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RESUME

Le programme WATRA permet de calculer a partir de la composition

chimique d'une eau la répartition des especes ioniques simples et complexes a
1'éguilibre thermodynamique.

Les résultats de cette description du milieu aqueux servent aux

calculs de saturation vis-a-vis des minéraux courants.

Cette note technique est constituée d'un listing du programme
WATRA et d'un descriptif des nouveautés introduites par les auteurs. Les

données thermodynamiques completes ainsi que deux exemples d'utilisation
figurent dans ce rapport.
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INTRODUCTION



Le programme WATRA est une nouvelle version Fortran de WateqF
(PLUMMER et al., 1976) qui a éte élargie aux €éléments suivants : Ni, Co, Cu,
Pb, Zn, Cd, Cr, As, Sb, Ge. Il a été mis au point sur VAX 11/780 sous VMS
version 3.6 en janvier 1983 au Bureau de Recherches Géologiques et Minieres.
L'ensemble des données thermodynamiques initiales de WateqF ainsi que celles
relatives aux 115 especes aqueuses et aux 122 minéraux ajoutés figure dans

cette notice.

Les résultats d'analyses des nouveaux €léments sont entrés par
1'intermédiaire des cartes CONC déja utilisees dans WateqF. La structure du
programme initial Wateqf a été conservée mais des modifications ont été intro-
duites dans le principe du calcul de la répartition des espeéces traces
nouvelles. L'utilisation de descripteurs de réactions (LSPEC, CSPEC pour les
especes aqueuses, LMIN et CMIN pour les minéraux) permet d'ecrire de fagon
homogéne et systématique n'importe quelle réaction de formation de 1'espece
complexe "trace" ou du minéral "trace". Le remplissage de ces matrices

s'effectue de la fagon suivante :

LSPEC (120,6) format 501

Colonne 1 : nombre de ligands différents nécessaires a la forma-
tion du complexe.

Colonne 2 : numéro du complexe, ou de la réaction correspondante.

Colonne 3 : numéro de 1'espéce simple concernée (Cd?* = 1, Zn?" =
2, Pb?" =3, Co?" =4, Ni?T =5, cr’t = 6, Cutt = 7,
As0,’>" = 8, Sb(OH)? = 9, Ge(OH)? = 10).

Colonnes & a 6 : numéros des ligands nécessaires a la formation de
1'espéce aqueuse (numérotation Wateq : OH = 27, C1™ =
5, S027 = 6, F~ = 62, CO3 = 18, HCO,™ = 7, HS™ = 67,
H™ = 64, H,0 = 72, e = 251).



CSPEC (120,6) format 502

Colonne 1 : numéro du complexe, ou de la réaction.

Colonne 2 : coefficient stoechiométrique de 1'espece complexe (= 1
en général, dans la réaction M + L=ML).

Colonne 3 : coefficient stoechiométrique de 1'espece simple dans
cette réaction.

Colonnes 4 a 6 : coefficients stoechométriques des ligands (pris

dans le meme ordre que dans LSPEC).

LMIN (140,7) format 503

Colonne 1 : nombre de ligands.

Colonne 2 : numéro de 1'éspece minérale, ou de la réaction
(numérotation Wateq).

Colonnes 3 a 7 : numéros des especes qui prennent part a la

réaction.

CMIN (140,7) format 504

Colonne 1 : numéro de la réaction.

Colonne 2 : coefficient stoechiométrique du minéral (= - 1 en
général dans la réaction ML(S);E'M + L).

Colonnes 3 a 7 : coefficients stoechiométriques des especes qui
prennent part a la réaction ci-dessus (pris dans le

meme ordre que dans LMIN).

De facon générale, la réaction de formation de 1'espece dissoute

dont le numéro est I [ou encore LSPEC (I, 2)] s'écrit :

CSPEC (I, 3). LSPEC (I, 3) + CSPEC (I, &4). LSPEC (I, 4) + ......
+ CSPEC (I, 6). LSPEC (I, 6) ==CSPEC (I, 2). LSPEC (I, 2)

De la meme fagon, pour la réaction qui concerne le minéral dont le

numéro est LMIN (I, 2), on aura :



CMIN (I, 2). LMIN (I, 2)=CMIN (I, 3). LMIN (I, 3) + «.....
T oeeeene + CMIN (I, 7). LMIN (I, 7).

Les coefficients CSPEC et CMIN peuvent etre dans ces conditions positifs ou

négatifs.

Il est possible d'utiliser le programme WATRA sans tenir compte
des éléments traces, par l'intermédiaire du signal TRACES. Si TRACES = 0, le
calcul ne prendra en compte que les éléments majeurs (équivalent a WateqF). Si
TRACES = 1, les éléments Cu, Pb, Zn, Cd, Co, Ni, Cr, As, Sb et Ge sont

considérés.

Le test de convergence a également été modifié par rapport a
WateqF, i1 est appliqué uniquement si TRACES = 1. Ce test porte sur l'espece
trace dont la concentration totale est minimum. A chaque itération, on compare
la molalité de 1l'espece complexe la plus faiblement représentée a celle
obtenue au pas précédent. lLe test est positif lorsque la différence est
inférieure un pourcentage de la concentration totale de cette espece fixé
auparavant. Sinon la totalité des calculs (répartition des especes majeures

et traces) est reprise au cours de 1'itération suivante.

Les résultats des calculs (distribution des especes et indice de

saturation) sont présentés dans deux cas :

- Une eau de mer (t = 25° C) déja utilisée par Nordstrom et al
(1979) pour le test de comparaison des programmes du meme type.
- Une eau thermominérale (t = 59,7° C) de type bicarbonaté

sodique.






LISTING du PROGRAMME WATRA
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IMFLICIT DOUBLE FRECISION (A-Hy0-2)

TNTEGER 1vp e hh T LORALK, 5 (2400 s PRT(4)

INTEGER FECALC+FECEsFLAGY TRACES) CSPEC(12016)

REALXE MI(260)sHNTOTLH20sMUsNATOT KT

10T-MGT0TLITOT)NHATOT IKU

HEALEE KT (450),LOGKT(450),LOBKTO(450)

REAL¥A NSFER(260) ,NREACT(450) yHIFRIN(12

COMMON #1+E1,LOGKT,LOGKTOs KWy Ty Es D Cy RsT FsTEMF A+ By NSFECINREA
{CT+FECEG«FENGs FESATOsPECKs FECALC s PHy TENMFE s TENFHIALFA(240) s GANMA ¢
22400 VAP (4505 XLALFA(260) 2+ CUNITS(260) » ANALMI(260) +GFW(260) »IHA(26
30) s DH{A50) s AH20,LH209ERORY s ERDR2,EROR3, ERDR 4 ERORS yEHN, IENS s DX s XL
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83y TRACES»CITOT(10) »NTRACE»LSFEC(12016) CSFECILNINI14077 )y
9CHMIN(14047) ERURé;STOFE(QSyQSZ;ITMIN;MIFFIH,YFCENT(IQS)

OFEN (UNIT=&+ ORGANIZATION=’SEQUENTIAL’, RECORLTYFE=’FIXED’,

1 RECL=132, STATUS='NEW’) :

D=250

E=440

NTRACE=10

TFRT=0

MEQU=1S

READ (51507, (NSFEC(I,Z(1)»DHACI) »GFU(I)sI=1,0

READ (52800« (NREACT(I),DH(I)sLOGKTO(I)sI=1E}

REAL (5¢501) ((LSFEC{I+J)yJd=1+6)21=1,115)

READ-(S,502) ((CSFEC(TI+J)rd=146)51=14115)

READ (5,503) ((LKINCI2J)»J=197)21=1,122)

REAlL (5¢504) ((CHIN(I J)ed=197),1=1,122)

10 CONTINUE

READL (53,70+END=40)TITL

ICK=0

CHLL PREFR

IF (ICK.EQ.1) GO TO 10

CALL SET
20 CONTINUE

call MOonep

IF (JTTER.EQ,25) GO TO 30

IF (REIT.ER.1) B0 TO 20
JF (ITER.LT.6) GO TO 20
CaLL FPRINT
IF (PRY(4).NE.O) GO TO 10

CaLl. SAT

G0 7D 10
J0 WRITE(6580)
80 FORMAT (10X, ’LA CONVERGENCE N'EST FAS ATTEINTE 4 MOINS DE 25 ITER

IATIONSsCALCUL TERMINE)

GO0 TO 10
40 STOF
50 FORMAT
60 FORMAT
01 FORMAT
02 FORMAT
02 FORMAT
04 FORMAT
70
12
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REAL (595700« TEMFyFHsEHMEHMCENFZy TRACESyIENS»IOX s FLAG» CORALK
IPECHLCyIGOs (FRT(I)»1=21+4),IDAVESyISPEC, IMNIN

IF(TRACES.ER.1) GO 7O 1t

=129

£=2073

11 CONTINUE

CHOIX DE L/IMPRESSION DES DONNEES THERMOCHIMIQUES
(2222222085 005008020283302839238233¢033¢¢33250 0242808

IF (FRT JE ¢) GO 70 70
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IF (1.EQ
CONTINUE
URITE(6sS
12(1) s IHAL
20 CONTINUE

0I=0+1

[0 50 I=DDE

ISIG=5IGN(1)

10 4C J=1,NEQU

IF (I,EQ.IEQU(J)) ISIG=SIGN(2)
40 CONTINUE

WRITE(6y600)s IsNREACT(I)sDH(I),LOGKTO(I),ISIG
50 CONTINUE |

J1) ISIG=SIGN(2)
REACTC(IN»DH(I)»LOGKTOC(I)»ISIGyI+NSFEC(I),
(1)

rd
(]

M

- —
[oy B
T 4
=

WRITE(S»310)
o 590 I=1;NEGU
WRITE(6y520), IEQU(I) HREACT(IEQU{I)),COEF(1:IEQU(I}) COE
1F§§yIEGU(I))7COEF(3 s IEQU(IY)sCOEF (4, IEQU(T) 1CDEF(51IEOU(
21
&0 CONTINUE
70 CONTINUE
IFRT=1
WRITE(69610)y TITL
READ (59620)s (CUNITSCINFT(I))sI=1,12)
IF (ISFEC.BT.0) READ (5,530)y (KSFEC{I)s,I=1,ISFEC)
IF (IMIN.GT.05 READ (S:520)y (KMINCI)»I=1,ININ)

ENTREE II“UNE CARTE OFTIONNELLE
REREKKEREREKER R R ERKE R R EARX
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80 READ (5:630), WORDs (INT(I)sVAL(I)»I=1/3)
IF (WORD. NE CARD(1)) GO TO 100
ng 40 I=1,
IF (INT(I) EG 0) GO TO 90
E N%Ta(éNT(I))'UAL(I)
TNU

90
160 GU!¥O Bg
GO COMTINU
TF (WORD.NE.CARD(2)) GO TO 110
ERCR1=VAL (1)
EROR2=VAL(2)
ERORI=VAL (3)
EROF4=UAL(4)
LRORS=VAL(S)
FEAD (596%0)s WORDy (INT(I)sVAL(I}sI=1,3)
110 IF (WORD.NE.CARDIN(3)) GO TO 130
03 120 I=1,3
IF (INT(I).ER,0) GO TO 120
DHCINT(I))=VAL(T)
WRITE(65640)s INTC(IDsNREACTIINT(I)) +VAL(I)
120 CONTINUE
READ (5,430)» WORDs (INTC(I)SVALLI)»I=1+5)
GO TO 110

130 IF (WORD.ME.CARD(4)) GO TO 130
N0 140 I=1+5
IF (INT(I).EQ.O) GO TO 140
LOGKTOCINT(I))=VAL(I)
WRITE(5:650)s INT(I)sNREACT{INT(I))»VAL(I)
140 CONTINUE
READ (556300 WORDy (INT(I) VAL(I)yI=1,3)
GO 70 130
150 CONTINUE

EQUATION DE VAN'T HOFF
ERXEELXXRREEREKKERRK KK

T=TEMF+273.14

C1=(298,15-T)/(298, 16XTXCXR)
00 170 I=1,E
LOGKT(I)=LOGKTO(I)-DH(I)XC1
’CHChfI)=0
IF {LOGKT(I).LT7.,-200,0.0R.LOGKT(I).B6T.200.,0) LCHEK(I)=1
IF (LCHEK(I).,EQ,1) GO TO 150
KTeI)=10.%%LOGKT(I)
150 CONTINUE
170 CONTINUE

RW=KT(133)

EXFRESSIONS AMALYTIQUES: INFLUENCE DE T SUR K
(S 22O 2222403328202 0000303008003 200038002

130 IF (WORDJ.NE.CARD(S)) GO TO 220
IF (INT(1).EG.0Q) GO TO 210
ng 190 I=1,3
COEF(I,INT(1))=VAL(I)
170 CONTINUE
IEQ=¢
g0 200 I=1,NERU
IF (IEQU(IY.EQ.INT(1)) IEQ=1
200 CONTIMUE
IF (IEQ.EQ.0) HEQU=NEQU+1
IF (IEQ.EQ.0) IEQUI(NEQU)=INT(1)
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WRITE(49660)9 INT(1)sMREACT(INT(1)),COEF
1COEF(2yINT(1))sCOEF(3sINT(1))sCOEF (45 INT
2. INT (1))

210 CONTINUE

READ (556203 WORIDs (INTC(IZ9VAL(I)»I=1,5)

GO 70O 1890

CONTINUE

JF (WORD.EQ.CARD(S)) 6D TO 230

WRITE(65540)

READL (5,430)y WORDy (INT(I)syVAL(I)»I=1:5)

rJ
28]
Lend

QEF(1,TEQU{TI)Y+COEF(2,JEQU(I))XTH+COEF (3 IEQU(I))/T
XTHTH+COEF(Oy IEQUCI) ) /(TXT)

(26)+DLOG1O(KW)Y~12,2258%DLOGIO(T)
**¥ (LOGKT(IEQU{I)))

~ )

CALCUL DES MOLALITES ANALYSEES
b3 32222022 33332230389388¢024¢3)

IF (FLAGJ.NE.1) GO TO 270
0 260 I=1.0
CUNITSC(IJ=CUNITES(IJXGFU(I)I/V(I)
260 CONTINUE :
FLAG=2
270 CONTINUE
IF (FLAG.NE.2) GO0O.TO 290
e 280 I1=1is0
CUNITS(I1)=CUNITS(I)/DENS
280 CONTINUE
FLAG=3
290 CONTINUE
IF (FLAG.NE.2) GO TO 220
C1=0.0
g 3060 I=1,0
C1=C1+CUNITS(I)
300 CONTINUE

00 310 I=1,D

C184VE=C1

HI{I)=(CUNITS(I)/(1.,0E4+0Q *GFU(I (1. /(1 0-1.0E-056%C1))
IF (MI(1).,6T.0.0) XLMI(I)=DLOG10 (1)
GRAMS(I)=CUNITS(I)%DENS

310 CONTINUE
GO TO 250
320 CONTINUE
C1=0.0
IF (FLAG.NE.4) GO TO 480
no 330 I=1,I
HICI)=CUNITS(I)
Ci=C1+MICI)XGFW{(I)¥1000, /DENS
IF (MICI).G6T,0.,0) XLMICI)=DLOGIO(MI(I})
330 CONTINUE
C18AVE=C1
L0 340 I=i,I
GRANS(I)= ﬁI(I)*lOOO ¥GFW(I)XDENSX(1,0-1,0E-06%C1SAVE)
240 CONTINUE
350 CONTINUE ’ -
T0S=0.0 -
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DD 3460 I=1,D

ANALMICT)=NI(I)

THE=TRG+6RANS(T)
350 CONTINUE

CALCUL DE LA BALANCE CATION-ANION
EESSE PP P S22 3850300323300

EFMCAT=0.¢

i=

Y GT 0) GO 1O 370
SHAN Z(D¥MI(D)
EPMCATHZ(I)¥MICI)

i

MC

N

MCAT EPMCATX1000.,
FHAN=EFHANX1000.,

CAtL.CUL DU EH A PARTIR DES DONNEES DE TERRAIN
[3S$3 2305280203833 0085302332202022255202¢¢38¢1

IF (EHM.LT.?.0) GO TO 420

(EHFZ GT.9.0) GO TO 390

0,42942,4E-03%(25,0-TEMF)-EFHZ

TO 400

390 C1=0,24448,6E-04%(25.,0~-TEMP)

400 CONTINUE
IF (EHHC.LT.%.0) GO TO 410
59 70 420

410 EHM=EHMCtC1

420 CONTINUE
PEEH=EHM/ (CXRXT/F)
IF (FECALC.EGQ.0) FE=
IF {EHM.GE.9.0) FEEH
WRITE(61470)
WRITE(S9671)
URITE(69672)
WRITE(A+680)y TEMFsFH,EFMCAT.EFMAN

