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1.0 Introduction 

The following presents a geochemical screening analysis that addresses the potential for 

precipitation of inorganic compounds that may occur when water from four water 

treatment plants (i.e., Binney WTP, Griswold WTP, Quebec Street WTP, Wemlinger 

WTP) is injected into Arapahoe Formation Well A-4 or Denver Formation Well DE-IR. 

This report describes inputs, methods, results, and suggestions. 

2.0 Inputs 

Table 1 summarizes relevant water quality data for the four injection waters and the two 

well waters. This information was provided by Hemenway Groundwater Engineering, 

Inc. In addition, the following assumptions are employed: 

• General Assumptions and Input Comments 

o Species not analyzed or below their respective detection limits were 
input as zero concentration. 

o Total (as opposed to dissolved) metal concentrations were provided 
and used. 

o Provided data for molybdenum, chlorite, and hypochlorite ( quantified 
as free chlorine) were not considered due to lack of thermodynamic 
equilibrium data in the applied WATEQ4F database. Their 
concentrations were generally low. However, it is noted that the 
oxidized chlorine species may cause oxidation and thus precipitation 
of iron in the formation water. 

o Interactions with the formation matrix ( e.g., dissolution) were not 
considered. This would require a (near-)exact chemical speciation of 
the heterogeneous solid phases. However, since the formation water is 
in contact with the aquifer matrix, the concentrations of dissolved 
species represent the properties of the solid phase to some extent 
through chemical equilibration processes. 

o Since the subsurface formation can store heat, the temperature of two 
mixed waters will likely not be determined by their respective 
individual temperatures alone. However, temperature differences 
between injection and formation waters are relatively low, and any 
impacts from the formation were thus neglected. 
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• Injection Waters 

o Based on data from previous projects, a temperature of 17 °C and a 
dissolved oxygen (DO) concentration of 2.5 mg/L were estimated. The 
absence of iron and nitrite suggests a positive oxidation-reduction 
potential (ORP). Here, a value of+400 m V was estimated. 

• Formation Well Water 

o Based on data from previous projects, a DO concentration of 0.0 mg/L 
was estimated. The presence of iron and manganese suggests a 
relatively low oxidation-reduction potential (ORP). Here, a value of 
-100 m V was estimated. 

Table 1: Summary of water quality data. 

Unit 
Injection water Well water 

Binney Griswold Quebec St. Wemlinger Arapahoe A-4 Denver DE-1R 
pH - 8.10 8.20 8.20 8.10 7.30 7.05 
ORP (vs. SHE) V 0.400 0.400 0.400 0.400 -0. 100 -0.100 
Temperature oc 17.0 17.0 17.0 17.0 25.3 17.7 
Dissolved Oxygen mgll 2.5 2.5 2.5 2.5 0.0 0.0 
Aluminum mgll <0.02 0.066 <0.02 0.470 <0.02 <0.02 
Ammonia-N m!lll 0.32 0.32 NA 0.29 0.14 <0.05 
Barium mgll 0.033 0.050 0.120 0.036 0.150 0.110 
Bicarbonate mgll 120 92 130 76 100 130 
Carbonate m!lll <2 <2 <2 <2 NA NA 
Boron m!lll 0.080 <0.05 <0.05 <0.05 <0.05 0.060 
Calcium mgll 34 45 23 30 21 17 
Chloride mgll 66.0 43.0 3.4 27.0 <1 1.9 
Coooer m!lll <0.002 <0.002 <0.002 <0.002 0.0025 <0.002 
Fluoride mgll 0.87 0.87 1.00 0.91 1.10 1.20 
Iron mgll <0.02 <0.02 <0.02 <0.02 0.130 0.050 
Lead mgll <0.0005 <0.0005 <0.0005 <0.0005 0.0008 <0.0005 
Magnesium m!lll 13.0 9.3 1.9 7.8 2.2 1.8 
Manganese mgll <0.002 <0.002 <0.002 <0.002 0.046 0.022 
Nitrate-N mgll 1.10 0.31 <0.1 <0.1 <0.1 <0.1 
Nitrite-N mgll <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Potassium mall 3.4 2.8 3.3 2.0 3.6 3.0 
Silver mgll 0.0024 0.0009 <0.005 <0.005 <0.005 <0.005 
Sodium mgll 30 31 27 19 30 52 
Strontium mall 0.30 0.33 0.40 0.24 0.31 0.30 
Sulfate mgll 74 56 22 40 18 21 
Uranium mgll 0.0024 0.0041 <0.001 0.0018 <0.001 <0.001 

NA = not analyzed 
italicized values are estimates 
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3.0 Methods 

The aqueous geochemical modeling code used in this analysis was PHREEQC Interactive 

for Windows, Version 3.3.12.12704, release date May 10, 2017 in combination with the 

W ATEQ4F database. The model was developed by David Parkhurst (USGS) and Tony 

Appelo. PHREEQC calculates chemical speciation based on thermodynamic equilibria. It 

has a batch reaction function that can be used to address mixtures resulting from two 

solutions and identify potential mineral precipitation based on saturation indices (SI). 

Note that thermodynamic equilibria contain no information on kinetics: For instance, if a 

positive saturation index indicates that a certain mineral will precipitate, it does not 

provide any information on when it will precipitate. 

For each of the waters considered in this work, the modeling was conducted by 

• speciating the individual waters, 

• and comparing the saturation indices of the injection waters and the formation 
water at different mixing ratios. These ratios were applied to simulate mixing 
close to the injection well (injection:formation water ratio of 80:20), in mid-range 
(50:50), and far from the injection well (20:80). For the scenario of long-term 
injection, the water quality will likely be more similar to the 80:20 ratio. 

4.0 Results 

In the following results section, only positive saturation indices are presented, since these 

values indicate a potential for mineral precipitation. Negative saturation indices, which 

indicate mineral dissolution if the respective solid phases are present, are omitted in favor 

of brevity. A complete list of all potential phases and their respective saturation indices 

can be found in the Appendix. 

While all of the oversaturated phases may form in the mixing zone, their impact may not 

be critical. Factors that may mitigate the impacts of the noted precipitates include: 

• low concentrations of the parent compounds in water, 
• rates at which the precipitates form (kinetic constraints are neglected by the 

thermodynamic equilibrium model), 
• the fact that the mixing zone moves through the subsurface formation with time. 
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4.1 Speciation of the Injection and Formation Waters 

Initially, the injection and formation waters were speciated to detect any existing 

oversaturation (Table 2). The Arapahoe Formation water showed slight oversaturation 

with iron ( oxyhydr)oxides, metallic copper, copper minerals, and barite. The Denver 

Formation water was oversaturated with respect to iron (oxyhydr)oxides and barite. 

Binney, Griswold and Quebec St. WTPs were slightly oversaturated with carbonates, 

Griswold and Wemlinger WTPs with aluminum ( oxyhydr)oxides. Furthermore, the 

waters from Griswold and Quebec St. WTPs were slightly oversaturated with respect to 

barite. The detected oversaturations may be due to slow precipitation kinetics and/or 

inaccuracies in the input parameters / assumptions. However, it is noted that the 

concentrations of precipitable cationic species are generally low, and only calcium (and 

in the case of Binney WTP magnesium) have concentrations > 10 mg/L (Table 1 ). 

Table 2: Positive saturation indices of the injection and formation waters. 

Phase Formula Binney Griswold Quebec St. WemlinQer Arapahoe A-4 Denver DE-1R 
Anilite Cu0.25Cu1 .5S 0.09 2.65 
Aragonite CaCO3 0.09 
Barite BaSO4 0.04 0.13 0.01 0.06 
Basaluminite Al4(OH)10SO4 0.08 
Boehmite AIOOH 0.52 1.48 
Calcite CaCO3 0.12 0.24 0.15 
Chalcocite Cu2S 4.63 
Coooer Cu(0) 3.01 
Cuorite Cu2O 1.28 
Cuprous ferrite CuFeO2 10.19 
Diasoore AIOOH 2.30 3.25 
Diurleite Cu0.066Cu1 .868S 4.13 
Dolomite CaMQ(CO3)2 0.07 0.04 
Fe(OH)2. 7CI0.3 Fe(OH)2. 7CI0.3 
Gibbsite Al(OH)3 1.10 2.06 
Goethite FeOOH 2.41 0.77 
Hematite Fe2O3 6.82 3.52 
MaQnetite Fe3O4 7.89 3.29 
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4.2 Injection of Binney WTP Water 

Table 3 shows positive saturation indices for the mixing of Binney WTP water with 

Arapahoe Formation Well A-4 water. In the vicinity of the well (ratio 80:20), 15 mineral 

phases are oversaturated. These phases comprise barite, manganese ( oxyhydr)oxides, 

mixed copper/iron minerals, and iron (oxyhydr)oxides. Iron, copper and manganese are 

naturally occurring in the well water only, and their concentrations are low (0.130, 

0.0025 and 0.046 mg/L, respectively, Table 1). Barium is present in all waters at 

concentrations :::;0.150 mg/L. Oversaturation with carbonates, as observed in the original 

Binney WTP water (Table 2), was not detected in the mixed water due to undersaturation 

with carbonates of the Arapahoe Formation water at lower pH (see the Appendix). 

Table 3: Positive saturation indices for m1xmg of Binney WTP water with 
Arapahoe Formation Well A-4 water. 

Phase Formula 
lnjection:Formation Water Ratio 

20:80 50:50 80:20 
Barite BaSO4 0.14 0.19 0.11 
Birnessite MnO2 2.60 5.82 6.46 
Bixbyite Mn2O3 3.89 6.72 6.87 
Cupric Ferrite CuFeO2 13.40 12.96 11.95 
Cuprous Ferrite CuFeO2 5.33 3.53 2.59 
Fe(OH)2. 7Cl.3 Fe(OH)2. 7Cl.3 6.56 6.61 6.40 

Ferric Hydroxide Fe(OH)3(am} 1.87 1.84 1.63 

Goethite FeOOH 7.71 7.59 7.29 
Hausmannite Mn3O4 1.48 4.12 3.99 
Hematite Fe2O3 17.43 17.18 16.55 
MaQhemite Fe2O3 7.14 7.08 6.65 
Magnetite Fe3O4 10.50 8.55 7.29 
Manganite MnOOH 1.92 3.54 3.83 
Nsutite MnO2 3.64 6.86 7.50 
Pyrolusite MnO2 4.60 7.42 7.64 

Moving away from the well towards mixing ratios of 50:50 and 20:80, the saturation 

indices of the iron-containing species generally increase, while the saturation indices of 

the manganese ( oxyhydr)oxides generally decrease. These changes, however, are rather 

low. The barite saturation indices show no consistent trend and remain largely constant. 
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Mixing the Binney WTP water with Denver Formation water, 13 species with positive 

saturation indices were found (Table 4). These were barite as well as iron and manganese 

( oxyhydr)oxides. Again, the source of the iron and manganese is the well water, but their 

concentrations are low (0.050 and 0.022 mg/L, respectively, Table 1 ). 

Table 4: Positive saturation indices for mixing of Binney WTP water with Denver 
Formation Well DE-lR water. 

Phase Formula 
lnjection:Formation Water Ratio 

20:80 50:50 80:20 
Ba rite BaSO4 0.14 0.16 0.08 
Birnessite MnO2 5.68 6.02 6.21 
Bixbvite Mn2O3 5.19 5.59 5.81 
Fe(OH)2. 7Cl.3 Fe(OH)2. 7Cl.3 6.49 6.42 6.09 

Ferric Hydroxide Fe(OH)3(am) 1.72 1.59 1.28 

Goethite FeOOH 7.34 7.20 6.88 
Hausmannite Mn3O4 1.51 1.99 2.24 
Hematite Fe2O3 16.65 16.38 15.73 
Maghemite Fe2O3 6.84 6.58 5.95 
Maanetite Fe3O4 7.50 6.97 5.94 
Manganite MnOOH 3.09 3.30 3.43 
Nsutite MnO2 6.72 7.05 7.25 
Pyrolusite MnO2 6.68 6.98 7.14 

Moving away from the well towards mixing ratios of 50:50 and 20:80, the same trends 

are observed as with Arapahoe formation water: saturation indices of the iron-containing 

species generally increase, saturation indices of the manganese (oxyhydr)oxides generally 

decrease, barite saturation indices remain largely constant. 

4.3 Injection of Griswold WTP Water 

Table 5 shows positive saturation indices for the mixing of Griswold WTP water with 

Arapahoe Fonnation Well A-4 water. In the vicinity of the well (ratio 80:20), 18 mineral 

phases are oversaturated. Besides oversaturation with barite, manganese ( oxyhydr)oxides, 

mixed copper/iron minerals, and iron ( oxyhydr)oxides as seen in the mixed Binney WTP 

water, the mix of Griswold WTP with Arapahoe Formation water is oversaturated with 
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aluminum minerals. Aluminum is originally present only in the injection water, and its 

concentration is low (0.066 mg/L, Table 1 ). Oversaturation with carbonates, as observed 

in the original Griswold WTP water (Table 2), was not detected in the mixed water due to 

undersaturation with carbonates of the Arapahoe Formation water at lower pH (see the 

Appendix). 

Table 5: Positive saturation indices for m1xmg of Griswold WTP water with 
Arapahoe Formation Well A-4 water. 

Pha se Formula 
lnjection:Formation Wate r Ratio 

20:80 50:50 80:20 
Barile BaSO4 0.10 0.14 0.11 
Birnessite MnO2 2.44 5.78 6.44 
Bixbyite Mn2O3 3.71 6.64 6.83 
Boehmite AIOOH 0.44 0.81 0.92 
Cupric Ferri te CuFeO2 13.39 12.95 11.96 
Cuprous Ferrite CuFeO2 5.39 3.53 2.61 
Diaspore AIOOH 2.16 2.55 2.68 
Fe(OH)2. 7Cl.3 Fe(OH)2. 7CI. 3 6.51 6.56 6.35 

Ferric Hydroxi de Fe(OH)3(am) 1.87 1.83 1.62 

Gibbsite Al(OH)3 0.93 1.34 1.48 
Goethite FeOOH 7.71 7.59 7.28 
Hausmanni te Mn3O4 1.27 4.00 3.93 
Hematite Fe2O3 17.42 17.16 16.54 
Maahemite Fe2O3 7.13 7.07 6.64 
Magnetite Fe3O4 10.55 8.53 7.28 
Manganite MnOOH 1.83 3.50 3.81 
Nsutite MnO2 3.48 6.82 7.48 
Pyrolusite MnO2 4.44 7.37 7.63 

Moving away from the well towards mixing ratios of 50:50 and 20:80, the saturation 

indices of the iron-containing species generally increase, while the saturation indices of 

the manganese and aluminum ( oxyhydr)oxides generally decrease. The barite saturation 

indices show no consistent trend and remain largely constant. 

Table 6 shows positive saturation indices for the mixing of Griswold WTP water with 

Denver Formation Well DE-IR water. In the vicinity of the well (ratio 80:20), 16 mineral 

phases are oversaturated: barite as well as aluminum, iron, and manganese 

( oxyhydr)oxides. 
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With increasing distance from the well towards mixing ratios of 50:50 and 20:80, the 

saturation indices of the iron ( oxyhydr)oxides generally increase, while the saturation 

indices of the manganese and aluminum ( oxyhydr)oxides generally decrease. The barite 

saturation indices show no consistent trend and remain largely constant. At a ratio of 

50:50 only, the mixed water exhibits oversaturation with basaluminite. 

Table 6: Positive saturation indices for m1xmg of Griswold WTP water with 
Denver Formation Well DE-lR water. 

Phase Formula 
lniection:Formation Water Ratio 

20:80 50:50 80:20 
Barite BaSO4 0.11 0.13 0.09 
Basaluminite Al4(OH)10SO4 0.18 
Birnessite MnO2 5.65 5.96 6.16 
Bixbyite Mn2O3 5.14 5.47 5.69 
Boehmite AIOOH 0.77 1.11 1.11 
Diasoore AIOOH 2.54 2.88 2.89 
Fe(OH)2. 7Cl.3 Fe(OH)2.7Cl.3 6.44 6.36 6.04 

Ferric Hydroxide Fe(OH)3cam> 1.71 1.58 1.27 

Gibbsite Al(OH)3 1.35 1.69 1.69 
Goethite FeOOH 7.33 7.19 6.87 
Hausmannite Mn3O4 1.43 1.81 2.07 
Hematite Fe2O3 16.64 16.35 15.71 
Maghemite Fe2O3 6.82 6.55 5.93 
Magnetite Fe3O4 7.47 6.93 5.91 
Manganite MnOOH 3.06 3.24 3.37 
Nsutite MnO2 6.69 6.99 7.19 
Pyrolusite MnO2 6.65 6.92 7.08 

4.4 Injection of Quebec Street WTP Water 

Table 7 shows positive saturation indices for the mixing of Quebec St. WTP water with 

Arapahoe Formation Well A-4 water. In the vicinity of the well (ratio 80:20), 15 mineral 

phases are oversaturated. These phases comprise barite, mixed copper/iron minerals as 

well as manganese and iron ( oxyhydr)oxides. An oversaturation with calcite, as observed 

in the original Quebec St. WTP water (Table 2), was not detected in the mixed water due 

to undersaturation with carbonates of the Arapahoe Formation water at lower pH (see the 

Appendix). 
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Table 7: Positive saturation indices for mixing of Quebec Street WTP water with 
Arapahoe Formation Well A-4 water. 

Phase Formula 
lniection:Formation W ater Ratio 

20:80 50:50 80:20 
Ba ri te BaSO4 0.03 0.07 0.10 
Birnessite MnO2 2.68 6.42 7.17 
Bixbyite Mn2O3 4.02 7.58 8.08 
Cupric Ferrite CuFeO2 13.42 13.05 12.08 
Cuprous Ferrite CuFeO2 5.32 3.43 2.58 
Fe{OH)2. 7Cl.3 Fe(OH)2. 7Cl.3 6.18 6.21 5.97 

Ferric Hydroxide Fe(OH)3(am) 1.88 1.87 1.66 

Goethite FeOOH 7.72 7.62 7.32 
Hausmannite Mn3O4 1.66 5.24 5.69 
Hematite Fe2O3 17.44 17.23 16.61 
Maghemite Fe2O3 7.15 7.13 6.71 
Magnetite Fe3O4 10.50 8.46 7.28 
Manga nite MnOOH 1.99 3.98 4.44 
Nsutite MnO2 3.72 7.46 8.21 
Pyrolusite MnO2 4.68 8.02 8.36 

Moving into the formation towards mixing ratios of 50:50 and 20:80, the saturation 

indices of the iron-containing species generally increase, while the saturation indices of 

barite and the manganese ( oxyhydr)oxides generally decrease. 

Mixing Quebec St. WTP water with Denver Formation water, 13 mineral phases are 

oversaturated: barite as well as iron and manganese (oxyhydr)oxides (Table 8). Again, 

with increasing distance from the well towards mixing ratios of 50:50 and 20:80, the 

saturation indices of the iron ( oxyhydr)oxides generally increase, while the saturation 

indices ofbarite and the manganese (oxyhydr)oxides generally decrease. 
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Table 8: Positive saturation indices for mixing of Quebec Street WTP water with 
Denver Formation Well DE-lR water. 

