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Its Modified Version HMY

The objective of this memorandum is to document the release of a modified EQ3/6 database
to support the analysis of the effects of the consumption of CO; by calcite (CaCQOs;) precipitation on
the excess factor calculated for the MgO engineered barrier that the U.S Department of Energy
(DOE) is emplacing in the Waste Isolation Pilot Plant.

In the previous, modified version of the EQ3/6 database (HMP) that supports the Pitzer
activity-coefficient option, six solid phases were incorporated (Xiong, 2004b). That database, HMP,
was modified from the original EQ3/6 HMW database (Wolery, 1992). In turn, the HMP database
will be modified to incorporate the following changes.

1 INCORPORATION OF EARLANDITE (Ca3(CsHs07).#4H,0) AND WHEWELLITE
(CaC>04¢H,0) into EQ3/6 HMP

Ciavatta et al. (2001) determined the solubility of earlandite in NaClQy4 solutions from O m to
3.5 m at 25 °C. In their experiments using NaClO4 as an ionic strength-supporting medium,
the solubility reaction of earlandite is expressed as:

Cay(CsHsO7)e4H,Ofearlandite) = 3Ca™ + 2C6Hs07 + 4H,0(1) (1)

By using the specific interaction theory, they derived the equilibrium constant at infinite dilution
for Reaction (1) as ~17.81 in logarithmic units, and this vatue is adopted in the HMY database (Table 1).
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For the dissolution reaction of whewellite,
CaC;0,4sH;0(whewellite) = Ca™ + C,0,> + H2O( 1) (2)
the solubility product constant at infinite dilution for Reaction 2 to be used in the HMY database is

the same as that recommended by Xiong (20042) and implemented in FMT_050405.CHEMDAT
(Xiong, 2005). That value is ~-8.75 (Table 1).

2 INCORPORATION OF AQUEOUS SPECIES OF CITRATE AND OXALATE INTO
THE EQ3/6 HMP DATABASE

Regarding aqueous citrate species, the following dissociation reactions are incorporated into
the new database:

H3C6H507 =H'+ H2C6H507_ (3)
HngHsOf = H" + HC6H5072_ (4)
HC6H5072_ = H+ + C6H5073— (5)

The dissociation constants for the above reactions are calculated from the following general
equation by employing the free energy data listed in Table 2:

log K = —A,G° /(2.3026 X R x T) (6)
in which R is the gas constant (1.98719 cal mol™ K™!), and T is absolute temperature in K (T = 298.15 K

at 25 °C). The free energy change for a chemical reaction is expressed in the following general
equation:

AVG =ZAij,pmducr—ZAf Gl‘,rmﬂanr (7)

The equilibrium constants calculated for these reactions are tabulated in Table 1.

Similarly, the following dissociation reactions for the oxalate aqueous species are incorporated
inio the new database:

H,C,04 = H + HC,04 (8)
HC,0,” = H' + C,04 ¢)]

Again, the dissociation constants for Reactions (8) and (9) are calculated from the Eq. (6) by
utilizing the respective free energy data in Table 2.
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3 INCORPORATION OF PITZER INTERACTION PARAMETERS INTO
THE EQ3/6 HMP DATABASE

Regarding the interaction parameters in the Pitzer formalism invelving aqueous citrate and
oxalate species, the binary interaction parameters from the FMT_050405.CHEMDAT (Xiong, 2005)
were incorporated into the new EQ3/6 database and are listed in Table 3.

4 HMY DATABASE

Using the equilibrium constants listed in Table 1 and the Pitzer interaction parameters tabulated
in Table 3 to modify HMP, the HMY database is formally established. This database has been
successfully run by EQPT, an executable with EQ3/6 package (Wolery, 1992), and files of “output.hmy”
and “datalf hmy” (a formatted data file) have been generated. File comparisons between “output.hmy”
and “outputhmp”, and between “datalf.hmy” and “datalf.hmp” indicate that the only differences
between HMY and HMP are those of entries of the above species and the Pitzer interaction parameters
(see attached files).
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Table 1. Equilibrium Constants at Infinite Dilution for Reactions Investigated in This Memorandum
(298.15 K and 1 bar).

Reactions

Reaction 1

Reaction 2

Reaction 3

Reaction 4

Reaction 5

Reaction 8

Reaction 9

logK

-17.81

-8.75

-3.2468

—4.8397

—6.4232

-1.3936

—4.2595

References

Ciavatta et al. (2001)

Xiong (2004a)

Calculated from the A/G® data converted from p*/RT of
FMT_050405.CHEMDAT (see Table 2)

Calculated from the A/G® data converted from pW/RT of
FMT_050405.CHEMDAT (see Table 2)

Calculated from the A/G® data converted from p*/RT of

- FMT_050405.CHEMDAT (see Table 2)

Calculated from the A/G® data converted from p*/RT of
FMT_050405.CHEMDAT (see Table 2)

Calculated from the AG® data converted from pW/RT of
FMT_050405.CHEMDAT (see Table 2)
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Table 2. Dimensionless Standard Chemical Potentials and Corresponding Standard Free Energies of
Formation for HY, Citrate and Oxalate Aqueous Species at Reference State (298.15 K and

1 bar).
u’/RT in
Species FMT_050405.CHEMDAT A/G®, cal mol™
H* 0 0
H;CsHs504(aq) 0 0
H;CeH50; 7.476 4429
HC¢H50,~ 18.62 11031
CeHs07°" 33.41 | 19794
HC204(aq) 0 0
HC,04” 3.209 | 1901

C,04% 13.017 7712
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Table 3. Pitzer Interaction Parameters Involving Citrate and Oxalate Aqueous Species Taken from
FMT_050405.CHEMDAT (Xiong, 2005).

Binary Interaction Parameters

i J B, kg mol™ BP, kg mol™ C*, kg” mol™
Na* H,CeHsO7~ —0.1296 0.29 0.013
Na* HCsHs0,* —0.0989 1.74 0.027
Na* CeHs0, 0.0887 5.22 0.047
Na* HC,04 -0.2448 029 0.068
Na* Cr04" -0.2176 1.74 0.122

K* H,CeHs0,” —0.1296 0.29 0.013
K* HCeHs0; —0.0989 1.74 0.027
K* CsHs0,~ 0.0887 5.22 0.047
K* HC,0,” —0.2448 0.29 0.068

K+ C,04" -0.2176 1.74 0.122




. hmp_hmy_1f. txt

Comparing files datalf.hmp and DATALF.HMY
wdrkiox datalf.hmp
stpitz

9 10
datad.hmp.v8.R6
CIT: GEMBOCHS.V2-EQ8-datal.hmp.v8.R6
FREEE DATALF . HMY
stpitz

11 12
data0.hmy.v8.R6
CII: GEMBOCHS.V2-EQ8-datal.hmp.v8.R6

ek

wxx%s datalf.hmp
output package: g3
Data set: hmp
wEEEE DATALF . HMY
output package: eq3
Data set: hmy

wxEx% datalf.hmp

ca 40.07800 0.00000
cl 35.45270 0.00000
whEwE DATALE . HMY

Ca 40.07800 0. 00000
citrate 189.10000 0.00000
Cl 35.45270 0.00000
kR vhk

*¥¥xwk datalf.hmp

Na 22 .98877 0.00000
S 32.06600 0.00000
wH¥R® DATALF ., HMY

Na 22.98977 0.00000
oxaltate B88.01960 0.00000
S 32.06600 0.00000
WRN R L

wwrkk datalf. hmp

1.0000 ca
Cl- 1 0
whSdek GATALE . HMY
1.0000 ca
Citrate--- 1 Q
185.100 -3.
1.0000 Citrate
cl- 1 0