Xz
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e
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WRITE(6+690)y [OXsEHMC,EMFZ,EHMsFEEH
IF (PECALC.EQ.1) PE=FEEH
URITE(6:700)
DO 430 I=1,32
IF (MICINPT(I)).GT.0.0) GO TO 429
WRITE(65709) NSPECH INPT(I));Z(INFT(I))
GO TO 430
429 WRITE(6:710)s NSPECCINPT(I))»ZC(INFT(I))sMICINFT(I))}»XLHMICINP
1T{I))»GRAMSCINPT(I))
420 CONTINUE
IF (PRT(2).NE.0) GO TO 440
WRITE(65560)
WRITE(6,720)

440 CONTINUE
IF (IGO.EQ.1) GO TO 450
IF (FH.,LT.3.0.0R.FH.GT.,11,0) GO TO 490
DUM=( (EFMCAT-EFMAN) /(1 . +EPMCATTEFMAN) ) %100,
IF (DABS(DUM).GT.30.0) GO TO 490
IF (TRACES.EQ.0) GO TO 449
ALFA(251)=10.%%(-PE)

449 CONTINUE

430 CONTINUE

INFLUENCE DE LA TEMPERATURE SUR LES CONSTANTES DE DEBRYE-HUCKEL
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ESAS RSP FIRSSIRT S22 REOS RSP TRALS2200800533022028280¢80 0841

§1=374,11-TEHF

Sh=SIwN LTI

T GUPTL01,040,1342489%52-2,946263E-03%51)/(3.1975E0~,3151548E0%S
12~-1,203374E-345147,48908E-13%51%%4))

IF (T.LT.Z273.14)Y GO TO 460

C1=5321EC/T1+232, 74E0-TX(TX (B, 292E-7%T-1.417E-3)+.,5297ED)

GG TO 470

Aeh D31=07,74E0-TEMPY (TEMP¥(1,41E-6XTEMF-9.398E-4)+.400BEC)

47C¢ CONTINUE
Ci=DEQRT(CINT)
£=18246,0EC2¥S3/C1x%3
h=%0,29%83/C3
GG T0 500

<00 WRITE(49730)
TCh=1
GO TO S06

470 WRITEC&E:S50)
ICk=1

G0 CONTINUE
RETURN

FORMATS

YERXEURE

10 FORMAT (13X, 7"%* NOTER QU'UNE EXFRESSIOMN ANALYTIQUE A ETE UTIL
1ISEE FOUR KT y/»20Xe’RESUME DNES EXFRESSIONS ANHLITIGUES oE La F
20RME ¢ LOG K = h+’*T+C/T+D*T**"+E/I**"'l/rhquéI NREACT
A b )

20 FORMAT (22X9I13:2X»A48,3(1XsF11.4)y2(1X»1FE11.42})

20 FORMAT (161I5)

540 FORMAT (10X, ’V0US AVEZ OUELIE LE TAFER La CARTE VIDE’)

S50 FORMAT (10X« 'WARNING--- VERIFIER LA VALEUR DU FH ET/0U L& EALAN

CE CATION/AHION ~---CALCUL TERMINE")

70 FORMAT (G(F&291X3013XsT11,2F3,.2+1X9y911,213)

580 FORMAT {1H »64Xy "XXXEKRKERXEX 9/ 6JX7'X UUNNEES L ANVENIIERE $$ 39 54¢ 31
TEX v /918X 1 92%s "HREACT +8Xs'IH’ +8Xy 'LOGKTO s 386Xy "1/ 32%+'NSFEC”
Dy 292Xy UHA 96Xy 'GFU )

590 FORMAT (1H 15X, Ia!?X!QB!lX FR:452X»F10.49»A1,33X»13+2X+A8 1 1291X
1!F401'2X!F1004)

500 FORMAT (1H »15Xs1392%Xs A8 1%XyF2,. 422X yF10.,49A1)

510 FORMAT (12X,1048)

11 FORHAT (1H o 97Xy "RXERERRRERREERKERRKEXX »/» 57Xy "% ANALYSE DI'"U
INE EAU ¥/ ¢/ s S7X s/ KXXXKERRRICKR KL KK )

620 FORKAT (&6(E12.5):8X)

630 FORMAT (A4sS(I3SEL12.5))

&40 FORHAT (SX» "HOUJELLE UDNNrE ¥x¥x DELTA H DE LA REQCTIDN ":I3+1%X148y
17 4 ETE CHANGE EN : “sF?.

£50 FORMAT (3Xy "NOUVELLE DUNNEE X¥x LOGKTOD IE LA REACTION “»IZy1XsA8:"
1 A ETE CHANGE EN | 7 o4)

660 FORMAT (5X»  NOUVELLE DDNNEE *X% LOGKRT DE LA REACTION ‘»I3y1XsABy’
q*:,;ylFEll «B5 H9E1L 4" HT+ yE1I1.49 7 /TH/9ELL, 4;'*T¥¥2+’,E11.4!’XT*

70 FORMAT (1H 556X REXEEXXLREKKERAXKRLAR )

71 FORMAT (1H »546Xs’% SOLUTION INITIALE %)

72 FORMAT (1H »S6Xy "RXXAEXTXRERFKKRRKEKKER ")

80 FORMAT (24X TEMFERATURE = /,F6.2y "DIIEGRES C PH = ‘sF&.2s7 EOHME
% DE, EgTIONq ANALVSFS = "yF8.3+/970Xs"S0OMME DES ANIONS ANALYSES
6%¢C FDRHRT EJ;!'***** OXYDATION-REDUCTION *XX%x%‘»/y11Xy'0XYGENE DISSQU

= “yF3.297 MG/L’ /911X EH MESURE CALOMEL =/+F7.45'VOLTS  »/s11X,
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27EH MEASURED OF ZOEELL SOLUTION = ‘sF7.45/VOLTS’s/+11Xs'EH CORRIGE
7003 BRmAT ety YRRTS 444 LAGRCERTRRYENEPOFROE ROBREGTER B aRalvE7 Y

. '+ 6X1 |CONCENTRATION  »
ARES AFHahafiddr YOLALITR A 40% 11106 BOLALITE, HG/L ")

ALE' 1 12X»
7 /
74 HORAT 'S 33"**'“33iff'3x'“'Eaéaeesémz@nsé;%';s%f VI
20 FORMAT (1H +SOXy XXX CON 5 23X
1" TTERAT IéN';Xé%!S1-CD3ANAL’;6X:’SZ—SO4T0T';BX:’S3-FT0T 19Xy’ 54-FT0O
5T, 9%s/§5-CLTOT )
730" T0fNAT C1oX. ERREUR INTRODUITE - LES UNITES DE CONCENTRATION NE SO
1N FAS CONNUES)

1349230328282 0220288¢% ¢
¥ SO0US PROGRAMME SET %
KERKERRKKEAR R KKK AR K

SUBRQUTINE SET

IAFLICIT DOUBLE FRECISION (A-H:0-2)

INTEGER DsE,DDsRBIT,CORALNZ{2607,WORDyCARD(SE) sFLAGYPRT(4) sSIGN(D)
IHTEGER FECALC,FECK,TRACESyCSFEC(120+4)

UIMENSION INT(S), YAL(S)s INFT(Z2). GRAMS(240), IEQU{S0)s COEF(3Is2

1037

REALX8 MI(260)MNTOT)LH20,MUsNATOTHKT
L0TyMOTOT,LITOTSNHATOT KUY

REAL¥8 KT(450),LOGRKT (4305 LOGKTO(450)
REAL%S NSFEC(”éO)!NREACT(4J0)yﬁIPRIH(12

uU?"”\ON MIyKT+LOGKT»LOGRKTOsKUWsDyEsDIsCyRsTyFy TEMP2A» By NSFECIHREA
1CT,PESFPES,PEDO,FESATOFECK s FECALC;PH:TEN FEsTENPHsALFA(260) s GAMMA(
Z_rO)yAP(440)’XLhLFA(°6O)’ZyCUNITS(”éo)rANALHI(BbO):GFN(“éO)yDHA(“é
:CirUH(440)fﬁH"01LH°0 sEROR1,EROR2,EROR3+ERORA4sERORS s EHMy IENS, DOX s XL
M

]
U

)
T
M

t ("60);ITER;RBITrCISﬁUEyCORHLKyHU;LCHEK(450)!CO”TIT;ANALCU:SITDT:
CATQT +HGTOT/KTOTYNATQT «S04TOTSFETOTSPTOTsALTOT»FTOTBTOTsLITOTsNH4
10T SRTOT,RATOT CLTOT s MNTOT» ICKsPRTsTITL(10)»EPMCATEFMANNEQU,
TT1SFEC/KSPEC(240) s ININSKNIN(450) , TISs IDAVESs IPRT1FLAG, IG01 XLGAM (260
2V TRACES»CITOT(10) »NTRACESLSFEC(120+6) yCSPECSLMIN(140+7),
PCHINCL40+7) rERORSYSTOREC25+23) s ITHINSMIFRIN,XPCENT(123)

NITIALISATION [ES VALEURS DE DEFART POUR LE FROCESSUS ITERATIF
E3 SO0 RO L LA ES LS00 2032020030 ELEOELEOTE L

AHZ0=1,0

ALFA(72)=AH20

po 10 I=1,D

GAMMACIN=1,0

L0 CONTINUE

COCTIT=MI(7)+2,0%¥HI(18)

ANALCO=CO2TIT

IF (CORALK.EQ.2) CO2TIT=MI(7)+MI(18)+HI(86)

SITOT=HI(3IS)

rATOT= HI )
2)
)

—A—HO—1
I T |
o = g e S ]
OO~ D~~~
ASINTL T Nes R R NN 8§
~— s O

~ ~
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H1(101)
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el
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o~ = (=% .3 CITELLECWEQr X QICECTIN EXE
o -~ Lut 1 ¥ EECIIIH-IHWX OEOOEN LI
I E -~ Qow W ETEOOONOI NGO AL ~~0O0O
1 e et "ok T Lo . L€ T3 3¢ N1 o~ A~ e DO P
O W SO T O L Co— — LD A~ 20~ ClO— A O~ ~
HKOOIT VN O O TCL<C L~ =L~ P MFCILICI M I~ e 25T LD
L3 s vt M COICI T~ (D o 0 b I e | = 2 S0 Oyt a 0 [ N N P TR o J e V]
[ . A R et S 8 P N "~ [y 3 [N = ENCR SRR of RUSE Y PR [ 8 ol "l S S B RN
ORI R e b e U e T3l ¥ e T g s ik e O i~ <C L4
e LI IEN - O “ - 0 Q¥ [iml ot 2h i o PR @ B o T oA SN R R L 2 T i
R U T I 1 T T T T IO VT O [ B ¥ ol o i - L ¥ EE NN ou gy g REETE I o Rl S o oV I [ I 1]
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ST L OIS U G CC At D a1 D3 IO S GP A CIUTIGIN Bt O ZxOM~ oM
[T R g o B | I | ZZ o 22 ¥ 00 WG-Cles 0~ U3 O oS
Lo bbb b e b b O 2O -4 PII 0 2 T CA3 s st v s [N ST 1) O DO~ — O
O T OO CCQ et~ r~ti— == b s rt g s e > LTXLTTACLCICT~a G e CHN WD OO <D I -
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CONTIHUE
MI(7)=CO2TIT/ (1, CO+GAMMA(7)IX((RT(36)/(TENFHKGAMNA(SE)))+TENFH/ (KT (6

1§f¥§§ynﬁf}§}iéaﬂﬁh’7)XTENFH/(GAHHA(18)*KT(69))

*KT(36)/(TENFHAGAMNA(B6))
CEBE TR (FIRERRALTIIRT (36

ALFH(IE)=HI(1 8)XxGAMMA(18)

L FA(EL)Y=MI (B4 XGAMMA(SS)

CONTINUE
ECES PO4
Aoy
HICASY=PTOT/ (L, +(KT(17)%xGAMNMA(4S) / (GAMMA(A8)XTENFHY¥2))4(KT(14)XGA
IThHALAS) /(TENFHYGAMMAL47))))

SLEALAGI=MICAS) EGAMMA(4D)

ALFA(A7Y=KTI 14 YXALFA(45) /TENFH
Ali473=aLFA047 ) /GAMMA(47)

ALFA(A3)=KT 17 )XALFA(45) / (TENFHEX2)

MI(481=4LFA143) /GAMHACA8)

ITER=0
RETURN
END

FEEERREKLE KRR KRR KK
¥ 30US PROGRAMME HMODEL *
PEEERARERERIKERKKER KKK K

SURRQUTINE MODEL

TH™CICIT DOURBLE PRECISION (A-H:0-7)

INTEGER DsEsDDsZ(2480)sLIST(3)sLISTLI(S8YsLIST2(28)+LISTI(S)sPRT(A) P
{ZCALC.FECKsRBITsFLAGY CORALK ) TRACES»CSPEC(120+6) s D19E1

r[ﬁL#B HI(“éO)7MNTDT!LH°0!HU!NRTDT

rTUTvﬁGTDTvLITOT NHATOT » KWy MUHALF s L1IALKC(12)

R AL KT(450)LOGKTL{450)»LOGKTO(ASD)

FFAL*B NSPEC(260) s NREACT (450 »MIFRIM(12%)

TIHMEMSION NFAIR(S)s LIMC1I2)y LIK(12)y LICC12)y L1AC12) s L2MC
114y, L2K(14), L2C(14)y LIM(11)y LIKC(11)y LICC113y L4AMI14Y, LAK(14)
ZoLaC(14)s LAACLA) s LIM(P)y LSK{?)y LSC(I)NCOMF(10)YsRETACL25),
SRE14118),5C125)IFF(25)» DELTACL2S)

COMMON MIKToLOGKT+LOGKTOsKWsLsEsDUyCoRsT+FyTEMPy NSFEC/NREA
CTyPESFESSPEDOSsFESATOPECKFECALCYPH, TENﬁPEy ENPH:ALFA(“éO),GQHHR(
2250)AF(AS0) s XLALFA(260) ¢+ ZsCUNITS(250) yANALMI(280) sGFU(240) s IHA(R6
30)![H(450)!AHQO;LHQO;ERDFl7EF0R21ERURurERDF4,ERURq!hHH DENSDOX s XL
AMI(280 s ITERYREITICISAVE »CORALR s MU LCHEK (45G) sCO2TITANALCO,SITOT,
SCATOT+MGTOTKTOTYNATOT»SOATOT»FETOTPTOTSALTOTFTOTETOTH>LITOTYNHS
ATOTySRTOTRATOT»CLTOT»MNTOT» ICKsFRTYTITL (10 +EFHCATfEFHANYNEQU
FISPECIKSPEC(260) yININSKMINCA50) s TOSs INAVES ) IPRTyFLAG IGO0 XLBAN (260
8) s TRACES,CITOT(10) +NTRACEsLSPEC{120+8)CSFECLMIN(140s+7) s
PCHINC140»7 ) yERDRGYSTORE(25y 25y ITHINYMIFPRINM I XFCENT(125)

1ATA LIST/17+35+66370971572+84:87/

HATA LIST1/42+43944550994+125/

0ATA LIST2/8+9910911912913915916928933+24965977978979+80+100,99511
17+1185119,1205121,122,123,124/

DATA LISTI/82,83,88+89,20,91/

DATA LIM/74219229,309319425439861111,114651235124/

DATA LIK/89374375+78979+709719369167,194+201,202/

NATA LI1C/8492:29191¢393964,101+10198+8/

DATA L1A/1891897+7+18918+79717+18y18+7/

UATH I‘HLF/1007200!1007100!200!20071.0!000!100!2{0!200!100/

UaTa L2M/15923932:349449461959158019483983592998210951197/
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UaTH L2K/S57492449072473928¢89,905127,17 70 3691L59197/
WaTH L2078 21989304951+ 51964981939 964940 .18/