Phase Formula 
lnjection:Formation Water Ratio 

20:80 50:50 80:20 
Barite Ba8O4 0.08 0.10 0.11 
Birnessite MnO2 5.94 6.39 6.80 
Bixbyite Mn2O3 5.51 6.14 6.80 
Fe(OH)2. 7Cl.3 Fe(OH)2.7Cl.3 6.25 6.09 5.70 

Ferric Hydroxide Fe(OH)3(am) 1.73 1.62 1.32 

Goethite FeOOH 7.35 7.23 6.92 
Hausmannite Mn3O4 1.89 2.72 3.64 
Hematite Fe2O3 16.68 16.44 15.81 
Maahemite Fe2O3 6.86 6.64 6.03 
Magnetite Fe3O4 7.44 6.97 5.96 
Manganite MnOOH 3.25 3.58 3.93 
Nsutite MnO2 6.97 7.43 7.84 
Pvrolusite MnO2 6.93 7.35 7.73 

4.5 Injection ofWemlinger WTP Water 

Table 9 shows positive saturation indices for the mixing of Wemlinger WTP water with 

Arapahoe Formation Well A-4 water. In the vicinity of the well (ratio 80:20), 18 mineral 

phases are oversaturated: aluminum, iron and manganese ( oxyhydr)oxides as well as 

mixed copper/iron minerals. 

Moving away from the well towards mixing ratios of 50:50 and 20:80, the saturation 

indices of the iron-containing species generally increase, while the saturation indices of 

the manganese and aluminum (oxyhydr)oxides generally decrease. At a 20:80 mixing 

ratio of injection:formation water, the water is no longer oversaturated with basaluminite. 

However, at a mixing ratio of both 50:50 and 20:80, the water is slightly oversaturated 

with respect to barite. 
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Table 9: Positive saturation indices for m1xmg of Wemlinger WTP water with 
Arapahoe Formation Well A-4 water. 

Phase Formula 
lniection:Formation Water Ratio 

20:80 50:50 80:20 
Ba rite BaSO4 0.04 0.04 
Basaluminite Al4(OH)10SO4 1.10 2.16 
Birnessite MnO2 2.32 5.77 6.35 
Bixbvite Mn2O3 3.56 6.56 6.61 
Boehmite AIOOH 1.31 1.71 1.86 
Cupric Ferrite CuFeO2 13.37 12.92 11.92 
Cuprous Ferrite CuFeO2 5.43 3.47 2.57 
Diaspora AIOOH 3.03 3.45 3.62 
Fe(OH)2. 7Cl.3 Fe(OH)2.7Cl.3 6.45 6.50 6.30 

Ferric Hydroxide Fe(OH)3(am) 1.86 1.82 1.61 

Gibbsite Al(OH)3 1.80 2.24 2.42 
Goethite FeOOH 7.71 7.58 7.27 
Hausmannite Mn3O4 1.09 3.85 3.59 
Hematite Fe2O3 17.41 17.14 16.51 
Maghemite Fe2O3 7.12 7.04 6.61 
Magnetite Fe3O4 10.58 8.47 7.22 
Manaanite MnOOH 1.76 3.46 3.70 
Nsutite MnO2 3.36 6.81 7.39 
Pyrolusite MnO2 4.32 7.37 7.53 

Table 10 shows positive saturation indices for the mixing of Wemlinger WTP water with 

Denver Formation Well DE-lR water. In the vicinity of the well (ratio 80:20), 17 mineral 

phases are oversaturated, all aluminum, iron and manganese ( oxyhydr)oxides. 

Moving into the formation towards mixing ratios of 50:50 and 20:80, the saturation 

indices of the iron ( oxyhydr)oxides generally increase, while the saturation indices of the 

manganese and aluminum ( oxyhydr)oxides generally decrease. At a 20:80 mixing ratio of 

injection:formation water, the water is no longer oversaturated with alunite. However, at 

a mixing ratio of both 50:50 and 20:80, the water is slightly oversaturated with respect to 

barite. 
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Table 10: Positive saturation indices for mixing of Wemlinger WTP water with 
Denver Formation Well DE-lR water. 

Phase Formula 
lniection:Formation Water Ratio 

20:80 50:50 80:20 
Alunite KAl3(SO4 )2(OH)6 0.60 0.22 
Barite BaSO4 0.06 0.02 
Basa lum inite Al4(OH)10SO4 2.33 3.68 3.59 
Birnessite MnO2 5.67 5.93 6.07 
Bixbyite Mn2O3 5.14 5.39 5.49 
Boehmite AIOOH 1.63 1.99 2.04 
Diasoore AIOOH 3.40 3.76 3.81 
Fe(OH)2. 7Cl.3 Fe(OH)2.7Cl.3 6.39 6.30 5.98 

Ferric Hydroxide Fe(OH)3(am) 1.71 1.57 1.25 

Gibbsite Al(OH)3 2.21 2.57 2.62 
Goethite FeOOH 7.33 7.18 6.85 
Hausmannite Mn3O4 1.42 1.68 1.76 
Hematite Fe2O3 16.63 16.33 15.68 
Maghemite Fe2O3 6.81 6.53 5.89 
Magnetite Fe3O4 7.45 6.88 5.84 
Manganite MnOOH 3.06 3.21 3.27 
Nsutite MnO2 6.70 6.97 7.11 
Pvrolusite MnO2 6.67 6.90 7.00 

5.0 Conclusions and Suggestions 

The mixtures of the four WTP waters with Arapahoe Formation Well A-4 water are 

generally oversaturated with respect to iron and manganese ( oxyhydr)oxides, mixed 

copper/iron minerals, barite, and in some cases with aluminum ( oxyhydr)oxides. The 

mixtures of the four WTP waters with Denver Formation Well DE-IR water generally 

exhibit oversaturation with iron and manganese ( oxyhydr)oxides as well as barite, and 

also in some cases with aluminum ( oxyhydr)oxides. However, the concentrations of all 

respective precipitable cationic species are generally low (<0.5 mg/L). Furthermore, the 

simulations suggest that the mixtures are not oversaturated with carbonates. It is noted 

that no data regarding silica concentrations were available. Silica may in some cases have 

the potential to plug formations. 
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Simulating mixing close to the injection well (injection:formation water ratio of 80:20), 

in mid-range (50:50), and far from the injection well (20:80), only slight changes m 

saturation indices were observed. 

As noted above, thermodynamic equilibria calculations only indicate the potential for a 

mineral phase to precipitate, but contain no information on kinetics. The results of this 

analysis are dependent upon the data provided and assumptions made. Bench-scale jar 

testing may be conducted to confirm the modeling. 

Furthermore, it is noted that negative saturation indices indicate the potential for mineral 

dissolution and mobilization. However, rock-water interactions are not considered in this 

screening analysis. 

Precipitation of mineral phases and their impact on aquifer or well screen clogging 

should be monitored on a regular basis. This may be achieved by (1) measuring injection 

pressures at steady injection flow rates, (2) measuring injection flow rates at steady 

injection pressures over time, and/or (3) well camera inspections. 

Disclaimer 

The intent of the screening analysis provided herein is to identify potential issues that might arise 
from mixing two waters. The analysis is constrained by the limitations of the data and the 
assumptions employed in the model. In no way should this analysis be viewed as providing 
certainty as to the issue that can arise or the impacts that they may have. 

While Blotevogel Environmental Consulting does its best to ensure high quality work, the right 
not to be responsible for content, correctness, completeness or quality of the information provided 
is reserved. Liability claims regarding action or decision taken or not taken, or any other damage 
caused by the use of any information provided, including any kind of information which is 
incomplete or incorrect, will therefore be rejected. 

This work may contain material provided to Blotevogel Environmental Consulting by third 
parties. Blotevogel Environmental Consulting accepts no liability for any errors, inaccuracies, or 
omissions in the material. 
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Appendix - Complete List of Saturation Indices 

Arapahoe A-4 Water 

Phase SI** log IAP log K(298 K, 1 atm) 

Anglesite -5.90 -13.69 -7.79 PbSO4 
Anhydrite -2.90 -7.26 -4.36 CaSO4 
Anilite 2.65 -29.20 -31.85 Cu0.25Cul.5S 
Antlerite -18.48 -10.19 8.29 Cu3(OH)4SO4 
Aragonite -0.95 -9.28 -8.34 CaCO3 
Artinite -9.19 0.39 9.58 MgCO3:Mg(OH)2:3H2O 
Azurite -15.77 -12.05 3.73 Cu3(OH)2(CO3)2 
BaF2 -8.87 -14.63 -5.76 BaF2 
Barite 0.01 -9. 96 -9.97 BaSO4 
Birnessite -24.04 19.56 43.60 MnO2 
Bixbyite -22.46 -23.08 -0.62 Mn2O3 
BlaubleiI -3.07 -27.23 -24.16 Cu0.9Cu0.2S 
BlaubleiII -0.86 -28.14 -27.28 Cu0.6Cu0.8S 
Brochantite -22.78 -7.44 15.34 Cu4(OH)6SO4 
Brucite -6.38 10.44 16.82 Mg(OH)2 
Calcite -0.80 -9.28 -8.48 CaCO3 
Celestite -2.80 -9.43 -6.63 SrSO4 
Cerussite -2.58 -15. 71 -13 .13 PbCO3 
Chalcanthite -13. 07 -15. 71 -2.64 CuSO4:5H2O 
Chalcocite 4.63 -29.95 -34.58 Cu2S 
Chalcopyrite -12.57 -47.82 -35.24 CuFeS2 
CO2 (g) -2.34 -3.81 -1. 47 CO2 
Covellite -4.68 -26.93 -22.25 CuS 
Cu(OH)2 -5.87 2.76 8.63 Cu(OH)2 
Cu2SO4 -16.78 -18.73 -1.95 Cu2SO4 
CuCO3 -8.10 -17.73 -9.63 CuCO3 
CuF -18.77 -11. 70 7.07 CuF 
CuF2 -19.75 -20.38 -0.63 CuF2 
CuF2:2H2O -15.83 -20.38 -4.55 CuF2:2H2O 
CuMetal 3.01 -5.74 -8.75 Cu 
CuOCuSO4 -24.46 -12.95 11. 50 CuO:CuSO4 
CupricFerrite -0.30 5.55 5.85 CuFe2O4 
Cuprite 1. 28 -0.26 -1.55 Cu2O 
CuprousFerrite 10.19 1. 26 -8.92 CuFeO2 
CuSO4 -18.70 -15. 71 3.00 CuSO4 
Djurleite 4 .13 -29.75 -33.88 Cu0.066Cul.868S 
Dolomite -2.23 -19.33 -17.10 CaMg(CO3)2 
Dolomite(d) -2.78 -19.33 -16.55 CaMg(CO3)2 
Epsomite -5.89 -8.03 -2.14 MgSO4:7H2O 
Fe(OH)3(a) -3.50 1. 40 4.89 Fe(OH)3 
Fe3(OH)8 -8.63 11. 59 20.22 Fe3(OH)8 
FeS(ppt) -16.97 -20.89 -3.92 FeS 
Fluorite -1. 34 -11. 93 -10.60 CaF2 
Galena -12.14 -24.91 -12.77 PbS 
Goethite 2.41 1. 40 -1.01 FeOOH 
Greigite -62.12 -107.16 -45.03 Fe3S4 
Gypsum -2.68 -7.26 -4.58 CaSO4:2H2O 
H2 (g) -11.22 -14.37 -3.15 H2 
H2O(g) -1.50 -0.00 1.50 H2O 
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H2S (g) -21.75 -22.75 -1.00 H2S 
Hausmannite -24. 71 36.24 60. 96 Mn3O4 
Hematite 6.82 2.79 -4.03 Fe2O3 
Huntite -9.44 -39.43 -29.99 CaMg3(CO3)4 
Hydrocerussite -9.18 -26.64 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -20.95 -29.75 -8.80 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -20.29 -30.12 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -20.27 -29.50 -9.23 KFe3(SO4)2(OH)6 
Jarosite-Na -23.05 -28.35 -5.31 NaFe3(SO4)2(OH)6 
JarositeH -27.31 -32.74 -5.43 (H3O)Fe3(SO4)2(OH)6 
Langite -24.20 -7.44 16.76 Cu4(OH)6SO4:H2O 
Larnakite -8.63 -8.91 -0.28 PbO:PbSO4 
Litharge -7.93 4.78 12.71 PbO 
Mackinawite -16.24 -20.89 -4.65 FeS 
Maghemite -3.59 2.79 6.39 Fe2O3 
Magnesite -2.01 -10.05 -8.03 MgCO3 
Magnetite 7.89 11. 59 3.70 Fe3O4 
Malachite -9.78 -4.64 5.14 Cu2(OH)2CO3 
Manganite -11.39 13. 95 25.34 MnOOH 
Massicot -8.12 4.78 12.90 PbO 
Melanterite -7.46 -9.67 -2.21 FeSO4:7H2O 
Minium -48.06 25.55 73.61 Pb3O4 
Mirabilite -8.59 -9.69 -1.10 Na2SO4:10H2O 
Mn2(SO4)3 -72.74 -78.47 -5.74 Mn2(SO4)3 
MnS(Green) -25.14 -21.35 3.80 MnS 
MnSO4 -12.78 -10.12 2.66 MnSO4 
Nahcolite -5.22 -5.77 -0.55 NaHCO3 
Natron -10.41 -11. 71 -1. 30 Na2CO3:10H2O 
Nesquehonite -4.42 -10.05 -5.63 MgCO3:3H2O 
NH3 (g) -8.73 -6.97 1. 76 NH3 
Nsutite -23.00 19.56 42.56 MnO2 
02 (g) -60.65 -63.54 -2.89 02 
Pb(OH)2 -3.36 4.78 8.14 Pb(OH)2 
Pb2O(OH)2 -16.65 9.55 26.20 PbO:Pb(OH)2 
Pb2O3 -40.27 20.77 61.04 Pb2O3 
Pb2OCO3 -10.42 -10.93 -0.51 PbO:PbCO3 
Pb3O2CO3 -17.15 -6 .15 11. 00 PbCO3: 2PbO 
Pb3O2SO4 -14.52 -4 .13 10.38 PbSO4:2PbO 
Pb4(OH)6SO4 -20.46 0.64 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -21.43 0.64 22.07 PbSO4: 3PbO 
PbF2 -10.92 -18.36 -7.44 PbF2 
PbMetal -10. 71 -6.44 4.27 Pb 
PbO:0.3H2O -8.20 4.78 12.98 PbO:0.33H2O 
Plattnerite -33.25 16.00 49.25 PbO2 
Portlandite -11.58 11. 20 22.78 Ca(OH)2 
Pyrite -20.88 -39.35 -18.47 FeS2 
Pyrochroite -6.86 8.34 15.20 Mn(OH)2 
Pyrolusite -21.77 19.56 41. 33 MnO2 
Rhodochrosite -1.01 -12.14 -11.13 MnCO3 
Rhodochrosite(d) -1.75 -12.14 -10.39 MnCO3 
Siderite -0.79 -11. 69 -10.89 FeCO3 
Siderite (d) (3) -1. 24 -11.69 -10.45 FeCO3 
SrF2 -5.57 -14.10 -8.54 SrF2 
Strontianite -2.18 -11. 45 -9.27 SrCO3 
Sulfur -16.36 -31.38 -15.02 s 
Tenorite -4.85 2.76 7.61 CuO 
Thenardite -9.51 -9.69 -0.18 Na2SO4 
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Thermonatrite -11. 83 -11.71 0.12 Na2CO3:H2O 
Trona -16.67 -17.48 -0.81 NaHCO3:Na2CO3:2H2O 
Witherite -3.42 -11. 98 -8.56 BaCO3 

Denver DE-1R Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Anglesite -5.58 -13.41 -7.83 PbSO4 
Anhydrite -2.95 -7.29 -4.34 CaSO4 
Aragonite -1. 34 -9.63 -8.29 CaCO3 
Artinite -10.67 -0.54 10.13 MgCO3:Mg(OH)2:3H2O 
BaF2 -8.92 -14.70 -5.78 BaF2 
Barite 0.06 -10.03 -10.09 BaSO4 
Birnessite -25.36 18.24 43.60 MnO2 
Bixbyite -25.88 -26.21 -0.33 Mn2O3 
Brucite -7.49 9.84 17.34 Mg(OH)2 
Calcite -1.19 -9.63 -8.44 CaCO3 
Celestite -2.76 -9.39 -6.62 SrSO4 
Cerussite -2.53 -15.75 -13.22 PbCO3 
CO2 (g) -2.06 -3.44 -1. 38 CO2 
Cotunnite -13.34 -18.21 -4.87 PbC12 
Dolomite -3.10 -20.02 -16.92 CaMg(CO3)2 
Dolomite(d) -3.68 -20.02 -16.34 CaMg(CO3)2 
Epsomite -5.86 -8.05 -2.19 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 -0.33 -3.37 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) -4.85 0.04 4.89 Fe(OH)3 
Fe3(OH)8 -12.27 7.95 20.22 Fe3(OH)8 
FeS (ppt) -14.18 -18.10 -3.92 FeS 
Fluorite -1. 27 -11. 96 -10.69 CaF2 
Galena -8.35 -21.48 -13.14 PbS 
Goethite 0.77 0.04 -0.73 FeOOH 
Greigite -50.90 -95.93 -45.03 Fe3S4 
Gypsum -2. 71 -7.29 -4.58 CaSO4:2H2O 
H2 (g) -10. 72 -13.84 -3.12 H2 
H2O(g) -1.70 -0.00 1. 70 H2O 
H2S(g) -18.01 -18.93 -0.91 H2S 
Halite -8.54 -6.97 1.57 NaCl 
Hausmannite -29.60 33.28 62.88 Mn3O4 
Hematite 3.52 0.08 -3.44 Fe2O3 
Huntite -11.30 -40.79 -29.49 CaMg3(CO3)4 
Hydrocerussite -9.54 -27.00 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -23.91 -31.71 -7.80 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss)-23.48 -33.31 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -24.14 -32.77 -8.63 KFe3(SO4)2(OH)6 
Jarosite-Na -26.69 -31.30 -4.61 NaFe3(SO4)2(OH)6 
JarositeH -31.30 -35.68 -4.38 (H3O)Fe3(SO4)2(OH)6 
Larnakite -8.76 -8.92 -0.16 PbO:PbSO4 
Laurionite -7.48 -6.86 0.62 PbOHCl 
Litharge -8.53 4.49 13. 02 PbO 
Mackinawite -13. 45 -18.10 -4.65 FeS 
Maghemite -6.31 0.08 6.39 Fe2O3 
Magnesite -2.47 -10.39 -7.92 MgCO3 
Magnetite 3.29 7.95 4.67 Fe3O4 
Manganite -12.46 12.88 25.34 MnOOH 
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Massicot -8.73 4.49 13. 22 PbO 
Matlockite -8.57 -18.14 -9.58 PbClF 
Melanterite -7. 72 -10.02 -2.30 FeSO4:7H2O 
Minium -51.40 24.18 75.58 Pb3O4 
Mirabilite -7.68 -9.14 -1. 46 Na2SO4:10H2O 
Mn2(SO4)3 -74.90 -79.89 -4.99 Mn2(SO4)3 
MnC12:4H2O -17.57 -15.18 2.39 MnC12:4H2O 
MnS(Green) -22.36 -18.45 3.91 MnS 
MnSO4 -13.33 -10.37 2.95 MnSO4 
Nahcolite -4.84 -5.46 -0.62 NaHCO3 
Natron -9.88 -11. 48 -1.60 Na2CO3:10H2O 
Nesquehonite -4.87 -10.39 -5.51 MgCO3:3H2O 
Nsutite -24.32 18.24 42.56 MnO2 
02 (g) -64.28 -67.12 -2.84 02 
Pb(BO2)2 -13.75 -6.03 7.72 Pb(BO2)2 
Pb(OH)2 -3.92 4.49 8.41 Pb(OH)2 
Pb2(OH)3Cl -11.17 -2.38 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.23 8.97 26.20 PbO:Pb(OH)2 
Pb2O3 -41.35 19.69 61.04 Pb2O3 
Pb2OCO3 -10.97 -11.26 -0.29 PbO:PbCO3 
Pb3O2CO3 -18.28 -6.77 11. 51 PbCO3: 2PbO 
Pb3O2SO4 -15.22 -4.44 10.78 PbSO4:2PbO 
Pb4(OH)6SO4 -21.05 0.05 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -22.69 0.05 22.75 PbSO4: 3PbO 
PbF2 -10.65 -18.07 -7.43 PbF2 
PbMetal -10.50 -6.23 4.26 Pb 
PbO:0.3H2O -8.49 4.49 12.98 PbO:0.33H2O 
Phosgenite -14.15 -33. 96 -19.81 PbC12:PbCO3 
Plattnerite -35.39 15.21 50.60 PbO2 
Portlandite -12.77 10.60 23.37 Ca(OH)2 
Pyrite -14.66 -33.35 -18.69 FeS2 
Pyrochroite -7.68 7.52 15.20 Mn(OH)2 
Pyrolusite -24.34 18.24 42.58 MnO2 
Rhodochrosite -1.61 -12.71 -11.10 MnCO3 
Rhodochrosite(d) -2.32 -12. 71 -10.39 MnCO3 
Siderite -1. 51 -12.36 -10.84 FeCO3 
Siderite(d) (3) -1.91 -12.36 -10.45 FeCO3 
SrF2 -5.49 -14.05 -8.56 SrF2 
Strontianite -2.45 -11. 72 -9.27 SrCO3 
Sulfur -13. 22 -28.39 -15.17 s 
Thenardite -8.97 -9.14 -0.17 Na2SO4 
Thermonatrite -11. 66 -11.48 0.18 Na2CO3:H2O 
Trana -16.47 -16.94 -0.46 NaHCO3:Na2CO3:2H2O 
Witherite -3.78 -12.37 -8.58 BaCO3 

