 1 1 o
120 0 1] o D ) END OF B.C. DUMMY
121 C s==2ss2x DATA SET 15: DIRICHLET BOUNDARY CONDITIONS
122 0.0D0 4.6D-5 1.0D38 4.6D-5
123 0.0DD 3.0D-3 1.0D38 3.0D-3
124 1 1 1 1 o
125 3 1 1 2 0
126 0 0 0 o o] END OF B.C. CA
127 0.0D0 1.9D-3 1.0D38 1.9D-3
128 0.0D0 1.9D-3 1.0D38 1.9D-3
129 1 1 L 1 4]
130 3 1 1 2 0
131 o] 1] o} 0 0 END OF B. C. COD3
132 0.0D0 i.00D-50 1.0D38 1.00D-30
13as 0.0D0 7.10D-24 1.0D38 7.10D-24
134 1 1 1 1 o) '
135 3 1 1 2 o
138 0 a s} 0 0 END OF B.C. TECHNETIUM
137 0.0D0 2.7D-3 1.0D38 2.7D-3
138 0.0p0 6.0D-2 1.0D38 6.0D-2
139 1 1 1 1 0
140 3 1 1 2 0
141 o 0 0 o o] S0DIUM
142 6.0D0 1.0D-00 1.0D38 1.00-00
143 0.0DC 1.0D-00 1.0B38 1.0D-11
144 1 i 1 1 0
145 3 i 1 2 4]
1486 0 o 0 o 0 WATER
147 0.000 1.0D+05 1.0D38 1.0D+05
148 0.0D0 1.0D+05 1.0D38 1.0D+05
149 1 1 1 1 o
150 3 1 1 2 o
151 o o] o 0 o ELECTRON
152 0.0D0 1.00D-09 1.0D38 1.00D-09
153 0.0D0 3,18D-12 1.0D38 3.16D-1Z
154 1 1 1 i Q
155 3 1 1 2 o]
136 0 0 0 o 0 HYDROGEN
157 0,000 1.0D-1 1.0D38 1.0D-1
158 0,0D0 1.0D-20 1.0D38 1.0D-20
159 1 1 1 1 0
150 3 1 i 2 0
161 0 0 o] 0 0 Z-
162 0.0D0 1.0D-30 1.0D38 1.0D-30
163 0.0D0 1.0D-30 1.0D38 1.0D-30
164 b3 1 1 1 0
165 3 1 1 2 0
166 o 0 4] 0 0 SCH
167 11 1 1 1
168 3 1 121 1
169 00 0 00 END OF NPDB
170 C ssweas» DATA SET 16: HYDROLOGICAL VARIABLES
171 1211 @.o0 0.0 0.0 0.0
172 o 0o 0.0 0.0 0.0 0.0 END OF VELOCITY
173 1 91 0.33 0.0 0.0
174 0 00 0.0 0.0 0.0 END OF TH
175 C #»ww#swse DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
174 8 112 401 2005 1.0 1.0D-6 nona,nonhs,nomx,nomy,nomz,nemp,niterc,npyl
177 G ssesnxs DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION
178 0.00 7O
179 28B8.01.00 000
180 -20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
181 C s#s##ss+ DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX
182 CA++ [+
183 1.0D-9 2 0O
184 CO3~~- [}
185 1.o0D-% -2 O
186 TCO+2 0
187 1.0D-7 2 0
188 NA+ 0
189 1.0D-9 10
190 H20 1]
191 1.0D-20 0 O
192 E- o




FILE:E:TCO3.DAT

193 1.0D0 -1 0

194 H+ o]
198 1.0D00 1 @

196 Z- o}
197 1.0D-5 -1 O

198 SOH 3
19¢ 1.0D-3 0 G

200 C s=wsssss DATA SET 20:
201 OH-

202 5.75D-T7 -13.89 00 0 O
203 caco3

204 4.19D-8 3.221100
205 HCACO3

206 1.21D-7 11.43 1140
207 CAOH

208 7.77D-10 -12.85 1 0 0 O
209 HCO3

210 9.58D-5 10.32 01040
211 H2CO03

212 3.81D-6 16.67 01 0 0
213 ZNA o}
214 1.0D-20 20.00 00 0 1
215 Z2CA 0
216 1.0D-20 41.80 1 00 G
217 NAHCO3 4]
218 1.0p-20 10,08 0 1 0 1
219 NACO3- 4]
220 1.0D-20 1.27 01 01
2231 TCO(DH}2 0
222 1.0D-20 -3.325 00 1 O
223 TCo4- o
224 1.0D0-20 -32.99 0 0 1 0
225 C wessses DATA SET 21:
226 S0~

227 2.80p=-7 -9.52 0000
228 SOH2+

229 4.43D-7 3.5 000040
230 SOH2TCO(0H)2+

231 1.00D~-20 10.40 0 0 1 O
232 SOH2TCO4

233 1.00D-20 -18.90 0 ¢ 1 O
234 C »w#«s DATA SET 22:
235 CALCITE 0
236 1.0D-4 8.481 100
237

- 12:514:34 PAGE 003
20:32:12

COMPLEXED SPECIES AND THEIR ION-EXCHANGED SPECIES

mONOODDDEW o L] (=] [=] (=] o000 CDOoOLOCOCOCO

=]

(=T = B = ] =] (=T =] o =]

o] o (=) o w [=] (=]

s

]
)