HEE LY

wedak datalf.hmp

1.0000 na
S04-- 2 0
xR DATALF  HMY
1.0000 nwNa
oxalate-- 1 0
88.020 -2,
1.0000 oOxalate
504-- 2 0

wxxsd datalf.hmp
9. 999999000E+06 0. 000000000E+g0 0. g00000000E+00 0.000000000E+00 0.000000000E+00
HS04 -
wFEEEE DATALE . HMY
9.399999000E+06 0. 000000000E+00 0.000000000E+00 0.000000000E+00 ©.000000000E+0C
H3Citrate(aq) 3
192.124 0.
1.0000 cCitrate 3.0000 H
-1.0000 H3Citratelaq) 1.6000 Citrate---
3,0000 H+
-1.450970000E+01 (. 000000000E+00 0.000000000E+00 ©.000000000E+00 0.000000000E+0Q
9.999999000E+06 0.0000000C00E+QD O.000000000E+00 O.000000000E+00 0.000000000E+00
H2Citrate- 2 3
191.116 -1.
1.0000 Citrate 2.0000 H
-1.0000 H2Citrate- 1.0000 cCitrate-~-
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2.0000 H+
-1.126290000e+01 0.000000000E+00
9.999999000e+06 0. 000000000E+00
HCitrate--
190.108 -2.
1.0000 cCitrate
-1.0000 HCitrate--
1.0000 H+
-6.423200000E+00 Q.000000000E+00
9.999999000E+06 Q. 000000000E+00
H2oxalate(ag)
90.035 0.
1.0000 oxalate
-1.0000 H20xalatelaq)
2.0000 H+
-5.853200000E+00 ©O.000000000E+00
9.999999000E+06 0.000000000£+00
HOxalate- 2
89.028 -1.
1.0000 oxalate
-1.0000 Hoxalate-
1.0000 H+
-4.259500000e+00 0.000000000E+00
9.399999000E+06 0.000000000E+Q0
H504- 3

Fhkkd

1.0000
2.0000

1.0000

*x&x% datalf.hmp

9. 999999000E+06 0. 000000000E+00
Epsomite 4

FrREEE DATALF . HMY

9,999999000e+06 0.000000000E+0D
Earlandite 4

570.495 0. 0.000
2.0000 Citrate 8.0000
4.0000 o0 3.0000

~1.0000 Earlandite

2.0000 Citrate---
-1.781000000e+01 0.000000000E+00
9.999999000E+06 0. 000000000E+00

Epsomite
AEALR

*k%%x datalf.hmp

9. 999999000E+06 0. 000000000E+00
endit.
wEEEE DATATF . HMY

9.999999000E+06 O.000000000E+00
whewellite 4

146.113 0. 0.000
1.0000 oxalate 2.0000
1.0000 o 1.0000

-1.0000 whewellite

1.0000 oxalate--
-8.751700000E+Q0 0.000000000E+00
$.999999000E+06 0.000000000E+00

endit.
K dwn

*xxx¥ datalf.hmp

hmp_hmy_1f. txt

0.000000000E+00 0.000000000E+00
0.000000000E+QC 0. 000000000E+00

3

H
1.0000

0.000000000E+00
0.g00000000E+00

1.00600

0.000000000E+00
0.200000000E+00

1.0000

0.0000CG0000E+00
0.%00000000E+00

0.200000000E+00
0.200000000E+00

H
ca
3.0000
4.0000
0.000000000E+00
0.000000000E+0Q0
4

0.000000000E+00
0.200000000E+00

H
Ca
1.0000
1.0000
0.000000000E+00
0. 000000000E+00

Citrate---

0.0000000C0E+00
0.000000000E+00

oxalate--

0.000000000E+00
0. 000000000E+00

Oxalate--

0.000000000£+00
0.000000000E+00

0. 000000000E+00

0.000000000E+00

Cat++

H20

0.000000000E+00D

0. 000000000E+D0

0.000000000E+00

0.000000000€+00

Ca++

H20

0.000G000000E+00
0.000000000E+Q0

0.000000000E+0Q0
0.000000000E+00D

0.000000000E+00
0.000000000E+00

0.000000000E+00
0.000000000E+00

0.000000000E+00
0.000000000E+00

0.000000000E+0D

0.000000000E+00

0.000000000E+00
G.000000000E+00

0.000000000E+00

0.000000000E+00

0.000000000E+00
0.00000000CQE+Q0

K+ HCD3-
Tambdal® = 0.02960 Jambdal = -0.01300 lambdaz = 0.00000
alphal = 2.0 alphaz = 12.
w*ER% DATALF .HMY
o o e e e
K+ H2Citrate-
lambdal = -0.,12960 Tambdal = 0.29000 lambdaz = 0.00000
alphal = 2.0 alphaz = 12.
AN RN
wxwsr datalf.hmp
o o o e v m
K+ HS04 -
lambda® = -0.00030 lambdal = 0.17350¢ lambda2 = 0.00000
alphal = 2.0 alphaz = 12.
*EEEE DATALF .HMY
e e et e e e e et
K+ HCitrate--
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Tambdal = -0.09890 lambdal = 1.74000 lambdaz =  0.00000
alphal = 0 alpha?z = 12.0
REARTY
¥xu%% datalf.hmp
et o e e e e e e e e e
K+ OH-
lambhda0 = 0.12980 lambdal = 0.32000 Jambdaz = 0.00000
alphal = 2.0 alpha2 = 12.
*Ha%%w DATALF .HMY
e e et e e e e e e e e e
K+ HCD3-
Tambda® = 0.02960 Tambdal = -0.01300 Jambda2z = 0.00000
alphal = 2.0 alphaz = 12.0
ki
wwxxw datalf.hmp
o o e e e et e e e e e et e e e e e e
K+ $04--
Tambdad =  0.04995 Jambdal = 0.77930 lambda2 =  0.00000
alphal = 2.0 alpha2 12.0
*ikkd DATALF , HMY
o o e e e e e e e
K+ Hoxalate-
lambdal® = -0.24480 lambdal = 0.29000 Jambdaz =  ©.00000
alphal = 2.0 alpha2 = 12.0
ERRER
#x¥% datalf.hmp
CoZ(aq)
lambda0 =  0.18300 1mwﬂ= 0.00000 Jambdaz = (.00000
alphal = 2.0 alphaz = 12.0
REEFE DATALF . HMY
+ _______________________________________________________________________
K+ HS04-
Tambda® = -0.00030 lambdal = 0.17350 lambda2 = (.00000
alphal = 2.0 alphaz = 12.0
ENRL
w#wawr datalf.hmp
+ _______________________________________________________________________
Mg++ co3--
lambda® =  ¢.00000 1ambdal = 0 00000 lambdaz = 00000
?hal = aiphaz = 12.
dlo/dt = 0.000E+00 d210/dt2 = 0 000E+00
HHERE DATALF , HMY
+ ———————————————————————————————————————————————————————————————————————
K+ OH-
Tambda0 = 0.12980 1ambdal 0.32000 Jlambda? = 0oooo
? = 2.0 alphaz = 12.
d10/dt = 0.000c+00 d2 0/dt2 = 0.000e+00
WEN R
*re*+x datalf.hmp
o o o e e e e e e
Mg++ Cl-
Tambda0 = ©0.35235 lambdal = 1.68150 lamhda? = 00000
alphal = 2.0 alphaz = 12.
kEERd DATALF, HMY
e e e e e et e e
K+ oxalate--
Tambdab = -0.21760 lambdal = 1.74000 Tambda? = 00000
alphal = 2.0 alphaz = 12.
EE 2T
*xxd% datalf. hmp
o e et e e e e e e e e
Mg++ HCO3-
tambdal = 0.32000 lambdal = 0.60720 lambda2 = 00000
alphal = 2.0 alpha2 = 12.
dxk%k DATALF.HMY
oo et e T e e e e e e e
K+ S04--
lambda® = 0.04995 Tambdal = 0.77930 Tambda2 = 00000
alphal = 2.0 alpha2 = 12.
HRRRx
wawkx datalf.hmp
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s O
Mg++ H504-
Yambda0 = 0.47460 Tlambdal = 1.72900 lambdaz = 0.00000
alphal = 2.0 alphaz = 12.0
*EEFY DATALF . HMY
c02(aq) Mg++
Tambda0 = ©.18300 Tambdal = 0.00000 TlambdaZz =  0.00000
alphal = 2.0 alphaz = 12.0
dededdek
rxkx% datalf.hmp
oo e r e e e
Mg++ OH~
Tamhda® =  0.00000 1ambda1 0 00000 Tambdaz =  (.00000
q = alphaz = 12.0
d10/dt = 0.000E+00 d210/d¢2 = 0 000E+00
*akkk DATALF  HMY
o e i —— e
Mg++ Co3--
Tambda0d =  0.00000 lambdal = 0.00000 1ambda2 = 0.00000
a1?ha = 1.4 alpha2 = 12.0
d10/dt = 0.000e+00 d210/dt2 = 0.000E+00
dekdehk
wwxw® daralf.hmp
o — e
Mg++ S04--
lambdaC® = 0.22100 1ambdal 3 34300 lambda?2 = -37.23000
qhal = alphaz = 12.0
d10/dt = 0.000g+00¢ d210/dt2 = 0 000E+00
wRERY DATALF .HMY
o o S e
Mg++ cl-
Tambda0® = 0,.35235 1ambdal l 68150 lambda?2 = (©.00000
qhal = alphaz = 12.0
d10/dt = 0.000E+00 d210/dt2 = 0 000E+0Q0
wERNRR
wew®® datalf.hmp
C02(aq) MgOH+
TambdaG = 0.00000 lambdal = 0.00000 ‘tambda? = 0.00000
alphal = 2.0 alpha?2 = 12.0
wwkwEd DATALF . HMY
o o e
Mg++ HCD3-
lambdaG = 0.32900 lambdal = G0.60720 lambda? = D.00000
alphal = 2.0 alphaz = 12.0
KRR AN
wuweEw datalf.hmp
+ _______________________________________________________________________
MgOH+ co3--
Tambda® =  0.00000 lambdal = 0.00000 lambda? = 0.00000
alphal = 2.0 alphaz = 12.0
wEEER DATALF . HMY
o e e e e e
Mg++ HS04 -
lambdal = 0.47460 Jambdal = 1.72900 Tambda2z = 0.00000
alphal = 2.0 alphaz = 12.0
fdddx
*wk%x davalf.hmp
oo o o i m———————— e e e e e
MgOH+ Cl-
Tambda0 = -0.10000 Tambdal = 1.65800 Jambda2z = 0.00000
alphal = 2.0 alphaz = 12.0
whickE DATALF . HMY
oo B ———— e
Mg++ -
Tambda® =  0.00000 Tambdal 0.00000 Jlambda2 =  0.00000
alphal = alphaz = 12.0
TR RN
Fxws® datalf.hmp
o o oo o e o e e e e et e e e e e e
MgOH+ HCO3-
Tambda0 = 0.00000 lambdal = 0.00000 Tambda? = 0.00000
Page 4