Binney WTP Injection Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite -67.08 -104.21 -37.13 Ag2S 
Ag2CO3 -10.57 -21.84 -11.26 Ag2CO3 
Ag2O -13.36 -0.57 12.79 Ag2O 
Ag2SO4 -15.08 -20.08 -5.01 Ag2SO4 
AgF: 4H2O -13.24 -12.77 0.46 AgF: 4H2O 
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AgMetal -1.15 -15.17 -14.02 Ag 
Anhydrite -2.22 -6.56 -4.34 CaSO4 
Aragonite -0.03 -8.32 -8.29 CaCO3 
Artinite -5.95 4.23 10.18 MgCO3:Mg(OH)2:3H2O 
B-UO2(OH)2 -5.01 0.81 5.82 UO2(OH)2 
BaF2 -9.83 -15.61 -5.78 BaF2 
Barite -0.04 -10.15 -10.11 BaSO4 
Brucite -4.64 12.75 17.39 Mg(OH)2 
Calcite 0.12 -8.32 -8.44 CaCO3 
Celestite -2.33 -8.95 -6.62 SrSO4 
Cerargyrite -1.09 -11 .15 -10.07 AgCl 
CO2 (g) -3.09 -4.46 -1. 37 CO2 
Dolomite 0.07 -16.83 -16.90 CaMg(CO3)2 
Dolomite(d) -0.52 -16.83 -16.32 CaMg(CO3)2 
Epsomite -4.56 -6.76 -2.20 MgSO4:7H2O 
Fluorite -1. 33 -12.03 -10.70 CaF2 
Gummite -10.06 0.81 10.87 UO3 
Gypsum -1.98 -6.56 -4.58 CaSO4:2H2O 
H2 (g) -29.76 -32.87 -3 .11 H2 
H2O(g) -1. 72 -0.00 1. 72 H2O 
H2S(g) -95.68 -96. 58 -0.90 H2S 
Halite -7.25 -5.69 1. 56 NaCl 
Huntite -4.42 -33.87 -29.45 CaMg3(CO3)4 
Hydromagnesite -13.61 -21.32 -7.71 Mg5(CO3)4(OH)2:4H2O 
Magnesite -0.61 -8.52 -7.90 MgCO3 
Mirabilite -7.66 -9.15 -1.50 Na2SO4:10H2O 
Na4UO2(CO3)3 -25.98 -42.27 -16.29 Na4UO2(CO3)3 
Nahcolite -5.06 -5.68 -0.62 NaHCO3 
Natron -9.28 -10.91 -1.63 Na2CO3:10H2O 
Nesquehonite -3.01 -8.52 -5.50 MgCO3:3H2O 
NH3(g) -8.03 -6.09 1. 94 NH3 
02 (g) -1.28 -4 .11 -2.83 02 
Portlandite -10.48 12.95 23.43 Ca(OH)2 
Rutherfordine -6.03 -20.45 -14.42 UO2CO3 
Schoepite -4.84 0.81 5.65 UO2(OH)2:H2O 
SrF2 -5.85 -14.42 -8.57 SrF2 
Strontianite -1. 44 -10. 71 -9.27 SrCO3 
Sulfur -71.85 -87.04 -15.19 s 
Thenardite -8.99 -9.15 -0.17 Na2SO4 
Thermonatrite -11.09 -10.91 0.18 Na2CO3:H2O 
Trona -16.16 -16.59 -0.43 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -35.52 -38. 72 -3.20 U(OH)2SO4 
U3O8(c) -20.99 1.88 22.87 U3O8 
U4O9(c) -45.75 -47.09 -1. 34 U4O9 
UF4(c) -50.94 -69.16 -18.22 UF4 
UF4:2.5H2O -41.60 -69.16 -27.56 UF4:2.5H2O 
UO2(a) -19.31 -19.21 0.10 UO2 
UO3 (gamma) -7.30 0.81 8 .11 UO3 
Uraninite(c) -14.79 -19.21 -4.42 UO2 
Witherite -3.32 -11. 90 -8.59 BaCO3 
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Griswold WTP Injection Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite -68.54 -105.66 -37 .13 Ag2S 
Ag2CO3 -11.12 -22.39 -11.26 Ag2CO3 
Ag2O -13. 70 -0.91 12.79 Ag2O 
Ag2SO4 -15.73 -20.74 -5.01 Ag2SO4 
AgF: 4H2O -13.50 -13.04 0.46 AgF: 4H2O 
AgMetal -1. 41 -15.43 -14.02 Ag 
Al(OH)3(a) -1.66 9.67 11. 34 Al(OH)3 
AlumK -20.65 -25.97 -5.32 KAl(SO4)2:12H2O 
Alunite -6.24 -6.62 -0.38 KA13(SO4)2(OH)6 
Anhydrite -2.21 -6.55 -4.34 CaSO4 
Aragonite 0.09 -8.20 -8.29 CaCO3 
Artinite -6.03 4.16 10.18 MgCO3:Mg(OH)2:3H2O 
B-UO2(OH)2 -4.52 1. 30 5.82 UO2(OH)2 
BaF2 -9.62 -15.40 -5.78 BaF2 
Barite 0.04 -10.07 -10 .11 BaSO4 
Basaluminite -3.83 18.87 22.70 Al4(OH)l0SO4 
Boehmite 0.52 9.67 9.15 AlOOH 
Brucite -4.57 12.82 17.39 Mg(OH)2 
Calcite 0.24 -8.20 -8.44 CaCO3 
Celestite -2.40 -9.02 -6.62 SrSO4 
Cerargyrite -1. 54 -11. 60 -10.07 AgCl 
CO2 (g) -3.30 -4.67 -1.37 CO2 
Diaspore 2.30 9.67 7.38 AlOOH 
Dolomite 0.04 -16.86 -16.90 CaMg(CO3)2 
Dolomite(d) -0.54 -16.86 -16.32 CaMg(CO3)2 
Epsomite -4.82 -7.01 -2.20 MgSO4:7H2O 
Fluorite -1.19 -11.88 -10.70 CaF2 
Gibbsite 1.10 9.67 8.57 Al(OH)3 
Gummite -9.57 1. 30 10.87 UO3 
Gypsum -1. 96 -6.55 -4.58 CaSO4:2H2O 
H2 (g) -2 9. 96 -33.07 -3 .11 H2 
H2O (g) -1. 72 -0.00 1. 72 H2O 
H2S (g) -96. 80 -97.70 -0.90 H2S 
Halite -7.42 -5.86 1.56 NaCl 
Huntite -4.74 -34.18 -29.45 CaMg3(CO3)4 
Hydromagnesite -14.13 -21.83 -7. 71 Mg5(CO3)4(OH)2:4H2O 
Jurbanite -6.93 -10.16 -3.23 AlOHSO4 
Magnesite -0.76 -8.66 -7.90 MgCO3 
Mirabilite -7.75 -9.24 -1. 50 Na2SO4:10H2O 
Na4UO2(CO3)3 -25.68 -41.97 -16.29 Na4UO2(CO3)3 
Nahcolite -5.16 -5.78 -0.62 NaHCO3 
Natron -9.26 -10.89 -1.63 Na2CO3:10H2O 
Nesquehonite -3.16 -8.66 -5.50 MgCO3:3H2O 
NH3 (g) -7.93 -5.99 1. 94 NH3 
02 (g) -1. 28 -4 .11 -2.83 02 
Portlandite -10.14 13.28 23.43 Ca(OH)2 
Rutherfordine -5.76 -20.18 -14.42 UO2CO3 
Schoepite -4.35 1. 30 5.65 UO2(OH)2:H2O 
SrF2 -5.79 -14.35 -8.57 SrF2 
Strontianite -1.40 -10.67 -9.27 SrCO3 
Sulfur -72.78 -87. 96 -15.19 s 
Thenardite -9.08 -9.24 -0.17 Na2SO4 
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Thermonatrite -11.07 -10 .89 0.18 Na2CO3:H20 
Trona -1 6.24 -1 6.67 - 0.43 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 - 35 .56 -3 8 .7 6 - 3 . 20 U(OH)2SO4 
U3O8 (c) -19.73 3.14 22 . 87 U3O8 
U4O9 (c) -44.40 -45.74 -1. 34 U4O9 
UF4(c) - 51 .04 -69. 26 -1 8 .22 UF4 
UF4:2.5H2O -41.70 -69. 26 -27.5 6 UF4:2.5H2 O 
UO2(a) - 19 .03 -1 8 . 93 0 .10 UO2 
UO3 (gamma) - 6 . 81 1. 30 8 .11 U03 
Uraninite(c) -14.50 -1 8.93 -4.42 UO2 
Witherite -3.13 -11.7 2 - 8.59 BaCO3 

Quebec Street WTP Injection Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Anhydrite - 2.81 -7. 15 -4. 34 CaSO4 
Aragonite - 0.00 - 8 . 29 - 8.29 CaCO3 
Artinite -7.17 3 .01 10.18 MgC03:Mg(OH)2:3H2O 
BaF2 -9.04 -14. 82 -5.7 8 BaF2 
Barite 0 .13 - 9.98 -10 .11 BaS04 
Brucite -5.22 12.16 17.39 Mg(OH)2 
Calcite 0 .1 5 - 8 . 29 - 8 .44 CaCO3 
Celestite -2.63 -9.25 - 6.62 SrSO4 
CO2 (g) - 3 .14 -4.51 -1. 37 CO2 
Dolomite -0.55 -17.44 -1 6.90 CaMg(CO3)2 
Dolomite(d) -1.13 -17.44 -1 6.32 CaMg(CO3)2 
Epsomite - 5 . 82 - 8 .0 2 - 2.20 MgSO4:7H2O 
Fluorite -1. 29 -11. 99 -10.70 CaF2 
Gypsum -2.57 -7.1 5 -4.58 CaSO4:2H2O 
H2(g ) -2 9 . 96 - 33 .07 - 3 .11 H2 
H2O(g) -1. 72 -0.00 1. 72 H2O 
H2S(g) - 97 .15 - 98 .05 - 0.90 H2S 
Halite -8.57 -7. 00 1. 56 NaCl 
Huntite - 6 .31 -35.75 - 29 .4 5 CaMg3(CO3)4 
Hydromagnes ite -16.75 -24.45 -7.71 Mg5(CO3)4( OH ) 2 :4H2O 
Magnesite -1. 25 -9.15 -7. 90 MgCO3 
Mirabilite - 8 .20 -9.70 -1.50 Na2SO4:10H2 O 
Nahcolite - 5.05 -5. 67 -0. 62 NaHCO3 
Natron -9.21 - 10.84 -1. 63 Na2CO3:10H2O 
Nesquehonite - 3.65 -9.15 -5 .50 MgCO3:3H2O 
02(g) -1. 28 -4 .11 - 2 . 83 02 
Portlandite -10.40 13. 03 23.43 Ca(OH)2 
SrF2 - 5 .52 -14.0 9 - 8.57 SrF2 
Strontianite -1.11 -10. 39 - 9.27 SrCO3 
Sulfur -7 3 .12 -88. 31 -1 5.19 s 
Thenardite -9.53 -9.70 -0.17 Na2SO4 
Thermonatrite -11.02 -10.83 0.18 Na2CO3:H2O 
Trana -1 6 .07 -1 6.51 - 0 .4 3 NaHCO3:Na2CO3:2H2O 
Witherite - 2.53 -11.1 2 - 8 .5 9 BaCO3 
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Wemlinger WTP Injection Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Al(OH)3(a) -0.70 10. 63 11. 34 Al(OH)3 
AlumK -1 9 .77 -25.0 8 - 5.32 KAl(SO4)2:12H2O 
Alunite - 3 .43 -3. 82 -0. 38 KA13(SO4)2(OH)6 
Anhydrite - 2 .4 8 - 6.81 -4. 34 CaSO4 
Aragonite -0. 24 -8.52 - 8 . 29 CaCO3 
Artinite - 6 . 5 1 3 .67 10.18 MgCO3:Mg(OH)2:3H20 
B-UO2(0H)2 -4.58 1.25 5.82 U02(OH)2 
BaF2 - 9 . 68 -15.4 6 -5.7 8 BaF2 
Barite -0.19 -10. 29 -10.11 BaSO4 
Basaluminite 0.08 22.78 22.70 Al4(OH)l0SO4 
Boehmite 1. 48 10. 63 9.15 AlOOH 
Brucite -4.82 12.57 17.39 Mg(OH)2 
Calcite -0.09 -8.52 - 8 .44 CaCO3 
Celestite - 2 . 63 -9.2 5 - 6 . 62 SrSO4 
CO2 (g) - 3 . 28 -4. 65 -1. 3 7 CO2 
Diaspore 3 . 25 10. 63 7.38 AlOOH 
Dolomite -0.52 -17.42 -1 6.90 CaMg(CO3)2 
Dolomite(d) -1.10 -1 7.42 -1 6 . 32 CaMg(CO3)2 
Epsomite -4. 98 - 7.18 -2.20 MgSO4: 7H2O 
Fluorite -1. 28 -11. 98 -10.70 CaF2 
Gibbsite 2 .06 10.63 8 . 57 Al(OH)3 
Gummite - 9 .62 1. 25 10.87 UO3 
Gypsum -2.23 -6.81 -4.58 CaSO4:2H2O 
H2 (g) - 29 .76 -32. 87 - 3 .11 H2 
H2O(g) -1. 72 - 0 . 00 1. 72 H2O 
H2S(g) - 95 . 91 - 96 . 82 - 0 . 90 H2S 
Halite - 7 . 83 -6.26 1. 56 NaCl 
Huntite -5.75 - 35 .20 - 29 .4 5 CaMg3(CO3)4 
Hydromagnesite -1 5 . 29 - 23 .00 -7.71 Mg5(CO3)4(0H)2:4H20 
Jurbanite - 5 . 88 - 9 .11 -3. 23 AlOHSO4 
Magnesite -0.99 - 8 . 89 -7. 90 MgCO3 
Mirabilite - 8 .2 8 - 9.77 -1.50 Na2SO4:10H2O 
Na4UO2(CO 3 ) 3 -26.89 -43.18 -1 6 .29 Na4UO2(CO 3 ) 3 
Nahcolite -5.44 -6.0 6 -0.62 NaHCO3 
Natron - 9 .86 -11. 48 -1. 63 Na2CO3:10H2O 
Nesquehonite - 3 . 39 - 8 . 89 -5.50 MgCO3:3H2O 
NH3 (g) - 8 . 06 - 6 . 13 1. 94 NH3 
O2 (g) -1. 28 -4 .11 -2. 83 02 
Portlandite -10.4 9 12.93 23. 43 Ca(OH)2 
Rutherfordine - 5 .7 9 - 20.2 1 -14.42 UO2CO3 
Schoepite -4.4 0 1.25 5.65 UO2(OH)2:H2O 
SrF2 - 5.85 -14.4 2 -8. 57 SrF2 
Strontianite -1. 69 -10. 96 - 9 .27 SrCO3 
Sulfur -72.09 -87.2 8 -1 5 .19 s 
Thenardite - 9 .61 -9.77 -0.17 Na2SO4 
Thermonatrite -11. 67 -11.4 8 0.18 Na2CO3:H2 O 
Trona -17.1 2 -17.5 5 -0.4 3 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 - 35 . 32 -3 8.52 - 3.20 U(OH)2SO4 
U3O8(c) -1 9 . 69 3.18 22.87 U3O8 
U409(c) -44.02 -45. 36 -1. 34 U4O9 
UF4(c) - 50 . 39 -68.61 -1 8.22 UF4 
UF4:2.5H2O -41.05 - 68 . 61 -27.5 6 UF4:2.5H2O 
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U02(a ) -1 8 . 88 -1 8 . 78 0.10 UO2 
UO3(gamma) - 6.86 1. 25 8 .11 UO3 
Uraninite(c) -14. 36 -1 8 .7 8 -4.4 2 UO2 
Witherite - 3 .42 -12.01 - 8 . 59 BaCO3 

20: 80 Mix of Binney Injection Water: Arapahoe Formation Water 

Phase SI** log IAP l og K (296 K, 1 atm) 