100 0 00000 0-100
000 0 11000 0 00O
100 0 11000 0 100
100 0 10000 0-100
100 0 01000 0 100
200 0 01000 0 200
610 0 00010 0 010
020 0 10000 O 020
100 0 01010 0 100
D00 0O 01010 0 00O
200 0 00100 0-200
600 0O 001038-3-600
RBED SPECIES

101 00000 0-101
101 00000 ¢ 101
-1 01 00102 0-101
501 00103-3-501
0oo 11000 0 000
END OF JOB
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59
G0
61
62
B3

65
66
67
68
B89
T0
71
T2

T4
75
76
77
78
79
BO
81
82
83
84
85
86
B7
88
B9
90
91

9z '

93
94

1)

E:TC04.DAT -
3 PNC CA.DAT :CAC03 COMPLEXATION-ADSORPTION 00000
¢ »sswsss DATA SET 2: BASIC INTEGER PARAMTERS
22 10 1 0 1000 1 B8 -1 1 0 1 0 300 1 300 0 0 @
C ss»wens DATA SET 3: BASIC REAL PARAMETERS
1.00D00 0.0D0 1.00D00O 1.0D03 1.0D0 1.0DC L.0DC :.0DOO 1.0D-2 1.0DO
C sseszns DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
330000000000000000000000000000000000000000000000000000000000000000000000000000600
00000000000000000000300000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000030000000000000000000000030000000000000000
0000000000000000000000000000000000000000000C000000000000000030000000000000000000
¢0000000000000000000000000000000000G00000000000000000000000000060000000000000000
30000000000000000000000000000000000000000000000000000000300000000000000000000000
0000000000000000000030000000000000C000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000006000000000000C000000000000000000600000
00000000000000000000600000000000000000000000000000000000000000000000000000000000
0000000000000000G000000006000000000000000000000000000000000000000000000000000060
3000000000000000000000000000000006000C000000000000000000000000003000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000003
000000000¢00000000000000000000000000000000000000000000800000600000000000000000000
¢0000000000000000000000000000000000000000000000000000000000000000000000000000000
£0000000000000000000000000000000000000000000000000000000000000000000C000000000000
00000000000000000000000000000000000000000G00000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000006006000000000
0000000000000060000000000600000000:00000000000000000000000000000000600006000000060
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000C000000000000000000000000006000000
00000000000000000000000000000000G00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000300000000000000000000000000000000000000000000000000000
£000000000000000000000000000000000Q0000000
1.0D38
C sxwssnw DATA SET 5: CHEMICAL PRINTOUT AND CHEMICAL PRCOPERTY TYPE INDICATOR
11
1 3 § 7 8 11 13 15 317 18 21 NODEP
C swswwws DATA SET 6: MATERIAL PROPERTIES
0.0D0C 0.0DD 0.946 1.3430 0.0 1.4D-2 2.0D-3 1.14D7 AT AM RHOB CEC CAP1 CAPZ
C wwsrsss DATA SET 7: NODE COORDINATES
1 10 2 0.0 1.0 0.0
2 10 2 0.0 1.0 0.0
0 8] o 0.0 0.0 0.0 END OF X-COORD
1 10 2 0.0 0.0 0.0
2 10 2 1.0 0.0 0.9
0 0 o] 0.0D0 0.0Do 0.0Do END OF Z-COORD
C sssrsws DATA SET 8: ELEMENT CONNECTIVITY
1 1 3 4 2 1 1 10
C wwsss+» DATA SET 10: CHEMICAL COMPONENT INFORMATION
a
CALCIUM 1 1
CARBONATE 2 1
TECHNETIUM 23 1
S0DIUM 4 1
WATER 5 1
ELECTRON 8 1
HYDROGEN 7 1
Z- 8 1
SOH 9 2
C axswsss DATA SET 11: INITIAL CONDITIONS
1211 1.0p01 0.0DC 0.0DC
0O 00 0.0 0.0 0.0 END OF I.C. CA
1211 1.0b01 0.0D0 0.0D0
0o 00 0.0 0.0 0.0 END OF 1I.C. CO3
12y 1 1.0D-3¢ 0.0DO 0.0DO
o 00 0.0 0.0 0.0 END OF I.C. TECHNETIUM
1211 1.0D-00 0.0 0.0
0 00 0.0 0.0 0.0 SO0DIUME
1211 1.0D+«00 0.0 0.0
o o0 0.0 0.0 0.0 WATER
1211 1.0D+03 0.0 0.0
o 00 0.0 0.0 0.0 ELECTRON
1211 1.0D-09 0.0 0.0
0 00 0.0 0.0 0.0 . HYDROGEN
1211 1.0D-30 0.0 0.0
o o0 0.0 0.0 0.0 z-
1211 1.0D-04 0.0 ¢.0
o 00 0.0 .o 0.0 S0H
C swsssxss DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
1012 000 422 0000 NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
C wssnxss DATA SET 13: DIRICHLET BOUNDARY CONDITIONS
1
2
3
4
S
B8
7
g
9
10
0.000 0.2494 1.0D38 0.2494
1 9 1 1 0
4] o o} o 0 END OF B.C. CA
0.0D0 1.00D-20 1.0D38 1.00D-20
1 1 o
o o] 0 ] o] END OF B.C. CO3