hmp_hmy_1F. txt
?hal = 2.0 alpha2 = 12.0
d10/dt = 0D.000E+00 d210/dt2 = 0.000E+00
kE&EE DATALF . HMY

Mg++ S04--
lambda0d = 0.22100 1ambdal 3.34300  Jambda2 = -37.23000

Wﬂ 1.4 aiphaz = 12.0
d10/dt = 0.000E+00 d210/dtZ2 = 0.000e+00
wHx

*2x%% datalf.hmp

Tambda0 = 0.00000 JTambdal = 0.00000 lambda2 =  0.00000

co2gay oo+ T
lambda0 = 0.00000 Tambdal = 0.00000 lambda =  0.00000

HEAEHR

wwxxx datalf.hmp

MQOH+ OH-
lambdad = 0.00000 lambdal = 0.00000 Tlambda2 = 0.00000
*x*%% DATALF . HMY

MgOH+ Co3--
Jambda® = 0.00000 lambdal = 0.00000 Jambda2 = 0.00000

e

*#x*%% datalf.hmp

e e mmmm———————————————
MQOH+ S04--

Tambda® = 0.00000 lambdal = 0.00000 lambda2 = 0.00000

alphal = 2.0 alpha2 = 12.0

kakEk pATALTF . HMY
et ot e mmmmmmmmma————————————
MgOH+ cl-

lambda® = -0.10000 lambdal = 1.65800 Tlambda? = 0.00000
. aiphal = 2.0 alphaz = 12.0

*

*#x&x% datalf.hmp

C02(aq) Na+
Tambda0 = 0.10000 lambdal = 0.00000 Jlambda2 = 0.00000
alphal = 2.0 alphaz = 12.0
*EEEE DATALIF.HMY
o e
MgOH+ HCO3~
Tambda®0 = 0.00000 lambdal = 0.00000 lambdaz = 0.00000
i alphal = 2.0 alphaz = 12.0

¥k¥dwk datalf.hmp

o o o e
Na+ C03--
lambda0 = (.03990 Tambdal = 1.38200 lambda2 = 0.00000
alphal = 2.0 alphaz = 12.0
Rkt DATALE . HMY
o m e e e e e
MQOH+ HSQ4-
Tambda® = 0.00000 lambdal = 0.00000 lambda2 = 0.00000
alphal = 2.0 alphaz = 12.0
ERAAH
wxkws datalf.hmp
m o e e e
Na+ cl-
Tambda® = 0.07650 lambdal = 0.26640 lambda2 = 0.00000
alphal = 2.0 alphaz = 12.0
FEREEE DATALF . HMY
@ m o oo e e
MgQOH+ OH-
Tambda® = 0.00000 lambdal = 0.00000 lambdaz = 0.00000
alphal = 2.0 alphaz = 12.0

Lk k]

k#x%xx datalf.hmp
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e e e e e e —————
Na+ HCO3-
lambda0 = 0.02770 lambdal = 0.04110 TlambdaZz = 0.00000
alphal = 2.0 alphaz = 12.0
*EREE DATALF.HMY
o e
MgoH-+ 504--
Yambda = 0.00000 lambdal = 0,00000 lambda2 = 0. 00000
alphal = 2.0 atphaz = 12.0
HhRRR
wxvkx datalf.hmp
+ _______________________________________________________________________
Na+ HS04-
Tambdal = 0.04540 Tambdal = 0.39800 Tambda2 = 0.00000
alphal = 2.0 alphaz = 12.0
#hwdkE OATALF.HMY
+ _______________________________________________________________________
Na+ Citrate---
lambdal = 0.08870 Tambdal = 5.22000 lambdaz =  0.00000
alphal = 2.0 alphaz = 12.0
WENHE
wnwak datalf.hmp
ke e e e
Na+ OH-
Tambda® = 0.08640 lambdal = 0.25300 lambdaz = 0.00000
alphal = 2.0 alphaz = 12.0
FREEY DATALF . HMY
coZ(aq) Na+
Tambda® = 0.10000 Tlambdal = 0.00000 ‘lambda? = 0.00000
alphal = 2.0 alpha2 = 12.0
TxhER
¥xxxx datalf. hmp
o e e
Na+ S04—-
Jambda® = 0.01958 lambdal = 1.11300 Tambda2 = 0.00000
alphal = 2.0 alpha2 = 12.0
*xkEE DATALF .HMY
o e
Na+ Co3-—-
lambda0 = 0.03990 Tambdal = 1,38900 lambda? = 0.00000
alphal = 2.0 alphaz = 12.0
TRAER
wxexx daralf.hmp
coZ(aq) S04—-

TambdaQ = 0.09700 1ambda1 = 0 00000 Tambdaz =  0.00000

? alphaz = 0.0
d10o/dt = 0.000E+00 210/dt O 000Ee+00
FrEEX DATALF . HMY

N
I

e e e ———
Na+ cl-
Tamhdad =  0.07650 1ambdal 0.26640 lambda2 =  0.00000
hal = 2.0 alpha2 = 12.0