Acanthite -102.24 -13 8 .4 7 - 36.23 Ag2S 
Ag2CO3 -11. 92 - 23.03 -11.10 Ag2CO3 
Ag2O -1 5 .11 - 2 . 50 12 . 62 Ag2O 
Ag2SO4 -15.93 -20. 86 -4. 93 Ag2SO4 
AgF:4H2O -13. 42 -12.8 9 0.54 AgF:4H2O 
AgMetal -6.59 -20.19 -1 3 . 59 Ag 
Anglesite - 5 .84 -13. 64 -7. 80 PbSO4 
Anhydrite - 2 . 68 -7.0 3 -4. 36 CaSO4 
Anilite -11 7 . 99 -150. 02 - 32 . 02 Cu0.25Cul.5S 
Antlerite -9.02 -0.7 3 8.29 Cu3(0H)4 SO4 
Aragonite -0. 87 - 9 . 20 - 8.33 CaCO3 
Artinite - 8 .5 9 1.10 9.70 MgC03:Mg(OH)2:3H2O 
Atacamite - 6 .4 5 0 . 95 7 .4 0 Cu2 (OH ) 3Cl 
Azurite - 6 .5 9 - 2 .7 4 3 . 85 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -5.10 0.49 5.59 UO2(OH)2 
BaF2 - 9 .00 -14.77 -5.76 BaF2 
Barite 0.14 -9.86 -9.99 BaSO4 
Birnessite 2 .60 46.20 43.60 MnO2 
Bixbyite 3.89 3.33 - 0.56 Mn2O3 
BlaubleiI -10 8.59 -1 32.75 - 24 .1 6 Cu0 . 9Cu0.2S 
BlaubleiII -11 3 .44 -140.7 2 -27 . 28 Cu0.6Cu0.8S 
Brochantite -10.1 9 5.15 15.34 Cu4(0H)6SO4 
Brucite - 6.11 10.82 16.93 Mg(OH)2 
Ca lcite - 0 .72 - 9.20 - 8 .47 CaCO3 
Celestite -2.63 - 9 . 26 - 6 . 63 SrSO4 
Cerargyrite -2.25 -12.0 5 - 9 . 80 AgCl 
Cerussite -2.66 -15. 80 -13.15 PbCO3 
CH4 (g) -1 27 .91 -130.7 6 - 2 .8 5 CH4 
Chalcanthite - 9 .84 -12.4 9 - 2 . 64 CuSO4:5H2O 
Chalcocite -1 21. 87 -15 6.66 - 34 .7 8 Cu2S 
Chalcopyrite - 229 . 80 -265.19 -35.39 CuFeS2 
CO2(g) - 2 . 38 -3.83 -1. 45 CO2 
Cotunnite -1 2 .10 -16.89 -4.7 9 PbC12 
Covellite -107.74 -130. 09 -22. 35 CuS 
Cu(OH ) 2 -2. 81 5.88 8 . 69 Cu (OH ) 2 
Cu2 (OH)3NO3 - 9.61 -0. 31 9.30 Cu2(OH)3NO3 
Cu2SO4 - 37 .12 -39.0 5 -1.93 Cu2SO4 
CuCO3 -5.02 -14. 65 - 9.63 CuCO3 
CuF -29.10 -21.9 8 7.12 CuF 
CuF2 -1 6 .82 -17.40 - 0 .5 8 CuF2 
CuF2:2H2O -1 2.86 -17.4 0 -4.54 CuF2:2H2O 
CuMetal - 20 .47 -29.2 8 - 8 . 82 Cu 
CuOCuSO4 -1 8.26 -6. 61 11. 65 CuO:CuS04 
CupricFerrite 13 .40 19.41 6 .01 CuFe204 
Cuprite -1 9 .1 2 - 20 . 69 -1. 57 Cu2O 
CuprousFerrite 5 . 33 -3.58 - 8 . 91 CuFeO2 
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CuSO4 -15.56 -12.49 3.07 CuSO4 
Djurleite -120.82 -154.91 -34.08 Cu0.066Cul.868S 
Dolomite -1.85 -18.91 -17.06 CaMg(CO3)2 
Dolomite(d) -2.41 -18.91 -16.50 CaMg(CO3)2 
Epsomite -5.40 -7.55 -2.15 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.56 3.52 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 87 6.76 4.89 Fe(OH)3 
Fe3(OH)8 -5.82 14.40 20.22 Fe3(OH)8 
FeS (ppt) -131.18 -135.09 -3.92 FeS 
Fluorite -1. 33 -11. 94 -10.62 CaF2 
Galena -118.40 -131.24 -12.85 PbS 
Goethite 7. 71 6.76 -0.95 FeOOH 
Greigite -484.45 -529.48 -45.03 Fe3S4 
Gummite -9.99 0.49 10.48 003 
Gypsum -2.45 -7.03 -4.58 CaSO4:2H2O 
H2 (g) -37.88 -41.02 -3.14 H2 
H2O(g) -1. 55 -0.00 1. 55 H2O 
H2S (g) -128.03 -129.01 -0.98 H2S 
Halite -7.95 -6.37 1. 58 NaCl 
Hausmannite 1. 48 62.85 61. 37 Mn3O4 
Hematite 17.43 13.53 -3.90 Fe2O3 
Huntite -8.45 -38.34 -29.88 CaMg3(CO3)4 
Hydrocerussite -9.42 -26.88 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -19.45 -28.04 -8.59 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -3. 96 -13.79 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.06 -13.17 -9.10 KFe3(SO4)2(OH)6 
Jarosite-Na -6.85 -12.01 -5.16 NaFe3(SO4)2(OH)6 
JarositeH -11. 24 -16.44 -5.20 (H3O)Fe3(SO4)2(OH)6 
Langite -11. 77 5.15 16.92 Cu4(OH)6SO4:H2O 
Larnakite -8.65 -8.91 -0.26 PbO:PbSO4 
Laurionite -6.70 -6.08 0.62 PbOHCl 
Litharge -8.05 4.73 12.78 PbO 
Mackinawite -130. 45 -135.09 -4.65 FeS 
Maghemite 7.14 13.53 6.39 Fe2O3 
Magnesite -1. 71 -9.71 -8.01 MgCO3 
Magnetite 10.50 14.40 3.91 Fe3O4 
Malachite -3.64 1. 57 5.22 Cu2(OH)2CO3 
Manganite 1. 92 27.26 25.34 MnOOH 
Massicot -8.24 4.73 12.97 PbO 
Matlockite -8.26 -17.72 -9.46 PbClF 
Melanothallite -19.50 -15.73 3.77 CuC12 
Melanterite -15.26 -17.49 -2.23 FeSO4:7H2O 
Minium -21.98 52.06 74.04 Pb3O4 
Mirabilite -8.32 -9.50 -1.18 Na2SO4:10H2O 
Mn2(SO4)3 -46.19 -51.77 -5.58 Mn2(SO4)3 
MnC12:4H2O -15.94 -13.29 2.65 MnC12:4H2O 
MnS(Green) -131. 4 7 -127.65 3.82 MnS 
MnSO4 -12.76 -10.04 2.72 MnSO4 
N2 (g) -2.14 -5.40 -3.26 N2 
Na4UO2(CO3)3 -27.06 -43.35 -16.29 Na4UO2(CO3)3 
Nahcolite -5.19 -5.75 -0.56 NaHCO3 
Nantokite -14.36 -21.15 -6.79 CuCl 
Natron -10.30 -11. 66 -1. 36 Na2CO3:10H2O 
Nesquehonite -4 .11 -9. 71 -5.60 MgCO3:3H2O 
NH3 (g) -54. 96 -53.16 1. 80 NH3 
Nsutite 3.64 46.20 42.56 MnO2 
O2(g) -7.90 -10.78 -2.88 02 
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Pb(BO2)2 -14.57 -6.94 7.63 Pb(BO2)2 
Pb(OH)2 -3.47 4.73 8.20 Pb(OH)2 
Pb2(OH)3Cl -10.14 -1. 35 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -16.74 9.46 26.20 PbO:Pb(OH)2 
Pb2O3 -13.71 47.33 61.04 Pb2O3 
Pb2OCO3 -10.61 -11. 07 -0.46 PbO:PbCO3 
Pb3O2CO3 -17.46 -6.35 11.11 PbCO3: 2PbO 
Pb3O2SO4 -14.65 -4.18 10.47 PbSO4:2PbO 
Pb4(OH)6SO4 -20.56 0.54 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -21.67 0.54 22.22 PbSO4:3PbO 
PbF2 -11.11 -18.55 -7.44 PbF2 
PbMetal -37.42 -33.15 4.27 Pb 
PbO:0.3H2O -8.25 4.73 12.98 PbO:0.33H2O 
Phosgenite -12.88 -32.69 -19.81 PbC12:PbCO3 
Plattnerite -6.93 42.60 49.54 PbO2 
Portlandite -11.57 11. 33 22.90 Ca(OH)2 
Pyrite -214.67 -233.19 -18.52 FeS2 
Pyrochroite -6.88 8.32 15.20 Mn(OH)2 
Pyrolusite 4.60 46.20 41.60 MnO2 
Rhodochrosite -1.08 -12.21 -11.13 MnCO3 
Rhodochrosite(d) -1. 82 -12.21 -10.39 MnCO3 
Rutherfordine -5.59 -20.03 -14.45 UO2CO3 
Schoepite -4.95 0.49 5.44 UO2(OH)2:H2O 
Siderite -8.77 -19.65 -10.88 FeCO3 
Siderite (d) (3) -9.20 -19.65 -10.45 FeCO3 
SrF2 -5.62 -14.17 -8.54 SrF2 
Strontianite -2.15 -11. 42 -9.27 SrCO3 
Sulfur -96. 00 -111. 05 -15.05 s 
Tenorite -1.79 5.88 7.67 CuO 
Thenardite -9.32 -9.50 -0.18 Na2SO4 
Thermonatrite -11.79 -11. 66 0.13 Na2CO3:H2O 
Trona -16.68 -17.41 -0.73 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -43.39 -46.59 -3.20 U(OH)2SO4 
U3O8(c) -29.85 -8.93 20.92 U3O8 
U4O9(c) -71. 99 -75.03 -3.04 U4O9 
UF4(c) -56.24 -74.78 -18.54 UF4 
UF4:2.5H2O -47.21 -74.78 -27.57 UF4:2.5H2O 
UO2(a) -28.33 -28.23 0.10 UO2 
UO3(gamma) -7.29 0.49 7.78 UO3 
Uraninite(c) -23.49 -28.23 -4.74 UO2 
Witherite -3.46 -12.02 -8.56 BaCO3 

50: 50 Mix of Binney Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(294 K, 1 atm) 

Acanthite -113.79 -150.35 -36.56 Ag2S 
Ag2CO3 -11. 38 -22.54 -11.16 Ag2CO3 
Ag2O -14.57 -1. 89 12.68 Ag2O 
Ag2SO4 -15.38 -20.34 -4. 96 Ag2SO4 
AgF:4H2O -13.26 -12.75 0.51 AgF: 4H2O 
AgMetal -7.73 -21.48 -13.75 Ag 
Anglesite -5.98 -13.79 -7.81 PbSO4 
Anhydrite -2.46 -6.81 -4.35 CaSO4 
Anilite -132. 87 -165.16 -32.30 Cu0.25Cul.5S 
Antlerite -9.51 -1.22 8.29 Cu3(OH)4SO4 
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Aragonite -0.70 -9.01 - 8 . 31 CaC03 
Artinite -7. 93 1. 94 9 . 88 MgCO3:Mg(OH)2:3H2O 
Atacamite - 6 .5 8 0 . 94 7.52 Cu2(OH)3Cl 
Azurite -7.40 - 3 . 35 4.05 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -4.82 0.85 5 .68 UO2(OH)2 
BaF2 -9.24 -15.01 -5.77 BaF2 
Barite 0.19 - 9 . 85 -10.0 3 BaSO4 
Birnessite 5 . 82 49.42 43.60 MnO2 
Bixbyite 6 .7 2 6.25 - 0 .4 6 Mn2O3 
BlaubleiI -121.55 -145.71 -24.16 Cu0.9Cu0.2S 
BlaubleiII -1 27.41 -154. 69 - 27 . 28 Cu0.6Cu0.8S 
Brochantite -1 0 . 82 4.52 15.34 Cu4(OH)6S04 
Brucite - 5 . 80 11. 30 17.10 Mg(OH)2 
Calcite -0.55 - 9 . 01 - 8.46 CaCO3 
Celestite - 2 .48 -9.10 - 6 . 62 SrSO4 
Cerargyrite -1.59 -11.4 9 - 9 . 90 AgCl 
Cerussite -2. 82 -16.00 -1 3 .1 8 PbCO3 
CH4(g) -14 0 .4 6 -14 3 .2 9 - 2 . 83 CH4 
Chalcanthite - 10.05 -1 2 .71 - 2 . 65 CuSO4:5H2O 
Cha l cocite -1 37.55 -17 2 . 64 - 35 .0 9 Cu2S 
Chalcopyrite - 256 . 26 - 291. 87 - 35 . 61 CuFeS2 
CO2(g) - 2.49 -3.91 -1. 42 CO2 
Cotunnite -11. 60 -1 6.43 -4. 82 PbC12 
Covellite -12 0 .22 -14 2.72 -22.5 0 CuS 
Cu(OH)2 - 3 .04 5.74 8.79 Cu(OH)2 
Cu2(OH)3NO3 - 9 .69 -0.2 8 9 .41 Cu2(OH)3NO3 
Cu2SO4 -40.72 -42.6 3 -1.91 Cu2SO4 
CuCO3 - 5 .28 -14. 91 - 9 . 63 CuCO3 
CuF - 31 .09 -2 3 . 89 7.20 CuF 
CuF2 -1 7 . 37 -1 7 . 86 - 0 .4 9 Cu F2 
CuF2:2H20 -13. 35 -17.87 -4. 52 CuF2:2H20 
CuMetal -23.70 -32.63 - 8.92 Cu 
CuOCuSO4 -1 8.83 -6. 96 11. 87 CuO:CuSO4 
CupricFerri te 12. 96 19.21 6 . 25 CuFe2O4 
Cuprite - 22 . 57 - 24 . 18 -1. 61 Cu2O 
CuprousFerrite 3 .53 - 5 . 36 - 8 . 88 CuFeO2 
CuSO4 -1 5 .89 -12.71 3 .18 CuSO4 
Djurleite -136.29 -170. 67 - 34 .38 Cu0.066Cul.868S 
Dolomite -1. 37 -18. 37 -17.00 CaMg(CO3)2 
Dolomite(d) -1. 93 -1 8 . 37 -1 6 .4 3 CaMg(CO3)2 
Epsomite -4. 98 - 7 .1 5 - 2 .17 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6 . 61 3 . 57 - 3.04 Fe(OH)2.7Cl0.3 
Fe(OH) 3 (a) 1. 84 6.73 4.89 Fe(OH)3 
Fe3(0H)8 -7.4 5 12.77 20.22 Fe3(OH)8 
FeS(ppt) -14 5.24 -1 49 .1 5 - 3 . 92 FeS 
Fluorite -1. 32 -11. 97 -1 0.65 CaF2 
Galena -130.84 -143. 81 -12. 97 PbS 
Goethite 7.59 6.73 -0.86 FeOOH 
Greigite -5 36 .04 -581.07 -4 5.03 Fe3S4 
Gummite -9.77 0.85 10. 62 UO3 
Gypsum - 2 .23 - 6.81 -4. 58 CaSO4:2H2O 
H2(g) -41.07 -44. 21 - 3.13 H2 
H20(g) -1. 61 -0.00 1. 61 H2O 
H2S(g) -140. 51 -141.47 -0.95 H2S 
Halite -7.55 -5.98 1. 57 NaCl 
Hausmannite 4 .1 2 66 .1 2 62 .00 Mn3O4 
Hematite 17. 18 13 .4 6 - 3. 71 Fe2O3 
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Huntite -7.36 -37.08 -29.72 CaMg3(CO3)4 
Hydrocerussite -9.88 -27.34 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -17.86 -26.12 -8.26 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.11 -13.94 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.39 -13.30 -8.91 KFe3(SO4)2(OH)6 
Jarosite-Na -7.20 -12.14 -4.93 NaFe3(SO4)2(OH)6 
JarositeH -11.84 -16.70 -4.86 (H3O)Fe3(SO4)2(OH)6 
Langite -12.65 4.52 17.17 Cu4(OH)6SO4:H2O 
Larnakite -8.92 -9.14 -0.22 PbO:PbSO4 
Laurionite -6.51 -5.89 0.62 PbOHCl 
Litharge -8.22 4.65 12.88 PbO 
Mackinawite -144.50 -149.15 -4.65 FeS 
Maghemite 7.08 13.46 6.39 Fe2O3 
Magnesite -1.39 -9.36 -7.97 MgCO3 
Magnetite 8.55 12.77 4.22 Fe3O4 
Malachite -4.14 1.19 5.34 Cu2(OH)2CO3 
Manganite 3.54 28.88 25.34 MnOOH 
Massicot -8.42 4.65 13.07 PbO 
Matlockite -8.18 -17.69 -9.51 PbClF 
Melanothallite -19.19 -15.34 3.85 CuC12 
Melanterite -16.88 -19.14 -2.26 FeSO4:7H2O 
Minium -19.64 55.04 74.68 Pb3O4 
Mirabilite -8.03 -9.33 -1.30 Na2SO4:10H2O 
Mn2(SO4)3 -43.75 -49.09 -5.34 Mn2(SO4)3 
MnC12:4H2O -15.28 -12.73 2.54 MnC12:4H2O 
MnS(Green) -143.97 -140.11 3.86 MnS 
MnSO4 -12.92 -10.10 2.82 MnSO4 
N2 (g) -15.57 -18.82 -3.25 N2 
Na4UO2(CO3)3 -26.57 -42.86 -16.29 Na4UO2(CO3)3 
Nahcolite -5.14 -5.73 -0.58 NaHCO3 
Nantokite -15.78 -22.63 -6.86 CuCl 
Natron -10.07 -11. 53 -1. 46 Na2CO3:10H2O 
Nesquehonite -3.79 -9.36 -5 . 57 MgCO3:3H2O 
NH3 (g) -66.40 -64.55 1. 85 NH3 
Nsutite 6.86 49.42 42.56 MnO2 
02 (g) -2.36 -5.23 -2.86 02 
Pb(BO2)2 -13.89 -6.22 7.67 Pb(BO2)2 
Pb(OH)2 -3.63 4.65 8.28 Pb(OH)2 
Pb2(OH)3Cl -10.03 -1. 23 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -16.89 9.31 26.20 PbO:Pb(OH)2 
Pb2O3 -10.66 50.38 61.04 Pb2O3 
Pb2OCO3 -10.95 -11. 34 -0.39 PbO:PbCO3 
Pb3O2CO3 -1 7. 96 -6.69 11. 27 PbCO3:2PbO 
Pb3O2SO4 -15.08 -4.48 10.60 PbSO4:2PbO 
Pb4(OH)6SO4 -20.93 0.17 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -22.26 0.17 22.44 PbSO4:3PbO 
PbF2 -11. 52 -18.95 -7.43 PbF2 
PbMetal -40.68 -36.42 4.27 Pb 
PbO:0.3H2O -8.33 4.65 12.98 PbO:0.33H2O 
Phosgenite -12.62 -32.43 -19.81 PbC12:PbCO3 
Plattnerite -4.25 45.73 49.98 PbO2 
Portlandite -11.46 11. 64 23.10 Ca(OH)2 
Pyrite -237.95 -256.54 -18.59 FeS2 
Pyrochroite -6.85 8.35 15.20 Mn(OH)2 
Pyrolusite 7.42 49.42 42.00 MnO2 
Rhodochrosite -1.19 -12.30 -11.12 MnCO3 
Rhodochrosite(d) -1.91 -12.30 -10.39 MnCO3 
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Rutherfordine - 5 . 36 -19.80 -14.44 UO2C03 
Schoepite -4. 67 0 . 85 5 . 52 OO2(OH)2:H2O 
Siderite -1 0.48 -21. 34 -10. 87 FeCO3 
Siderite (d) (3) -10.89 -21. 34 -10.45 FeCO3 
SrF2 - 5 . 71 -14.26 - 8 .55 SrF2 
Strontianite - 2 .04 -11. 31 - 9.27 SrCO3 
Sulfur -10 5 . 32 -120.4 2 -1 5. 10 s 
Tenorite - 2.02 5 .74 7.77 CuO 
Thenardite - 9 .1 5 - 9 . 33 - 0. 17 Na2SO4 
Thermonatr ite -11. 68 -11. 53 0.15 Na2C03:H20 
Trona -1 6 . 64 -17. 26 -0.62 NaHCO3:Na2C03:2H2O 
O(OH)2SO4 -4 6.10 -4 9.30 - 3 .20 O(OH)2SO4 
O3O8(c) -32.05 -10. 41 21.64 0308 
O4O9(c) -7 9 .92 -8 2 . 33 - 2 .41 0409 
OF4 (c) - 59 .64 -78.0 6 -1 8 .42 OF4 
OF4:2.5H2O - 50.5 0 -78.0 6 - 27 .56 OF4:2.5H2O 
OO2(a) - 30 .95 -30. 85 0.10 002 
UO3 (gamma) -7.05 0.85 7.90 UO3 
Oraninite(c) -2 6.23 -3 0 . 85 -4. 62 002 
Witherite -3.4 8 -1 2 .0 5 - 8.57 BaC03 