T 18:13:03

13:57:30
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FILE:E:TCO4.DAT _ 18:13:09 PAGE 002
13:57:30
97 0.0DD 1.00D-30 1.0D38 1.00D-30
a8 1 9 1 1 0
99 0 o} o] 0 0 END OF B.C. TC
100 0.0D0 2.9403 1.0D38 2.9403
101 1 =] 1 1 Q
10z 0 o] 0 0 0 END OF B.C. S0DIUM
103 0.0D0 1.00D-30 1.0D38 1.00D-30
104 1 9 1 1 ¢}
1035 0 o] 0 4] o] END OF B.C, WATER
106 0.0D0 1.00D-30 1.0D38 1.00D-30
107 1 <] 1 1 0
108 9] [¢] 0 s} 8] END OF B.C. ELECTRON
109 0.0D0 1.00D-30 1.0D38 1.00D-30
110 1 9 1 1 o]
111 s} [¢] 0 Q 0 END OF B.C. HYDROGEN
112 0.0D0 3.1897 1.0D38 3.1887
113 1 9 1 1 0
114 o] 0 o] 8] 0 END OF B.C. Z-
115 0.0D0Q 1.000-04 1.0D38 1.00D-04
116 1 2] 1 1 o
117 o] o] o] 0 [+ END OF B.C. SOH
118 0.0D0 1,00D-04 1.0D38 1.00D-04
119 1 g 1 1 0
120 Q o 1] o 0 END OF B.C. DBUMMY
121 C wsw«esus DATA SET 15: DIRICHLET BOUNDARY CONDITIONS
122 0.0D0 4.6D-5 1.0D38 4.6D-5
123 0.0D0 3.0D-3 1.0D38 3.0D-3
124 1 1 1 1 o
125 3 1 1 2 o}
126 4] 0 o} 0 o] END OF B.C. CA
127 0.0p0 $.9D-3 1.0D38 1.9D-3
128 0.0D0 1.9D-3 1.0D38 1.5D-3
129 1 1 i i 0
130 3 1 1 2z Qa
131 o} 0 0 o Q END OF B. C. CO3
132 0.0D0 1.00D-30 1.90D38 1.00D-30
133 0.0D0 3.30D-08 1.0D38 3.30D-08
134 1 1 1 i 0
135 3 1 1 2 o
138 0 0 0 0 0 END OF B.C. TECHNETIUM
137 0.0D0 2.7D-3 1.0D38 2.7D-3
138 D.0D0 6.0D-2 1.0D38 6.0D-2
139 1 1 1 1 4]
140 3 1 1 2 0
141 o 0 0 0 0 S0DIUM
142 ¢.0p0 1.0D-00 1.90D38 1.0D-00
143 0.0DQ 1.0D-00 1.0D38 1.0b-11
144 1 1 1 1 4]
145 3 1 1 2 o]
146 Q o 4] Q 4] WATER
147 0.000 1.00+05 1.0D38 1.0D+05
148 0.0D0 1.0D+05 1.0038 1.0D+05
149 1 1 1 1 o}
150 3 1 1 2 [\]
151 4] [} 0 o] 0 ELECTRON
152 0.0D0 1.00D-09 1.0D38 1.00D-09
153 0.0D0 3.18D-12 1.0D38 3.18D-12
154 1 1 1 1 0
1535 3 1 1 2 0
156 [s] o o] o] o] HYDROGEN
157 0.0p0 1.00-1 1.0D38 1.0D-3
158 0.0D0 1.0D-20 1.0D38 1.0D-20
159 1 1 1 1 0
180 3 i 1 2 0
181 o o 1} 0 0 A
162 0.0D0 1.0D-04 1.0D38 1.0D-04
183 0.0p0 1.0D-04 1.0D38 1.0D-04
164 1 1 1 1 1)
165 3 i 1 2 o
166 0 a o} 8] 0 S0H
167 1 1 1 1 1
168 3 1 121 3
169 00 0 DO END OF NFDB
170 C s++esss DATA SET 16: HYDROLOGICAL VARIABLES
171 1211 0.0 0.0 0.0 0.0
172 0 00 0.0 0.0 0.0 0.0 END OF VELOCITY
173 1 91 0.33 0.0 0.0
174 0 00 0.0 0.0 0.0 END OF TH
175 C =«sxnsss DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
176 8 112 40 ) 2005 1.0 1.0D-6 nona, nons,nomx,nomy ,nonz,nomp ,njtere,npyl
177 C =#wsxex DATA SET 18: H+, E-, JONIC STRENGTH AND SORPTION INFORMATION
i78 0.0 070
179 298.0 L.0 000 0
180 -20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
181 C #w#asss DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX
182 CA++ 0o
183 1.0D-9 2 0
184 C03-- o]
185 1.0D-9 -2 0
186 TCOo+2 o)
187 1.0D-7 20
188 NA+ o
189 1.0D-9 10
190 H20 o
191 1.0D-20 0 O
192 E- o