**QTOIdt = 0.000E+00 d2 0/dt2 = 0.00CE+00
*idkx datalf.hmp

ca++ H+

Tambdal = 0.09200 Tambdal = 0.00000 Tambda2 = 0.00000
Iphal = 99.0 alpha2 = 99.0

d10/dt. = 0.000E+00 d210/dt2 = 0.000E+00

wEREE DATALF . HMY

Na+ H2Citrate-
Tambdald = -0.12960 1ambda1 0 29000 lambdaz =  0.00000

?hal = alphaz = 12.0
d10/dt = 0.0008+00 d210/dt2 = 0 000E+00
Thfhk

xxxex datalf.hmp
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TambdaG =  0.00700 1ambda1 0 00000 Tambda2z = 0.00000
?hal = alphaz = 99.0
d10/dt = 0.000E+00 d210/dt2 = 0 000E+0Q
Faik® DATALF . HMY
O OO EUEU
Na+ HCitrate-—-
lambda0 = -0.09390 1ambda1 = 1 74000 Jlambdaz = 0.00000
?hal = alphaz = 12.0
**E1O/dt = 0.000E+00 d210/dt2 = 0 000E+00
wExkd datalf.hmp
o o e i mmamm——m— e —mam
Cat+ MgOH
Tlambdald =  0.00000 1mwﬂ= oomm Tambdaz =  0.00000
?hal = alphaz = 99.0
di0/dt = 0.000e+00 d210/dt2 = 0 000E+00
#hkkE DATALF . HMY
+ ______________________________________________________________________
Na+ HCO3-
Jambdal = 0.02770 1ambdal 0 04110 Jambdaz = 0.00000
hal = alpha2 = 12.0
d10/dt = 0.000E+00 E’D/dtz o 000E+00
HERERE
wwxw® datalf.hmp
o m o o e
Co3-- cl1-
lambda0® = -0.02000 Tambdal = 0.000060 lambdaz = 0.00000
a]qhal = 99.0 alphaz = 99.0
dlo/dt = 0.000E+00 d210/dt2 = 0.000E+00
wukh DATALF .HMY
o o o e e i ——————— e e e e
Na+ Hoxalate~
lambda0 = -0.24480 1ambda1 0 29000 lambdaz = 0.00000
?hal = alphaz = 12.0
dl0/dt = 0.000E+00 d210/dt2 = 0 000E-+00
dRuRN
*xw¥% datalf.hmp
oo o e
c1- HCO3-
lambda0® = 0.03000 TJambdal = 0.00000 Jambdaz = 0.00000
a1?hal = 99.0 alphaz = 99.0
d10/dt = 0.000E+00 d210/dt2 = 0.000E+00
*EEER DATALF  HMY
o m o e
Na+ HS04 -
TambdaC = 0.04540 1ambdal 0 39800 lambdaz = 0.00000
hal = alpha2z = 12.0
d10/dt = 0.000E+00 ?O/dtz 0 000E+00
Fedhkd
#xkx% datalf.hmp
o o e e e e e 2 e e e
cl- HSO4-
Tambda0d = -0.00600 1ambdal = 0 00000 lambdaz =  0.00000
qhal = 99.0 alphaz = 99.0
d10/dt = 0.000E+00 d210/dt2 = 0 000E+00
wekdekk DATALF . HMY
et T o e e
Na+ OH-
Tambdal = 0.08640 1ambdal 0 25300 lambdaz =  0.00000
?hal = alphaz = 12.0
d10/dt = 0.000E+00 d210/dt2 = 0 000E+00
Yekdkdk
®xk%E% datalf.hmp
e e e
- OH-
Tambda0 -0.05000 1ambdal 0.00000 lambhdaz =  0.00000
qhal = 99.0 alphaZz = 99.0
di0/dt = 0.000E+00 210/dt2 = 0.000E+00
wRERE DATATF . HMY
oo e
Na+ oxalate--
lambda® = -0.21760 1ambdal 1 74000 lambda2 = _ 0.00000
: ?hal = alphaz = 12.0
d10/dt = 0.000E+00 d210/dt2 = D 300E+00



hmp_hmy_1f . txt

wed ok ke

*x%% datalf.hmp

o e e e e m
cl- 504--
lambdal = 0.02000 1ambdal O 00000 Tambda2 =  0.00000
?hal = alpha2 = 99.0
d10/dt = 0.000e+00 d210/dt2 = 0 000E+00

FHEEY DATALF ., HMY

Na+ s04--
Tambdad = 0.01958 1ambda1 1 11300 lambdaz = 0.00000

?hal = alpha2 = 12.0
**QTO/dt = 0.000E+00 d210/dt2 = 0 000E+00

#xF%% datalf.hmp
C03-' HCO3-
Tambda® = -0.04000 Tlambdal = 0.00000 TambdaZ = 0.00000
1ﬁ>ha1 = 99,0 alpha? = 99.0
d10/dt = 0.000e+00 d210/dt2 = 0.000E+00
Rk DATATF . HMY

c02(aq) S04--
Tambdad =  0.0%700 1ambdal 0.00000 lambdaZz = 0.00000
hal = 0.0 alphaz = 0.0

dlo/dt = 0.000E+0Q d2 0/dt2 = 0.000e+00
Py

*xek% datalf . .hmp

o o e e e e
co3-- HS04 -
Tambdal = 0.00000 lambdal = 0.00000 Tlambda2 = 0.00000
aTphal = 99.0 alphaz = 99.0
*FHHEF DATALF . HMY
e e et e e e
endit
Ca++ H+
tambda® = 0.09200 ‘lambdal = 0.00000 lambda2 = 0.00000
alphal = 99.0 alphaz = 99.0
Rl
wEwad datalf, hmp
o o e e
HCO3- H504-
Tambda0d = 0.00000 Tlambdal = 0.00000 1lambdaz = 0.00000
alphal = 99.0 atpha2 = 99.0
*xEEE DATALF . HMY
o o e e e e e
Cat+ Mg++
lambda0 = 0.00700 lambdal = 0.00000 lambda2 = 0.00000
alphal = 99.0 alpha2 = 99.0
i i
*xx%% datalf.hmp
e e
HSO4~ OH-

Tambdad = 0.00000 Tambdal = 0©0.00000 Jambdaz = ©.00000

Ca++ MgOH+
Tambdal = G.00000 1ambda1 0.00000 lambdaz = 0.00000

#x%%% datalf.hmp
e e R e m e ——————
Ca++ K+
lambda0 = 0.03200 lambdal = 0.00000 TambdaZ = 0.00000
alphal = 99.0 alphaz = 99.0
RRIE DATALF.HMY
c03—— Ccl-
Tambda® = -0.02000 Tlambdal = 0.00000 lambda2 = 0.00000
alphal = 99.0 aTpha2 = 99.0

Wkt

#xrer datalf hmp



H+
lambdal =

®Hkak DATALF.

Tambda® =

kR Y

wwxw® datalf.

lambda0d =

*#E%T DATALF,

lambda0 =

Tl ki

#xkEk datalf.

Tambdad =

#EEEE DATALF.
Fmm oo e e e e e

Tambdal =

wededk Rk

wwikk datalf.

Tambda0 =

whEEE DATALF,

Tambdad =

dedrde et

FrExs gdatalf.

Mg++
Tambhda0 =

wavwk DATALF.

c03--
lambdal® =

Wk

k¥wwex datalf.