DaTE LIM/20+55+56257¢50,1068945,12051215122,5125/

NATA LI/ 23¢84405:80+67,164,80,198,199,2005203/

AT & LZC/;.ulfﬁqul!u’110171-818!873/

ATA LAK/13+vA40941447 8;50961y65!73)74;75;76199;19€/
DATA Lﬁkf]4”~1”4!125,16~171317337121!34!35!122712u71477139/
DATE LAC/By292544+6493949B89+251919198+8/

TETé 1 AA/A7-45.48,45045,4734718L¢47+47445:,48+48+47/
DAHTA LaM/18,28+33993+949955103,1045105/

LATE LER/&6979851339134+135915991605161/

HATA LSC/2+8489645354510191014101/

ThiThA NFATRZ712414911,514+9/

UATH NCOMP/21518518199115109179694517

ITER=ITERH]

CALCUL DE AM20 ET DE LA MOLALITE TOTALE
ER 2233952020004 2 3288438243222 223332¢3 43

J=1
C1=(.,0
ng 2¢ I=1,0o
IF (I,EQ.LIST.JY) GO 7O 10
Cl=C1i4¥1(D
G0 70 20
O A= 441
20 CONTINUE
AHZ0=1,0-0,017%C1
LH20=TLO610(AH20)
TF (DOX.6T.0.0) PEDD=-(DLOGI10(KT(132))+FH+0.5%LH20-0.25%DL0OG10C(DOX
1/32E3))
lég ;£g3 GT.0,0) FESATO=-(DLOG10(KT(127))+PH+0.5%LH20-0,25%DLOG10O(D
32E3))
IF (FECQLC EQ.2) PE=PEDO
IF (PECALC.ER.3) FE=FESATO

CALCUL DES COEFFICIENTS D'ACTIVITE
EE 32202022 0222323230032333432222 0%

HU=0,0
D 40 I={,»D
MU=MU+0 , SEMI(IIRZ(I)XZ(I)
4¢ CONTIHWUE
MUHALF=DSORT (HU)
Cl1=-a%4,0¥MUHALF
GAMHA(1)=10,%X(C1/(1.,0+BXS,0XMUHALF)+0.,145%MHL)

GAMMA({2)=10.%%{(C1/(1,0+R¥5 . S¥MUHALF }+0,2%HL)

GAMMA(3)Y=10, XX {-AXHUHALF/(1,0+B%4, 0¥MUHALFY+0,075%ML)

GAMMA(4) =10 XX (-A¥MUHALF/ (1, 0+E%3 ., 3XMUHALF )40, 015%MU)

GAMMA (D) =GAMMAL4)

CAMHA(S)Y=10 %X (C1/(1.0+BX5, 0KMUHALF)-0,04%HU)

o 60 I=8s0

IF (Z(I).EQ.0) GO 7O 50

1I§*§IU?UES‘EQ°1) GAMMA(I)I=10 . XX (~AXZ (1) ¥¥2, ¥ (MUHALF/{1,0+MUHALF)-0

« J¥MU)

IF (IDAVES.EQ.1) GD TO 40

ggﬂ?g(gé=10.X*(-AﬁhUHﬁLF*Z(I)*#2.0/(1.0+DHA(I)XB¥MUHALF))
S50 GAMMACI)I=10,%% (0. 1XMU)
60 CONTINUE

GAMMA(7)=10. XX (-AXMURALFXZ (7)%%2,/(1.0+DHA(7 ) ¥RXMUHALF))

GANMMA(18)=10, %X (-AXMUHALF¥Z (18)X¥2,/(1,0+IHA(18) XKEXMUHALF))
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GAMHA(BSE) =10, %X (MUX(170,01/T~-,8798+.0013935%T) +MUXMUX(28,81/T-.210

18+.0003541%T))
ESFECES SULFUREES ET CALCUL DE PE FOUR S
S22 330223ttt sssteseesstet st ii s,

C1=KT(92)KTENFH/GAMMA (67)
£a= rTf?“>*bT(?S)XTENPHX*“/GA”"A(éa)
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LT 0G10(KT(91))40,125XIL0OG10(ALFA(S) ) =1, 25%FPH=0, 125%DLOG1

})-0,3%LH20
C.EQ.4) PE=FES

LC EQ.0.OR.PE.GE,100.03) GO TO %0
O0,XX(-FE)

0.4%(-30)

ES.EQ.0) GO TO 101
ul) TENKPE

mMma2imI>-
ADC U OOl
T_.X:-U\

romZm

a4
| o
m

SILICEUSES

FOEERRXKRXRXR
=KT

{14)XTENFH/GAMMA(2S)
'lu)KTENPH**”/FAMMA(Zé
=SIT0T/(1.,0+GANMA(24)X(C1+C2))
)—ﬁI(°4)XGAHHH(2 )

ALFA (”4)*01

ALF 1¥xC2

Y=M

Y=HM

)
24
=
5)=
ne
S

Hi— I I

~z
-

ESFECES LU HROHE
TEXXKRRLRKEARKKK

1=GAMMA (IS5)XKT(26) XTENFH/GANNA(Z7)

¥1
MI{3
ALFA
ALFA

EGRECES NITR

(o?) =RTOT/(1. o+c1>
Y
(

)¢
37) 7 ) KGANMA (37)

XMI(I6
HI(36)XCAMMA(36)
MIC3
ATEES

L2 2353303330288 43

C1=TENFHXKT(27)/GANNA(38)
C2=ALFA(SIXKT(132) /GANNA(?2)
MI(I2)=NHATOT/(1EO+GAMMACI®) X(LC14+C2))
ALFA(Z?)=MI(29)XGAKNNA(3D)

ALFA(38)=HI

MI(38)=ALFA(39)%C1
(38)XGAHMA(38)

HI(92)= ALFA(39)XC
(92)¥GAMMA(T2)

ALFA(92)=HI
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EE™ECES HMAGNEIIENNES
FEEERRRN X**#X*#*:W*#
I i =ALFA(27)XRT(20) /GANNALLG)
HI(20 =al Fal{62)¥KT (23 /GAMMA(20)
HI219=ALFACIBYXRT(74) /GAMMAL(Z1)
MI 22)=ALFA(7)¥RT(25) /GANMA(22)
MIM22)=ALFRISIRRT(78) /GANMA(2D)
H1040)=ALFATAS)RRT (1247 /GAMMA(40)
HIC41)=ALFA(42)XKT (128, /GAMMAL41)
M1(72)=6LFAa(A7 3 ¥RT{24) /GAMNALTI)
MI(2Y=HGTOT/ (1. C+GAMMA L)X (MI(19) +KT(20)+MI(21)4MI {22 +KI(23)+HI(4
TOYHMI(41Y+HI(T73) )
ALFAC2)=HI{2)X6AMMA(2)
Cl=ALFAL{D)
oo 110 I=19.23
MICIY=CLENI(I)
ALFACTI=HI(I)%GAMHA(T)
1310 CONTINUE
MI{A0 =CI¥MI(40)
ALFACA40)=HI(40)XGAMMA(40)
HI(41)=C1%xMI(41)
ALFA(417=NI (41)XGANNAC4L)
HI(72)=C1¥MI(72)
ALFA(TIY=MI(73)XGANNA(T3)
SFECES CALCIQUES
**28#***#1#******
MI(29=ALFA(27)XRT(77)/GANNAL(29)
HI(30)=ALFA(Z7)XKT(78)/GAMNNA(I0)
HI(Z1)=ALFA(1B)YEKT(79) /GAMHA(SZL)
MI(32Y=ALFA(SYRRT(24) /GANNKA(32)
HI(74)=ALFA(A7Y¥RT(25) /GAKKA(74)
MI(76)=ALFACABIERT(123)/GANNA(T74)
HI(7E)=ALFA(AT)IXRT(122)/BAMMA(75)
HIC32)=ALFA(L2IEKT(BO) /GANNACAD)
HIC(1Y=CATOT/(1,0+GAMMACIIX(MI(29)+HI(I0I+HI(Z1)+HI(32)4MI(74)4HI(7
1S)HHI(76+MI(49) 1)
C1=HI{1)¥GAMHACL)
ALFAL11=C1
N 120 I=29,212
MI(I)=C1xHICI)
ALFA(TY=MI(I)XGAMMA(T)
120 CONTINUE
MIi{74)=CI1%¥MHI(74)
ALFA(74)=MI(74)XGANMA(74)
HI(75)=C1XHI(75)
ALFA(73)=MI(75) ¥6AMHA(TD)
HI{76)=C1%XHI(76)
ALFA(76)=NI(76) XGANMA(T6)
HI(49)=C1xMI(49)
ALFA(49)=MI(49)XGAMNA(49)

ESFECES SOLNIQUES
FREXEEXIERKREREN

HICA2)=ALFA(18)¥KT(70)/GAMNMA(42)
MICAT)Y=ALFA(7)XRKT (71} /GANNA(AT)

HIC44)=ALFA(6)XKT(72) /GANNAL44)
HI(SO)=ALFA(A7)XKT(31)/GANMA(S0)
HI{94)=ALFA(S)XKT(134)/GAMNMA(T4)
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2SIHMICL1E)))
ALFA(101)=HI(101)XGAMMA(101)
g6= BLFAC101)

1=102,113

11
230
GAMMA(115)
GAMMAL116)

DD T e
i Rhey BN da PEN

s e e D o S ey o
OO

ZenUZ I S D i

4HHHHNHPHw*WH
Car O

(g% )

=

o
OTEXOTOD ISP T T
o

T

260

CALCUL DE PO2 ET PCHA4
REKRRERERXKKKHRERKRKK

IF (DAES(FE).LT.19.07 GO TO 270
60 10 280

279 C1=DLOGIG(KT(94))+FH4+FE+0.SXLH20
ALFAL70)=10.%4(4.0%C1)

280 CONTINUE
ég %gABS(PE)‘LT.19.0.AND.ALFA(7).GT.0.0) 60 70 290

300

290 XLALFA{71)=(DLOG10(KT(9S))-8,0KkFE~-9.0%FH-3,0%¥LH20+DL0OG10(ALFA(7)))
IF (XLALFA(71).,L7.-300.,) GO 7O 300
ALFA(71)=10.%%XLALFA(71)

300 CONTINUE

ESFECES LITHIUMySTRONTIUM,RARIUM
PR PP E S22 252 8300002085 00858 2% 8]

C1=KT(125)YRALFA(27) /GAMMA(B2)

C2=RT 127)XALFA(S) /GAMMA(BT)
HI(81)=LITOT/(1.,0+CANMA(BLIK(C14C2))
ALFA(S1:=MI(81)XGANMA(81)
MI(821=Cl1kALFA(BL)

1143
Dy=f

ﬁi<3\
{f

-

r—~“ IID—‘-II

1)
27)/GAMMA(B?)
Q+GAMMA(33)%C1)
AMI(88)xC1
31)*ALFA(“7)/GAHHA(91)

AT (70)=EATOT/(1.0+GANMA(T0IXC1)

“£x°15 GAMMA(°O)XHI(°0)*C1

[ 310 J=1»

HLFH(LIST3(J)) =MI(LIST3(J))XGAMMA(LISTI(J))
310 CONTINUE

REFARTITION DES ESFECES MINEURES
LRSS C LSS 2220023520550 080804

RACES NE.1) GO TO 1430
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1270

13830

1370
1400

1410
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NUE
00 I=1sNTRACE
«NEL1) GO TO 1310

) pred

o
—t

==r
PR i R

OO DY T D
[N ™
__1
O3 I 220 ()
=
(€3]
ol

Tl IrTEr T Oy

h+1
HH KT (K4
ST =SKT
u 1340
X=NFLOTJ(
IFr (ALF ﬁ
FR=ALFA
Afs HH*FF
El(»\)—pl'\l:.\-*F'F\'

)+NE.O) GO TO 137

AT
—

m
—

PMEIITI A~ TR0
n
0
m
=

A8 (L)
L)¥100,/CITOT(I)/DELTA(L)
ALFA(IN4L) = EETA(L)

IN=K+1
IFIN=I04NCOMF(I)-1

M=IFTN

) G0 TO 1390
FY=BETA(L)

ER)=RETA(N+I)

U)HnH1~mr-__-_n4
A~ Mmoo

gDELTA(J)

uONTTNUF

e 1420 J1=1,

ﬁ=J+L5PEC(J9
{CITQT(LSF

YFurNT(h)=ﬁI

CONTIKUE

CONTINUE

3)).EQ.0.) GO TO 1420
K)¥100,/CITOT(LSFEC(J.3))

BaLANCE DE MASSE SUR LES CARBONATES
(2223232433 323332222232023¢3 8238098 %¢1

5i=0.0
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7)) /GAMMA(LIM(J))
(LIMOJIIKACT

HIOrO 40 OO OO O

[
m
XD~

o4
rJ
(e

CUNTINUE

IF (CORALK.H
MI(1B)=ANALC
ALFQ(iS/—ﬁI'

]
[43]

4
[}
<
FIOOA~AD~AOOWOW
HOLﬂZﬁDDHOl
[

>
r
™~

s

6)-HI(27) HI(3I7)- h.OKMI(45)—HI(47)-HI

$» >

2399

-
prog

]
14 DD e s A {3
[l e B Rl "2 X s 0 N | (‘JO)—(OHHD—‘»‘\H

R ZZINODITDEAZH T IO —-2Z2ZFO0IIZT +ZHTX

oy -

WHCH RO~

(L
ALF

340 CONT

M= X DM~ COD M X
D~
i ~r-3XD A==
A XZ~AD
CHH= O —~O0

3 Fsr He

o
J
(=)
3
o
=
—
—

<o

€

—

—

[xa)

r'1

€.ER.0) GO TO 372

15

EC(Js4))

4) NE.18.AND.LSPEC(J»4).NE.7) GO TO 371
IMEMIFRINCIIX(=X)

[ s aod oS N ol gl el

W =~
A M~
Lan = X O &) B

M MWML-OO R
I e O

EALANCE DE MASSE SUR LES SULFATES
L2202 E 2205838320035 03¢0238 0088001

IF (S504TOT.LE.CG.0) GO TO 410

N=NFAIR(2)

N0 280 J=1rN-1

HI(L2M () I=KT(L2R (I XALFA(L2C () ) /GANHACLIN{I)) -

MIC119)=KT(197)XALFA(BIXKT(1)/GAMMA(L119)/TENNFE
380 CONTINUE

MIC(13)=MI(13)/TENMPE

HI(60)=RI(S0IXALFAL{S)

MI(P5)=MI(96)%ALFA(S4)



SU=M1 (40D

TN Z90 J=1+M

SUN=SUNENI (L2M(J))

CONTINUE
fI{6)=804T0T/(1.04GAMNMAC6IXEUN)D
ALFALST=MI(6)XGANNA(6)

N0 400 Jd=1.N

HICL2M D) =HI(L2M(I)IRALFALG)
ALFACL2MI Y =MI(L2M (I )Y ) XGAMMACLIN{I))
So=C04MI(L2M(J))

400 CONTINUE
E2=824+M1{&)+MI(60)+HI(11D)

(23]
~0
2y

o

41¢ CONTINUE
JF rTRACES.ER.0) GO TO 412
S2FRIN=0
U 4311 J=1,115
x=DFLOTJ(CSFEC(J4))
1F ([SFEC(J.4),NE,6) GO T0 411
S2PRIN=SIFRIM+MIFRIN (DX (-X)
411 COHTINUE
32=52+52FRIM

12 CONTINUE

BALANCE [IE MASSE SUR LES FLUDRURES
L2322 29242338234 02334333883 3823441

IF {FTOT.LE.O.C) GO TO 450

N=NFAIR(3)

ng 42¢ Jd=1sN

HICLIN(J))=KT(LIKIIIRALFACLIC(J) ) /GAMNA(LIMNII) )
42¢ CONTINUE

HICG6)=MI(D6)KALFA(LD)
MI(S7)=NMI(O7)XALFA(62)XALFALS2)
HI(SEI=MI(SE)XALFA(S2)KALFA(S2)IXALFA(S2)
MIC120)=HMI(120)%KT(1)/TENHFE
MIC121)=HIC1Z1)KRT(1IRALFA(E2) /TENNFPE
HICI22)=MT(122)KKT (1) XALFA(62) X%2/TENMPE
SUM=MI(56)4+2,0%MI(57)+3. 0%kMI(SB)+MI(121)4+2,0¥HI(122)
DO 430 J=1sK
SUM=SUMEHI(LIM(I))