FILE:E:TCO4.DAT
193 1.0D0 -1 ©
194 H+ 0
195 1.0p00 1 O
196 Z- [}
197 1.00-5 -1 0
198 SOH 3
199 1.0D-3 0O
200 C =«xxa»s+ DATA SET 20:
201 OH-
202 5.75D-7 -13.99 00 Q O
203 caco3
204 4.19D-8 3.221100
205 HCACO3
206 1.21D-7 11.43 1 1 0 0O
207 CAOQH
208 7.77D-10 -12.851 0 0 O
209 Hco3
210 $,58D-5 10.32 01 0 O
211 H2CO03
212 3,81D-6 16.67 0 L 0 O
213 ZNA 0
214 1.0p-20 20.000 001
215 Z2CA o}
216 1.0D-20 41.80 1 0 G O
217 NaHC03 s}
218 1.0D-20 10.08 0 1 0 1
219 NACO3- 4]
220 }.0D-20 1.27T 0101
221 TCo(OH)2 4]
222 1.0D-20 -3.325 0010
223 TCO4-~ 0
224 1.0D-20 -32.99 00 1 0
225 C wsswsen DATA SET 21:
226 S0-
227 2.80D-7 -9.52 0000
228 SOH2+
229 4,43D-7 5.5 0000
230 SOH2TCO{OH)2+
231 1.00D-20 10.40 0 O 1 O
232 SOH2TCO04
233 1.00p-20 -18.90 0 0 1 ©
234 C =+wx» DATA SET 22:
235 CALCITE ]
236 1.0D-4 8.481 100
237

18:13:14
13:57:30

COMPLEXED SPECIES AND THEIR ION-EXCHANGED SPECIES
g ©6-100 0 00000 0-1L00
g 0 o000 O 11000 0 0O0O
g 0 100 0 11000 0 100
g 0-L00 0 10000 0-100
g 6 100 0 01000 0 100
g 6 200 0 01000 0 200
0 0 o010 O 00010 0 0160
00 020 0 10000 0 020
0 0 100 0 01010 0 100
0 0 000 0 01010 0 00O
0 0-200 0 00100 0-200
3-3-600 0 00103-3-600
ADSORBED SPECIES

8 0-101 00000 0-101
g 0. 101 00000 O 101
g 0-101 00102 0-101
g -3 -501 0G103=-3-501
00 000 11000 0 000

END OF JOE
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FILE

WoE-ImU s BN

CTLN LI CICh LN LN i b s e s D D b DO 00 60 60 00 60 CO LI 0 G R DI B BI B B BRI R B B B b 1 [ g e s e
EPNPN BRI IDNENNFORENAULONCOORADNARNFOOUONB N LWNEO

59

e R R e e e R R e N RN NN e e R ]
NN =HOODNIOUNMAWNEDO

78

-3
w0

ap
a1

83
84
85
B6
87
88
89
90
a1
9z
93
94
95
98

TE:UZ3.DAT

3 PNC CA.DAT :CAC03 COMPLEXATION-ADSORPTION - 0oogo

C weswsxs DATA SET 2: BASIC INTEGER PARAMTERS

22101 01000 2 8 -1 1010 3001 300000

C w»wxwssas DATA SET 3: BASIC REAL PARAMETERS

1.00D00 D.0DO 1.00D0O 1.0D03 1.0D0 1.0DO 1.000 1.0D0OC 1.6D-2 1.0DO
C »xas»ex DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
300000000000000000000:00000000000000000000000000000040000000000000000000000000000
go000000000000000000300000000000000000000000000000000000000000060000000000000000
£00000000000000000000000000000000000000030000G00000000000000000000000060000000000
00000000000000000000000000000000000000000000000000A0C0000000300G00000000000000000
0OBOOGO00000000000000000000000000000000000G0000000006000000060000000000000000006G00
300000600000000000000000000000000000000000000000000000000040000C00000000000000000
0006000000000000000003000000000000000000000000000000G00G00000000000000¢00000000000
0000000000000 000060000 000000000000000000000060000000000000000000000000000000000
00000000000 00000004000 00000000000000000000000000004000000000000000006000000000000
000p000C0000000000000000000000000000000000000000000000000000Q0000000000000000000
30000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000Q00G00000000000000000000060000000000000
000006000000000000000000000000000000000003
00000000000000000000000000000000000000000000000000000000000000000000000006000000
000000000000000000000000000000000000000000000600600004000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
¢0O0B00000000000000000000000000000000000000000000000000000000000Q0000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
BO0O0a00000000000000000000000000000000000000000000000C00000006000000000000C00000000
00000000000000000000000000000000000000000000000000000000000000006000000000000000
000000000000000000000000000000¢00000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000003000G006000000000000000000000006000000000
00000000000600000000000000000000000000000006000000000000000000G000000C0000000060
000000000000000000000000000000000000000000000300C00000000000000000Q00000000000000
000000000000000000000000000000000000000000000000000000060000000000000000000000000
00000000000000000000000000000000000000000

1.0D3sg

C #x+wssw DATA SET 5: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR

11

1 3 5 7 8 11 13 15 17 19 21 NODEP

C wssssss DATA SET 6: MATERIAL PROPERTIES

0.0DO 0.0D0 0.946 1.3430 0.0 1.4D-2 2.0D-3 1.14D+7 AT AM RHOR CEC CAPl CAPZ

C wx#sess DATA SET 7: NODE COORDINATES

1 10 2 0.0 1.0 0.0

2 10 2 0.0 1.0 0.0

] o] 4} 0.0 c.0 0.0 END OF X-COORD
1 10 2 0.0 0.0 0.0

2 10 2 1.0 0.0 6.0

4] 0 0 0.0D0 0.0D0 0.0DO END OF Z-COORD

C s#xxnex DATA SET 8: ELEMENT CONNECTIVITY
1 1 4 2 1 1 10
C #w#wwss DATA SET 10: CHEMICAL COMPONENT INFORMATION

W

9
CALCIUM 1 1
CARBONATE 2 1
URANIUM 3 1
S0DIUM 4 1
WATER 5 1
ELECTRON 6 1
HYDROGEN 7 3
Z- 8 1
SOH a9 2
C sxxxesx DATA SET 11: INITIAL CONDITIONS