Tambda0® =

*xwEs DATALF,

Ca++
Tambdal =

sEEEF DATALF,

HCO3-
Tambda® =

ko k

0.00500
HMY

0.03000

hmp

0.00000
HMY

-0. 00600

hmp

0.00000

HMY

~0.05000

hmp

0.10000

HMY

0.02000

hmp

0.00000
HMY

-0.04000

hmp

0.00000
HMY

0.07000
HMY

0.00000

K+
lambdal =
alphal =

MgOH+
Tambdal =

HSO4-
lambdal =

alphal =

alphal =

0.00000
.0

0.00000
9%.0

0.00000
99.0

0. 00000
99.0

0. 00000
99.0

0.00000
99.0

0.00000
29.0

0.00000¢
99.0

0.00000
99.0

0. 00000
99.0

0. 00000
99.0

0.00000
99.0

hmp_hmy_1f

lambdaz =
alpha2 =

Tambdaz =

alphaz =

alpha2 =

Tambdaz =
alpha2 =

lambdaz =
alphaz =

Tambda2 = 0,

alpha2 =

lambdaz = 0.

alphaz =

Tambdaz =
alphaz =

lambda2 =
alphaz =

Page 9
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99.0

= 0.
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00000



hmp_hmy_1f . txt
x4k daralf.hmp

e e ——————————— e m
H+ Na+

lambdaC = 0.03600 Tambdal = 0.00000 lambda?2 = 0.00000

alphal = 99.0 alphaz = 99.0

wHREE DATALF . HMY
+ _______________________________________________________________________
H504- OH-

lambdaDd = 0.00000 Jambdal = 0.00000 lambdaZ = 0.00000
I alphal = 99.0 alphaz = 99.0

*x%k datalf.hmp

Tambda® = -0.01200 Tambdal = 0.00000 Tambda2 = 0.00000
alphal = 99.0 alpha2 = 99.0
k%% DATALF . HMY

e R e i m—————
Ca++ K+

Tambda0 = 0.03200 lawbdal = 0.00000 lambda2 = 0.00000
cw atphal = 99.0 alphaz = 99.0

¥

w¥&wxsx datalf.hmp

+ _______________________________________________________________________
Mg++ Na+
lambda0 = 0.07000 tambdal = 0.00000 Jambda? = 0.00000
alphal = 99.0 alphaz = 99.0
wEREE DATALF .HMY
+ ———————————————————————————————————————————————————————————————————————
H+ K+
Tambda0 =  0.00300 TJambdal = 0.00000 1lambdaz = 0.00000
alphal = 99.0 alphaz = 99.0
kit
*erxx datalf.hmp
o o e e —————— e
MOOH+ Na+

Tambdad = 0.00000 lambdal = 0.00000 Jlambdaz = 0.00000
wEREE DATALF . HMY

+ Mg++
Jambdad =  0.00000 lawmbdal = 0.00000 lambda?2 = 0.00000

Twkdk

w*rxd datalf.hmp

co3-- OH-
Tambda® =  0.10000 Tambdal = 0600000 Tambdaz = 8.00000

alphal = 99, alphaz = 99,
*E%#E DATALF . HMY

e
K-+ MQOH+

lambda® = 0.00000 lambdal = 0.00000 Tambda2 =  0.00000
. alphal = 99.0 alpha? = 99.0

=¥%w% datalf.hmp

HCO3- OH-
lambda® = 0.00000 lambdal = ©.00000 ‘lambdaz = 0.00000
99.0 alphaz = 99.0
FEXAE DATALF .HMY

+ _______________________________________________________________________
H+ Mg++

Tambda® = ©0.10000 lambdal = 0.00000 lambda2 = 0.00000
. alphal = 99.0 alphaz = 99.0

#w¥xwk datalf.hmp

S04
Tambda® = 0.02000 lambdal = (.00000 lambdaZz = 0.00000
alphal = 99.0 alphaz = 99.0
¥RwEx DATALF . HMY



Tambdad =

Fidk

wkxd% datalf.

RRAR

wwRd% datalf.

Tambdald =

wRikE DATALF.

H+
Tambda® =

Fededrdd

wenrs daralf,

endit.

wEERE DATALF.

K+
Tambdal =

d10/dt =
d1l/dt =
d12/dt =

Mg++
lambda0 =

d10/dt
d11/dt
diz2/dt

d10/dt
dil/dt
dl12/dt

dlo/dt
dl1l/dt
di2/dt

d10/dt =
dll/de =
diz/dt =

0.00000

-0.01200

0.000E+00
0.000E+00
0.000E+00

0.07000
0.000E+00
0.000e+00
0. 000E+00

0.00000
0.000E+00
0.000E+0OD
0.000e+00

0.10000
0.000E+D0
0.000E+D0
0.000E+00

0.00000
0.000E+Q0

0.000E+00
0.000E+00

Tambdal =
alphal =

Tambdal =
a]phal =

504-~
lambdal =
alphal =

Na+
lambdal =
alphal =

Na+
lambdal =
alqhal =
d210/dt2 =
d211/de2 =
d212/dt2 =

d211/de2
d212/dt2

OH~
Tambdal =
a]?hal =
d210/dt2
d211/dt2
d212/dc2

QH-
Tambdal =
alphal =
d210/dt2 =
d211/dt2 =
d212/dt2 =

hmp_hmy_1F. txt
lambda? =

0. 00000
9.0 alphaz =

99.0

TJambda2 =
alpha2 =

99.

0.00000
99.0

lambda2 =

lambdaZ =

0. 00000
2.0 alphaz =

lambdaz =

0.00000
.0 alpha2 =

99

0.00000 lambdaz =
99.0 alphaz =

0. 000E+00)

0. 000E+Q0D

0.000e+00

0.00000 Tambdaz =
2.0 alpha2 =
0.Q00E+00
8.000E+00

.Q00E+00

lambdaz =

0.00000
. alphaz =

99.0
0.000E+00
0. 000E+00
0.0C0E+00

0.00000
99.0
0.000E+00
(. 000E+00
0.000E+00

Tambda2 =
alpha2 =

0.00000
99.0
0.000E+00
0.000E+00
0.000e+00

lambdaZz

alpha2 = 99.0

Page 11
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hmp_hmy_1f. txt

e i e e
co3-- S04 ~-
Tambdal® =  0.02000 1ambda1 = 0.00000 lambda2 = 0.00000
?hal = 599.0 alpha2 = 99.0
dlo/dt = 0.000E+00 d210/dt2 = 0.000E+00
dll/dt = 0.000e+00 d211/dt2 = 0.000E+00
diz/dt = 0.000e+00 d212/dt2 = 0.00CE+Q0
b m e e e
HCO3- S04--
Tambda® = 0.01000 1ambda1 0.00000 lamhda2 = 0.00000
qhal = 99.0 alphaz = 99.0
dlo/dt = 0.000e+00 d210/dt2 = 0.000E+Q0
dil/dt = 0.000E+00 d211/dt2 = 0.000E+00
di2/dt = 0.000e+00 d212/dt? = 0.000E+00
HSO4— S04--
Tambda0 = 0.00000 Tambdal = ©0.00000 Jambda2 = 0.00000
a1€hal = 99.0 alphaz = 0
di0/dt = 0.000E+00 d210/dt2 = 0.000E+00
dll/dt = Q.000E+00 d211/dt2 = 0O.000E+00
dl2/dt = Q.000E+00 d212/dt2 = 0.000E+00
U
OH- S04~~
Tambda0 = -0.0130¢ Tambdal = 0.00000 lambdaz = 0.00000
aW?hal = 99.0 alphaz = 949.0
did/dt = 0(.000e+0Q0 210/dt2 = 0.000E+00
dll/dt = O0.D00E+00 d211/dt2 = 0.000E+0D
d12/dt = 0.000e+00 d212/dt2 = 0.000E+00
end1t
FhARN
**#+% datalf.hmp
e et e e
K+ K+ HCO3-
wEEEE DATALF . HMY
ettt e e e
K+ K+ H2Citrate-
mu = 0.00217 dmmx/dt = 0.000E+00 dZmmx/dt2 = 0©.000E+00
oo e
K+ H2Citrate- H2Citrate-
mu = 0.00217 dmxx/dt = 0.000E+00 d2mxx/dt2 = 0.000e+00
e m e Il .
K+ K+ HCitrate--
my = 0.00318 dmmx/dr = O0.000e+00 d2mmx/dt2 = 0.000E+00
o o o L L e e
K+ HCitrate-- HCitrate--
mu = 0.00636 dmxx/dt = O0.000E+00 dZmxx/dtZz = 0.000E+00
o o ot e
K+ K+ HCO3-
wkdekk
*#k% datalf.hmp
e o 2t et e e e e e e e
K+ K+ HS04-
wwdndk DATALF .HMY
o e e
K+ K+ HOxalate-
mu = 0.01133 dmmx/dt = 0.000e+00 d2Zmmx/dt2 = 0.000E+00
I Il Il ____
K+ HOxalate- Hoxalate-
mu =  0.01133 dmxx/dt = 0.000E+00 d2mxx/dt2 = O.000E+00
o eI LI oI ___
K+ K+ HS04-
Wkl
whesr datalf.hmp
e e e
K+ K+ 504--
wxE%% DATALF . HMY
o o o e e e e e
K+ K+ oxalate--
mu = 0.01438 dmmx/dt = 0.000e+00 d2mmx/dt2 = 0.000E+00
Pty O e
K+ oxalate-- oxalate--
mu = 0.02876 dmxx/dt = 0.000e+00 d2mxx/dt2 = 0.000E+00
o o e e e et ottt e
K+ K+ sS04--
Atk k