420 CONTINUE
HI(&2)=FTOT/(1.,0+6AMMA(S62)XSUN)
ALFACS2)=MI(62)XGAHKA(SE2)
0 440 J=1N
MICLIM(J))=MI(LIK(J)IRALFA(42)
ALFACLINID) )=HI(LINLI) IXBANNAILIN(ID)
53=E83+HI(LIHCI))

440 CONTINUE
SI=C3INI(E2IHMIC(E6) 12 OXNI(D7)4T ORMIC(SBIFHIC121)42,0%
1HI(122)

450 CONTINUE
IF {TRACES.EQ.0) GO TO 45
S3FRINM=0
po 451 J=1,115
Y=IFLOTJI(CEPEC(Js4))
IF {(LSPEC(Jy4),NE,62) GO TO 451
SIFRIM=SIFRIM+MIFRINC D X (-XD

451 CONTINUE
S3=C3+53FRIN

452 CONTINUE

BALAMCE DE MASSE SUR LES FHOSFHATES
(3332238353434 232380233082322823830%
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532 CONTINUE
€5=85+E5FRIN
533 CONTINUE

TEETE DE CONVERGEWNCE
0022220325033 0349 41

ALFA(BS)=HI(BI) XBAMNMA(ED)
ALFAIPE)=HT(98)XGAMMA(98)
ALFAL27)=AHZOXRNWETENFH
MI(27)=ALFA(27)/GANNA(27)
H1(44)=1E0/{TENPHXGAMMA{S4) )
TES TI-J“ANHLCO
TEGT2=872-60470T

TES ffSE—FTOT

TES14=54-FT0T

TEETS=85-CLTOT

REIT=D

IF¢TRACES,ER.1) B0 TO 600

IF (21.EQ.0.0.0R.ANALCOLLE.C.CO) GO TO 540

I (DABS(TEST1).GT.EROR1¥ANALCO) RBIT=1

GO TO S50
940 ANALCO=0.0
350 CONTINUE

IF (82,EQR,0.0) GO TO 560

IF (DIARS(TEST2).GT. EROR"#°04TOT) REIT=1
560 CONTINUE

IF (S3.,EQ.0.0) GO TO 570

IF (DARS(TESTI) GT.ERORI¥FTOT) REIT=1
970 CONTINUE

IF (54,EQ.0.0) GO TO 580

I[F (DABS(TEST4).GT.EROR4XFTOT) REIT=1
580 CONTINUE

IF (S5,EQ.0.0) GO TG S°0C

IF (DARS(TESTI) .GT.ERORS¥CLTOT) REIT=1
%90 CONTINUE

IF (PRT{2).NE.Q) BO_TD 600

WRITE(S9610)s ITER,TEST1.TEST2,TEST3,TEST4sTESTS
&10 FORMAT (1H »24%,I2»86X+5(1FE1Z.653X))
600 CONTINUE

IF (TRACES.EQ.0) GO TO 404

IF(ITER.EQR.]1) GO TO 404

N0 601 II=1sNCOMF(ITHMIN)+

DIFF(IT)=STORE(IIsITER)~ STURE(II:ITER 1

601 CONTINUE
AMAX=DIFF{1)

2 I=1,HCOMP(ITMIN)+1
IF (DIFF{I+1).LE.XMAX) GO TO 402
AMEaX=DIFF(I+1)
lna¥=1+1

602 CONTINUE
IF(DARS (XMAX) . GT . (ERDRGXCITOT(ITMIN)) ) RRIT=1
URITE(&y 601);ITER ITHINs XMAY s IMNAX
602 FORMAT (2Xy "ITER +I293X» "ITHIN'»I3»3IXy "XMAX ' yE12.5y
13Xs " IMAX +1I2)
604 CONTINUE
RETURN
END

bR S22 033 202200732 03289 9
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TUNTITS(I)=0,0
T (HI(D)LLT DUMY GR 70 S50
CUNITS(ID)=HI(I)*1000 . ¥GFW(I)%(1.0-1.0E-04%C15AVE)
IF (WICI)WLE.Q.OORWALFACD) WLE.O.O.OF.CANMA(TI) LE.C.0) GO TO SO
ALMIC(I)=DLOGIO(HIII))
ALALFA(IY=DLOGIOLALFA(CL))
YLGAR{ DY =TULOGLD(GAMKACT))
S0 CONTINUE
no g0 J=1-3114
T(ﬁIfLISTf\I').NE 0 0) 60 T0O 5%
WRITE(S 1820 W LIST4{I s NSFEC(LISTA(I)) s Z(LIST4(I))
GQ 7O 80
o IF (ISPEC.EQ.CY GO TO 70
ne 60 =1 I18FEC
17 (LISTA4(I,EQ.KSFECCS)) GO TO 70
& CONTINUE
GnoTO Q0
70 CONTINUE
WRITC (6180 LICT4(I) yNSFEC(LISTA(I))yZ(LISTA(I)yCUNITS(LISTA(I
130 HICLISTA(I o XLMI(LICSTALI) ) sALFACLISTA(I) ) o XLALFACLISTA(I) ) SGA
CHEALLISTACI) Yy XLGAM(LISTA(I))
80 CORTINUE
IF(TRACES.EC.0) GO TD 84
WRITE(&:143)
URITE (&2 147)
ud 23 I=Di+i,sD
TEONICI)LNELO.C) B0 TO B2
WRITECS«1S2)« Ty NSPECCI)»2Z(ID
ce Ju ez
92 UKITE(69151)sIyNEPEC(YI) s Z(I)sCUNITS(I) s HIC(I)sXLMICI)9yALFA(I),
LXLALFACT ) - GAMMAL L) o XFCENT(I-D1)
83 CONTINUE
84 CONTINUE
1F (PRT(3).NE.Q) GO TG 100

C4LCUL DES RAFFORTS MOLAIRES ET DES RAFFORTS DES LOG D‘ACTIVITES
LSS 2TI ST LE TP 2 HS202 3800300305803 808438398833380%¢1

Lo 90 I=1.8
IF (ANALMICLISTS(IN) LT .1.,E-70) ANALMI(LISTS(I})=1,E-70
IF (HICLISTS(IN) LT 1 E-70) MICLISTS(I))=1,E-7D
IF (MICLISTS(IN) . LT.1,E-79) XLALFA(LISTS(I1))=-70,
RATIOLIC(I)=ANALMI(S)/ANALMIC(LISTS(I) )
RATIO2(I)=MI{S)/HI(LISTS(I)}

90 CONTINUE
RATIOL(F)I=ANALMI(1) /ANALMI(2)
RATICL (10 =ANALMI(ZI/ANALMI(S)
RATIO2(P)=MI(1}/NI(2)
RATIOZ2(10:=HI{I)/HI(4)
RATIGCI(1)=YXLALFACL)+FHERD,
RATIO3(2)=XLALFA(2)+FH%2,
RATIOZ(EY=YLALFALT ) +FH
RATIOZ (4 =XLALFA(4)+FH
MTI0A (S =XLALFA (ST )+FPHXI,
RETIOZCE =YLALFACE) +PHED,
RATTUZL? ) =XLALFA{L)-XLALFA(D)
RETIC3I(8)=XLALFA(3)-XLALFA(4)
URITE(6+1560)
WMITE(59141)
WRITECG 1620 (RATIOICIYSRATIOZ2(I)+RATIOZ(I) I=1+8)s(RATINI(I),
IRATIO2(I)«I1=9510C)
IF{LITOT.NE.C,) G0 TO 99
WRITE(65168)
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GO 70 100

99 XNALI=NATOT/LITOT
YNALI=MI(3)/HI(81)
WRITE(S5184) s XNALT s YNALI

100 CONTINUE
IF(TRACES.EQR.0) GO TO 103
DO 109 N=1,NTRACE
RAPSUM(N)=0,0
RAFFER(N)=0,0

109 CONTINUE

H

A 4T D AT N T~ O —

I"'IO Mmoo MomMM—CIMOoOMM—O M
[
=
m—
=3
« D
o
m

okt
ODOO

[[S 14, N1

w EHU:D?"O?JHOJU'UO D B

106
107

1
=MNTOT/FETOT
=MNTOT/TDS

11l

I).,NE,O,) GO TO 103
59 rNOH’I)
6

JoNOMC(I) s RAFFERCI) »RAFSUNC(I)
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101 CONTIN

103 CONTIN
RETURN

FORMATS
KXKKRKX

120 FORMAT (iH ,48%, " %¥%Xx DESCRIFTION DE LA SOLUTION %Xx¥’,/»4

10Xy "ANALYSES  »4Xs "CALCULES s 10Xy "PH s 16X, "ACTIVITE DE H20 = ',F7.4
29/921Xy *SOMME DES CATIONS sF9.3+3X9F?.3+2XsF6.3514X-"FCO2 = “s1FEL
33,69 /921%, 'SOMKE DES ANIONS 'sQFF7?.3,3XsF?,7,09Xs"’ LOG #CQ2 = ’',F8.
44;/766X;’TEHPERATURE'v11Xy’PO" = ‘3IPE13.69/921Xs ‘CH = 7HOFF6., 444X
Ir’PE = "4F7.3417%XsF6.25’ DEG C ’;10?7’FCH4 = ‘s1PEL1T W&/ 21Xy 'FE C
4ALC S = "HEL13. 693‘5’)(1’['10'1 TOT = “sE13.69/921Xy 'FE CALC DIOX = 7
7E13.4417%s FORCE IONIGUE’;?Xy’BENSITE = "yOPFB.4,/,21X:"FE SATO DO
8X = "sE13.6y16XsE13,6,10%»‘TRS = “,0FF9.1, MG/L" )

121 FORMAT(SOX, BALANCE ELECTRIQUE=’,E13.5) ]

130 FORMAT (21X, EN CALCULANT LA DISTRIBUTION DES ESFECES! FE = /»F7.1
1,5Xs'EH EQUIUALENT = "yF7.35°VOLTS")

140 FORMAT (IH 154Xy =======m====——m—mmeo— o ’)

141 FORMAT (1H r54X»DISTRIBUTION DES ESPECES )

142 FORMAT (1H 154Xy /===mmm—moomm—mm—mmo—— -

143 FORMAT (1M »7%: 173 1K; 0 SSPECES s 11%y FPH” y 11Xs  HOLALITE /8%, /LOG M

10L 18Xy ACTIUITE'97 ‘LOG ACT'!SX; COEFF. ACT, +6Xs L0G COEFF.")

144 FORMAT (1H +7%ys’ '!1X! =y 11Xy ---'711X! -------- Ty8Xy e
1=="16Xy " -~ ‘7K RS SR bt ettt 18Xy~ )

150 FORMAT (1H s3XsIZs1XsA8sI13s2Xs1PEL12,5,4XEL2 .414X 0PF9 494Xy IPEL2,
15s4X,0PF9,454X»1FEL12,5,35X0PF9.4)

151 FORMAT (1H +SXsI391XsA8r13+2Xs1FE12.5s4XsE12.5+4Xs0PF%.4,4X1PEL2,
15+4Xy0PFQ.4,4Xy1FEL12,.5:5Xs0PF9.6F

132 FORMAT(LIH sSXsI351Xs5A8,13)

160 FORMAT (1H +&X, "RAFPORTS MOLAIRES FPOUR LA MOLALITE ANALYTIQUE RA
2FPFPORTS HOLAIEES FOUR LA MOLALITE CALCULEE RAFPORTS DES LOG D*ACT

JIVITE")



161 FORMAT (1H 5 8X» = oo m s oo o m o e o oo e e e -

1 _______________________________________________________________
18 FUFHﬁl (1H 120X, 'CLS/CA = '11P511 427Xy 'CL/CAH = 75E11, 4918X1'LUG C
) lﬁ/h" = "yOFF?.4,/+21Xs’CL/MG = 11PEIlo4!27X~'CL/WG = “yE11.4,18%y°
2°L0OG MG/H2 = 'vOPF9.49/921X1’CL/NA = “yIPC11.4,27%y'CL/NA = ‘4E11.
34718%,'L0G NASHL = “HOPFF9. 4,/ 921X 'CL/K = 7L 1PE11.4,27¥, CL/K =
4°4E11, 4 18X1'LUG K/B1 = “30PF9.4y/s21Xs'CL/AL = 7 +1FE11.4,27%y‘CL
S/AL = £11,4,18%y/L0OG AL/HI = ;0FF9 49/ 91215 'CL/FE = "5 1PEL11.4,42
E7%y CL/FE = ’7E11.4118X~'LDB FE/H2 = ‘+O0FF9.,4,/,21Xs'CL/804 = ', 1F
7E11.4,28%.°CL/S04 = “4E11, 4117X7’LUG CA/MG = ' OFFS.4- /12171'CL/HC
803 = "»1PE11.4,25Xs’C L/HCU’ = ‘yE11.4+14X"L0OC NA/E = “HO0FF9.49/
21X 'CA/MG = "41FE11.4,27XsCA/M6 = “sEX1.44/, 21X, "NA/K = “y1PELL
G.4927Xe 'NA/K = “9E11.4)
163 FORMAT(LIH +7Xy’1°9+1Xy"ESPECES’ 111X:'=PH'71 Xy’ WDLALITE’*BX?'LUG MO
1L798Yy "ACTIVITE » 7%, *LOG ACT’sSXs'COEFF. ACT. ', f MDLAL %X
164 FORMAT(1H 720X7’NA/LI='11PE11.4129X!'NA/LI='1511.4)
18 FORMAT(IH 910Xy "ESFECE’+5X»"CITOT/FETOT  »10X,» ' CITOT/TRS")
164 FORMAT(1H 512X!A2-7X:EII.4711X1E11o4l
147 FORMAT(IH +7Xs /sl ¥s cmme ‘911X $ 11Xy e 2D & I,
SEAEY-S € A 2 S B MR 250, & I '76X!’ __________ )
168 FORMATI1H s20%s‘NA/LI=' 440Xy NA/LI=")
162 FORMAT(1IH +12X%sA2)
END
FERRERRF IR KR kR KKK
¥ S0U3 FPROGRAMME SAT ¥
AREEREFNRE R LEENRRRK
SUREQUTINE &aT
ICLICTT DOUELE FRECISION (A-Hy0-2Z)
INTEGER D.E-DDyREITsCORALESZ(280)sLISTE(24) FRT(4)
INTEGER PECALCYPECKsFLAGY TRACES»CSFEC(120+6)sE2
JUN W‘”QIUN CISTZ20301) LISTRO1S)Y yPACT (AGO)

FESLED MTU260) sMNTOT »LH20-MUs NATOT KT
1UTvﬁGTQTsLITOTvNH4TOTfNM

WEQLKS KT(4S50) s LOGRKT(AS0Y 2 LOBRTO(4A50)

FEALYE NSFEC(2&0)yNREACT (450) +MIPRIM(123)

CUHHOH MIsKTsLOGET»LOGKTO+KW Iy EsDOsCyRyTyF s TEMF2A» B NSPECYNREA
1CT+FESFES«FERD,FESATQPECK « FECALC;FH!TENP‘Fr TENFH,ALF&(260) yGAMMA(
22500 1 AF(AS0) s XLALFA(260) s ZsCUNITS(260) » ANHLVI(:QO)7CFU(°60)JDHA(26
Z0)+DH(AS0) v AH20LH20,EROR I yERORZ2yERDORIFERO 4+ ERORSsEHM DENS, NOX» XL
AKMI(2E0)ITERIRBITSCISAVEsCORALKy MU LCHER (A4S0 »CRN2TITsANALCOSSITOT
SCATAT +MGTOT s KTOT s NATOT s SOATOTsFETOT s FTOT+ 5L TOT»FTOT+RTOTSLITOT s NH4
éTDT;SRTUT!BATDT:CLTDT;PNTOT;*ChyFFT-TITL(IO)yEPHCATvEPHAN;NEQU;
JISFEC RSPEC(280)Y - IMINsRKMINCASO)Y + THS+ IDAVES-TFRTFLAGs IGO0 XLGAN (260
8)+ TRACESCITOT{10) +NTRALCE LSFEC(lQO;é'-CCDE[!LHIN(140,7)1
QCMINCIA0y 7Y +ERCRESTORE (25 23) s TTNIN MIFRTHXFCENT (125