1211 1.0D01 0©.0DO 0.0DO

0 00 0.0 0.0 0.0 END OF I.C. CA
1211 1.0D01 0.0DO O0.0DO

0 00 0.0 0.0 0.0 END OF 1I.C. CO0O3
1211 1.0p-30 0.0D0 0.0DO

o0 00 0.0 0.0 0.0 END OF I.C. URANIUM
1211 1.0D-00 0.0 0.0

o0 090 0.0 0.0 0.0 SODIUME

1211 1.0D+00 0.0 0.0

0 00 0.0 0.0 0.0 WATER

1211 1.0D+05 0.0 0.0

o 00 0.0 0.0 0.0 ELECTRON

1211 1.0B-09 0.0 0.0

o oo 0.0 0.0 0.0 HYDROGEN

1211 1.0D-30 0.0 0.0

0O 00 0.0 0.0 0.0 Z-

1211 1.0p-02 0.0 0.0

0 00 0.0 0.0 0.0 S0OH

C #s#%#3ss DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
1012 000 422 0000 NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
C sesssns DATA SET 13: DIRICHLET BOUNDARY CONDITIONS

1
2
3
4
S
1
7
8
g
10
.0DC 0.2494 1.0D038 0.2494
1 9 1 o}
[s] o o] 0 END OF B.C. CA

0.0D0 1.000-20 1.0D38 1.00D-20
0

o+
o O

o 0 0 END OF B.C. CO03

L. 09:56:23

10:05:40
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FILE:E:UZ3.DAT

a7

98

99
100
101
102
103
104
105
106
107
io08
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
13
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
150
161
162
163
164
185
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
133
1384
185
186
1a7

1838,

la9
190
191
192

- C T L 09:56:30
. 10:03:40

0.000 1.00D-30 1.0D38 1.00D-30

1 9 i 1 Q

4] 0 o} 0 a END OF B.C. U
0.0D0 2.5403 1.0D38 2.9403

1 9 1 1 o}

0 0 o] 0 8] END OF B.C. SODIUM
0.0n0 1.00D-30 1.0D38 1.00D-30

1 9 1 1 o}

0 0 o 0 Q END OF B.C. WATER
0.0po 1.00D-30 1.0D38 1.00D-30

1 9 1 1 o}

0 0 o] ] [} END OF B.C. ELECTRON
0.010 1.00D-30 1.0D38 1.00D-30

1 ) 1 1 0

0 0 o] o o] END OF B.C. HYDROGEN
Q.0D0 3.1897 1.0D38 3.1897

1 9 1 1 o]

0 0 o 0 o} END OF B.C. Z-
0.0D0 1.00D-02 1.0D38 1.00D-02

1 9 1 1 0

0 0 0 o] o] END OF B.C. SCH
0.0D0 1.00D-02 1.0D38 1.00D-02

1 9 1 i s}

0 0 [} o Q END OF B.C. DUMMY

C »wssxsxs DATA SET 15: DIRICHLET BOUNDARY CONDITIONS

0.0D0 4.6D-5 1.0D38 4.6D-5

0.0D0O 3.0D-3 1.0D38 3.0D-3

1 1 1 1 o}

3 1 1 2 4]

o 0 ¢ o] 4] END OF B.C. Ca
0.0D0 1.9D-3 1.0D38 1.9D-3

0.0D00 1.9D-3 1.0D38 1.9D-3

1 1 1 1 s}

3 1 1 2 0

o) Q o o] 0 END OQF B. C. Co03
0.0D0 1.00D-30 1.0D38 1.00D-30

0.0D0 3.40D-10 1.0D38 3.40D-10

1 1 1 1 o} .

3 1 1 2 0

o} 0 0 o] 4} END OF B.C., URANIUM
0.0D0 2.7D-3 1.0D38 Z.7D-3

0.0D0 6.0D-2 1.0D38 6.0D-2

1 1 1 1 s}

3 1 1 2 0

o 0 o} 0 0 S0DIUM

0.0DP0 1.0D-00 1.0B38 1.0D-00

0.0D0 1.0D-00 1.0D38 1.0D-11

1 1 1 1 0

3 1 1 2 0

o] o} 0 0 4] WATER

0.0D0 1.0D+05 1.0D3B 1.0D+05

0.0D0 1.0D+05 1.0D38 1.0D+05

1 1 1 1 0

3 1 1 2 0

¢} o} o 0 0 ELECTRON

0.000 1.00D-09 1.0D38& 1.00D-09

0.0D0 3.16D-1Z 1.0D38 3.16D-12

1 i 1 1 0

3 i 1 2 0

0 o] 0 o] 0 HYDROGEN
¢.0DO 1.0D-1 1.0D38 1.0D-1
0.0D0 1.0D-20 1.0D38 1.0D-20

1 i 1 1 0

3 1 1 2 0

¢ o] o] o] o} Z-
0.0D0 1.0D-02 1.0DP38 1.0D-02
0.0DO 1.0D-02 1.0D38 1.0D0-02

1 i 1 1 0

a 1 1 2 0

[+ 0 D o s} SCH
i1 1 1 1
4 1 121 1
00 0 o0 END OF NPDB

C #ssaswxe DATA SET 16: HYDROLOGICAL VARIAELES

1211 9.0 0.0 G.0 0.0
0 00 0.0 0.0 0.0 0.0 END OF VELOCITY

i 91 0.33 0.0 0,0

0 00 0.0 0.0 0.0 END OF TH

C »sw»#sss DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES

& 11} 801 2005 1.0 1.0D-6 nons,nons,nomx,nomy,nonz,nomnp,niterc,npyl
C s»anssx DATA SET 18: H+, E-, LONIC STRENGTH AND SORPTION INFORMATION
0,00 70
298.0 1.0 0000
-20.0 20.0 -~20.0 20.0 PEMN PEMX PHMN PHMX