hmp_hmy_1f.txt
xwax% datalf. hmp

oo o e et
Na+ Na+ Co3--
wRERE DATALF.HMY
S U
Na+ Na+ Citrate~---

mu =  0.00452 dmmx/dt = 0.000E+00 d2mmx/dt2 = O©.000E+00
e S
Na+ Citrate--- Citrate---

mu = (0.01357 dmxx/dt = 0.000e+00 d2mxx/dt2 = 0.000E+00
s
Na+ Na+ Co3--
fdkdedek

Na+ Na+ HCD3-
FRERE DATALF, HMY
o R o~ e e
Na+ Na+ H2Citrate-

mu = 0.00217 dmmx/dt = O0.000E+00 d2mmx/dt2 = 0.000E+00
e = P A e
Na+ H2Citrate- H2Citrate-

mu = 0.00217 dmxx/dt = 0.000e+00 d2mxx/dt2 = 0.000E+00
o A S
Na+ Na+ HCitrate--

my =  0.00318 dmmx/dt = 0.000e+00 d2mmx/dt2 = 0.000E+0Q
o mmmm e mmmm e m el L I T
Na+ HCitrate-- HCitrate--

mu = 0.00636 dmxx/dt = 0.000E+00 d2Zmxx/dt2 = 0.000e+00
oot e U
Na+ Na+ HCO3-
wRITER

o o o e e e e e e e e e
Na+ Na+ HSO4-
BREER DATALF , HMY
et e e e e —— e
Na+ Na+ HOoxalate-

my = 0,01133 dmmx/dt = 0.0006+00 d2mmx/dt2 = O.000E+00
e m e el .
Na+ Hoxalate- Hoxalate-

mu =  0.01133 dmxx/dt = O0.000E+00 dZmxx/dt? = 0.000E+00
oo o o e L T L Il
Na+ Na+ HS04-
ExN XA

Na+ Na+ s04--
wEERE DATALR, HMY
o e R e e e ——
MNa+ Na+ Oxalate--

muy = 0.01438 domx/dt = 0.000E+00 dZmmx/dt2 = 0.000E+00
o ———— e e e
Na+ Dxalate-- oxalate--

mu =  0.02876 dmxx/dt = O0.000E+00 d2mxx/dt2 = 0.000e+00
o
Na+ Na+ SOo4--
Jekd e

Page 13



hmp_hmy_out.txt
comparing files output.hmp and OUTPUT.HMY
wRIFE guTpUt. hmp
Run 11:13:32 201u12004
FR¥EEE QUTRUT . HMY
Run 09:53:06 180ct2006

ekt

FRERE gutput.bmp

no. of elements on the data file = 9
the dimensioned Timit = 110

no. of agueous species in the master set = 10
the dimensioned limit = 500

FhdEE QUTPUT . HMY

no. of elements on the data file = 11
the dimensioned limit = 110

no. of aqueous species in the master set = 12
the dimensjoned 1imit = 500

L3k ]

*HERE guiput.hmp

datal.hmp.v8.RE
CII: GEMBOCHS.VZ-EQ8-datal.hmp.v8.R6
wEREE QUTPUT .. HMY

data0.hmy _vB.R6
CIT: GEMBOCHS.V2-EQ&-data0l.hmp.v8.R6E

R

*¥EE*% gutput.hmp
Ooutput package: eq3
Data set: hmp

wEEEE QUTPUT .HMY
output package: eq3
Data set: hmy

wHErEE gutput.hmp

element = Ca , atwt = 40.07800
element = C1 , atwt = 35.45270
BRERE QUTPUT . HMY

element = Ca , atwt = 40,07800
element = Citrate , atwt = 189.10000
element = C1 , atwt = 35.45270
ik
FxEEE gutput. hmp

element = Na , atwt = 22.98977
element = S , atwt = 32.06600
TREEE QUTRUT . HMY

element = Na , atwt = 22,98977
element = Oxalate , atwt = 88.01960
Slsment =5 , atwt =  32.06600
i W

whEAS gutput.hmp
2 Ca++
3 Cl-
4 H+
5 HCO3-
6 K+
7 Mg++
8 Na+
9 504--
10 02(g)

13 caco3(aqg)
14 HSO4-
15 mgco3(aqg)
16 MgOH+

pPage 1



17

OH-

whERE QUTPUT.HMY

Ca++
Citrate---
cl-

H+

HCO3-

K+

MQg++

Na+
Oxalate--
S04--
02(g)
co2(ag)

co3

caco3Caqg)
H3citrate(aq)
HZCitrate-
HCitrate--
HZoxalate(aq)
HOxalate-
HS504-
mMgCo3(ag)
MgOH+

OH-

®HERT quiput.hmp

Dolomite
Epsomite
Gaylussite
Glauberite
Gypsum

Halite
Hexahydrite
Hydromagnes424
Hydromagne4323
K2C03:1,5H20
K3H(504) 2
K8H4(CD3)6:3H20
KNaCO3:6HZ20
Kainite
Kalicinite
Kieserite
Leonite

Lime
Magnesite
Mercallite
Mirabilite
Misenite
Na2Co3:7H20
Na3H(s04)2
Nad4Ca(so4)3:2H20
Nahcolite
Natron
Nesquehonite
Oxychloride-mg
Periclase
Picromerite
Pirssonite
Polyhalite
Portlandite
sylvite
Syngenite
Tachyhydrite
Thenardite
Thermgnatrite
Trona

Trona-K

FREEE DUTPUT.HMY

17
18
19
20
21
22

Dolomite
earlandite
Epsomite
Gaylussite
Glauberite
Gypsum

hmp_hmy_out.txt

Page 2



hmp_hmy_out . txt
23 Halite
24 Hexahydrite
25 HydromagneS5424
26 Hydromagne4323
27 K2C03:1.5H20
28 K3H(504)2
29 K8H4(C03)6:3H20
30 KNaC03:6H20
31 kainite
32 kalicinite
33 Kieserite
34 Leonite
35 Lime
36 Magnesite
37 Mercallite
38 mirabilite
39 misenite
40 Na2C03:7HZ20
41 Na3H(s04)2
42 Nad4ca(sod4)3:2H20
43 Nahcalite
44 Natron
45 Nesquehonite
46 oxychloride-Mg
47 periclase
48 pPicromerite
49 pPirssonite
50 Polyhalite
51 portlandite
52 sylvite
53 syngenite
54 Tachyhydrite
55 thenardite
56 Thermonatrite
57 Trona
58 Trona-K
59 whewellite

hRE RN

#REEE qutput.hmp

* warning - (egqpt/tprn2) Did not find a data block on the paTAD file
for any of the following nn pairs:

Co2(ag), Co2(ag)
Cac03?aq), caco3(ag)
Mgco3(aq), Mgco3(aq)

REEER QUTPUT . HMY

* warning - (eqpt/tprca) bid not find a data block on the DATAD file
for any of the following ca pairs:

Ca++, Citrate-—-
Ca++, Oxalate--
Ca++, H2Citrate-
Ca++, HCitrate--
Ca++, HOoxalate-
H+, Citrate---
H+, Oxalate--