DATA LISTE/719243+4939617+899+11+18924:27940> 44747141144 £2+6
17+88¢901C1,102/

DATA LIST7/40+9415141551442918+1142:.4252251519125+549,953920:13+144,9
1600,21530:370100:29212958¢1139120,97083+2895291119112521951916594
2210991182399 961246+473484,+129,148,48:99+110+11,108+64,116+117+58,87
I5%:61:150:55+45+142»115:54,102537y10+10191479143+33+66962132+60,1
471184910491 05y51569172v1739174+175991764177+178:,179,180,181,1B83,184
S180s1845137,183:,18%25190:191+,192,193/

D?lé LI1878/7107,10853109+110,131,112+133+114,115,319,120,173+174+17
1.' 4)"’

CALCUL DES PRODUITE DACTIVITES IONIQUES
E2 2222822232822 203 400080232322 02223 2893
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0o 29 I1=1,24
IF (ALFACLISTL(I)).LT. E- 40) GO TO 10
ALFACLISTS(I))=ULOGLIO(ALFACLISTS(I)))
G0 TC 20

10 ALFA(LTISTS(I))=~2E4

20 CONTINUE

AP (10)=ALFA(R)+ALFA(18)

AP 1L =AaLFAC2)+ALFAC(LB)

QP(12)=ALFA(1)+AP(11)+ALFQ(18)

AFCLI3)Y=ALFACL) +ALFA(18)

AP(IS)=ALFA(1)+ALFQ(6)

FP(19Y=ARP{18)+2EQXLH20

APC20)=ALFA(2)42EO0XALFA(27)
ﬁﬁ(:%)fgg?fhkFA(ﬁ)+°EO*ALFA(24)+6E0*ALFA(27)-SEOXLHQU

AP{22)Y=4F 3

AF(28)=2E0XALFA(2)+ALFA(24)+4EO0X(ALFA(R27)-LH20)
QP(29)=ALFA(1)+QLFHf°)+°EO*ALFA(°4)+4EO*QLFA’“71-6E0¥LH°0
AF{30)=ALFA(2)+ALFA(24)+2E0XALFA(27)-2EO0XLH2
1AP(32)=°E0*ALFG(1)* EO*QLFA(”)+8E0*ALFR(°37+14EO*ALFA("7) 22E0%LH2
AP(37)=2E0XALFA(2)+3EOXALFA(24)+4EOXALFA(27)~4,3EO0¥LH20
AF(38)=3E0XALFA(2Y+AE0XALFA(24) +SEO0XALFA(27)~1EL1¥LHDID
AF(I9)=4E0%ALFA(2)+3E0%ALFA(18)+2E0XALFA(27) $IEOKLH20
AF(A0)Y=ALFAC4)+ALFN(S4) +IECORALFA(24)-8EQXLHZO

ﬁF(41)=HP’40) ALFAC(4Y+ALFA(Z)
GFCAZY=ALFACL)$2ECX(ALFA(S4)+ALFA(24) ) ~-8EOXLH2O
Apl43)=QLFH(3)+ﬁLFH(34)+2E0*ALFA(24)-5E0*LH20
AF{44)=ALFAC4)+3E0%(ALFA(S4) +ALFA(24) ) -2E0X%PH-12E0%LH20
IAE AS)=ALFA(4)+ALFA(SA)+IE0X(ALFA(2)Y4+ALFA(24) ) +4EQKALFA(27)-1E1XLH
AF’46)='6EOXQLFQ(4 +,25EOXALFA(2)+2,ZEOXALFA(SA) 12, 3EO0XALFA(24) -1,

2EQXFH-11,2E0xLH20

HF'”7)=2EO¥lFLFA(54)+ALFA(°4) FH)-7EQXLH20

AF143)=AF(47)
Cl=(REART(MI(1)¥GAMMAC L) +HT(2) XGANMA(2Y T MI(IIKGANMA(T)))

IF (C1,67.0.9) C1=0ILOG1O(CL)

IF (C1,LE,D.,0) Ci=-2E4

AP (49 =.33E0*C1+2.UHEOXQLFA(54)+3 67E0XALFA(24)-2E0%XFH-12E0%LH20
AP (SO =SEQRALFA(2)+2EQXALFA(TA) +3EOXALFA(24) +BEQALFA(D2T7) -1ELXLH2D
AF(S1)=ALFACA)+3EO0XALFA(TS1)+6EOXKALFA(27)42E0%ALFA(S)
AF(S2Y=ALFA(S1)+3E0XALFA(27)

aF(53)=AP(52)-LH20

AP (S4)=2E0XALFA(SA4)+4EO0XALFA(24)-2E0%PH-12,0%LH20
AP(SS)=,3EO0X(ALFA(3)+ALFA(4)Y+ALFA(S4)+3EQXALFA(24)-7EQXLH20
AF(S6)=ALFA(SY+ALFA(SAY+3.SEOKALFA(24) -4E0XLH20
C2=(HT(I)EGAMMACT) +MI {4) XGANNALA))

IF {(C2.,G67.0.0) C2-0LOG1O(C)

IF (C2,LE.0.0) C1=-2E4
AP(57)=,3E0%C2+ALFA(S4)+5E0XALFA(24)-8.SE0%LH20
AF(58)=.3E0XC2+ALFA(S4)+4.SE0XALFA(24)-SEOXLHZ0
AF(S?Y=ALFA(IY+ALFA(T)

AF (50 =JEOXALFA{IY+ALFA( 7)+ALFA(18)+ EQ¥LH20

AP (E2)=2E0XALFA(Z)+ALFA(IB)+LH2

AFCO1)=AF(62)+9E0XLH20

AF(62)=ALFA(1)+2EQKALFA(62
165284)=.167E0*ﬂLFQ(1)+2.33E0*ALFA(¢4)+ +O7EQLALFA(24)-2E0XFH-12E0X
AP (63)=ALFA(I)+ALFA(S)

AF(66)=2E0%ALFAT)+ALFA(S)

AP(67)Y=AF (467 H1E1XLH20

AF(68)=ALFA(B)+ALFA(&7)+FH
AF(96)=SEQXALFA(1)+3E0X(ALFA(47)~-LH20)+4E0%ALFA(27)
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ﬁ‘ALFA(1)+3E0*(ALFA(47) LH20)+3EOXALFAL27) +ALFACSED)
FA{24)-2E0¥LH2CO
A(4)+’EO*ALFA‘"4)+FH -9E0%XLH20

i
—«:Db::»r-r‘m

DI v
nmTITTm

T.20,0) GO TO 20

OXALFA(B)+2EQ0¥ALFA(45)+BEQXLH20
O*ALFA(91—"E0*FE%4EO*LH”D+SEO#FH
"OXALFA(S)+ZEO¥LH204+4E0%FH

(10%)

FR(I9Y4IEOXKALFAL(27)~LH20

OXALFA(Z A DECYALFA(24) +6E0XALFA(27Y-SE0¥LH20
A(9)+ZEU7-LH”O+PH}
FIEOX(ALFA(B)-ALFA (D))
YP2EOXCALFACET7IHPEHPH)
FA(€)+ﬁEO#ALrA"’)+2E

Y +2%XLH20+4%¥FHAFE

DD D DI I

)
O¥FE+4EO0¥FH

DDPDOD D
mTTIMTETRY IO T oD R R T
=
.

A NN et P2t 2 et D OO =R OO QMY

NP WNOOUMITD I OO0 I
et e N o N o o o e o e [ B T e (L |

L T I T T 1 A I ll HNMOWH YT I

)
(8
YAL
8)
(102
7%
) 73)
) FA(

101)+4%LH20+8%PHA2¥%PE

CONTINUE
FECK=1

CONTINUE
AF(llé)-.Q?XALFA(°)+ 23XALFA(9)+1.5B¥ALFA(S4)+3 . 92¥ALFA(24)-10.%LH

RF(117)=.44*ALFA(°)+ SAXALFAL9 )11 47XALFA(S4)+3.B2xALFA(24)-9,2%LH
20+, 76%FH

aF(118)=2E0%ALFA(2)+ALFA(1)+4E0XALFNA(1B)
ﬁg(13?)=2%FA(%)+"EO*ALFQ(¢4)+4EO*QLFﬁ(ﬂ4) BEQ¥LH20
AF(141)=

AP (142)=2E0%(ALFA(1)+ALFA{S4)+FH)+3E0XALFA(24)-BEO¥LH20
AF(143)=ALFA(BB)+ALFA(18)

AF(144)=ALFA(SB)+ALFA(S)

AP (143)=ALFA(P0)+ALFA(S)

AF(146)=ALFA(90)+ALFA(1B)
AF(1A47)=ALFA(9 ) +ALFAL 4D $2EQ0%LH20

AP (148)=2E0KALFA(1)+4EOXALFA(S54)+8EOKALFA(24)-17E0XLH2D
AF{1S0)=ALFA(2)tALFA(18)$IEOXLH20

fE(151)=2E0XALFA(1) +ALFA(IB)+2EO0XALFA(27)+3E0XLH2D
AFI1T72)=ALFA(101)+LH20+2%FH
AF(176)=2XALFACI02)+3XLH20+56%FH
AF(178)=ALFA(101)+2XALFA(27)
AP(179)=ALFA(I02)+3XALFA(2T7)
AF(180)=ALFACLI02)+2¥LH204+3%PH

AP (1€1)=ALFA(101)+ALFA(18)

AF(183)=ALFA(101)+2%ALFA(S)

AP (184 =AF(1B3)+LH20

AF(18T)=AF(183)+2%LH20

AF(18&)=AF(18I)+4%LH20
AF(187)=2XALFA(101)4+ALFA{24)+4XPH
AF(188)=2%ALFA(101)+ALFA(24)+2%FH-LH20
AF(1R89)=ALFACI01)+ALFA(67)+FH

AF(190)=ALFA(101)4+ALFA(6)

AF(191)=2%8LFA(102)4+3%ALFA(S)
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AP(I?" =3XALFA{101)4+2%ALFA(AS)
1?J =HLFALI01YHALFALAT)

APul )=4P{I7)

AP (1SS)Y=AF(52)~LH20

AP(1S b‘ AF(129)-2¥%LH20

IF(TRACES.EQ.0)Y GO TO 2000

In 41 I=1.2

ALFACLISTS(IN)=10 . XxxALFACLISTA(I))

51 CONTINUE
E2=318
k=0

na c3 N=1,E-E2

-

LOGPR=DLOGT
DD 52 I=3sLM
IF(ALFA(LMIN
FR=0
30 TO 1003
00 FR=PRYXALFA(LMIN(K,I))XXCMIN(K,I)
3 CONTINUE
&2 CONTINUE
FACT(E2+N)=FR
A% CONTINUE
000 CONTINUE
URITE649290)
WRITE(S,300)
WRITE
URITE
WRITE
o 10
IF (1
=0
g 70 J=1y
IF (LIST7( Q.KMINCJ)) K=1
70 CONTINUE
IF (K,EQ.1) GO 7O 80
GO T0 100
€0 CONTINUE

%&PR)
(Ke1)42
(K»I)).NE,0,0) GO TO 1000

(&
(&
(&
01
MIN G0 TD 80

IF (AP(LIST7(I)).,LT.-300.0.0R.AP(LIST7(I};.GT.3200.0) GO TO 90
IF (LCHEK(LIST7(I)).EQ.,1) GO T0 90
DUM=AP(LIST7(I))-DLOGLIO(KT(LISTZ(I)))
IF (DUM.GT.75.) GO 70 90
XIAP=10, XXAF(LIST7(I))
RAT=XIAP/KT(LIST7(I))
XLRAT=DLOG10(RAT)
DELGR=CXRXTXXLRAT
WRITE(62,160)y LIST7(I) f EACT(LIST?(I))yXIHP;hT(LIST7(I))vAP
1(81%87(33),L06KT(LI T7 )sRAT s XLRAT s DELGR
;3 1
90 IF(AF(LIST7(I)).GE,-S000,0,ANDAP(LIST7(I)}.LE.5000.,}) GO TO %1
URITE(6’171)1LIST7(I)yNREACT(LIST?(I))
GO TO 100
?1 XLRAT=AP(LIST7(I))-LOGKT(LIST7(I})
DELGR=CXRXTXXLRAT
WRITE(49170)y LIST7(I)sNREACT(LISTZ(I))»ARP(LIST7(I))LOGKT(LIST?

1{1))sXLRAT,DELGR
100 CONTINUE -
IF (PECK.EQ.1.AND,FECALC.NE,O0} GO TO 110
GO TO 130
110 WRITE(5y180)
0 120 I=1,15 :
WRITE(5+190)y NREACT(LISTB(I))



120 CONTINUE
135 CONTINUE
1F(TRACES.ER.0) GO TO 150
[2=318
D0 140 I=E241,E
IF(EACT(I)  NE.O, 0 GO TQ 131
WRITECE 179 s ToARTACT(D)
GO TO 140
131 AF(IJ=DLOGICI

10ipare

ReT=FACT I /T (T)
XLEAT= ULHGJ DRT
TELGR=C¥RETYY L HAT
uRITE(aviéoa,],NREACT(I);PACT(I),HT(I),AP(I),LOGKT(I)
PeRATSYLRATLELGR

146G COMIIHUE

150 CONTINUEK
RETURM

FORME T
HEEKY LY

290 FONMAT (IH » SAXe XXX ERRRRRboeRkkkx )

300 FORMAT (1H +54X«’% SATURATION MINERALE *’)

310 FORMAT (1H ,54Xy’*X*X**X***X*Xt#**#*#?**

320 FORHAT P16Xs "FHASE s 9%y’ IAF s 11Xy "KT 58Xy LOG IAF  +4%sL0G KT

&Y "1ARPAET 25Xy 7L0OG TAP/KT 22Xy “DEG DE SATURATION')

330 FORKAT (1H 15Xy ===== '!9X!"“’711XF”"78X!’ ------- TS E R !
1y ¥y mmmmam fyORy (mmmmmme—— '!"X9 ----------------- ‘)

140 FORMAT (1H s11XsI301XsABs2{2Xs1FE11.4)s2(2Xs0OFFS, 452Xy 1FPE11,4,2%)
10FPF10,.093%X0FF10.5)

A FUFH&T (1H v19Xv'*'12X1'1'12X7’*'y1X"REACTIUN'!IY;'*' Xr’P.D'ACT
Lo e 2Xy "X g TN RTCI) 93X "X s 1Xe "LOG  FH791Y %7, LUGh Xy'*'y
C2Xs "PLA/RT 2%y /% 9 1%s 7LOG Pﬂ/hT'alX,’*'yIXy'B.DE SAT.’;lX 8 2]

170 FORMAT (1H 79X1'¥'71X1IZ!1X;'*’1IY79371Y"f'71”77 ¥ 9E10.391Xs 7%’
1sFR, 31X "/ wFB T 1Xy "X 211X "K' sF10.591Xy "% sF10.,5:1Xy %)

171 FORMAT(IH +13iXs13:1XsA8)

120 FORMAT (20Xy’FE EST FLUS GEAND QUE 20 QU PLUS PETIT QUE -20'y/
1:20XsAND THE FOLLOWING MINERAL REACTIOMS HAVE BEEN DISREGARDED’)