C =»wwsse DATA SET 19: COMPONENT SPECIES AND THEXR ION-EXCHANGE INDEX

Ca+

+

1.0D-20 0O

E-

a
o

0

o o o o o

PAGE 002




FILE

E:U23.DAT

193 1.0D0 -1 0

194 H+ a
195 1.0D00 1 O

196 Z- 0
187 1.0D-5 -1 0

198 SOH 0
198 1.0D-3 €O

200 C »wweweex DATA SET 20:
201 OH-

202 5.75D-7 -13.95 000 O
203 CACO03

204 4.19D-8 3.221100
205 HCACO3

206 1.21D-7 11.43 1100
207 CAQH

208 7.77D-310 -12.85 1 00 0O
209 HCO3

210 9.58D-5 10.32 01 0 0O
211 H2C03

212 3.81D-8 16.67 01 0 0
213 ZNA o
214 1.0D-20 20.00 000 1
215 Z2CA o}
216 1.0D-20 41,801 000
217 NAHCOD3 0
218 1.0D-20 10.08 0 1 0 1
219 NACOD3- ¢}
220 1.0D-20 l1.27 0101
221 U{OH)4 0
222 1.0D-20 4.500 0 0 1 0O
223 C #w»#ewxx DATA SET 21:
224 S0-

225 2.80D-7 -8.52 0000
226 SOHZ+

227 4.43D-7 5S.58 0000
228 SOHU(OH}4

229 }1.00D-20 4.99 0 0 1 0
230 SOCAOHU{OH)4

231 1.00D-20 -9.51 10 1 0
232 S0U0Z{0H}

233 1.00D-20 -8.05 00 1 0
234 S0(U0Z)3(0H)S

235 1.00D-20 ~15.14 0 0 3 O
236 (U02) (0H)2{S0H)

237 1.00D-20 -7.10 0010
238 (U0Z)3(0H}8(80H)

239 1.00D-20 -31.00 0 ¢ 3 0
240 C «+was DATA SET 22:
241 CALCITE 0
242 1.0D-4 8.4 1100
243

COMPLEXEP SPECIES

00-100 0O ]
0

00 DOO O RN
0

00 100 0O 1
0

00-100 O 1
0

00 100 0O 0
0

90 200 O 0
oo o010 0 [s]
oo o020 O 1
00 100 O o}
00 000 O o}
22 000 O 0
ADSORBED SPECIES
1}

o0 -101 0
1}

o0 10131 0
0o

22 001 0
o]

32-201 1
0

10-201 0
0

50-801 4]
0

0o0-201 o)
o}

00-801 1]
00 00O i

END OF JOB

AND THEIR ION-EXCHANGED SPECIES

000C00-100
L0000 00O
10000 100
000CO0-100
10000 100
10000 200
0100 010
0000 D20
10100 100
10100 000
01022 00090
00000 -101
DOO0O0O 101
D1022 001
01032-201
01010-201
03050-601
01000 -201
03000 -801

09:56:35
10:05:40
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13:58:14

3 PNC CA.DAT :CAC03 COMPLEXATION-ADSORPTION 00000

C #sswwsn DATA SET 2: BASIC INTEGER PARAMTERS
2210 1 01000 1 8 -1101210 30001 300000¢C0

C #++wswxs» DATA SET 3: BASIC REAL PARAMETERS
1.00D00 0.0D0 1.00D00 1.0D03 1.0D0 31.0D0 1.0D0 1.0D00C 1.0D0-2 1.0D0
C w»#»xsees DATA SET 4: PRINT AND AUXILIARY STORGE CONTROL
330000000600000000000000000000000060000000000060000000000000000000000000000000000
000000000600000¢000003000000000000000000000000600000000000003000000000300000000000
00000000000000000000000000000000060000003000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000030000000000000000000
00000600000000¢00000000000000000000000000000000000000000000000000000000000000000
30000000000000¢00000000030000000000000000000000000000000000000000000000000000000
0000000000000000000030000000000000000000000000000000000000000000000000000C000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000CC00000
000000000000000000000000000000000600000060000000000000000000000000000000000000000
300000000000000000000000000000000000000000000600C0000000000000000000000000000000
000000000000000000000000000000600060000000000000000000000000000000000000000000000
000000Q000600000000000000000000000000003
00000000000000000000000000000000000000000000000000000000000000300000000000000000
00000000000G0000000C000000000G00000000000000000000000000000000000000000000000000
0000000000000000000000000000006000000000000000000000000000000000C0000000000000000
0000000000000000000000000000G000000000000000000000000000000000000000000000000000
0000000000000000000000000000003000000000000000000000000000000000000C00000G000000
000000000000000000000Q0000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000030600000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000C0000000000000000
00000000000000000000000000000000000000000000000000000000000000000000030000000000