H+, H2Citrate-
H+, HCitrate--
H+, HOxalate-

K+, Citrate---
Mg++, Citrate---
Mg++, Oxalate--
Mg++, HZCitrate-
Mg++, HCitrate--
Mg++, HOxalate-
MQOH+, Citrate---
MgDH+, Oxalate--
MgOH+, H2Citrate-
MQOH+, HCitrate--

plus 1 others

VbR kw

Page 3



hmp_hmy_out.txt
FRExF purput.hmp

* warning - (egpt/tpron} Bid not find a data block on the DATAD file
for any of the Tollowing nn' pairs:

Co2(aq), cacoldaq)
coZ(ag), mgco3(aq)
Caco3(aq), Mgco3(aq)

khEE QUTPUT . HMY

* warning - (eqpt/tpraa) Did not find a data block on the DATAD file
for any of the following aa' pairs:

Citrate---, Ccl-
Citrate---, HCO3-
citrate---, oxalate--
Citrate---, s04--
€03--, Citrate---
Citrate---, H2Citrate-
Citrate---, HCitrate--
Citrate---, HOxalate-
Citrate---, H504-
Citrate---, OH-

cl-, oxalate--
Cl-, H2Citrate-
Cl-, HCitrate--
Ct-, HOoxalate-
HCD3-, Oxalate--
H2Citrate-~, HCO3-
HCO3-, HCitrate--
HCO3-, HOxalate-
Oxalate--, sQd--
€03--, oxalate--

plus 20 others

TEERNE

*ukid gutput.hmp

* warning - (eqpt/tprnc) Did not find a data block on the DATAD file
for any of the following nc pairs:

Ccaco3(aq), Ca++
caco3(aq), K+
Caco3(aq), Mg++
€aco3(aq), Na+
Caco3(aq), mgOH+
MgCo3(aq), Cat+
mgco3(aq), K+
Mgco3an), Mg++
mMgCo3(aq), Na+
Mgco3{aq), MgOH+

FEREEE QUTPUT .HMY

* warning - (egpt/tprn2) Did not find a data block on the DATAD file
for any of the following nn pairs:

co2({aq), Coz(aq)

Cacoagaq), caco3(aq)
H3citrate{aq), H3Citrate(aq)
H20xalate(aq), H2oxalate{aq)
mgco3{ag), Mglold(ag)

ki
wEREx gutput.hmp

* warning - (egpt/tprna) Did not find a data block on the DATAD file
for any of the following na pairs:

€o2(aq), HCO3-
c02{aq), CO3--
co2(aq), OH-
caco3{an), cl-
caco3(aqg), HCO3-
caco3(aqg), so4--
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Cato3(aq), CO3--
caco3(aq), HsSO4-
caco3(aq), OH-

Mgco3(aq), C1-

MgC03{ag) . HCO3-
mMgCo3(aq), s04--
MgCo3{aq), co3--
MgCo3(an), HSD4-
mMgco3{aqg), oH-

wHEEE QUTPUT . HMY

* warning - (eqpt/tprnn% bid not find a data block on the DATAG file
for any of the following nn' pairs:

¢€o2(aq), Caco3(aq)

co2(aq), H3citrate(aq)
c02(an), HZoxalate(aq)
coz2(aq), MgCo3(ag)
caco3{aq), HiCitratelaq)
caCo3{aq), H2oxalate(aq)
Caco3{aq), mgco3(ag)
H20xalate(aq), H3Citrate(ag)
H3Citrate(aq), Mgco3(aq)
HZoxalate{an), MgCo3(aq)

Tkdkd
ExEER Qutput.hmp

* warning - (eqpt/tpra2n)} pid not find a_data block on the DATAO file
for any of the following nnn' triplets:

coz2{aq), co2(ag), CaCD3(ag)
Cacosgaq). caco3(aq), cozgaq)
co2{aq), C02(Caq), MgCo3(aq)
MgCOB%aq), Mgco3(ag), Co2(aq)
caco3(aq), caco3fag), mgco3(ag)
mgco3(aq), Mgco3d(aq), caco3(aq)

FhEEE QUTPUT . HMY

* warning - (egpt/tprnc) pDid not find a data block on the DATAD file
for any of the following nc pairs:

Caco3{aq), Ca++
caco3(aq}, K+
caco3(anq), mg++
caco3(aq), MNa+
caco3(aq), MgoH+
H3Citrate(aq), Cat++
H3Citrate(aq), H+
H3Citratelaq), K+
H3Citrate(aq), Mg++
H3Citrate(aq), Na+
H3Citrate{aq), MgOH+
HZOxalate(aq), Ca++
HZ2Oxalate(aq), H+
H2Oxalate(aq), K+
H20xalate(aq), Mg++
H20xalare(aq), Na+
H20xalate(aq), MQOH+
Mgco3(aq), Ca++
Mgco3{ag), K+
MgCo3(aq), Mg++

plus 2 others
Wk Ak
#REET output.hmp

* warning - (egpt/tprnca) Did not find a data block on the DATAD Tile
for any of the following nca triplets:

C02(ag), Ca++, C1-

co2(aq), Ca++, HCO3-
co2{aq), Cat++, $04--
coZ(aq), Ca++, CO3--
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co2(aq), Ca++, HS04-
co2(aq), Ca++, OH-
Co2(aq), H+, C1-
co2(ag), H+, HCO3-
coz2{aq), H+, S04--
coZ{aq), H+, CO3--
coz2(aq), H+, HSO4-
coZ(aq), H+, OH-
coz{aq), K+, C1-
coZ2{ag), K+, HCO3-
co2(aq), K+, s04--
co2(aq), K+, CO3--
coz{aq), K+, HS04-
coz2(aq), K+, OH-
co2{aq), Mg++, C1-
Cco2(aq), Mg++, HCO3-

plus 88 others

FhEEE QUTPUT.HMY

* warning - (eqpt/tprnza) Did not find a data block on the DATAC file

deoltde ok ok

for any of

co2(aq),
Co2(ag),
co2(aq),
co2(aq),
€02(aq),
co2(aq),
co2(aq),
co2(aq),
caco3(aqg),
caco3(aq),
caco3{aq),
caco3i(aq),
caco3i(aq),
caco3(aq),
Caco3(aq),
caco3(aq),
caco3(aq),
Caco3(aq),
caco3(aq),

the following na pairs:

Citrate---
HCO3-
Oxalate--
c03--
H2Citrate-
HCitrate--
HOxalate-
OH-
Citrate---
cl-

HCO3-
Oxalate--
S04--
Co3--
HZCitrate-
HCitrate--
HOxalate-
HS04 -

OH-

HiCitrate(aq), Citrate---

pius 32 others

=EREE gutput.bhmp

Cation-anion (ca) pair coverage:

36 pairs have Pitzer parameters specified on the DaTAO file
36 pairs can be constructed from the species present on this file
Coverage is 100.00 per cent

Exksd QUTPUT.HMY

* warning - {egpt/tprcca) bid not find a data block on the DATAD file

for any

Ca++,
Ca++,
Ca++,
Ca++,
Ca++,
Ca++,
ca++,
ca++,
Ca++,
Ca++,
Ca++,
Ca++,
Ca++,
Ca++,
Ca++,
Ca++,

of the following cc'a triplets:

Citrate---
oxalate--
H2Citratae-
HCitrate--
HOxalate-
Citrate---
oxalate--
H2Citrate-
K+, HCitrate--
K+, HOxalate-
Mg++, Citrate---
Mg++, Oxalate--
Mg++, H2Citrate-
Mg++, HCitrate--
Mg++, HOxalate-
Na+, Citrate---

H+,
H+,
H+,
H+,
H+,
K+,
K+,
K+,
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Ca++, Na+, Oxalate--
Ca++, Na+, H2Citrate-
Ca++, Ma+, HCitrate--
Ca++, MNat+, HOxalate-

plus 55 others
WHREN
®iE%% gutput.hmp
Cation-distinct cation (cc') pair coverage:
15 pairs have Pitzer parameters specified on the DATAQ file
15 pairs can be constructed from the species present on this file

Coverage is 100.00 per cent

FREXX QUTPUT . HMY

* warning - (eqpt/tpraac) Did not find a_data block on the DATAD file
for any of the following aa'c triplets;