80: 20 Mix of Binney Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(291 K, 1 atm) 

Acanthite -115. 72 -152.62 - 36 . 90 Ag2S 
Ag2CO3 -11.07 -22.29 -11.22 Ag2CO3 
Ag2O -14. 20 -1. 46 12.75 Ag2O 
Ag2SO4 -1 5.16 -2 0.15 -4. 99 Ag2SO4 
AgF: 4H20 -13. 23 -1 2.75 0.48 AgF : 4H2O 
AgMetal -7.71 - 21. 62 -1 3.91 Ag 
Anglesite -6.42 -14. 25 -7. 82 PbSO4 
Anhydrite - 2 . 31 - 6 . 65 -4. 34 CaSO4 
Anilite -1 36 .41 -1 68 . 99 - 32 .57 Cu0.25Cul.5S 
Antlerite -1 0 .73 - 2 .44 8.29 Cu3(OH)4SO4 
Aragonite -0.49 -8.7 9 - 8 . 30 CaCO3 
Artinite -7.29 2.77 10.06 MgCO3:Mg(OH)2 :3H2O 
Atacamite -7.33 0.31 7.64 Cu2(OH)3Cl 
Azurite - 8 . 88 -4. 63 4.24 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -4.7 8 0.98 5.76 U02(OH)2 
BaF2 - 9 . 54 -15. 31 -5.7 8 BaF2 
Barite 0.11 - 9.96 -10.08 BaS04 
Birnessite 6 .4 6 50.06 43.60 Mn02 
Bixbyite 6 . 87 6 .5 0 - 0.37 Mn2O3 
BlaubleiI -124.69 -14 8 . 85 - 24 .16 Cu0.9Cu0.2S 
BlaubleiII -1 30 . 86 -15 8 .14 - 27 .2 8 Cu0.6Cu0.8S 
Brochantite -12.37 2.97 15 . 34 Cu4(OH)6SO4 
Brucite -5.47 11.80 17. 27 Mg(OH)2 
Calcite -0. 34 -8.7 9 - 8 .4 5 CaCO3 
Celestite - 2 . 38 - 9 . 00 - 6 . 62 SrSO4 
Cerargyrite -1. 25 -11. 25 -10.0 0 AgCl 
Cerussite - 3.18 -1 6 . 39 -13. 21 PbCO3 
CH4 (g) -14 3 .11 -145. 92 - 2.81 CH4 
Chalcanthite -10. 61 -13. 28 -2. 66 CuSO4:5H2O 
Chalcocite -141. 33 -1 76 .7 3 - 35 .40 Cu2S 
Chalcopyrite -2 62 .28 -29 8 .1 2 - 35 . 84 CuFeS2 
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CO2 (g) - 2.66 -4.0 5 -1. 39 CO2 
Cotunnite -11. 74 -1 6 . 60 -4. 86 PbC12 
Covellite -1 23 .10 -145. 75 - 22 . 65 CuS 
Cu(OH)2 - 3 .47 5.42 8.88 Cu(OH)2 
Cu2(OH)3NO3 -10.46 -0.94 9 .52 Cu2(OH)3NO3 
Cu2SO4 -4 2 .38 -44.2 6 -1. 88 Cu2SO4 
CuCO3 -5.78 -1 5 .41 - 9 . 63 CuCO3 
CuF - 32.08 -24. 80 7.28 CuF 
Cu F2 -1 8 . 22 -1 8.63 - 0 .41 CuF2 
CuF2:2H2O -14.14 -1 8 . 63 -4.4 9 Cu F2 : 2H20 
CuMetal -24.64 -33.67 -9.03 Cu 
CuOCuSO4 -1 9.96 -7. 86 12.10 CuO:CuSO4 
CupricFerrite 11. 95 18.45 6 .50 CuFe2 O4 
Cuprite -2 3 .91 -25.5 6 -1. 65 Cu2O 
CuprousFerrite 2 .59 -6. 26 - 8.86 CuFeO2 
CuSO4 -16.57 -13.2 8 3 . 30 CuSO4 
Djurleite -140.00 -174. 69 - 34.68 Cu0.066Cul. 868S 
Dolomite -0.88 -17. 82 -1 6 . 94 CaMg(CO3)2 
Dolomite(d) - 1.45 -17. 82 -1 6 . 36 CaMg(CO3)2 
Epsomite -4.71 - 6 . 89 -2.1 8 MgSO4:7H20 
Fe (OH) 2 . 7Cl. 3 6.40 3.36 - 3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 63 6 .52 4.89 Fe( OH) 3 
Fe3(OH)8 - 8 . 39 11. 83 20.22 Fe3(0H)8 
FeS(ppt) -14 8 .45 -15 2.37 - 3 . 92 FeS 
Fluorite -1.32 -1 2 . 00 -10. 68 CaF2 
Galena -1 33 .64 -146.7 2 -1 3 .0 9 PbS 
Goethite 7.29 6.52 - 0 .77 FeOOH 
Greigite - 547 .80 -592. 84 -4 5 .03 Fe3S4 
Gummite - 9 .79 0.98 10.77 UO3 
Gypsum - 2.06 - 6 . 65 -4.5 8 CaSO4:2H2O 
H2 (g) - 41.78 -44. 91 - 3.12 H2 
H20 (g) -1. 68 -0.00 1. 68 H20 
H2S(g ) -14 3.21 -144.14 - 0.92 H2S 
Halite -7. 35 -5.7 8 1. 57 NaCl 
Hausmannite 3 . 99 66.62 62.63 Mn3O4 
Hematite 16.55 13. 03 - 3 . 52 Fe2O3 
Huntite -6.32 -35. 88 - 29 .56 CaMg3(CO3)4 
Hydroceruss ite -10.87 -28. 33 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -1 6 .39 -24. 32 -7.93 Mg5(CO3)4( OH ) 2:4H2O 
Jarosite(ss) -5 .11 -14.94 - 9.83 (K0.77Na0.0 3H0.2)Fe3 (SO4)2 (OH) 6 
Jarosite-K - 5.55 -14. 27 - 8 . 71 KFe3(SO4)2(OH)6 
Jarosite-Na - 8 . 39 -1 3.09 -4. 70 NaFe3(SO4)2(OH)6 
JarositeH -13. 32 -17 .83 -4.51 (H3O)Fe3(S04)2(OH)6 
Langite -14.4 5 2 . 97 17.42 Cu4(OH) 6S04: H2 O 
Larnakite - 9 . 63 - 9 . 81 - 0 .1 8 PbO:PbS04 
Laurionite - 6.70 - 6 . 08 0 . 62 PbOHCl 
Litharge - 8 .54 4.44 12.98 PbO 
Mackinawi te -147.72 -152. 37 -4. 65 FeS 
Maghemite 6 .65 13. 03 6.39 Fe2O3 
Magnesite -1.10 -9.0 3 -7. 93 MgCO3 
Magnetite 7.29 11. 83 4.54 Fe3O4 
Malachite - 5 . 07 0 . 39 5.46 Cu2(OH)2CO3 
Manganite 3 . 83 29. 17 25.34 MnOOH 
Massicot - 8 .7 3 4.44 13 .1 8 PbO 
Matlockite -8.54 -18.10 - 9 .5 6 PbClF 
Melanothallite -19.55 -1 5 . 63 3.93 CuC12 
Melanterite -1 7.60 -1 9.89 -2. 29 FeSO4: 7H2O 
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Minium -20.21 55 .11 75.33 Pb3O4 
Mirabilite -7.80 -9.21 -1.42 Na2SO4:10H2O 
Mn2(SO4)3 -44.49 -49.58 -5.09 Mn2(SO4)3 
MnC12:4H2O -15.20 -12.77 2.43 MnC12:4H2O 
MnS(Green) -146.78 -142.89 3.89 MnS 
MnSO4 -13. 33 -10.41 2.92 MnSO4 
N2 (g) -17.18 -20.42 -3.24 N2 
Na4UO2(CO3)3 -26.27 -42.56 -16.29 Na4UO2(CO3)3 
Nahcolite -5.09 -5.70 -0.61 NaHCO3 
Nantokite -16.38 -23.30 -6.92 CuCl 
Natron -9.79 -11. 35 -1. 56 Na2CO3:10H2O 
Nesquehonite -3.50 -9.03 -5.53 MgCO3:3H2O 
NH3 (g) -68.20 -66.30 1. 90 NH3 
Nsutite 7.50 50.06 42.56 MnO2 
02 (g) -1.82 -4.66 -2.84 02 
Pb(BO2)2 -13.73 -6.03 7.70 Pb(BO2)2 
Pb(OH)2 -3.93 4.44 8.37 Pb(OH)2 
Pb2(OH)3Cl -10.43 -1.64 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.31 8.89 26.20 PbO:Pb(OH)2 
Pb2O3 -10.37 50.67 61.04 Pb2O3 
Pb2OCO3 -11. 63 -11. 94 -0.32 PbO:PbCO3 
Pb3O2CO3 -18.94 -7.50 11. 44 PbCO3: 2PbO 
Pb3O2SO4 -16.09 -5.36 10.73 PbSO4:2PbO 
Pb4(OH)6SO4 -22.02 -0.92 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -23.58 -0.92 22.66 PbSO4:3PbO 
PbF2 -12.17 -19.60 -7.43 PbF2 
PbMetal -41.60 -37.34 4.26 Pb 
PbO:0.3H2O -8.54 4.44 12.98 PbO:0.33H2O 
Phosgenite -13.18 -32.99 -19.81 PbC12:PbCO3 
Plattnerite -4.20 46.23 50.43 PbO2 
Portlandite -11. 25 12.05 23.29 Ca(OH)2 
Pyrite -243.09 -261.75 -18.66 FeS2 
Pyrochroite -6.92 8.28 15.20 Mn(OH)2 
Pyrolusite 7.64 50.06 42.42 MnO2 
Rhodochrosite -1. 45 -12.55 -11.11 MnCO3 
Rhodochrosite(d) -2.16 -12.55 -10.39 MnCO3 
Rutherfordine -5.42 -19.85 -14.43 UO2CO3 
Schoepite -4.62 0.98 5.60 UO2(OH)2:H2O 
Siderite -11.18 -22.03 -10.85 FeCO3 
Siderite (d) (3) -11.58 -22.03 -10.45 FeCO3 
SrF2 -5.79 -14.35 -8.56 SrF2 
Strontianite -1.87 -11.14 -9.27 SrCO3 
Sulfur -107.34 -122.50 -15.15 s 
Tenorite -2.45 5.42 7.86 CuO 
Thenardite -9.04 -9.21 -0.17 Na2SO4 
Thermonatrite -11. 52 -11. 35 0.17 Na2CO3:H2O 
Trona -16.55 -17.05 -0.51 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -46.71 -49.91 -3.20 U(OH)2SO4 
U3O8 (c) -32.46 -10.08 22.38 U3O8 
U4O9(c) -81.31 -83.08 -1.77 U4O9 
UF4 (c) -61.00 -79.30 -18.31 UF4 
UF4:2.5H2O -51.74 -79.30 -27.56 UF4:2.5H2O 
UO2(a) -31. 32 -31.22 0.10 UO2 
UO3 (gamma) -7.05 0.98 8.03 UO3 
Uraninite(c) -26.71 -31.22 -4.50 UO2 
Witherite -3.52 -12.10 -8.58 BaCO3 
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20: 80 Mix of Binney Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite 
Ag2CO3 
Ag2O 
Ag2SO4 
AgF:4H2O 
AgMetal 
Anglesite 
Anhydrite 
Aragonite 
Artinite 
B-UO2(OH)2 
BaF2 
Barite 
Birnessite 
Bixbyite 
Brucite 
Calcite 
Celestite 
Cerargyrite 
Cerussite 
CH4(g) 
CO2 (g) 
Cotunnite 
Dolomite 
Dolomite(d) 
Epsomite 
Fe (OH) 2. 7Cl. 3 
Fe(OH)3(a) 
Fe3(OH)8 
FeS(ppt) 
Fluorite 
Galena 
Goethite 

-115. 84 
-12.07 
-15.78 
-15.90 
-13.36 
-8.37 
-5.59 
-2.72 
-1.19 
-9.75 
-5.25 
-9.06 

0.14 
5.68 
5.19 

-7.00 
-1.04 
-2.61 
-2.00 
-2.61 

-142.12 
-2.14 

-11. 73 
-2.53 
-3 .11 
-5.36 

6.49 
1. 72 

-8.04 
-147.02 

-1. 26 
-132.26 

7.34 

-152.89 
-23.32 

-3.00 
-20.90 
-12.89 
-22.35 
-13. 42 
-7.06 
-9.48 

0.38 
0.55 

-14.84 
-9.95 
49.28 

4.87 
10.35 
-9.48 
-9.23 

-12.05 
-15.83 

-144.91 
-3.51 

-16.61 
-19.44 
-19.44 
-7.55 

3.45 
6.61 

12.18 
-150.93 
-11. 95 

-145.41 
6.61 

-37.05 
-11.25 

12.78 
-5.00 

0.47 
-13.98 
-7.83 
-4.34 
-8.29 
10.14 

5.80 
-5.78 

-10.10 
43.60 
-0.33 
17.35 
-8.44 
-6.62 

-10.04 
-13.22 
-2.80 
-1. 38 
-4.88 

-16.91 
-16.33 
-2.19 
-3.04 

4.89 
20.22 
-3.92 

-10.69 
-13.14 
-0.73 

Ag2S 
Ag2CO3 
Ag2O 
Ag2SO4 
AgF: 4H2O 
Ag 
PbSO4 
CaSO4 
CaCO3 
MgCO3:Mg(OH)2:3H2O 
UO2(OH)2 
BaF2 
BaSO4 
MnO2 
Mn2O3 
Mg(OH)2 
CaCO3 
SrSO4 
AgCl 
PbCO3 
CH4 
CO2 
PbC12 
CaMg(CO3)2 
CaMg(CO3)2 
MgSO4:7H2O 
Fe(OH)2.7Cl0.3 
Fe(OH)3 
Fe3(OH)8 
FeS 
CaF2 
PbS 
FeOOH 

Greigite -542.35 -587.38 -45.03 Fe3S4 
Gummite -10.29 0.55 10.83 UO3 
Gypsum -2.48 -7.06 -4.58 CaSO4:2H2O 
H2(g) -41.70 -44.82 -3.12 H2 
H2O(g) -1.71 -0.00 1.71 H2O 
H2S(g) -141.93 -142.84 -0.91 H2S 
Halite -7.69 -6.13 1.56 NaCl 
Hausmannite 1.51 64.43 62.92 Mn3O4 
Hematite 16.65 13.22 -3.43 Fe2O3 
Huntite -9.88 -39.37 -29.48 CaMg3(CO3)4 
Hydrocerussite -9.72 -27.18 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -21.73 -29.51 -7.78 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -3.69 -13.52 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.34 -12.97 -8.62 KFe3(SO4)2(OH)6 
Jarosite-Na -6.95 -11.55 -4.60 NaFe3(SO4)2(OH)6 
JarositeH -11.61 -15.97 -4.36 (H3O)Fe3(SO4)2(OH)6 
Larnakite -8.78 -8.94 -0.16 PbO:PbSO4 
Laurionite -6.69 -6.06 0.62 PbOHCl 
Litharge -8.55 4.48 13.03 PbO 
Mackinawite -146.28 -150.93 -4.65 FeS 
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Maghemite 6 . 84 13.22 6.39 Fe203 
Magnesite -2.05 - 9 . 96 -7. 91 MgCO3 
Magnetite 7.50 12.18 4.68 Fe3O4 
Manganite 3 .09 28.43 25 . 34 MnOOH 
Massicot - 8 .74 4.48 13.22 PbO 
Matlockite -7.88 -17.4 5 - 9 .58 PbClF 
Melanterite -1 6 .64 -18.94 - 2.30 FeSO4:7H2 O 
Minium - 20.47 55.15 75.62 Pb3O4 
Mirabilite -7. 59 -9.06 -1. 47 Na2SO4:10H20 
Mn2(S04)3 -4 3 . 85 -4 8.83 -4. 98 Mn2 (SO4) 3 
MnC12:4H20 -1 5 . 90 -1 3 .51 2 . 38 MnC12: 4H20 
MnS(Green) -14 6 .22 -14 2 .3 2 3.91 MnS 
MnSO4 - 13. 28 -10. 32 2. 96 MnSO4 
N2 (g) -1 6 .06 -19. 30 - 3 . 23 N2 
Na4UO2(CO3)3 -2 6 .42 -42.71 -1 6 .29 Na4UO2(CO3) 3 
Nahcolite -4.88 -5.49 -0.62 NaHCO3 
Natron - 9 .87 -11. 48 -1. 61 Na2CO3:10H2 O 
Nesquehonite -4.45 -9. 96 - 5.51 MgCO3:3H2O 
NH3 (g) - 67 .4 9 - 65 . 57 1.92 NH3 
Nsutite 6. 72 49.28 42.56 MnO2 
O2 (g) - 2.37 -5.20 -2.83 02 
Pb(BO2)2 - 13 . 70 - 5 . 98 7. 72 Pb(B02)2 
Pb(OH)2 - 3 . 93 4 .4 8 8.41 Pb(OH)2 
Pb2(OH)3Cl -1 0 . 37 -1. 58 8 .7 9 Pb2(OH)3Cl 
Pb2O(OH)2 -17.24 8 . 96 26.20 PbO:Pb(OH)2 
Pb2O3 -10.37 50.67 61.04 Pb2O3 
Pb2OCO3 -11.06 -11.35 -0.29 PbO:PbCO3 
Pb3O2CO3 -1 8 .38 -6.87 11. 52 PbCO3:2PbO 
Pb3O2SO4 -1 5 .24 -4.45 10.7 9 PbSO4:2PbO 
Pb4(OH)6SO4 - 21.07 0.03 21.10 Pb4 (OH) 6SO4 
Pb4O3SO4 -22.73 0.03 22.76 PbS04:3PbO 
PbF2 -10. 87 -1 8 . 30 -7.43 PbF2 
PbMetal -41. 49 - 37 . 22 4.26 Pb 
PbO:0.3H2O - 8.50 4.48 12.98 PbO:0.33H2O 
Phosgenite -12.63 -3 2 .44 -1 9 . 81 PbC12:PbCO3 
Plattnerite -4.44 46.19 50.63 PbO2 
Portlandite -12.55 10.83 23 . 38 Ca(OH)2 
Pyrite -240.43 -259.12 -1 8.69 FeS2 
Pyrochroite -7.62 7.58 15. 20 Mn(OH)2 
Pyrolusite 6 . 68 49.28 42.60 MnO2 
Rhodochrosite -1. 63 -1 2 .74 -11.1 0 MnCO3 
Rhodochrosite(d) - 2 . 35 -12.74 -10.39 MnCO3 
Rutherfordine - 5.34 -1 9 .7 6 -14 .42 U02CO3 
Schoepite - 5 .0 8 0.55 5.63 UO2(0H)2:H20 
Siderite -10. 51 -21. 35 -10. 84 FeCO3 
Siderite (d) (3) -1 0 .90 -21. 35 -1 0 .4 5 FeCO3 
SrF2 -5.56 -14.1 2 - 8 .5 6 SrF2 
Strontianite -2.38 -11. 65 - 9 .27 SrCO3 
Sulfur -106.16 -121. 33 -1 5 .17 s 
Thenardite - 8 .89 -9.0 6 - 0 .17 Na2SO4 
Thermonatrite -11. 65 -11. 48 0.18 Na2CO3:H2O 
Trona -16. 51 -1 6 . 97 - 0 .4 6 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -4 6 .17 -49. 37 - 3 . 20 U(OH)2SO4 
U3O8(c) -33.71 -11. 00 22 .71 U308 
U4O9(c) - 82.69 -84.1 8 -1.4 8 U409 
UF4 (c) -5 8 .7 8 -77. 04 -1 8.25 UF4 
UF4:2.5H2O -4 9 .4 8 -7 7 .0 4 -27. 56 UF4:2.5H2O 
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OO2(a) -31.57 -31.47 0.10 002 
003 (gamma) -7.53 0.55 8.08 003 
Oraninite(c) -27.02 -31. 4 7 -4.45 002 
Witherite -3.78 -12.37 -8.58 BaCO3 