W00~ ;AW N

BORO RSB B BRI B B BRI B 5 |t | |t s s b
G OMLONROG®Am AL N =S

23 0000000000000000000000000000G000006G0000000006000000000000000000000000000000000000
30 00000000000000000000000000000C00000000Q00C00000000000000000000000000000000000000
31 08000000000000000000000000000000000000000000000000000000000000000000000000000000
32 00000000000000000000000000000000000000000

33 1.0D38

34 C s=wss»s DATA SET 3: CHEMICAL PRINTOUT AND CHEMICAL PROPERTY TYPE INDICATOR
35 11

3 1 3 5 7 9 11 13 15 17 19 21 NODEP

37 C #w#wasaazs DATA SET 6: MATERIAL PROPERTIES

38 0.0D0 0.0D0 0.946 1.3430 0.0 1.4D-2 2.0D-3 1.14D+7 AT AM RHOB CEC CAP1 CAP2
39 C wwsswss DATA SET 7: NODE COORDINATES

49 1 10 2 0.0 1.0 a.o0

41 2 10 2 0.0 1.0 0.0

42 0 o] 0 0.0 0.0 0.0 END OF X~COORD

43 1 1o 2 0.0 0.0 0.0

a4 2 10 2 1.0 0.0 0.0

45 o] 0 0 0.0Do 0.0D0 0.0D0 END OF Z-COORD

46 C #awsxws DATA SET 8: ELEMENT CONNECTIVITY

47 1 1 3 4 2 1 1 10

48 C ##wesxs+ DATA SET 10: CHEMICAL COMPONENT INFORMATION

43 9

50 CALCIUM 1 1

51 CARBONATE 2 1

52 URANIUM 3 1

53 S0DIUM 4 1

54 WATER S 1

55 ELECTRON 6 1

56 HYDROGEN T 1

57 Z- 8 1

58 S0H 9 2

59 C #swesws DATA SET 11: INITIAL CONDITIONS

B0 1211 1.0D01 ©O.0D0 0.0D0

61 g 00 0.0 0.0 0.0 END OF I.C. CA

62 1211 1.0D01 O.0DD 0.0DO

63 a 00 0.0 0.0 0.0 END OF I.C. CO3

64 1211 1.0D-30 0.0D0 0.0DO

B3 9 DO 0.0 0.0 0.0 END OF 1.C. URANIUM

66 2321 1.0D0-00 0.0 0.0

67 0 00 0.0 0.0 a.o0 SODIUME

68 1211 1.0D0+00 0.0 0.0

69 0O 00 0.0 0.0 0.0 WATER

70 1211 1.0b+05 0.0 0.0

71 0O 00 0.0 0.0 0.0 ELECTRON

72 1211 1.0D-09 0.0 0.0

73 0O 00 0.0 0.0 0.0 HYDROGEN

74 1211 1.0D-30 0.0 0.0

75 0D 00 0.0 0.0 0.0 z-

76 1211 1.00-04 0.0 0.0

77 0 00 o.0 .0 0.0 S0H

78 C s»w#w+»x DATA SET 12: CONTROL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
101 2 000 422 00D0O0 NSEL NSPR NSDP NWNP NWPR NWDP NDNP NDPR NDDP
80 C ws#ss4s4sw DATA SET 13: DIRICHLET BOUNDARY CONDITIONS

81
82
83
B4
85
86
87
88
89
90
91 0.0D0 0.2494 1.0D38 0.2494
9z 9 1 0

23 0 0
94 0.0D0 1.00D-20
95 g 1
96

-3
[1=3
QUG UMDRE

-
(=R

0 END OF B.C. ©a
1.0D38 1.00D-20
Q

oK
oM oOp

0 0 0 END OF B.C. €03

K-2
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97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
1r4
115
116
117
118
1i9
120
121
122
123
124
125
126
127
128
129
130
131
13z
133
134
135
136
137
138
129
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
180
151
152
183
164
165
166
157
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
158
i5¢
190
191
192