190 FORMAT (iH s20X+A8)
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AH LogK AH TogK
KFE+43 9.7000 -12.0130 67 WMIRARILI 18,9870 -1.1130
KFEH42 20,1150 -15,4730 68 MACKIT 0.0 -4,4310
KFEQOH+ 13,2180 -9.3190 49 KHCO3 -3.6040 10. 33oox
KEEDQOH 32.8790  -29.4580 70 KNACO3 £,9110 1,
KFEZD4 15,9200 -8.884¢0 71 KNAHCO3 0,0 -0. Joo
KRFECL 18,1529 -11.6000 72 KNASD4 1,1000 0.7200
KFECLZ 0.0 ~10.9190 73 KKSO04 3.0820 0.8470%
KFECL3 ¢.0 -11.9250 74 KMGCO3 2.7100 2.9800%
KFE3N 0.5400 2,2000 75 KMGHCO3 1.0770 1,0660%
SIDMERITE -5.3280 -10.5500 76 KMGSO4 1,2700 2.2380
MAGNESIT  ~-6.1690 -8,4100 77 KCAOH 1.1900 1.4000
[DOLOMITE -8.2900 -17.,0200 78 KCAHCOZ 5.4100 1,0150%
CALCITE -3,1900 -8.4100% 79 KCACO3 4,0230 2.1530%
KH3SI104 8,9350 -9.,9290% B0 KCAF+ 4,1200 0.9400
KH25104 29,7170 -21.4170% 81 KALOH 1,9900 8.9930
KHFD4 -2.9300 12,3460 82 KALOH2 0.0 18,2150
KH2P04 -4.5200 19,5530 83 KALOH4 -£,3200 23,9380
ANHYDRRIT -3.7590 -4.354890 84 KALF 0.0 7.0100
GYFSE 0.2610 -4.7390 85 KALF2 20,0000 12,7500
BRUCITE 0.8300 -11.,4100 86 KALFZ 2.5000 17,6200
CHRYSOTL 27.5250 -51.8000 87 KALF4 0.0 19.7200
ARAGONIT ~ -2.9590 -8.2150 B8 KALS04 2.2900 2.2000
RMGF 4.6740 1.8200 89 KA5042 2.0700 5. 1000
RCAS04 105000 2.2090 90  KHS04 4.8190 2,05404
KMGOH 2.0900 2.2100% 91 KH2S0 -45,4400 40,4440
KH3ED3 3.2240 ~9.2400% 92  KH2S 5,2990 -6, 5420%
KNH3 12,4770 -9.2440x 9?3 KHS 12,1000 -12,918¢0
FORSTRIT 4.8700 -28.11090 94 KOXY 24,1570 -29,7300
LIOFSIDE 21.1000 =3£.,2200 95  KOH4 -57,4250 20,7410
CLENSTIT 6.6750 -16.8700 94 HYYAPT 17.225¢% 59,1500
KNAHFD 0.0 0.2900 97 FLUAPT 19,5950 -68.7°00
TREMOLIT 90,2150 -140.3000 68 CALCEDON 4,6150 -3,3230
KKHF04 0.0 0.2900 99 MAGADITE 0.0 -14.3000
KMGHF 04 3.+3000 208700 100 CRISTORA 5.5000 -3.986¢
KCAHF 04 3.3000 +7390 101 SILGEL 4.4400 L0174
KH2C032 -2,2430 6.Ju1ox 102 QUARTZ 46,2200 -q,oudn
SEFIOLIT 28,5320 -40,1000 103 KFEOH? 0,0 20,1730
TALC 45,0650 52,2900 104 KFEDH3 0.0 6.5710
HYIIMAG -25,3200 -77 g200 105 KFEQOH4 0.0 u,.g,an
ADULAIRE 30.8200 -20.5700 106 KFEDH?2 28,5650 -20.,5700
ALEITE 25,8980 -18,0000 107 VIVIANIT 0.0 ~34.0000
ANORTHIT 17,5300 -19.3300 108 MAGNETIT -40,6600 ~9,565¢
AQ?ECIME 23 ggag -§g~gggg 109 HEMATITE -30.8450 =4,0070
RMICA -47.0 110 MAGHEMIT 0.0 8.270¢
FHLOGOFI 0.0 -63,3300 111 GOETHITE  25.5550 -41,2000
ILLITE 54,6840 -40.3100 112 GREENALI 0.0 -£3.1900
KAOLINIT  49.1500 -34.9100 113 FEOH3A 0.0 4,38570
HALLOYSI ~ 44,6800 -22,8200 114 ANNITE 62,4200 -84.,2400
BEIDEL 60,3556 ~-45.2600 115 FYRITE 11.300% -13,4800
CHLORITE  54.7600 -90.4100 116 MONTEF 0. ~34,9700
ALUNITE 29.8200 -85,3200 117 MONTAE 0.0 -29,2800
GIRCRS 14,4700 =32.7700 118 HUNTITE  -25,7400 -20,5100
ROEHMITE  11.9050 -33.,4100 119 GREGITE 0.0 -17.,9700
FYROPHYL 0.0 -42,4300 120 FESFPT 0,0 -2.9100
FHILIST 0.0 -19.8600 121 KFEH2F 0.0 2.7000
ERIDONITE 0.0 0.0 122 KCAFOD4 3.1000 6.4590
CLINOF 0.0 0.0 123 KCAH2F 3.4000 1.4080
MORDENIT = 0.0 0.0 124 KMGFO4 3.1000 £.5890
NAHCOLIT 3.7200 -0.5180 125 KMGH2F 3.4000 1.5130
TRONA -18.0400 -0,7%30 126 KLIOH 4.2220 0.2000
NATRON 13,7450 -1.3110 127 KLISD4 0.0 0,46400
THRNAT -2.8020 9.1250 128 KNHA4R 7.0550 119.077¢0
FLUORITE 1,5300 -10.5000 129 LAUMONTI 9.4100 -31,9500
MONTCA 58.3720 -45,0000
HALITE 0,9180 1.5820
THENARDI  -0.S720 -0.,179%
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logK AH logK
KSROH 1.1509 0.8200 192  MNHFD4 0.0 -12.92470
KEAGH 1.750¢ 0.5400 194 KMNCO3 045 '32
KNH4S0 0.0 1,1100 195 KFE(HS)?2 0.0 8,95
KHCL 18,4300 -2.1000 196 KFE(HS)Z 0.0 10,99
KNACL 0.0 -1,602G 197 KFES04,2 4,6C 5,42
KKCL 0.0 -1.5850 198 KFEF+2 2.7 6.2
KH2S04 0.0 ~1,0000 199 KFEF2+4 4,8 10.8
K02 5ATO 0.0 -11,3350 200 KFEF3 S.4 14,0
KCO2 -5,0000 —1.2520 201 KFECOZ 1.68 3.47
KFEHFO 0.0 11,4000 202 KFEHCOZ 1.04 2.17
KFEHP+ 0.0 -7.413¢ 203 KNAF 0.0 -0.95
ALOH3A 12,9900 -21.6100 204 KCDOH+ -0.25 3.92
PREHNITE  10.3900 -11,5200 205  KCD(OHW)2  -1.19 7.63
STRONTIA 2.3610 ~-11,4100 206 KCD(OH)3  -2.18 8.70
CELESTIT -1.0540 -5.9740 207 KCR(OH)4  -5.31 B.65
EARITE 6.1410 -%,7540 208 KCDCL+ 0.59 1.78
WITHERIT 649500 -13.3200 209 KCDCLZ 1.24 2,60
STRENGIT  -2.0300 ~24.4000 210 KCOCLZ 3.90 2,40
LEONHARD 90,0700 -59.5700 211 KCICLA 9.00 1.47
ELANK ¢uD 0,0 212  KCDSDA4 1.08 2,45
NESQUHO -4,5519 -5,2110 213 KCISD4s2 0.00 3.44
ARTINITE 5.4980 -12,4000 214 KCDS04,3 0.00 3,09
K02 aQ 2.4570 -21.4950 215 KCDF+ 1.20 1.08
KW 13.3450 13.9980 214 KCDF2 0.50 1.41
SEF FT 0,0 -37.2129 317 KCIDHCL 3,325 .60
DNIASFORE -15.4050 ~35.0607 218 KCDCOZ 0.13 4,25
WAIRAKIT  26.1400 -24.46200 219 KCDCB3,3 0.00 6,22
KFER? G, 0 -7, 5330 220 KCDHCOZ 1,01 2,00
KMNZ+ 25,7400 -25,5070 221 KCDH3+ 0.00 10,17
KMNCL + 0.0 0.6070 222 KCD(HS)2 0,00 16,53
KMNCL 2 9.0 0.0410 233 KCI(HS)Z 0,00 18,71
KMNCL 3- 0.0 ~6.3050 224 KCD(HS)4 0.00 20.90
KMNOH+ 0.0 Z,4499 225  KZNOH+ -0,5 5.04
KMN(DH) 3 0.0 7.7820 226 KIN(OH)2  -5.8 11.1
KMNF + 0.0 0.8500 227 KIN(DHI3 -10.,6 13,4
KMNS04 3.7000 1.7080 228 KZIN(DH)4 -12,3 14.2
KMNNOZ,2  -0.,3950 5.0590 229  KINCL+ 7.79 0.49
KMNHCOZ+ 0.0 1,7140 230 KINCLZ 8.5 D6z
KMNO4- 176.8200  -127.82490 231 KINCL3 9.5 0.5
KMND4--  150.0200 ~118.4400 232 KIZNCLA 10,94 0.2
BLANK 0.0 0.0 233 KINSD4 1,38 2.34
KHMNO2-- 0.0 -34,4400 234 KINS04,2 0.00 2,63
MANGANO  -24,0250 17,9220 235 KINS04+3 0.00 2.70
FYROLUST -2%.180¢ 15,8410 235 KINS04,4 0.00 ~0,82
BIRNESIT 0.0 18.0910 237 KINF+ 3.80 1,15
NUSTITE 0.0 17.5040 238  KZNOHCL 0.00 6.52
BIXEYITE -15,245C -0.,5110 23% KINCO2 -0,0% 3.20
HAUSMANI -80,140( 41,5400 240 KZNHCOZ 1,02 2.20
MNOH?2 34,1060 -12.%120 241 KZN(HS)2 0,00 14.74
MNOH3 20,0900 -35.5440 242 KIN(HE)Z 0.00 16.10
MANGANIT 0.0 -0.23280 243  KPROHt -2.60 4,09
RHQIOCHR -0, 0790 -10,5290 244 KPRB(OH)2 -3.,50 10,88
RLANK 6.0 0.0 245 KPR(OH2Z -12.,7 13.94
MNCL2 -17,4220 8.74600 246 KPBCLY 4,38 1,58
MNCL2s1W  -7,1750 5.5220 247 KFRCL2 1.08 1.82
MNCL2s2U 1,7100 2.9740 248 KFRCLZ 2,17 1.71
MNCL2,4W 17,3800 2.7100 247 KFPRCL4 3.53 1.40
TEFHRITE =-40,0600 23,1220 250 KFPESO4 0.26 2,75
RHODONIT -21.8850 9,5220 251 KPES04.2 G.00 4,31
MNS GRN =5.7%0¢ 71,8000 252 KFPERF4 0.84 2,06
MNS04 -15,4800 2,56690 253 KPRF2 0.00 3.42
MNIFD4,2 2.1280 -23.8270 235 KFBF4 310
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SELECTION des DONNEES (logK, AH)

pour les ELEMENTS NOUVEAUX






kcal

REACTION An° REFERENCE AH log k REFERENCE log k
298 K a2s5° ¢
2t +

Cd OH- = CdOoH 0.25 Baes et Mesmer (1981) 3.92 Baes et Mesmer (1976)
Cd2+ 2 OMH™ = Cd(OH)2 1.19 Baes et Mesmer (1981) 7.65 Baes et Mesmer (1976)
Cd2+ 3on- = Cd(OH);- 2.18 Baes et Mesmer (1981) 8.70 Baes et Mesmer (1976)
Cd2+ 4 OH™ = Cd(OH)HZ_ 5.31 Baes et Mesmer (1981) 8.65 Baes et Mesmer (1976)
Cd2+ ci- = cdc1? 0.59 NBS (1968-71) 1.98 Smith et Martell (1976)
Cd2+ 2 Cl™ = CdCl2 1.24 NBS (1968-71) 2.6 Smith et Martell (1976)
Cd2+ 3c1” = CdCla— 3.90 NBS (1968-71) 2.4 Smith et Martell (1976)
Cd2+ 4 C1° = CdCluz— 9.00 Criaud (1983) 1.47 Smith et Martell (1976)
Cd2+ &%2- = Cdsq. 1.08 Nordstrom (1977) 2.45 Smith et Martell (1976)
Cd2+ 2 souz' = Cd(so..)zz- 3.44 Smith et Martell (1976)
Cd2+ 3 SOI.Z— = Cd(SOh)BM_ 3.09 Smith et Martell (1976)
Cdz+ F~ = cdrt 1.2 Smith et Martell (1976) 1.08 Smith et Martell (1976)
Cd2+ 2 F- = CdF; 0.5 Smith et Martell (1976) 1.41 Smith et Martell (1976)
i’ & OH- + c1- = cdoucl 4.35 | NBS (1968-71) 6.6 | NBS (1968-71)
cd co,*" = cdco 0.13 Fouillac et Criaud 1984) 4.35 | Bilinski et al. (1976)
Cdz+ 3 co?” = cd(co ) 4~ 6.22 Naumov et al. (1974)

33

_gg_



kcal

REACTION A H° REFERENCE A H log k REFERENCE 1log k
298 K a 25° ¢
2+ _ + . . \

cd HCO3 = CdHCO3 1.01 Fouillac et Criaud (1984) 2.0 modéle électrostatique
Cd2+ HS— = cdus® 10.17 Naumov et al.(1974)
Cdz+ 2 HS—- = Cd(HS)2 16.53 Naumov et al.(1974)
Cdz+ 3 HS- = Cd(HS)a_ 18.71 Naumov et al.(1974)
Cd2+ 4 HS- = Cd(HS)uz— 20.90 Naumov et al.(1974)
Zn2+ OH™ = Zn(OH) * 0.5 Baes et Mesmer (1981) 5.04 Baes et Mesmer (1976)
Zn2+ 2 000 = Zn(OH)2 5.8 Baes et Mesmer (1981) 1. Baes et Mesmer (1976)
Zn2+ 3 OH™ = Zn(OH)a‘ 10.6 Baes et Mesmer (1981) 13.6 Baes et Mesmer (1976)
an+ 4 OH~ = Zn(OH):_ 12.5 Baes et Mesmer (1981) 14;8 Baes et Mesmer (1976)
Zn2+ cl- = znc1” 7.79 Helgeson (1969) 0.49 Smith et Martell (1976)
Zn2+ 2 Cl- = ZnCl2 8.50 Helgeson (1969) 0.62 Smith et Martell (1976)
Zn2: 3Cl- = ZnCla' 9.56 Helgeson (1969) 0.51 Smith et Martell (1976)
an 4 Cl1- = ZnCluZ— 10.96 Helgeson (1969) 0.2 Smith et Martell (1976)
Zn2+ 50:' = ZnSO“ 1.36 Christensen et al. (1975) 2.36 Helgeson (1969)
Zn2: 2 SO;“ = Zn(SO“%Z‘ 3.63 Smith et Martell (1976)
Zn2+ 3 SO:-. = Zn(sou)a.._ 2.70 Smith et Martell (1976)
zn’ 450%- = Zn(S0 ) *~ 0.82 Smith et Martell (1976)
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kcal

REACTION A H° REFERENCE A H log k REFERENCE log k
298 K a 25° ¢

an+ F~ = Znrt 3.8 Smith et Martell (1976) 1.15 Smith et Martell (1976)
za' " OH" + Cl~ = ZnOHC1 6.52 NBS (1968-71)
an+ COaz- = ZnCOa - 0.09 Fouillac et Criaud (1984) 4.80 Bilinski et al. (1976)
zn' HCOa_ = Znlico * 1.03 | Fouillac et Criaud (1984) 2.2 Fouillac et Criaud (1984)
za’? 2HS T = zn(BS) 14.94 Naumov et al. (1974)
an+ 3J3HS T = Zn(HS)s- 16.10 Naumov et al. (1974)
Pb2+ OH~™ = pbon* - 2.6 Baes et Mesmer (1981) 6.29 Baes et Mesmer (1976)
pb2 "’ 2 OH- = Pb(OH)2 - 8.5 Baes et Mesmer (1981) 10.88 Baes et Mesmer (1976)
Pb2+ 3 0H" = Pb(OH)a— - 12.7 Baes et Mesmer (1981) 13.94 Baes et Mesmer (1976)
Pb2+ c1™ = pbc1* 4.38 Christensen et al. (1975) 1.58 Smith et Martell (1976)
Pb2+ 2C1lT = PbCl2 1.08 Helgeson (1969) 1.82 Smith et Martell (1976)
Pb2+ 3c1T = PbCIa— 2.17 Helgeson (1969) 1.71 Smith et Martell (1976)
Pb2+ 4 C1 = PbCluz- 3.53 Helgeson (1969) 1.40 Smith et Martell (1976)
Pb2+ SOMZ_ = PbSOu 0.26 Criaud (1983) 2.75 Smith et Martell (1976)
Pb2+ 2502 = Pb(Sq’)zz— 4.51 Smith et Martell (1976)
sz+ F~ = PbF’ 0.84 | Criaud (1983) 2.06 Smith et Martell (1976)
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kcal