50: 50 Mix of Binney Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite -116.22 -153.29 -37.08 Ag2S 
Ag2CO3 -11. 53 -22.78 -11.25 Ag2CO3 
Ag2O -15.09 -2.31 12.78 Ag2O 
Ag2SO4 -15.37 -20.37 -5.00 Ag2SO4 
AgF: 4H2O -13.22 -12.75 0.47 AgF: 4H2O 
AgMetal -8 .13 -22.13 -14.00 Ag 
Anglesite -5.78 -13.61 -7.83 PbSO4 
Anhydrite -2.49 -6.83 -4.34 CaSO4 
Aragonite -0.94 -9.23 -8.29 CaCO3 
Artinite -8.79 1. 37 10.15 MgCO3:Mg(OH)2:3H2O 
B-OO2(OH)2 -4.91 0.90 5.81 OO2(OH)2 
BaF2 -9.30 -15.07 -5.78 BaF2 
Barite 0.16 -9.94 -10.10 BaSO4 
Birnessite 6.02 49.62 43.60 MnO2 
Bixbyite 5.59 5.27 -0.32 Mn2O3 
Brucite -6.44 10.92 17.36 Mg(OH)2 
Calcite -0.79 -9.23 -8.44 CaCO3 
Celestite -2.47 -9.09 -6.62 SrSO4 
Cerargyrite -1.45 -11. 50 -10.05 AgCl 
Cerussite -2.79 -16.02 -13.22 PbCO3 
CH4 (g) -143.21 -146.00 -2.79 CH4 
CO2 (g) -2.29 -3.67 -1.37 CO2 
Cotunnite -11. 36 -16.24 -4.88 PbC12 
Dolomite -1.87 -18.78 -16.91 CaMg(CO3)2 
Dolomite(d) -2.46 -18.78 -16.33 CaMg(CO3)2 
Epsomite -4.95 -7.15 -2.19 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.42 3.38 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 59 6.48 4.89 Fe(OH)3 
Fe3(OH)8 -8.54 11. 68 20.22 Fe3(OH)8 
FeS (ppt) -148.35 -152.27 -3.92 FeS 
Fluorite -1. 26 -11.96 -10.69 CaF2 
Galena -133.38 -146.53 -13.15 PbS 
Goethite 7.20 6.48 -0.72 FeOOH 
Greigite -547.22 -592.26 -45.03 Fe3S4 
Gummite -9.95 0.90 10.85 003 
Gypsum -2.24 -6.83 -4.58 CaSO4:2H2O 
H2 (g) -41.94 -45.06 -3.12 H2 
H2O(g) -1. 71 -0.00 1.71 H2O 
H2S(g) -143.03 -143.94 -0.91 H2S 
Halite -7.40 -5.83 1.56 NaCl 
Hausmannite 1. 99 64.96 62.97 Mn3O4 
Hematite 16.38 12.97 -3.41 Fe2O3 
Huntite -8.41 -37.88 -29.47 CaMg3(CO3)4 
Hydrocerussite -10.12 -27.58 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -19.53 -27.28 -7.75 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.27 -14.10 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.90 -13.51 -8.61 KFe3(SO4)2(OH)6 
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Jarosite-Na -7.59 -12.17 -4.58 NaFe3(SO4)2(OH)6 
JarositeH -12.36 -16.68 -4.33 (H3O)Fe3(SO4)2(OH)6 
Larnakite -9.00 -9.16 -0.16 PbO:PbSO4 
Laurionite -6.52 -5.89 0.62 PbOHCl 
Litharge -8.58 4.45 13. 04 PbO 
Mackinawite -147.62 -152.27 -4.65 FeS 
Maghemite 6.58 12.97 6.39 Fe2O3 
Magnesite -1. 64 -9.55 -7.91 MgCO3 
Magnetite 6.97 11. 68 4. 71 Fe3O4 
Manganite 3.30 28.64 25.34 MnOOH 
Massicot -8. 78 4.45 13. 23 PbO 
Matlockite -7.91 -17.49 -9.58 PbClF 
Melanterite -17.04 -19.35 -2.31 FeSO4:7H2O 
Minium -20.37 55.31 75.67 Pb3O4 
Mirabilite -7.56 -9.04 -1. 48 Na2SO4:10H2O 
Mn2(SO4)3 -43.97 -48.92 -4. 96 Mn2(SO4)3 
MnC12:4H2O -15.40 -13.02 2.37 MnC12:4H2O 
MnS(Green) -147.23 -143.31 3.91 MnS 
MnSO4 -13. 36 -10.39 2.97 MnSO4 
N2 (g) -16.63 -19.87 -3.23 N2 
Na4UO2(CO3)3 -26.17 -42.46 -16.29 Na4UO2(CO3)3 
Nahcolite -4.93 -5.55 -0.62 NaHCO3 
Natron -9.83 -11. 45 -1.61 Na2CO3:10H2O 
Nesquehonite -4.04 -9.55 -5.51 MgCO3:3H2O 
NH3 (g) -68.13 -66.20 1. 93 NH3 
Nsutite 7.05 49.62 42.56 MnO2 
02 (g) -1. 96 -4.79 -2.83 02 
Pb(BO2)2 -13.65 -5.93 7.72 Pb(BO2)2 
Pb(OH)2 -3.97 4.45 8.42 Pb(OH)2 
Pb2(OH)3Cl -10.23 -1.44 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.29 8.91 26.20 PbO:Pb(OH)2 
Pb2O3 -10.19 50.85 61.04 Pb2O3 
Pb2OCO3 -11. 28 -11. 56 -0.28 PbO:PbCO3 
Pb3O2CO3 -18.64 -7.11 11. 53 PbCO3:2PbO 
Pb3O2SO4 -15.50 -4.70 10.80 PbSO4:2PbO 
Pb4(OH)6SO4 -21.35 -0.25 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -23.03 -0.25 22.78 PbSO4:3PbO 
PbF2 -11. 32 -18.74 -7.43 PbF2 
PbMetal -41.75 -37.49 4.26 Pb 
PbO:0.3H2O -8.53 4.45 12.98 PbO:0.33H2O 
Phosgenite -12.45 -32.26 -19.81 PbC12:PbCO3 
Plattnerite -4.27 46.40 50.67 PbO2 
Portlandite -12.16 11. 24 23.40 Ca(OH)2 
Pyrite -242.61 -261.31 -18.70 FeS2 
Pyrochroite -7.53 7.67 15.20 Mn(OH)2 
Pyrolusite 6.98 49.62 42.64 MnO2 
Rhodochrosite -1.70 -12.80 -11.10 MnCO3 
Rhodochrosite(d) -2.41 -12.80 -10.39 MnCO3 
Rutherfordine -5.15 -19.57 -14.42 UO2CO3 
Schoepite -4.74 0.90 5.64 UO2(OH)2:H2O 
Siderite -10.91 -21. 75 -10.84 FeCO3 
Siderite (d) (3) -11.30 -21. 75 -10.45 FeCO3 
SrF2 -5.66 -14.23 -8.56 SrF2 
Strontianite -2.23 -11. 50 -9.27 SrCO3 
Sulfur -107.01 -122.19 -15.18 s 
Thenardite -8.87 -9.04 -0.17 Na2SO4 
Thermonatrite -11.62 -11. 44 0.18 Na2CO3:H2O 
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Trana -1 6 .55 -1 7.00 - 0 .4 5 NaHCO3:Na2CO3:2H20 
U(OH ) 2SO4 -4 6 .21 -4 9.41 - 3 . 20 U(OH)2SO4 
U3O8(c) - 32 .90 -10 . 13 22 . 77 U3O8 
U4O9(c) -81.99 -8 3 .4 2 -1. 43 U4O9 
UF4(c) -59.49 -77.74 -1 8.2 4 UF4 
UF4:2.5H2O - 50 .18 -77.74 - 27.56 UF4:2.5H2O 
UO2(a) -31.44 -31. 34 0.10 UO2 
UO3(gamma) -7.19 0.90 8 .0 9 UO3 
Uraninite(c) - 26.90 -31.34 -4.4 4 UO2 
Witherite - 3 .7 6 -12. 35 -8. 59 BaC03 

80: 20 Mix of Binney Injection Water: Denver Formation Water 

Phase SI** log IAP l og K(290 K, 1 atm) 

Acanthite -11 6 .50 -153. 61 - 37 .11 Ag2S 
Ag2CO3 -11.1 7 -22.4 3 -11. 26 Ag2CO3 
Ag2O -14. 51 -1. 72 12.79 Ag2O 
Ag2SO4 -1 5.16 -20.16 - 5 .0 0 Ag2SO4 
AgF: 4H20 -1 3 . 22 -12.75 0.47 AgF: 4H20 
AgMetal -7. 89 - 21 . 90 -14.01 Ag 
Anglesite - 6 . 30 -14 .13 - 7 . 83 PbSO4 
Anhydrite -2. 31 - 6 . 65 -4. 34 CaSO4 
Aragonite -0.63 - 8 . 92 - 8.29 CaCO3 
Artinite -7. 77 2.40 10.17 MgCO3:Mg(OH)2:3H2O 
B-UO2(OH)2 -4.80 1.02 5 .82 UO2(OH)2 
BaF2 -9.58 -15. 36 - 5.78 BaF2 
Barite 0 .08 -10.0 3 -1 0 .10 BaSO4 
Birnessite 6 . 2 1 49.81 43.60 MnO2 
Bixbyite 5 . 81 5 .50 - 0.3 1 Mn2O3 
Brucite - 5 . 82 11.55 17.38 Mg(OH)2 
Calcite -0.48 - 8 . 92 - 8.44 CaCO3 
Celestite -2.3 8 - 9 .0 0 - 6.62 SrSO4 
Cerargyrite -1. 20 -11. 26 -1 0 . 06 AgCl 
Cerussite - 3 .17 -1 6 . 39 -13. 23 PbCO3 
CH4(g) -143.97 -146.77 - 2 .79 CH4 
CO2(g) -2.53 -3.9 0 -1. 3 7 CO2 
Cotunnite -11 .60 -16.4 8 -4. 88 PbC12 
Dolomite -1.17 -1 8 . 07 -1 6.90 CaMg(CO3)2 
Dolomite(d) -1.75 -1 8 . 07 -1 6 . 32 CaMg(CO3)2 
Epsomite -4. 69 - 6 . 89 - 2.20 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6 .0 9 3 .0 5 - 3 .04 Fe(OH)2 .7Cl0. 3 
Fe (OH) 3 (a) 1. 28 6. 17 4.89 Fe (OH) 3 
Fe3(OH)8 -9.55 10.68 20 . 22 Fe3(OH) 8 
FeS(ppt) -14 9 . 64 -15 3 . 55 - 3 . 92 FeS 
Fluorite -1. 29 -11. 99 -1 0 .70 CaF2 
Galena -1 34 .41 -147.5 8 -13.17 PbS 
Goethite 6 .88 6.17 -0.71 FeOOH 
Greigite - 551 .85 -596. 89 -45.0 3 Fe3S4 
Gummite - 9 .84 1. 02 10.86 UO3 
Gypsum -2.07 - 6 . 65 -4. 58 CaSO4:2H2O 
H2 (g) -4 2.08 -4 5 . 20 - 3 .1 2 H2 
H20(g ) -1. 72 -0.00 1. 72 H2O 
H2S (g) -143.93 -144. 84 -0. 91 H2S 
Halite - 7.28 -5.72 1. 56 NaCl 
Hausmannite 2.24 65.27 63.03 Mn3O4 
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Hematite 15.73 12.34 -3.40 Fe2O3 
Huntite -6.93 -36.39 -29.46 CaMg3(CO3)4 
Hydrocerussite -11.01 -28.47 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -17.34 -25.07 -7.73 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -5.77 -15.60 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -6.36 -14.95 -8.59 KFe3(SO4)2(OH)6 
Jarosite-Na -9.14 -13.70 -4.56 NaFe3(SO4)2(OH)6 
JarositeH -14.09 -18.38 -4.30 (H3O)Fe3(SO4)2(OH)6 
Larnakite -9.66 -9.81 -0.15 PbO:PbSO4 
Laurionite -6.71 -6.08 0.62 PbOHCl 
Litharge -8.73 4.32 13.05 PbO 
Mackinawite -148.90 -153.55 -4.65 FeS 
Maghemite 5.95 12.34 6.39 Fe2O3 
Magnesite -1.25 -9.16 -7.91 MgCO3 
Magnetite 5.94 10.68 4.74 Fe3O4 
Manganite 3.43 28.77 25.34 MnOOH 
Massicot -8.93 4.32 13.24 PbO 
Matlockite -8.39 -17.97 -9.59 PbClF 
Melanterite -17.80 -20.11 -2.31 FeSO4:7H2O 
Minium -20.70 55.03 75.73 Pb3O4 
Mirabilite -7.60 -9.09 -1.49 Na2SO4:10H2O 
Mn2(SO4)3 -44.90 -49.83 -4.94 Mn2(SO4)3 
MnC12:4H2O -15.43 -13.07 2.37 MnC12:4H2O 
MnS(Green) -148.08 -144.16 3.91 MnS 
MnSO4 -13.69 -10.72 2.98 MnSO4 
N2(g) -17.25 -20.48 -3.23 N2 
Na4UO2(CO3)3 -26.11 -42.40 -16.29 Na4UO2(CO3)3 
Nahcolite -5.01 -5.63 -0.62 NaHCO3 
Natron -9.73 
Nesquehonite -3.65 
NH3 (g) -68.64 
Nsutite 7.25 
02 (g) -1.76 
Pb(BO2)2 -13.73 
Pb(OH)2 -4 .11 
Pb2(OH)3Cl -10.56 
Pb2O(OH)2 -17.57 
Pb2O3 -10.32 
Pb2OCO3 -11.81 
Pb3O2CO3 -19.31 
Pb3O2SO4 -16.31 
Pb4(OH)6SO4 -22.28 
Pb4O3SO4 -23.98 
PbF2 -12.04 
PbMetal -42.03 
PbO:0.3H2O -8.66 
Phosgenite -13.06 
Plattnerite -4.30 
Portlandite -11.62 
Pyrite -244.66 
Pyrochroite -7.47 
Pyrolusite 7.14 
Rhodochrosite -1.88 
Rhodochrosite(d) -2.59 
Rutherfordine -5.27 
Schoepite -4.62 
Siderite -11.53 

-11.36 
-9.16 

-66. 71 
49.81 
-4.59 
-6.00 

4.32 
-1.77 

8.63 
50.72 

-12.08 
-7.76 
-5.50 
-1.18 
-1.18 

-19.47 
-37.77 

4.32 
-32.87 

46.40 
11. 79 

-263.36 
7.73 

49.81 
-12.98 
-12.98 

-19.69 
1.02 

-22.37 

-1.62 
-5.51 

1. 93 
42.56 
-2.83 

7.73 
8.43 
8.79 

26.20 
61.04 
-0.27 
11. 54 
10.81 
21.10 
22.80 
-7.43 

4.26 
12.98 

-19.81 
50.70 
23.42 

-18.70 
15.20 
42.67 

-11.10 
-10.39 

-14.42 
5.64 

-10.84 

Na2CO3:10H2O 
MgCO3:3H2O 
NH3 
MnO2 
02 
Pb(BO2)2 
Pb(OH)2 
Pb2(OH)3Cl 
PbO:Pb(OH)2 
Pb2O3 
PbO:PbCO3 
PbCO3: 2PbO 
PbSO4:2PbO 
Pb4(OH)6SO4 
PbSO4:3PbO 
PbF2 
Pb 
PbO:0.33H2O 
PbC12:PbCO3 
PbO2 
Ca(OH)2 
FeS2 
Mn(OH)2 
MnO2 
MnCO3 

MnCO3 
UO2CO3 
UO2(OH)2:H2O 
FeCO3 
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Siderite (d) (3) 
SrF2 
Strontianite 
Sulfur 
Thenardite 
Thermonatrite 
Trona 
O(OH)2SO4 
O3O8(c) 
O4O9(c) 
OF4(c) 
OF4:2.5H2O 
OO2(a) 
OO3(gamma) 
Oraninite(c) 
Witherite 

-11. 92 
-5.77 
-1.99 

-107.78 
-8.92 

-11. 54 
-16.55 
-46.59 
-32.69 
-81.91 
-60.67 
-51.35 
-31.44 
-7.08 

-26.91 
-3.70 

-22.37 
-14.34 
-11.27 

-122. 96 
-9.09 

-11. 36 
-16.98 
-49.79 
-9.86 

-83.29 
-78.91 
-78.91 
-31.34 

1.02 
-31.34 
-12.29 

-10.45 
-8.56 
-9.27 

-15.18 
-0.17 

0.18 
-0.44 
-3.20 
22.83 
-1. 37 

-18.23 
-27.56 

0.10 
8.10 

-4.43 
-8.59 

FeCO3 
SrF2 
SrCO3 
s 
Na2SO4 
Na2CO3:H2O 
NaHCO3:Na2CO3:2H2O 
O(OH)2SO4 
0308 
0409 
OF4 
OF4:2.5H2O 
002 
003 
002 
BaCO3 

20: 80 Mix of Griswold Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(296 K, 1 atm) 