- 18:13:31
13:58:14

0.0D0 1.00D-30 1.0D38 1.00D-30
1 9 1 1 0
o 0 0 0 a END OF B.C. U
0.0D0 2.9403 1.0D38 2.9403
1 9 1 1 o
o} 0 [} Qg 0 END OF B.C. SODIUM
0.0Dp0 1,00D-30 1.0D38 1.00D-30
1 9 1 1 0
8] 0 s} o 4] END OF B.C. WATER
0.0D0 1.00D-30 1.0D3& 1,00D-30
1 9 1 i 4]
0 ] D o] 0 END OF B.C, ELECTRON
0.4D0 1.00D-30 1.0D38 1.00D-30
1 9 1 1 Q
0 o) 4] o [¥] END OF E.C. HYDROGEN
0.0D0 3.1897 1.0D38 3.1897
1 2 1 1 Q
4] o) 0 o] 0 END OF B.C. Z-
Q.0po0 1.00D-04 1.0D038 1.00D-04
1 =) 1 1 Q
0 0 0 o] s} END OF B.C. SOH
0.0D0 1.00D-04 1.0Dp38 1.000-04
1 9 1 1 0
0 0 o o] 0 END OF B.C. DUMMY
C #+#ssxs DATA SET 15: DIRICHLET BOUNDARY CONDITIONS
0.0D0 4.6D-5 1.0D3B 4.6D-5
0.0D0 3.0D-3 1.0D38 3.0D-3
1 1 1 1 0
3 1 1 2 0
o o o 4] 0 END OF B.C. CA
0.0D0O 1.9D0-3 1.0D38 1.9D-3
0.0D0 1.9D-3 1.0D38 1.9D-3
i 1 1 1 0
3 1 1 2 Q
o] o] o] 8] Q END OF B. C. CO03
0.0D0 1.00D-30 1.0D38 1.00D-30
0.0D0 3.40D-05 1.0D38 3.40D-05
1 1 1 1 o
3 1 1 2 O
[ o] o] 0 o END OF B.C. URANIUM
0.0D0 2.7D-3 1.0D38 2.7D-3
0.0D0 6.0D=-2 1.0D38 6.0D-2
1 1 1 1 o}
3 1 1 2 o]
o] 0 [} a o SOPITM
04.0D0 1.0D-00 1.0D38 1.0D-00
€.0D0 1.0D-00 1.0D38 1.0D-11
1 1 1 1 [
3 1 1 2 4]
o] 0 0 ] 4] WATER
0D.0D0O 1.0D+05 1.0D38 1.0D+Q05
0.0D0 1.0D+0S 1.0D38 1.0D0+05
1 1 1 1 0
3 1 1 2 o]
0 0 0 v Q ELECTRON
0.000 1.00D-09 1.0D38 %1.00D-09
0.0D0 3.16D-12 1.0D38 3.156D-12
1 1 1 1 o
3 1 1 A o
¢] o 0 4] o] HYDROGEN
0.0D0 1.0D~-1 1.0D38 1.0D-1
0.0D0 1.0D-20 1.0D38 1.0D-20
1 i 1 1 0
3 1 1 2 0
0 0 sl 0 4] Z-
0.0D0 1.0D-04 1.0D38 1.0D-04
0.0RQ 1.0D-04 1.0D38 1.0D-04
1 1 1 1 4]
3 1 1 2 0
0 0 o Qa Q SO0H
i1 1 1 1
3 1 121 1
0Cc 0o 0O END OF NPDB
C s+sssuss DATA SET 18: HYDROLOGICAL VARIABLES
1211 0.0 0.0 0.0 0.0
0o oo 0.0 0.0 0.0 0.0 END OF VELOCITY
1 91 0.33 0.0 0.0
0 00 0.0 0.0 0.0 END OF TH
C »axnsss DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
8 1311 801 2005 1.0 1.0D-6 nona,nons,nomx,nomy,noiz,nomp,niterc,npyl
C assasss DATA SET 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATLON
g.00 70
298.0 .00 00O
-20.0 20.0 -20.0 20.0 PEMN PEMX PHMN PHMX
C #ssssss DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX
CA++ 0
1.0D-g 2 0
co3-- 8]
1.0D-9 -2 0
Uo2+2 4]
,1.0D-7 20
NA+ Q
1.0b-9 10
H20 o]
1.0D-20 O 0
E- 4]

PAGE 002
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193 1.0D0 -1 Q
194 H+ o]
195 1.0D00 1 O
188 Z- 4]
197 1.0D-5 -1 0O
198 S0H 0
198 1.0D-3 0 0
200 C =+xxxnx DATA SET 20:
201 QH- .
202 5.750h-7 =-13.99 0 0 O
203 CACO3
204 4.19D-8 3.2zz11¢0
205 HCACO3
206 1.21D-7 11.43 1 1 0
207 CAOQH
208 T7.77b-10 -12.85 1 0 O
209 HCO3
210 9.58D-5 10.32 010
211 H2C03
212 3.81D-6 16.67 0 1 O
213 ZNA . o]
214 1.0D-20 20.00 000
215 Z2Ca 0
216 1.0D-20 41.80 1 0 0O
217 NAHCO3 o
218 1.0D-20 10.08 0 1 O
219 NACO3- 0
220 1.0p-20 1.27 0 1 0
221 U(OH)4 Q
222 1.0D-20 4.500 0 01
223 C =#wxx»x DATA SET 21:
224 80-
225 2.80D-7 -9.532 0 0 0O
226 SO0HZ+
227 4.43D-7 5.8 000
228 SOHU(OH}4
229 1.00D-20 4,92 0 0 1
230 SOCAQHU(OH)4
231 1.00D=-20 =-9.51 1 01
232 SoUQ2(0H)
233 1.00D-20 -B.05 0 0 1
234 So{Uo02)3{0H)S
235 1.00D-20 -15.14 0 0 3
236 (U02) (0H)2(S0H)
237 1.00D-20 -7.10 0 0 1
238 (U02)3(0H}B(SOH)
239 1.00D-20 ~-31.00 0 O 3
240 C =s+««s DATA SET 22:
241 CALCITE 0
242 1.0D-4 8.48 1 1 0
243

o B = O = O o o

o o o o C

COMPLEXED SPECIES

0

00 -100 0 0

0

00 0CO0 O 1

0

00 100 0 1

a

00-100 0 1

o}

oo 100 0 0

o}

0O0C 200 O 4]

co o010 O o

00 020 0 2

0o 100 0 o

00 0DODO O ¢}

zZ2 D00 O o

ADSORBED SFECIES

0

00-101 Q

0

o0 101 8]

0

22 o001 o]

p .

32-201 1

0

L o0-201 o]

0

50-601 0

0

Do-201 0

o

00 -801 0

0 000 1
END OF JOB

AND THEIR ION-EXCHANGED SPECIES
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o
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00 -1
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0
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0
o0 -10
0
a
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