REACTION A H® REFERENCE A H log k REFERENCE log k
298 K a 25° c
pb ¥ 2 F- = PbF_ 3.42 | Smith et Martell (1976)
pb " 3 F- = PbF - 3.42 | Smith et Martell (1964)
P’ 4 F- = PbF 2" 3.10 | Smith et Martell (19604)
pb’ " co " = PbCO_ 4.1 | Fouillac et Criaud (1984) 7.20 | Hem (1976)
pb** 2 c02- = Pb(co)*" 10.64 | Hem (1976)
sz+ HCOa— = PbHC03+ 0.87 Fouillac et Criaud (1984) 1.9 Fouillac et Criaud (1984)
szi 2 HS- = Pb(HS% 15.27 Naumov et al. (1974)
Pb’ IHST = Pb(HS) - 16.57 | Naumov et al. (1974)
Coz+ OH™ = CoOH' 0.10 Baes et Mesmer (1981) 4.35 Baes et Mesmer (1976)
Co2+ 2 ou- = Co(OH)2 2.0 Baes et Mesmer (1981) 9.20 Baes et Mesmer (1976)
Co2+ 3 OH™ = Co(OH)a_ 3.33 Baes et Mesmer (1981) 10.50 Baes et Mesmer (1976)
Co2+ 4 OH™ = Co(OH)uz' 5.44 Baes et Mesmer (1981) 9.70 Baes et Mesmer (1976)
Co® c1- = coct? 0.52 | Naumov et al.(1974) 0.57 | Smith et Martell (1976)
Co2+ SOMZ’ = CoSO0, 0.50 Naumov et al. (1974) 2.36 Smith et Martell (1976)
Coz+ F~ =  CoF' 4.14 Criaud (1983) 1.02 Smith et Martell (1976)
Co2+ C032' = CoCO3 0.22 Fouillac et Criaud (1984) 4,90 Fouillac et Criaud (1984)
+

Co’ HCO ~ = CoHCO * 1.03 Fouillac et Criaud (1984) 2.2 Fouillac et Criaud (1984)

3
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REACTION gggo REFERENCE A H \13? kC REFERENCE log k
K a 25°

Niz+ OH ™ Nion* 0.4 Baes et Mesmer (1981) 4,14 Baes et Mesmer (1976)
Nt 2 on - Ni (OH) - 4.2 Baes et Mesmer (1981) 9.00 Baes et Mesmer (1976)
Ni2+ 3 047 Ni(OH)a‘ - 15.1 Baes et Mesmer (1981) 12.00 Baes et Mesmer (1976)
Ni2+ 4 OH ™ Ni(OH)uz‘ - 28.2 Baes et Mesmer (1981) 12.00 Baes et Mesmer (1976)
Ni2+ ci- Nic1? 0.5 Smith et Martell (1976) 0.72 Smith et Martell (1976)
Ni??t 2 Cl1- Nic1® 0.96 Mattigod et Sposito (1977)
Nitt 912'_ NiSOI4 1.52 Christensen (1975) 2.29 Smith et Martell (1976)
Niz+ 2 &12' Ni(Sq.LZ' 3.20 Smith et Martell (1976)
Ni2+ F~ NiF' 4,06 | Criaud (1983) 1.12 Smith et Martell (1976)
Niz+ C%z‘ NiC% - 0.77 | Fouillac et Criaud (1984) 5.37 Fouillac et Criaud (1984)
Ni2+ HC%" NiHC03+ 1.10 | Fouillac et Criaud (1984) 2.2 Fouillac et Criaud (1984)
Cr3+ OH~ CrOH2+ - 3.65 Baes et Mesmer (1981) 10.00 Baes et Mesmer (1976)
CrJ+ 2 OH- Cr(OHl: - 7.7 Baes et Mesmer (1981) 18.30 Baes et Mesmer (1976)
Cr3+ 30H" Cr(OH): - 10.84 Baes et Mesmer (1981) 24,00 Baes et Mesmer (1976)
CrJ+ 4 OH™ Cr(OHh‘ - 15.84 Baes et Mesmer (1981) 28.60 Baes et Mesmer (1976)
Cr3+ c1- CcrCl 2+ 0.62 Naumov et al.(1974)
cr*t 2 Cl1- CrC12+ 0.0 Naumov et al.(1974) 0.11 Naumov et al. (1974)
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REACTION A H° REFERENCE A H log k REFERENCE log k
298 K a 25° ¢
Cr3+ S%z' CrSO“+ 2.66 Criaud (1983) 4.61 Smith et Martell (1976)
cr F- crr * 1.41 Criaud (1983) 5.21 Smith et Martell (1976)
st - 24
Cr 2F CrF 9.31 Smith et Martell (1976)
cr’’ 3F CrF 11.91 Smith et Martell (1976)
Cu2+ OH™ cuoH” - 1.35 Baes et Mesmer (1981) 6.0 Baes et Mesmer (1976)
cu’t 2 OH” Cu(OH) - 3.60 | Baes et Mesmer (1981) 10.7 Baes et Mesmer (1976)
Cu2+ 3 O™ Cu(OH%_ - 7.92 Baes et Mesmer (1981) 14.2 Baes et Mesmer (1976)
Cu2+ 4 OH™ Cu(OH{Z' - 14,11 Baes et Mesmer (1981) 16.4 Baes et Mesmer (1976)
cu* ci- cuct” 8.65 Helgeson (1969) 0.02 Helgeson (1969)
Cu2+ 2 C1- CuCl2 10.56 Helgeson (1969) 0.71 Helgeson (1969)
cut 3 c1- Cucl - 13.69 | Helgeson (1969) - 2.29 | Helgeson (1969)
Cuz+ 4 Cc1- CuCluz- 17.78 Helgeson (1969) - 4.59 Helgeson (1969)
Cuz+ SOQZ- CuSO“ 1.22 Nordstrom (1977) 2.31 Nordstrom (1977)
Cu2+ F- curt 1.62 NBS (1968-71) 1.52 Smith et Martell (1976)
Cuz+ Coaz- Cuco3 - 2.70 Fouillac et Criaud (1984) 6.75 Schindler et al. (1968)
cu 2 coaz- Cu(Co 3)22- 10.69 Smith et Martell (1976)
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REACTION AH® REFERENCE A H log k REFERENCE log k
298 K a 25° ¢
cu?t + HCOS- = cutico * 1.06 Fouillac et Criaud (1984) 2.2 Fouillac et Criaud (1984)
3
cu?t + e = cu 1.65 NBS (1968-71) 2.72| NBS (1968-71)
cut* +2c1 +e = cucl 1.23 NBS (1968-71) 8.22 | Smith et Martell (1976)
c +30c17+e” = CuCl *~ 1.91 NBS (1968-71) 8.42 | Smith et Martell (1976)
cu?’ + 3 Bs” = Cu(HS) ~ 25.9
3
AsO ¥ + 3 H+ = ASO(OH)o - 3.43 NBS (1968-71) 20.68 Baes et Mesmer (1976)
y 3
As0 7 4 2 ut = AsO_(0H)” - 5.12 NBS (1968-71) 18.44 | Baes et Mesmer (1976)
2
AsOua- +30 = AsOa(OH)z' - 4.35 NBS (1968-71) 11.5 Baes et Mesmer (1976)
£ + - - NBS (1968-71)
2 = - R . -
AsOu +2H + 2 Aso3 + HZO 13.19 Naumov et al.(1974) 5.4 NBS (1968-71)
3= + - _ - _ Baes et Mesmer (1976) '
AsO“ +4H + 2e = As(OH)u 28.86 NBS (1968-71) 30.9 Baes et Mesmer (1976)
’- + - _ o _ NBS (1968-71)
AsOu +5H 4 2 = As(OH)3 + HZO 33.44 Naumov et al. (1974) 40.15 Baes et Mesmer (1976)
Sb(OH): + H+ = Sb(OH)z+ + H20 - 5,1 Baes et Mesmer (1981) 1.42 Baes et Mesmer (1976)
Sb(OH) +HO = Sb(OH) ~ + H+ 15.9 Baes et Mesmer (1981) - 11.82 Baes et Mesmer (1976)
3 2 4
- 4 _ Naumov et al. (1974)
Sb(OH) + 2 H 0 = Sb(OH)_+ le + 2H 28.58 | paes et Mesmer (1976)
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REACTION AH REFERENCE A H log k REFERENCE log k
298 K a 2s°c
Sb(OH) +3HO = Sb(OW) ~ +2e” +3 H - 31.3 | Baes et Mesmer (1976)
Ge(OH)“ = H+ + GeO(OH)a- - 9.31 Baes et Mesmer (1976)
Fe?' +2 ms” = Fe(s) 8.95| Naumov et al. (1974)
Fe?" +3 ns” = Fe(s) ~ 10.99 | Naumov et al. (1974)
Fe?* +2 soqz‘ = Fe(S0) 2' 4.60 Nordstrom (1977) 5.42 | Nordstrom (1977)
Fe2+ +2F = FeF2+ 4.80 Nordstrom et Jenne (1977) 10.80 ] Nordstrom et Jenne (1977)
Fe2+ +3F = FeF3 5.4 Nordstrom et Jenne (1977) 14.0 Nordstrom et Jenne (1977)
Fe 3 +F = FeF2+ 2.7 Nordstrom et Jenne (1977) 6.2 Nordstrom et Jenne (1977)
FeZ +-C032- = FECO3 - 0,07 Fouillac et Criaud (1984) 4.73 | Fouillac et Criaud (1984)
Fe2' 4+ HCO ~ = FeHCO ' 1.04 Fouillac et Criaud (1984) 2.17 | Fouillac et Criaud (1984)
Mn2+ + CO 2— = MnCO 3 0.45 Fouillac et Criaud (1984) 4.32 | Fouillac et Criaud (1984)
3 3

Na' +F = NaF - 0.95| Richardson ({(1979)
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REACTION AH en kcal log K 25° C
+ -—
OTAVITE cdco = cd®” + coi - 0.58 - 13.74
cdcl cacL = ca?t + 2 c1” - 447 . 0.68
2
CdCl . H O CdCl . HO = cd®' +2¢Cl” +HO - 1.82 17
2 2 2 2 2
CdCl . 5H O CdCl . 5HO0 = cd’ +2¢cl  +5H0 171 - 1.94
2 2 2 2 2 2 2,
CdF CdF = ca?t 2 F - 9.72 _ 2.98
2z 2
Cd(OH) A Cd(OH) am + 2 n' - cd?t + 2 o - 20.77 13.73
2
+ 2+
Cd(OH) ¢ Cd(OH) cryst + 217 = cd?  +2HO0 13.65
2 2 2
CdOHC1 cdoucl + ut = cd?  +mo+c1” - 7.407 3.52
2
cd (OH) SO cd (oH) SO + 41" = 3ca® +4H0+5S02 22.56
3 L) 3 by 2 y
cd (OH) (SO ) cd (o) (S0) +2H = 3ca® +2HO0+ 2502 6.71
3 2 4 2 3 2 4y 2 2 [N
cd (OH) SO cd (OH) (S0 ) +6H = 4cd® +6HO+5s072 28.4
4 6 u 4 6 Y 2 y
+ +
MONTEPONITE Cdo+ 2 H = cd? + H O - 24.76 15.12
CdSio CdSi0 + HO+ 2 H = cd?’ + H si0 - 16.63 9.06
3 3 2 t 1}
Cdso cdso = cd?’ + so 27 - 14.74 - 0.10

Yy

N i
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REACT1ON AH en kcal logk 25° C
CdSO . HO CdsO . HOo = Cd27 + s0?’ + Ho - 7.52 - 1.66
y 2 t 2 t 2
8 , 8 L2t 9=
cdso . 3 HO Cdso0 . =HO = Cd + SO + o - 4.30 - 1.87
4 2 y 3 2 W 2
ZnC1_ znCl = zZn?2' 4+ 2cCl - 17.48 7.03
2
SMITHSONITE ZnCo0 = Zn? 4+ co %7 - 4.36 - 10.00
3 3
ZnCO . HO ZnCO0 . HO = Zn? + €CO2° + HO - 10.26
3 2 3 2 3 2
Zn(OH) A Zo(OH) am + 24 = zn’ + 2HO 12.45
2 2
+ +
Zn(on)2 C Zn(OH) cryst + 2 H = Zn> 4+ 2HO 12.20
2 2
+ +
Zn(oH)2 B Zn(OH) 3 + 2 H = Zn?2 + 2HO 11.75
2 z
Zn(OH)_ Y zno) y + 28" = zn2' + 2mo0 1.71
2 2
+ +
Zn(on)2 (3 Zno) ¢+ 210 = Zn? + 2H0 11.50
2 2
Zn (OH) Cl Zn (om cl + 3u° = 2z2 '+ 310 +c1” 15.2
2 3 2 3 2
+ p—
Zn (OH) C1 Zn (OH) C1 + 8 H = 572Zn® 4+ 8HO 4 2CcCl 38.5
S 8 2 5 8 2 2
Zn, (on)2 S0, Zn (OH) SO + 2H = 2z’ 4 2HO SO 2 7.5
2 2 Yy 2 L
Zn (OH) SO Zn (OH) SO+ 6 H = 42Z 4+ 6HO so 2~ 28.4
4 6 4 y 6 4 2 4
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REACTION AH en kcal log k 25° C
Zn(NO ) 6 H O Zn(NO ) 6 HO = Zn®" + 2NO- + 6HO 5.51 3.44
3 2 2 3 2 2 3 2
. + 2+
Zn0 active Zn0 + 2 H Zn + HO 11.31
2
+ o+
Zn0 cryst Zn0O + 2 H = Zn + HO - 21.86 1.14
2
+
Zn 0(S0 ) Zno 2 ZnSO0 + 2R = 3zn2' +2%02°+wmHoO - 62.0 19.02
3 4 2 y Y 2
ZnS A ZnS amorphe + H' = 7Zn? + HS™ 3.67 - 9.052
o + 2t -
SPHALERITF, Zn$ + N = Zn + S 8.25 - 11.618
+ -
WURTZITE zns + W = zn2’ + us 5.06 - 9.682
. ) + ,+ )
ZnSio ZnSi0 + 210 4+ HO Zn 4+ U Sio - 18.27 2.93
3 k] 2 Y N
WILLEMITE Zzn Si0 + 4w = 2 za?t + 4 sio - 33.37 15.33
2 u 4 y .
+ -
ZINCOSITE ZnS0 = Zn® 4+ SO0 °? - 19.2 3.01
4 b
+ .-
ZnS0°. H O YA HO = Z2n° 4+ SO 4+ HO - 10.64 - 0.57
4 2 b4 2 4 2
BIANCHITE ZnSo 6 HO = zn + SO2° 4+ 6HO - 0.16 - 1.765
N 2 Yy 2
+ —
GOSLARITE ZnSO 7HO = Z2n2 + 80?2 + 7H0 3.3 - 1.96
4 2 4 2
HYDROZINCITE Zn (OH) (CO ) = 5722 4+ 60H- + 2cC02° - 73.2
5 6 3 2 3
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REACTION Al en keal | log Kk 25° ¢

COTUNNITE PLCL = P2t + 2 c1” 5.6 - 4.77
MATLOCKITE PbCIF = pb2*t 4+ c1m 4+ F- 7.95 - 9.43
PHOSGENITE PCL . PbCO = 2 P2t 4+ 2c1m 4 co32" - 19.81
CERRUSITE PbCO_ = pb2’ 4 co *” 4.86 - 13.13
PbF_ PF = P2t 4+ 2 F- - 0.7 - 7.44
MASSICOT PO + 2H = b2t o+ n o - 16.78 12.91
LITHARGE PO + 2 H =  Pb? o+ H O - 16.78 12.72
PbO . % H 0 PLO . 3 Ho + 2 i o= et o+ % i o 12.98
Pb_0CO_ PbO . PbCO  + 2 o= 2 P2t 4 co;' + 10 - 11.46 - 0.5

LARNAKITE PO . PbSO + 2 no=2pe 4+ 50°" + B0 - 6.44 - 0.28
Pb 0 SO, 2 PbO . PbSO + 4 H =3 pb2t + 5027 + 210 - 20.75 10.4