Acanthite -102.48 -138.71 -36.23 Ag2S 
Ag2CO3 -12.69 -23.79 -11.10 Ag2CO3 
Ag2O -15.86 -3.25 12.62 Ag2O 
Ag2SO4 -16.71 -21.64 -4.93 Ag2SO4 
AgF:4H2O -13.78 -13.25 0.54 AgF: 4H2O 
AgMetal -6.90 -20.50 -13.59 Ag 
Al(OH)3(a) -1.77 9.12 10.89 Al(OH)3 
AlumK -19.22 -24.42 -5.19 KAl(SO4)2:12H2O 
Alunite -4.95 -6.18 -1.23 KA13(SO4)2(OH)6 
Anglesite -5.86 -13.66 -7.80 PbSO4 
Anhydrite -2.69 -7.05 -4.36 CaSO4 
Anilite -117.38 -149.40 -32.02 Cu0.25Cul.5S 
Antlerite -9.04 -0.75 8.29 Cu3(OH)4SO4 
Aragonite -0.87 -9.19 -8.33 CaCO3 
Artinite -8.82 0.88 9.70 MgCO3:Mg(OH)2:3H2O 
Atacamite -6.62 0.79 7.40 Cu2(OH)3Cl 
Azurite -6.61 -2.75 3.85 Cu3(OH)2(CO3)2 
B-OO2(OH)2 -4.81 0.78 5.59 OO2(OH)2 
BaF2 -8.99 -14.75 -5.76 BaF2 
Barite 0.10 -9.90 -9.99 BaSO4 
Basaluminite -4.61 18.09 22.70 Al4(OH)10SO4 
Birnessite 2.44 46.04 43.60 MnO2 
Bixbyite 3. 71 3.15 -0.56 Mn2O3 
BlaubleiI -108.06 -132.22 -24.16 Cu0.9Cu0.2S 
BlaubleiII -112. 87 -140.15 -27.28 Cu0.6Cu0.8S 
Boehmite 0.44 9.12 8.68 AlOOH 
Brochantite -10.21 5.13 15.34 Cu4(OH)6SO4 
Brucite -6.22 10.71 16.93 Mg(OH)2 
Calcite -0. 72 -9.19 -8.47 CaCO3 
Celestite -2.67 -9.30 -6.63 SrSO4 
Cerargyrite -2.80 -12.60 -9.80 AgCl 
Cerussite -2.66 -15.80 -13.15 PbCO3 
CH4 (g) -127.38 -130.23 -2.85 CH4 
Chalcanthite -9.87 -12.51 -2.64 CuSO4:5H2O 
Chalcocite -121.22 -156.01 -34.78 Cu2S 
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Chalcopyrite -2 28.71 - 264.09 - 35.39 CuFeS2 
CO2(g) -2. 39 -3.84 -1. 45 CO2 
Cotunnite -1 2.43 -17. 22 -4.79 PbC12 
Covellite -107.23 -129.5 8 - 22 . 35 CuS 
Cu(OH)2 -2.81 5.88 8.69 Cu(OH)2 
Cu2(OH)3NO3 - 9 .94 -0.64 9.30 Cu2(OH)3NO3 
Cu2SO4 - 37.0 1 -38.94 -1. 93 Cu2SO4 
CuCO3 - 5 .0 3 -14. 66 - 9 . 63 CuCO3 
CuF - 29 .0 2 - 21.90 7.12 CuF 
CuF2 -1 6 .79 -17.36 -0.5 8 CuF2 
CuF2:2H2O -1 2.83 -17.36 -4 .54 CuF2:2H20 
CuMetal - 20.33 -2 9.15 - 8.82 Cu 
CuOCuSO4 -1 8 .2 8 -6.63 11. 65 CuO:CuSO4 
CupricFerrite 13 . 39 1 9 .4 0 6 .01 CuFe2O4 
Cuprite -1 8 .98 -20.55 -1. 57 Cu2O 
CuprousFerrite 5 .39 -3.52 - 8.9 1 CuFeO2 
CuSO4 -15.58 -12.51 3.07 CuSO4 
Diaspore 2 .1 6 9.12 6 . 96 AlOOH 
Djurleite -1 20.18 -1 54.26 - 34.08 Cu0.066Cul.868S 
Dolomite -1. 97 -1 9.03 -17.0 6 CaMg(C03)2 
Dolomite(d) - 2.52 -1 9.03 -1 6.50 CaMg(CO3)2 
Epsomite - 5 .53 -7. 68 - 2 .15 MgS04:7H2O 
Fe (OH) 2 . 7Cl. 3 6 .51 3.47 - 3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 87 6 .7 6 4.89 Fe(OH)3 
Fe3(OH)8 -5.76 14.46 20 .22 Fe3(OH)8 
FeS (ppt) -130.60 -134. 52 - 3.92 FeS 
Fluorite -1. 28 -11. 90 -10.62 CaF2 
Galena -117.88 -130. 72 -12.85 PbS 
Gibbsite 0.93 9 .1 2 8 .1 9 Al(OH)3 
Goethite 7 .71 6.76 -0. 95 FeOOH 
Greigite -4 82 . 34 - 527 . 37 -4 5 .03 Fe3S4 
Gummite -9.70 0.78 10.48 UO3 
Gypsum - 2 .47 - 7.05 -4. 58 CaSO4:2H20 
H2 (g) - 37 .7 4 -40. 89 - 3.14 H2 
H2O(g) -1. 55 -0. 00 1. 55 H2O 
H2S(g) -127.52 -128. 50 -0. 98 H2S 
Halite -8.13 -6. 55 1. 58 NaCl 
Hausmannite 1. 27 62.64 61. 37 Mn3O4 
Hematite 17.42 13.52 - 3.90 Fe2O3 
Huntite - 8 . 81 - 38 . 69 - 29 . 88 CaMg3(CO3)4 
Hydrocerussite - 9.41 - 26.87 -17.4 6 Pb(OH)2:2PbCO3 
Hydromagnesite -2 0.03 -28.62 - 8.59 Mg5(C03)4(OH)2:4H2O 
Jarosite (s s ) -4.04 -1 3 . 87 - 9 . 83 (K0.77Na0.0 3H0. 2 )Fe 3 (S04) 2 (0H) 6 
Jarosite-K - 4.15 -1 3 . 26 -9.10 KFe3(SO4)2(OH)6 
Jarosite - Na -6. 93 -1 2 .0 8 -5.1 6 NaFe3(SO4)2(OH)6 
JarositeH - 11 . 30 -16. 51 - 5.20 (H3O)Fe3( SO4)2 (OH)6 
Jurbanite - 6 .04 -9.27 - 3 .2 3 AlOHSO4 
Langite -11.79 5.13 1 6 .92 Cu4(OH)6SO4:H2O 
Larnakite - 8 .66 -8.9 2 -0.26 PbO:PbSO4 
Laurionite - 6 .86 -6. 24 0.62 PbOHCl 
Litharge - 8 .04 4.73 12.78 PbO 
Mackinawite -1 29.87 -134. 52 -4. 65 FeS 
Maghemite 7 .13 13.52 6.39 Fe2O3 
Magnesite -1. 82 - 9.83 -8.01 MgC03 
Magnetite 10.55 14.4 6 3 .91 Fe304 
Malach i te - 3 . 65 1. 56 5 . 22 Cu2(OH)2CO3 
Manganite 1. 83 27.17 25.34 MnOOH 
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Massicot -8.23 4.73 12.97 PbO 
Matlockite -8.41 -17.86 -9.46 PbClF 
Melanothallite -19.84 -16.07 3.77 CuC12 
Melanterite -15.23 -17.45 -2.23 FeSO4:7H2O 
Minium -22.09 51.95 74.04 Pb3O4 
Mirabilite -8.37 -9.55 -1.18 Na2SO4:10H2O 
Mn2(SO4)3 -46.45 -52.03 -5.58 Mn2(SO4)3 
MnC12:4H2O -16.30 -13.65 2.65 MnC12:4H2O 
MnS(Green) -130. 98 -127.16 3.82 MnS 
MnSO4 -12.81 -10.09 2. 72 MnSO4 
N2 (g) -2.14 -5.40 -3.26 N2 
Na4UO2(CO3)3 -26.85 -43.14 -16.29 Na4UO2(CO3)3 
Nahcolite -5.21 -5.78 -0.56 NaHCO3 
Nantokite -14.46 -21.25 -6.79 CuCl 
Natron -10.33 -11. 69 -1.36 Na2CO3:10H2O 
Nesquehonite -4.23 -9.83 -5.60 MgCO3:3H2O 
NH3(g) -54.76 -52. 96 1. 80 NH3 
Nsutite 3.48 46.04 42.56 MnO2 
02 (g) -8.17 -11. 05 -2.88 02 
Pb(OH)2 -3.46 4.73 8.20 Pb(OH)2 
Pb2(OH)3Cl -10.30 -1.51 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -16.73 9.47 26.20 PbO:Pb(OH)2 
Pb2O3 -13.83 47.21 61.04 Pb2O3 
Pb2OCO3 -10.61 -11. 07 -0.46 PbO:PbCO3 
Pb3O2CO3 -17.44 -6.34 11.11 PbCO3: 2PbO 
Pb3O2SO4 -14.66 -4.19 10.47 PbSO4:2PbO 
Pb4(OH)6SO4 -20.55 0.55 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -21.67 0.55 22.22 PbSO4:3PbO 
PbF2 -11. 07 -18.51 -7.44 PbF2 
PbMetal -37.28 -33.01 4.27 Pb 
PbO:0.3H2O -8.25 4.73 12.98 PbO:0.33H2O 
Phosgenite -13.21 -33.02 -19.81 PbC12:PbCO3 
Plattnerite -7.06 42.48 49.54 PbO2 
Portlandite -11.56 11. 34 22.90 Ca(OH)2 
Pyrite -213.72 -232.23 -18.52 FeS2 
Pyrochroite -6.90 8.30 15.20 Mn(OH)2 
Pyrolusite 4.44 46.04 41.60 MnO2 
Rhodochrosite -1.11 -12.24 -11.13 MnCO3 
Rhodochrosite(d) -1.85 -12.24 -10.39 MnCO3 
Rutherfordine -5.31 -19.75 -14.45 UO2CO3 
Schoepite -4.66 0.78 5.44 UO2(OH)2:H2O 
Siderite -8.72 -19.60 -10.88 FeCO3 
Siderite (d) (3) -9 .15 -19.60 -10.45 FeCO3 
SrF2 -5.61 -14.15 -8.54 SrF2 
Strontianite -2.18 -11. 45 -9.27 SrCO3 
Sulfur -95.62 -110.67 -15.05 s 
Tenorite -1.79 5.88 7.67 CuO 
Thenardite -9.37 -9.55 -0.18 Na2SO4 
Thermonatrite -11. 83 -11. 69 0 .13 Na2CO3:H2O 
Trona -16.73 -17.47 -0.73 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -42.99 -46.19 -3.20 U(OH)2SO4 
U3O8 (c) -28.84 -7.92 20.92 U3O8 
U4O9 (c) -70.42 -73.47 -3.04 U4O9 
UF4 (c) -55.75 -74.29 -18.54 UF4 
UF4:2.5H2O -4 6. 72 -74.29 -27.57 UF4:2.5H2O 
UO2(a) -27.90 -27.80 0.10 UO2 
UO3(gamma) -7.00 0.78 7.78 UO3 
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Uraninite(c) -23.07 -27.80 -4.74 UO2 
Witherite -3.48 -12.04 -8.56 BaCO3 

50: 50 Mix of Griswold Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(294 K, 1 atm) 

Acanthite -114.51 -151. 07 -36.56 Ag2S 
Ag2CO3 -12.10 -23.26 -11.16 Ag2CO3 
Ag2O -15.25 -2.57 12.68 Ag2O 
Ag2SO4 -16.09 -21.05 -4. 96 Ag2SO4 
AgF: 4H2O -13.57 -13.06 0.51 AgF: 4H2O 
AgMetal -8.07 -21.82 -13.75 Ag 
Al(OH)3(a) -1. 39 9.67 11.05 Al(OH)3 
AlumK -18. 72 -23. 96 -5.24 KAl(SO4)2:12H2O 
Alunite -3.71 -4.63 -0.92 KA13(SO4)2(OH)6 
Anglesite -5.99 -13.80 -7.81 PbSO4 
Anhydrite -2.47 -6.81 -4.35 CaSO4 
Anilite -132.89 -165.18 -32.30 Cu0.25Cul.5S 
Antlerite -9.52 -1.23 8.29 Cu3(OH)4SO4 
Aragonite -0.70 -9.02 -8.31 CaCO3 
Artinite -8.31 1. 56 9.88 MgCO3:Mg(OH)2:3H2O 
Atacamite -6.72 0.80 7.52 Cu2(OH)3Cl 
Azurite -7.44 -3.39 4.05 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -4.45 1. 23 5.68 UO2(OH)2 
BaF2 -9.18 -14.95 -5.77 BaF2 
Barite 0.14 -9.89 -10.03 BaSO4 
Basaluminite -2.50 20.20 22.70 Al4(OH)l0SO4 
Birnessite 5.78 49.38 43.60 MnO2 
Bixbyite 6.64 6.17 -0.46 Mn2O3 
BlaubleiI -121. 57 -145.74 -24.16 Cu0.9Cu0.2S 
BlaubleiII -127.43 -154. 71 -27.28 Cu0.6Cu0.8S 
Boehmite 0.81 9.67 8.85 AlOOH 
Brochantite -10.83 4.51 15.34 Cu4(OH)6SO4 
Brucite -5.98 11.12 17.10 Mg(OH)2 
Calcite -0.56 -9.02 -8.46 CaCO3 
Celestite -2.54 -9.17 -6.62 SrSO4 
Cerargyrite -2.08 -11. 98 -9.90 AgCl 
Cerussite -2.83 -16.00 -13 .18 PbCO3 
CH4 (g) -140.49 -143.32 -2.83 CH4 
Chalcanthite -10.08 -12.73 -2.65 CuSO4:5H2O 
Chalcocite -137.57 -172.66 -35.09 Cu2S 
Chalcopyrite -256.33 -291.94 -35.61 CuFeS2 
CO2 (g) -2.52 -3.94 -1.42 CO2 
Cotunnite -11.89 -16.71 -4.82 PbC12 
Covel lite -120.24 -142.75 -22.50 CuS 
Cu(OH)2 -3.04 5.75 8.79 Cu(OH)2 
Cu2(OH)3NO3 -9.95 -0.54 9.41 Cu2(OH)3NO3 
Cu2SO4 -40.74 -42.65 -1.91 Cu2SO4 
CuCO3 -5.30 -14.93 -9.63 CuCO3 
CuF -31.05 -23.85 7.20 CuF 
CuF2 -17.30 -17.79 -0.49 CuF2 
CuF2:2H2O -13.28 -17.79 -4.52 CuF2:2H2O 
CuMetal -23.70 -32.62 -8.92 Cu 
CuOCuSO4 -18.85 -6.98 11. 87 CuO:CuSO4 
CupricFerrite 12.95 19.20 6.25 CuFe2O4 
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Cuprite -22.56 -24.17 -1.61 Cu2O 
CuprousFerrite 3.53 -5.36 -8.88 CuFeO2 
CuSO4 -15.91 -12.73 3.18 CuSO4 
Diaspore 2.55 9.67 7.12 AlOOH 
Djurleite -136. 31 -170.69 -34.38 Cu0.066Cul.868S 
Dolomite -1.58 -18.58 -17.00 CaMg(CO3)2 
Dolomite(d) -2.14 -18.58 -16.43 CaMg(CO3)2 
Epsomite -5.19 -7.36 -2.17 MgSO4: 7H2O 
Fe (OH) 2. 7Cl. 3 6.56 3.52 -3.04 Fe(OH)2.7C10.3 
Fe(OH)3(a) 1. 83 6.73 4.89 Fe(OH)3 
Fe3(OH)8 -7.47 12.75 20.22 Fe3(OH)8 
FeS(ppt) -145.28 -149.19 -3.92 FeS 
Fluorite -1.23 -11. 88 -10.65 CaF2 
Galena -130. 85 -143.81 -12.97 PbS 
Gibbsite 1. 34 9.67 8.33 Al(OH)3 
Goethite 7.59 6.73 -0.86 FeOOH 
Greigite -536.19 -581.22 -45.03 Fe3S4 
Gummite -9.40 1. 23 10.62 UO3 
Gypsum -2.23 -6.81 -4.58 CaSO4:2H2O 
H2 (g) -41.07 -44.21 -3.13 H2 
H2O(g) -1.61 -0.00 1. 61 H2O 
H2S(g) -140.55 -141.50 -0.95 H2S 
Halite -7.73 -6.16 1. 57 NaCl 
Hausmannite 4.00 65.99 62.00 Mn3O4 
Hematite 17.16 13. 45 -3.71 Fe2O3 
Huntite -7.97 -37.69 -29.72 CaMg3(CO3)4 
Hydrocerussite -9.87 -27.33 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -18.85 -27 .11 -8.26 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.25 -14.08 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.54 -13.45 -8.91 KFe3(SO4)2(OH)6 
Jarosite-Na -7.31 -12.24 -4.93 NaFe3(SO4)2(OH)6 
JarositeH -11. 92 -16.78 -4.86 (H3O)Fe3(SO4)2(OH)6 
Jurbanite -5.58 -8.81 -3.23 AlOHSO4 
Langite -12.66 4.51 17.17 Cu4(OH)6SO4:H2O 
Larnakite -8.90 -9.12 -0.22 PbO:PbSO4 
Laurionite -6.64 -6.02 0.62 PbOHCl 
Litharge -8.20 4.68 12.88 PbO 
Mackinawite -144.54 -149.19 -4.65 FeS 
Maghemite 7.07 13.45 6.39 Fe2O3 
Magnesite -1. 59 -9.56 -7.97 MgCO3 
Magnetite 8.53 12.75 4.22 Fe3O4 
Malachite -4.16 1.18 5.34 Cu2(OH)2CO3 
Manganite 3.50 28.84 25.34 MnOOH 
Massicot -8.39 4.68 13.07 PbO 
Matlockite -8.28 -17.79 -9.51 PbClF 
Melanothallite -19.49 -15.64 3.85 CuC12 
Melanterite -16.92 -19.18 -2.26 FeSO4: 7H2O 
Minium -19.56 55 .11 74.68 Pb3O4 
Mirabilite -8 .11 -9.40 -1. 30 Na2SO4:10H2O 
Mn2(SO4)3 -43.93 -49.27 -5.34 Mn2(SO4)3 
MnC12:4H2O -15.63 -13.09 2.54 MnC12:4H2O 
MnS(Green) -144.04 -140.19 3.86 MnS 
MnSO4 -12.99 -10.17 2.82 MnSO4 
N2(g) -16.12 -19.37 -3.25 N2 
Na4UO2(CO3)3 -26.38 -42.67 -16.29 Na4UO2(CO3)3 
Nahcolite -5.20 -5.78 -0.58 NaHCO3 
Nantokite -15.92 -22.78 -6.86 CuCl 
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-11.61 
-9.56 

-64.82 
49.38 
-5.23 

4.68 
-1. 34 

9.36 
50.43 

-11. 32 
-6.64 
-4.44 

0.24 
0.24 

-18.86 
-36.39 

4.68 
-32.71 

45.75 
11. 67 

-256.61 
8.31 

49.38 
-12.38 
-12.38 

-19.45 
1. 23 

-21.38 
-21.38 
-14.23 
-11. 37 

-120.45 
5.75 

-9.40 
-11. 61 
-17. 39 
-48.95 
-9.28 

-80.82 
-77.56 
-77.56 
-30.47 

1. 23 
-30.47 
-12.09 

-1.46 
-5.57 
1.85 

42.56 
-2.86 

8.28 
8.79 

26.20 
61.04 
-0.39 
11. 27 
10.60 
21.10 
22.44 
-7.43 

4.27 
12.98 

-19.81 
49.98 
23.10 

-18.59 
15.20 
42.00 

-11.12 
-10.39 

-14.44 
5.52 

-10.87 
-10.45 
-8.55 
-9.27 

-15.10 
7.77 

-0.17 
0.15 

-0.62 
-3.20 
21.64 
-2.41 

-18.42 
-27.56 

0.10 
7.90 

-4.62 
-8.57 

Na2CO3:10H2O 
MgCO3:3H20 
NH3 
MnO2 
02 
Pb(OH)2 
Pb2(OH)3Cl 
Pb0:Pb(OH)2 
Pb2O3 
PbO:PbCO3 
PbCO3:2PbO 
PbSO4:2PbO 
Pb4(0H)6S04 
PbS04:3PbO 
PbF2 
Pb 
PbO:0.33H2O 
PbC12:PbCO3 
PbO2 
Ca(OH)2 
FeS2 
Mn(OH)2 
MnO2 
MnC03 