Citrate---, Cl-, Ca++
Citrate---, Cl-, H+
Citrate---, Cl-, K+
Citrate---, C1-, Mg++
Citrate---, Cl-, Na+
Citrate---, ¢1-, MgOH+
Citrate---, HCO3-, Ca++
Citrate---, HCO3-, H+
Citrate---, HCO3-, K+
Citrate---, HCO3-, Mg++
Citrate---, HCO3-, Na+
Ciltrate---, HCO3-, MgOH+
Citrate---, Oxalate--, Ca++
Citrate---, Oxalate--, i+
Citrate---, Oxalate--, K+
Citrate---, Oxalate--, Mg++
Citrate---, Oxalate--, Na+
Citrate---, Oxalate--, MQOH+
Citrate---, SO04--, Ca++
Citrate---, S04--, H+

plus 220 others

dededdek

Fx*EE gutput.hmp
Anion-distinct anion {aa') pair coverage:

15 pairs have Pitzer parameters specified on the DATAO file
15 pairs can be constructed from the species present on this file
Coverage is 100.00 per cent

RFREE QUTPUT. HMY

* warning - (egpt/tprnzn) Did not find a_data block on the pATAD file
for any of the following nnn' triplets:

co2(aq), co2{aq), caco3(ag)

Cac03?aq), Caco3(aqg), coz{aq)

€o2(aq), Co2(aq), H3Citrate(aq)
H3Citrate(ag), H3Citrate(aq), coz(aq)
€02(ag), cCoZ(aq), MZ2Dxalate(ag)
H20xalate(aq), H2o0xalate(aq), Co2(aq)
co2(aq), CoZ(aq), Mgco3(aq)

Mgc03%aq), Mgco3(aq), cozan)
Caco3{aq}, Caco3(aq), H3Citrate(aq)
H3Citrate(aq), H3Citrate(aq), €aco3(aq)

Tkt Rk
EEEEE gutput.hmp
Repeated-neutral (nn) pair coverage:

0 pairs have Pitzer parameters specified on the DATAD file
3 pairs can be constructed from the species present on this file
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hmp_hmy_out . txt

Coverage is 0.00 per cent

REREE QUTPUT .HMY

* warning - (egpt/tprnca) pid not find a data block on the DATAQ

for any of the following nca triplets:
co2(aq), Ca++, Citrate---
CoZ(ag), ca++, C1-
Co2(aq), Ca++, HCO3-
co2(aq), Ca++, Oxalate--
co2(aq), Ca++, S04--
co2(aq), Cat++, CO3--
co2(aq), Ca++, HZ2Citrate-
co2(aq), Ca++, HCitrate--
co2(aq), Ca++, HOxalate-
co2(aq), Ca++, Hs04-
co2(aq), Cat++, OH-
co2(aq), H+, Citrate-—-
co2(aq), H+, C1-
co2(aq), H+, HCO3-
co2{aq), H+, Oxalate--
Cco2(aq), H+, S04--
coz(ag), H+, CO3--
coz{ag), H+, H2Citrate-
co2{aq)}, H+, HCitrate--
co2{aq), H+, HOxalate-
plus 310 others

wREAK

wwk%% gutput.hmp
Neutral-distinct neutral (nn') pair coverage:
0 pairs have Pitzer parameters specified on
3 pairs can he constructed from the species
Coverage is 0.00 per cent

FREER QUTPUT .HMY

Cation-anion (ca) pair coverage:
45 pairs have Pitzer parameters specified on

66 pairs can be constructed from the species
Coverage is 68.18 per cent

TR
wEXEE gutput.hmp
Neutral-cation (nc) pair coverage:
8 pairs have pitzer parametars specified on
18 pairs can be constructed from the species
Coverage 15 44.44 per cent
FEEEE QUTPUT . HMY
Catien-distinct cation (cc') pair coverage:
15 pairs have Pitzer parameters specified on

15 pairs can be constructed from the species
Coverage is 100.00 per cent

Fkh kR
#EREE output.hmp
Neutrat-anion (na) pair coverage:
3 pairs have Pitzer parameters specified on
18 pairs can be constructed from the species
Coverage is 16.67 per cent

HHRWE QUTPUT . HMY

file

the pATAQ file
present on this file

the pATAD file
present on this file

the DATAG file
present on this file

the DATAD file
present on this file

the DATAO file
present on this file
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Anian-distinct anion (aa') pair coverage:

15 pairs have Pitzer parameters specified on the DATAD file

55 pairs can_be constructed from the species present on this file
Coverage is 27.27 per cent

EE X
#xk%% gutput. hmp
Cation-distinct cation-anion (cc'a) triplet coverage:
90 triplets have Pitzer parameters specified on the DATAD file
90 triplets can be constructed from the species present on this file
Coverage is 100.00 per cent
#hExE QUTPUT.HMY
Repeated-neutral (nn) pair coverage:
0 pairs have Pitzer parameters specified on the DATAD file

5 pairs can be constructed from the species present on this file
Coverage is 0.00 per cent

EL - E 1
wEEEY gutput.hmp
Anfon-distinct anion-cation (aa'c) triplet coverage:
90 triplets have Pitzer parameters specified on the DATAD file
90 triplets can be constructed from the species present on this file
Coverage is 100.00 per cent
AR QUTPUT . HMY
Neutral-distinct neutral (nn') pair coverage:
0 pairs have Pitzer parameters specified on the DATAO file

10 pairs can be constructed from the species present on this file
Coverage is 0.00 per cent

ek ded
#hEER gutput.hmp
Repeated neutral-distinct neutral (nnn') triplet coverage:
0 triplets have pitzer parameters specified on the DATAOQ file
6 triplets can be constructed from the species present on this file
Coverage is 0.00 per cent
*EERY QUTPUT . HMY
Neutral-cation (nc) pair coverage:
8 pairs have Pitzer parameters specified on the pATAD file

30 pairs can be constructed from the species present on this file
Coverage is 26.67 per cent

LR
#xEEx gutput.hmp
Neutral-cation-anion (nca) triplet coverage:
0 triplets have pitzer parameters specified on the DATAO file
108 triplets can be constructed from the species present on this file
Coverage is 0.00 per cent
FREEE QUTPUT . HMY
Neutral-anion (na) pair coverage:
3 pairs have Pitzer parameters specified on the DATAQ file

55 pairs can be constructed from the species present on this file
Coverage js 5.45 per cent

kiR
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wRAFE gutput.hmp
completed processing the pitzer data file dataQ.hmp.v&.RG.
wHERR QUTPUT .HMY
Cation-distinct cation-anion (cc'a) triplet coverage:
90 triplets have Pitzer parameters specified on the paTa0 file

165 triplets can be constructed from the species present on this file
Coverage s 54.55 per cent

Ehhhd
FR¥EH gurput.hmp
NO errors were encountered.
6 warning(s) were encountered.
wdktik QUTPUT . HMY
Anion-distinct anion-cation (aa'c) triplet coverage:
90 triplets have pitzer parameters specified on the paTAD file

330 triplets can be constructed from the species present on this file
Coverage 1is 27.27 per cent

FRRAH

wxREE gutput.hmp

start time = 11:13:32 201u12004
End time = 11:13:33 203ul2004
run time = 0.390 seconds

FEEEF QUTPUT . HMY
Repeated neutral-distinct newtral (nnn') triplet coverage:
0 triplets have Pitzer parameters specified on the pDATAO file
10 tripiets can be constructed from the species present on this file
Coverage is 0.00 per cent
Neutral-cation-anion (nca) triplet coverage:
0 triplets have Pitzer parameters specified on the paTAQ file

330 triplets can be constructed from the species present on this file
Coverage is 0.00 per cent

Completed processing the pitzer data file data0.hmy.v8.R6.

NO errors were encountered.

186 warning(s) were encountered.

start time = 09:53:06 180ct2006
End time = 09:53:06 180ct2006
run time = 0.400 seconds

kSRt
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