Pb 0 SO 3 PbO . PbSO + 6 H =4 pb2t 4 5077 + 3 H O - 35.07 22.1

PbHPO PbHPO = Pb2’ 4 Heo 2" 7.04 - 11.46
Pb 0 CO_ 2 PbO . PbCO  + 4 M W TN coaz‘ +2HO - 26.43 11.02
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REACTION AH en kcal log k 25° C
PbSiO PbSi0 + HO + 2H = pb?" 4+ HSio - 9.26 7.32
3 3 2 4 y
Pb Si0 Pb Si0 + 4 H = 2P’ 4+ usio - 26.0 19.76
2 4 2 Y 4 Y
+ —
ANGLESITE PbSO = Pb2 + s0? 2.15 - 7.79
4 u
+ )+ - :
GALENE PbS + I = Pb + HS 19.4 - 15.132
PLATTNERITE PbO2 + 4 ll+ + Z¢e= = PH * + 2HO - 70.73 49.3
2
+ , 5+ E
Pb 0 PbO + 6H 4+ Ze- = 2PPT 4+ 310 61.04
2 3 2 3 2
Pb (HO), pbo) + 20" = 2t 4+ 2mo0 - 13.99 8.15
2 2
+ + _
LAURIONITE PbOHCl + H = P¥ + C17 + HO 0.623
2
+ -
Pb (OH), C1 Pb (OH) €1 + 3 H = 202 4+ 310 4 Cl 8.79
2 K] 2
HYDROCERRUSITE 2 PbCO . Pb(OM) + 2 H = 3 Pb2'4 2C02742H O - 17.46
3 a 3 2
Ph O . (OH) PbO . Pb(O) + 4 n' = 2P’ + 3HO 26.2
2 2
Pb (OH) SO Pb (o) SO + 61" =4t + 5027 4+ 6HO 21.1
y 6 & Y 6 4 4 2
MELANOTHALLITE cucl = c?t+ 2 i - 12.32 3.73
+ —
CuCo CuCO = Cu’” + co? - 9.63
3 3
CuF CuF = Cc®t+ 2 F - 13.32 - 0.62

2

2
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REACTION AH en kcal log k 25° C
CuF . 2HO CF . 2HO = Cu?t + 2F + 2HO - 3.65 - 4.55
2 2 2 2 2
Cu (OH) culom) + 2H = ¢+ 2moO - 15.25 8.64
2 2 2
MALACHITE Cu (OH) CO + 3H = 2c¢c® 4+ 2n0 + neo- - 19.76 5.15
2 2 3 2 3
+
AZURITE Cu OM@o) + 4nt =3¢® + 2HO0 + 210 - - 30.87 3.75
3 2 3 2 2 3
ATACAMITE cu o) ¢l + 3 =2c¢®+ 3nH0 + ciI- - 18.69 7.34
2 3 2
ANTLERITE Cu (M) SO + 4 w3 b+ 4 no + sohz' - 8.29
4 u
Cu (OH) NO Cu O NO + 3nr  =2c®™ 4+ 3uo0 4+ NO ~ - 17.35 9.24
2 3 3 2 3 3 2 3
+ —
BROCHANTITE Cu, (OH) 50+ 6 W =acu’ + 6 HO + S0 2 15.34
Yy
LANGETITE Cu, (OH) SO . H O+ 6 ' =qce?t + 7 no + souz" - 39.61 16.79
TENDRITE cuo + 20 = cu? 4 H O — 15.24 7.62
Cu 0SO Cu0 . cuso + 2 = cu?t + Ho + 50 2= - 35.57 11.53
2 4 y y
CuSO cuso = cu?t 4+ so?” - 18.14 3.01
4 [ . L
CHALCANTHLTE Cuso . 510 = c?t + 50?2 + 5 n o 1.44 - 4.64
y 4
2% - 38.69 5.88

CUPRIC FERRITE

CuFe O + 8 H
2 4

+
= Cu + 2FY 4+ swuo0
2
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REACTION AH en keal log k 25° C
NiCO Nico = Ni2*T + co 2 - 9.94 - 6.84
3 3 3
Ni (OH) Ni(oH) + 2H' = N2t %+ 2wHoO - 20.2 10.8
2 2 2
+
Ni (OH) SO Ni (OH) SO + 6 H = 4 Ni?2 + SO +6HO 32
& 6 & y 6 u y 2
BUNSENITE NiO + 20 = Ni2" + HoO - 23.92 12.45
2
RETGERSITE NiSO . 6HO = Ni2' + s02 4+ 610 1.1 - 2.04
4 2 “ 2
MORENOSITE NiSO . 7100 = Ni’" + s0? + 7n0 2.94 - 2.36
y 2 b 2
Ni Sio Ni Sio + 4&nt = 2Nt % W sio - 33.36 14.54
2 4 2 Y 4y 4y
NiSO NiSO = Ni’t o+ s0 ¢ - 21.48 4.48
4 4L 4
+ ot
Co0 €0 + 21 =c¢o't F mo - 25.21 13.64
2 .
Co (OH) Co(OH) + 2 H = Co'' + 210 - 21.2 13.12
2 2 2
TRANSVAALITE CoOM) + 21 = ¢+ 240 12.35
2 ¢
JATPURITE CoSpg+ H = co?' o+ nsT 1.6 7.05
CoS0 CoS0 = ¢t + s07?- - 18.76 2.83
4 4 K
CoSO . HO CoS0 . HO =Co2' + soz2 + - 12.65 - 1.0%

i 2

4 2
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REACTION AR en kcal log k 25° C
CoSO . 6HO CoSO . 6HO =¢C02° 4 s02 4+ 6HO 0.16 - 2.16
[N 2 4 2 L 2
+ p—
BIEBERITE CoSO . 7HO0 = Co0? + SO 2 + 7HO 70.93 - 43.67
N 2 [ 2
CoCO CoCO = Co2' 4+ ¢o 2~ - 4.69 - 9.79
3 k) 3
Co (AsO) .8HO Co (AsO) . 8HO0=3Co2 4+ 2As0 3 4+ 81O | - 28.02
3 4 2 2 3 4 2 2 4 2
As O As O + 3 HO =2 H AsO® - 5.4 6.70
2 5 2 5 2 3 4
A1(AsO ) . 2H O Al(AsO) . 2HO =A1"" + Aas0® 4+ 210 - 15.84
y 2 4 2 4 2
+ -
Ca(AsO ) .4 HO Ca (AsO) .4 HO=23Ca’ + 2As0°® + 4HO - 18.90
3 4 2 2 3 w2 2 y 2
+ -
Cu (AsO) . 6 HO Cu (AsO) .6HO=3Cu? + 2As03 + 6HO - 35.12
3 L 2 2 3 4y 2 2 L 2
FeAsO . 2 H O FeAsO . 2HO = Fe®' 4+ As0> + 2HO - 20.25
y 2 Y 2 4 2
Mn (AsO ) . 8 HO Mo (AsO) .8HO = 3Mn2t + 2As0% + 8HO - 28.71
3 W o2 2 3 y 2 2 u 2
ANNABERGITE Ni (AsO) .8HO = 3Ni2" & 24503 + 8HO - 25.51
3 y 2 2 4 2
Pb (AsO ) Pb (AsO ) = 3 pb2 & 2 As0 - 35.40
3 w2 3 w2 u
. 5 ., 2t 3=~ 5
LEGRANDITE Zn (AsO ) SHO0 = 3Zn + 2 AsO + ZHO - 27.55
3 w2 2 Y 2
ARSENOLITE As O + 6HO = 4 I AsO° 14.33 - 2.80
4 6 2 3 3

-OL_




REACTION AH en keal log k 25° C
CLAUDETITE AsO + 6HO = 4 H3A50: 13.29 - 3.06
ORPIMENT Aszs3 + 6 H20 = 2 HaAsOZ + 3 HS- 4+ 3wt 82.29 - 60.97
REALGAR AsS 4+ 3 M0 = HLASO + HST 4 2 o4 e 30.54 - 19,75
cr(om) crlom)  + 3 o= e o+ 3 o - 22.34 11.96 sk
SENARMONTITE 60+ 3WO0 = 2 8bowe 7.32 - 10.11 *
VALENTINITE S0 + 3HO = 2 Sb(ou)°3 4.54 ~ 8.51 %
Sb 0 Sbo + 510 = 2 Sb(OH) - 7.4 *k
2 5 2 5 2 5
Sb(OH) sb(ow) = sb(om 7.2 - 4.38 *
STIBNITE SbS 4+ 6HO = 2Sb(OH) + 3UST 4+ 3 it 65.19 - 1.2 *k

Les références sont celles de Wateq 2 (1980)

sauf indiqué :

*  Naumov et al.(1974)
%%  Robie et 31.(1978)
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EXEMPLE 1 :

EAU de MER






Test eay de mer d’arres Nordstrom et 31(1979)
EXRRERERE RN R R Rk
X SOLUTION INITIALE %
j$3222338333933233434
TEMFERATURE = 25.00DEGRES C FH - 8.22 SOMME DES gh

I0NS ANALY
SOMME DES ANIONS ANALY
Xx3$%% OXYRATION-REDUCTION %xxx¥
OXYGENE DISS0US = 6,40 MG/L
EH MESURE CALOMEL = 9,9000VOLTS
EH HEASURED OF ZOBELL SOLUTION = 9.9000V0LTS
EH CORRIGE = 0,5000V0LTS

FE COMFUTED FROM CORRECTED EH = 8,451
¥kx CONCENTRATION TOTALE DES ESFECES ANALYS EES Xfx
HOLALITE LOG HOLALITE CONCENTRATION
ESFECES TOTALE TOTALE N MG/
Ca 2 1.069821E-02 -1.9707 4,217300E402
HG 2 5.,525980E-02 -1,2576 1.,322000E403
NA 1 4,871301E-01 -0.3124 1.102000E404
K 1 1,061467E-02 -1.9741 4.084200E402
CL -1 9+677020E-04 =0.2159 1,980500E404
504 -2 2,936018E-02 -1,5322 2.773300E403
HCO3 -1 2+414814E-03 -2.6171 1.449900£402
§102 707 O 7.408120E-05 -4,1203 4,380000E400
FE 2 3.730376E-08 ~7.4282 2,050000E-03
F04 -3 6.570132E-07 -6.1824 6.140000E-02
SF 2 9.661637E-05 -4,0149 8.330200E400
F -1 7.560910%E-03 -4.1187 1.422500E400
ANAL H28 0
co3 -2
NHA 1 1.725554E-06 -5.7621 3,070000E-02
E% % 7.721227E-08 -7.1123 2.,050000E-03 . . !
'
NOJ -1 §.864480E-06 -5.3139 2.968000E-01
B 10T 0 4.,281201E-04 ~-3.34684 4,554000E+00 C:
BA 2
RR -1 8.758819E-04 -3.03576 6.887200E101 '
MN 2 3.791960E-09 ! -8.4211 2,050000E-04
Cn+2 2 9.222155E-10 - -9.0252 1.,020000E-04
IN$2 2 7.793597€-08 -7.1083 5.014000E-03
FR$2 2 2.511185€E-10 -9.6001 5+120000E-05
co+2 2 8.829418E-10 -9.0%41 5.120000E-05
NI+2 2 3,012380E-08 ~-7.9211 1.,740000E-03
CRt3 3 0+979736E-09 -8.2219 3.070000E-04
Ccut2 2 1.,144975E-08 l ~7.9412 7,160000E-04
AS04-3 -3 2:991989E-09 -8.5240 4,090000E-04
sBpOMYI 0 1.9846260E-09 -8.7020 3.377000€E-04
GE(OH) 4 0
X¥x¥ NESCRIFTION DE LA SOLUTION %%k
NALYSES CALCULES FH ACTIVITE DE H20 = 0.,9805
SOMHE DES CATIONS 6"9 856 605.649 8.220 FCO2 = 4.,000204E-04
SOMME DES ANIOMS 6294796 605,595 LO0G FCO2 = -3,3%79
TEHPERATURE FO2 = 3,5369B4E-17
EH = 0.5000 FE = 8.151 5.00 FCH4 = 1.,515103-114
FE CALC S = 1,000000E402 C02 10T = 2,150060E-03
PE CALC DOX = 1.,235788E+01 FORCE IONIQUE DENSITE = 1,0200
* FE SATO DOX = 0.22478BBE101 +679798E400 s = 35985.6MG/L
BALANCE ELECTRIDUE- 0.549287E-04
EN CALCULANT LA DISTRIBUTION DES ESFECES! FE = 8.451 EH EQUIVALENT =  0,500VOLTS
DISTRIFUTION D'ES ESFECES
I ESFECES FFM MOLALITE LOG MOL ACTIVITE LOG ACT COEFF. ACT. LOG COEFF.

1 CA 2 3.46759E402 ?.48531E-03 -2,0229 2,36472€-03 -2.6262 2,49303E-01 ~0.6033
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EXEMPLE 2 :

EAU THERMOMINERALE CARBOGAZEUSE






TEST WATRAISOURCE DNOME (VICHY)

TEMFERATURE =

X%t OXYDATION-REDNUCTION kx%%%
DXYGENE DISSOUS = 1,57 MG/L
EH MESURE CALOMEL = 9.9000VOLTS
EH MEASURED OF ZORELL SOLUTION
EH CORRIGE ~0,0300VOLTS
PE COMPUTED FROM CORRECTED EH =

5

ESPECES

GE(OH)4

AN
9
8

GOMME DES CATIONS
SOMME DES ANIONS

EH = -,0300 FE =

FE CALC S 1,000
FE CALC DOX 1.093
PE SATO NOX 0,337

EN CALCULANT LA DISTR

PP

2.,51678E101

I ESFECES

2 6.

dome
(83333883 022033839324

~ ¥ SOLUTION INITIALE %
EXRKRRRRXRRKKRERRIKEK
?.70DEGRES C PH = 6,93 SOMME DES CATIONS ANALYSES = 93,121
SOMME DES ANIONS ANALYSES = 89.289
= 9.9000V0LTS
~0,454
L83 ] CDNCENTRATION TOTALE DES ESFECES ANALYS EES X¥x
MO LOG HOLALITE CONCENTRATION
TUTALE TOTALE EN MG/L
2 1.230000E-03 -2.9101 4,893664E101
2 4,100000E-04 ~-3.3872 9.894775E400
1 8.661000E-02 -1.0624 1,976535E403
1 2.414000€E-03 246173 ?.369957E401
-1 9.700000E-03 -2+0132 3.413706E402
-2 2,020000E-03 -2.6946 1,926205E402
~1 7.510000E-02 ~1.1244 4,548773E403
0 92.150000E-04 -3.0386 5.457416E401
§ 4,500000E-06 -5.3448 2,494474E-01
2
-% 4,200000E-04 -3.,3748 7.920773E100
-2
1 5.800000E-05 -4.,2366 1.038561E+00
3 2.400000E-06 ~3.985%0 6,963712E-02.
i 7.,400000E-04 -3.,1308 5.,0971B0OE100 ,
2 1,894400E-04 ~3.7225 2.032819E400 Eﬂ
< \
_1 , '
2 1,050000E-06 -5.7788 5.726355E-02
2 2,900000E-09 -8.5376 3,235681E-04
2 4,900000E-08 -7.3098 3.,180112E-03
2 1.800000E-08 ~7.7447 3.702232E-03
2 2,300000E-08 -7.6183 1,345144E-03
2 6.000000E-08 ~7.2218 3.496155E-03
3 4,700000E-09 -B.3279 2.426064E-04
2 2,500000E-08 . -7.6021 1.577092E-03
-3 9.500000E-06 -3.0223 1.310056E400
0 3.600000E-08 -7.4437 6.174437E-03
0 2,200000E-07 ~646576 3.071157€~02
x¥xXx DESCRIFTION DE LA SOLUTION x%xx
ALYSES CALCULES FH ACTIVITE DE H20 0.9968
3,121 89.648 6,930 FCO2 = 7,718707€-01
%.289 85.812 L0G6 FCO2 = -0,1125
TEMPERATURE PO2 = 1,661023E-47
~0.454 99.70 DEG C FCHA = 2,340024E-34
000E+02 €02 10T = B8.,753832E-02
186E101 FORCE IONIQUE DENSITE = 1.0000
8IFE401 0,903617E-01 ThS = 7284,246/L
RALANCE ELECTRIQUE= 0.,3836465E-02
TBUTION DES ESFECES! FE = -0.454 EH EQUIVALENT = -0.030V0LTS
DISTRIBUTION DES ESPECES
MOLALITE LOG HOL ACTIVITE LOG ACT COEFF., ACT. LOG COEFF.,
32581E-04 -3.1989 2,39819E-04 -3.,6201 3.79112€-01 ~0.4212
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