MnCO3 
UO2CO3 
UO2(OH)2:H2O 
FeCO3 
FeC03 
SrF2 
SrCO3 
s 
CuO 
Na2SO4 
Na2C03:H20 
NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 
U3O8 
U4O9 
UF4 
UF4:2.5H2O 
UO2 
UO3 
UO2 
BaCO3 

Natron 
Nesquehonite 
NH3(g) 
Nsutite 
O2(g) 
Pb(OH)2 
Pb2(OH)3Cl 
Pb20(OH)2 
Pb2O3 
Pb2OCO3 
Pb3O2CO3 
Pb3O2SO4 
Pb4(0H)6S04 
Pb403SO4 
PbF2 
PbMetal 
PbO:0.3H2O 
Phosgenite 
Plattnerite 
Portlandite 
Pyrite 
Pyrochroite 
Pyrolusite 
Rhodochrosite 
Rhodochrosite(d) -1.99 

-10.14 
-3.99 

-66.67 
6.82 

-2.36 
-3.60 

-10.13 
-16.84 
-10.61 
-10.93 
-17.92 
-15.04 
-20.86 
-22.20 
-11. 43 
-40.66 
-8.30 

-12.90 
-4.23 

-11.43 
-238.03 

-6.89 
7.37 

-1.26 

Rutherfordine 
Schoepite 
Siderite 
Siderite (d) (3) 
SrF2 
Strontianite 
Sulfur 
Tenorite 
Thenardite 
Thermonatrite 
Trana 
U(OH)2SO4 
U3O8(c) 
U4O9 (c) 
UF4(c) 
UF4:2.5H2O 
UO2(a) 
UO3(gamma) 
Uraninite(c) 
Witherite 

-5.02 
-4.29 

-10.51 
-10.93 
-5.68 
-2.10 

-105.35 
-2.02 
-9.23 

-11. 76 
-16.76 
-45.75 
-30.92 
-78.41 
-59.13 
-49.99 
-30.57 
-6.68 

-25.85 
-3.52 

80: 20 Mix of Griswold Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(291 K, 1 atm) 

Acanthite -116.40 -153.30 -36.90 Ag2S 
Ag2CO3 -11.74 -22.97 -11. 22 Ag2CO3 
Ag2O -14.81 -2.07 12.75 Ag2O 
Ag2SO4 -15.84 -20.8 2 -4.99 Ag2SO4 
AgF: 4H2O -13.51 -13.03 0.48 AgF: 4H2O 
AgMetal -8.01 -21.92 -13.91 Ag 
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Al(OH)3(a) -1.27 9. 96 11. 22 Al(OH)3 
AlumK -18.79 -24.08 -5.28 KAl(SO4)2:12H2O 
Alunite -3.57 -4.17 -0.60 KA13(SO4)2(OH)6 
Anglesite -6.42 -14.25 -7.82 PbSO4 
Anhydrite -2.30 -6.64 -4.34 CaSO4 
Anilite -136.45 -169.02 -32.57 Cu0.25Cul.5S 
Antlerite -10.75 -2.46 8.29 Cu3(OH)4SO4 
Aragonite -0.49 -8.78 -8.30 CaCO3 
Artinite -7.71 2.35 10.06 MgCO3:Mg(OH)2:3H2O 
Atacamite -7.45 0.18 7.64 Cu2(OH)3Cl 
Azurite -8.97 -4.72 4.24 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -4.32 1. 45 5.76 UO2(OH)2 
BaF2 -9.42 -15.20 -5.78 BaF2 
Barite 0 .11 -9. 96 -10.08 BaSO4 
Basaluminite -1.64 21.06 22.70 Al4(OH)10SO4 
Birnessite 6.44 50.04 43.60 MnO2 
Bixbyite 6.83 6.46 -0.37 Mn2O3 
BlaubleiI -124.73 -148.90 -24.16 Cu0.9Cu0.2S 
BlaubleiII -130. 91 -158.18 -27.28 Cu0.6Cu0.8S 
Boehmite 0.92 9. 96 9.03 AlOOH 
Brochantite -12.36 2.98 15.34 Cu4(OH)6SO4 
Brucite -5.64 11.63 17.27 Mg(OH)2 
Calcite -0.34 -8.78 -8.45 CaCO3 
Celestite -2.45 -9.07 -6.62 SrSO4 
Cerargyrite -1. 72 -11. 72 -10.00 AgCl 
Cerussite -3.18 -16.39 -13.21 PbCO3 
CH4 (g) -143.18 -145.99 -2.81 CH4 
Chalcanthite -10.66 -13. 32 -2.66 CuSO4:5H2O 
Chalcocite -141. 36 -176.76 -35.40 Cu2S 
Chalcopyrite -262.40 -298.24 -35.84 CuFeS2 
CO2 (g) -2.73 -4.12 -1. 39 CO2 
Cotunnite -12.00 -16.86 -4.86 PbC12 
Covel lite -123.15 -145.80 -22.65 CuS 
Cu(OH)2 -3.45 5.43 8.88 Cu(OH)2 
Cu2(OH)3NO3 -10.74 -1.22 9.52 Cu2(OH)3NO3 
Cu2SO4 -42.41 -44.29 -1.88 Cu2SO4 
CuCO3 -5.84 -15.47 -9.63 CuCO3 
CuF -32.04 -24.76 7.28 CuF 
CuF2 -18.15 -18.56 -0.41 CuF2 
CuF2:2H2O -14.07 -18.56 -4.49 CuF2:2H2O 
CuMetal -24.62 -33.66 -9.03 Cu 
CuOCuSO4 -19.99 -7.89 12.10 CuO:CuSO4 
CupricFerrite 11. 96 18.46 6.50 CuFe2O4 
Cuprite -23.88 -25.53 -1.65 Cu2O 
CuprousFerrite 2.61 -6.25 -8.86 CuFeO2 
CuSO4 -16.62 -13.32 3.30 CuSO4 
Diaspore 2.68 9. 96 7.27 AlOOH 
Djurleite -140.04 -174.72 -34.68 Cu0.066Cul.868S 
Dolomite -1.12 -18.06 -16.94 CaMg(CO3)2 
Dolomite (d) -1.69 -18.06 -16.36 CaMg(CO3)2 
Epsomite -4.95 -7 .13 -2.18 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.35 3.31 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 62 6.51 4.89 Fe(OH)3 
Fe3(OH)8 -8.40 11. 82 20.22 Fe3(OH)8 
FeS(ppt) -148.52 -152.44 -3.92 FeS 
Fluorite -1. 20 -11. 87 -10.68 CaF2 
Galena -133.64 -146.72 -13.09 PbS 
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Gibbsite 1. 48 9 . 96 8.47 Al(OH)3 
Goethite 7.28 6 .51 - 0 . 77 FeOOH 
Greigite - 548 .0 8 -593 .11 -4 5 .0 3 Fe3S4 
Gummite - 9 .32 1. 45 10.77 UO3 
Gypsum -2.06 -6.64 -4. 58 CaSO4:2H2O 
H2 (g) -41.78 -44.91 - 3 .1 2 H2 
H2O(g) -1. 68 -0.00 1. 68 H2O 
H2S(g) -14 3 .2 8 -144.2 0 - 0 . 92 H2S 
Halite -7.5 2 -5.95 1. 57 NaCl 
Hausmannite 3.93 66 .57 62 . 63 Mn3O4 
Hematite 16.54 13.03 - 3.52 Fe203 
Huntite -7.05 -3 6 . 61 - 29 .5 6 CaMg3(C03)4 
Hydrocerussite -1 0 . 82 -2 8.28 -17.4 6 Pb(OH)2:2PbCO3 
Hydromagnesite -17. 54 -2 5 .47 -7. 93 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -5. 32 -15.15 - 9 . 83 (K0.77Na0.03H0.2)Fe 3 (SO4)2(OH)6 
Jarosite-K -5.78 -14.50 -8.71 KFe3(SO4)2(OH) 6 
Jarosite-Na - 8 .54 -13.25 -4.70 NaFe3(SO4)2(OH) 6 
JarositeH - 13.46 -17. 98 -4.51 (H3O)Fe3( SO4 )2( OH ) 6 
Jurbani te - 5.57 - 8 . 80 - 3.23 AlOHSO4 
Langite -14. 45 2 . 98 17.42 Cu4 (OH ) 6SO4: H2 O 
Larnakite - 9.56 -9.74 -0.1 8 PbO:PbSO4 
Lauri onite - 6.80 -6.17 0.62 PbOHCl 
Litharge - 8 .47 4.51 12 . 98 PbO 
Mackinawite -14 7.79 -152.44 -4. 65 FeS 
Maghemite 6 . 64 13.03 6 . 39 Fe2O3 
Magnesite -1. 34 -9.27 -7. 93 MgCO3 
Magnetite 7.28 11. 82 4.54 Fe3O4 
Malachite -5 .11 0.35 5.46 Cu2(OH)2CO3 
Manganite 3.81 29.15 25 . 34 MnOOH 
Massicot - 8 . 67 4.51 13.18 PbO 
Mat l ockite -8.61 -1 8.17 - 9.56 PbClF 
Melanothallite -1 9.86 -1 5.93 3.93 CuC1 2 
Melanterite -17. 67 -1 9 . 96 - 2.29 FeSO4 : 7H20 
Minium -20.0 2 55.31 75.33 Pb3O4 
Mirabilite - 7.88 - 9 . 30 -1.42 Na2SO4:10H2O 
Mn2(SO4)3 -44.72 -49. 81 -5. 09 Mn2(SO4)3 
MnC12:4H2O -1 5 .54 -13.11 2 .43 MnC12:4H2O 
MnS(Green) -146.86 -142.97 3 . 89 MnS 
MnSO4 - 13 .41 -10. 50 2.92 MnSO4 
N2 (g) -1 7 . 81 -21.0 5 - 3 . 24 N2 
Na4UO2(CO3)3 - 26 .05 -42. 34 -1 6 . 29 Na4UO2(CO3)3 
Nahcolite - 5 .1 8 -5.7 8 -0. 61 NaHCO3 
Nantokite -1 6.53 - 23 .4 5 - 6 . 92 CuCl 
Natron -9.88 -11. 44 -1. 56 Na2CO3:10H20 
Nesquehonite -3.7 5 - 9.27 - 5 .5 3 MgCO3:3H2O 
NH3 (g) - 68.51 -6 6.61 1. 90 NH3 
Nsutite 7.48 50.04 42.56 MnO2 
02 (g) -1. 82 -4. 66 -2. 84 02 
Pb(OH)2 - 3.86 4.51 8 . 37 Pb(OH)2 
Pb2(OH)3Cl -10.46 -1. 67 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 - 17 .18 9.02 26.20 PbO:Pb(OH)2 
Pb2O3 -1 0 . 24 50 . 80 61. 04 Pb2O3 
Pb2OCO3 -11. 57 -11. 88 -0.32 PbO:PbCO3 
Pb3O2C03 -1 8 . 82 -7.37 11. 44 PbC03:2PbO 
Pb3O2SO4 -15. 96 -5.23 10.7 3 PbSO4:2PbO 
Pb4(OH)6SO4 -21. 82 -0. 72 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -2 3 .38 -0. 72 22.66 PbSO4:3PbO 
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PbF2 -12.05 -19.48 -7.43 PbF2 
PbMetal -41.54 -37.27 4.26 Pb 
PbO:0.3H2O -8.47 4.51 12.98 PbO:0.33H2O 
Phosgenite -13. 44 -33.25 -19.81 PbC12:PbCO3 
Plattnerite -4.13 46. 29 50.43 PbO2 
Portlandite -11.18 12.12 23.29 Ca(OH)2 
Pyrite -243.23 -261. 89 -18.66 FeS2 
Pyrochroite -6.94 8.26 15.20 Mn(OH)2 
Pyrolusite 7.63 50.04 42.42 MnO2 
Rhodochrosite -1. 53 -12.64 -11.11 MnCO3 
Rhodochrosite(d) -2.25 -12.64 -10.39 MnCO3 
Rutherfordine -5.03 -19.46 -14.43 OO2CO3 
Schoepite -4.15 1. 45 5.60 OO2(OH)2:H2O 
Siderite -11. 25 -22 .11 -10.85 FeCO3 
Siderite (d) (3) -11. 66 -22. 11 -10.45 FeCO3 
SrF2 -5.74 -14.30 -8.56 SrF2 
Strontianite -1.94 -11.21 -9.27 SrCO3 
Sulfur -107.41 -122.56 -15.15 s 
Tenorite -2.43 5.43 7.86 CuO 
Thenardite -9 .13 -9.30 -0.17 Na2SO4 
Thermonatrite -11. 61 -11. 44 0.17 Na2CO3:H2O 
Trona -16.72 -17.23 -0.51 NaHCO3:Na2CO3:2H2O 
O(OH)2SO4 -46.31 -49.51 -3.20 O(OH)2SO4 
U3O8(c) -31.06 -8.68 22.38 0308 
O4O9(c) -79.44 -81.21 -1.77 0409 
OF4 (c) -60.43 -78.73 -18.31 OF4 
OF4:2.5H2O -51. 1 7 -78.73 -27. 56 OF4:2.5H2O 
OO2(a) -30.85 -30.75 0.10 002 
OO3(gamma) -6.58 1. 45 8.03 003 
Oraninite(c) -26.25 -30.75 -4.50 002 
Witherite -3.53 -12.11 -8.58 BaCO3 

20: 80 Mix of Griswold Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite -116. 62 -153.67 -37.05 Ag2S 
Ag2CO3 -12.83 -24.07 -11. 25 Ag2CO3 
Ag2O -16.53 -3.76 12.78 Ag2O 
Ag2SO4 -16.67 -21.67 -5.00 Ag2SO4 
AgF: 4H2O -13.72 -13.25 0.47 AgF: 4H2O 
AgMetal -8.75 -22.73 -13. 98 Ag 
Al(OH)3(a) -1.41 9.89 11. 30 Al(OH)3 
AlumK -17.68 -22.98 -5.31 KAl(SO4)2:12H2O 
Alunite -2.76 -3.21 -0.46 KA13(SO4)2(OH)6 
Anglesite -5.60 -13.43 -7.83 PbSO4 
Anhydrite -2.73 -7.07 -4.34 CaSO4 
Aragonite -1.18 -9.47 -8.29 CaCO3 
Artinite -10.00 0.14 10.14 MgCO3:Mg(OH)2:3H2O 
B-OO2(OH)2 -4.97 0.83 5.80 OO2(OH)2 
BaF2 -9.04 -14.82 -5.78 BaF2 
Barite 0 .11 -9.98 -10.10 BaSO4 
Basaluminite -1.08 21.62 22.70 Al4(OH)10SO4 
Birnessite 5.65 49.25 43.60 MnO2 
Bixbyite 5.14 4.81 -0.33 Mn2O3 
Boehmite 0.77 9.89 9 .11 AlOOH 
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Brucite -7.1 2 10.23 17. 35 Mg(OH)2 
Ca l cite -1.03 - 9 .4 7 - 8 .44 CaCO3 
Celestite -2. 65 - 9 . 27 - 6 . 62 SrSO4 
Cerargyrite - 2 .52 -12.57 -10.04 AgCl 
Cerussite -2.61 -15.8 3 -13. 22 PbCO3 
CH4 (g) -14 2.12 -144.92 -2. 80 CH4 
CO2(g) - 2 .14 - 3 . 52 -1. 38 CO2 
Cotunnite -1 2 .0 2 -1 6.90 -4. 88 PbC12 
Diaspore 2.54 9.89 7.34 AlOOH 
Dolomite - 2.64 -1 9 . 55 -1 6.91 CaMg(C03)2 
Dolomite(d) -3.22 -19.55 -1 6.33 CaMg(C03)2 
Epsomite -5.4 9 -7. 69 - 2 .1 9 MgSO4:7H20 
Fe (OH) 2. 7Cl. 3 6 .44 3 .4 0 - 3 . 04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 71 6.60 4.89 Fe(OH)3 
Fe3(OH)8 -8.06 12.1 6 20.22 Fe3(OH)8 
FeS (ppt) -147.04 -150. 96 - 3 .92 FeS 
Fluorite -1. 21 -11. 90 -10. 69 CaF2 
Galena -132.28 -145.4 3 -1 3 .14 PbS 
Gibbsite 1. 35 9.89 8 .54 Al(OH)3 
Goethite 7.33 6.60 -0.7 3 FeOOH 
Greigite - 542.44 -587.48 -45.03 Fe3S4 
Gummite -10.00 0.83 10.83 UO3 
Gypsum -2.4 9 -7.07 -4.58 CaSO4:2H2O 
H2(g) -41.70 -44.8 2 - 3. 12 H2 
H2O (g) -1.71 -0.00 1. 71 H2O 
H2S(g) -141. 95 -142. 86 - 0 . 91 H2S 
Halite -7.85 -6. 29 1. 56 NaCl 
Hausmannite 1. 43 64.35 62 .92 Mn3O4 
Hematite 1 6.64 1 3 . 21 - 3 .4 3 Fe2O3 
Huntite -1 0 .24 - 39 .7 3 - 29 . 48 CaMg3(CO3)4 
Hydrocerussite - 9 .7 3 -27.19 -17.4 6 Pb(OH)2:2PbCO3 
Hydromagnesite - 22 . 33 - 30.12 -7.7 8 Mg5(C03)4(OH)2:4H20 
Jarosite(ss) - 3.78 -1 3 . 61 - 9.83 (K0.77Na0.0 3H0.2)Fe3 (S04) 2 (OH) 6 
Jarosite-K -4.44 -1 3 .0 6 - 8 . 62 KFe3(SO4)2(0H)6 
Jarosite -Na -7.02 -11. 62 -4. 60 NaFe3(SO4)2(OH)6 
JarositeH -11. 67 -16.0 3 -4. 36 (H3O)Fe3(SO4 ) 2 (OH) 6 
Jurbanite -4.80 -8.0 3 - 3 .23 AlOHSO4 
Larnakite -8.79 -8.9 5 -0.1 6 PbO:PbSO4 
Laurionite - 6 .83 -6.21 0 . 62 PbOHCl 
Litharge - 8 . 54 4.48 13.03 PbO 
Mackinawite -14 6.31 -1 50. 96 -4. 65 FeS 
Maghemi te 6.82 13.21 6 . 39 Fe203 
Magnesite -2.17 -10.09 -7.91 MgC03 
Magnetite 7.47 12.16 4.68 Fe3O4 
Manganite 3 .06 28.40 25.34 MnOOH 
Massicot - 8 .74 4.48 13 .22 PbO 
Matlockite - 8 .00 -17. 58 - 9.58 PbClF 
Melanteri te -16.66 -18. 96 - 2 . 30 FeSO4:7H2O 
Minium - 20 .47 55.15 75.62 Pb3O4 
Mirabilite -7. 64 -9.11 -1. 4 7 Na2SO4:10H2O 
Mn2(SO4)3 -4 3 . 96 -4 8 . 94 -4. 98 Mn2(SO4)3 
MnC12:4H2O -16.22 -13. 83 2.38 MnC12 :4H2O 
MnS(Green) -14 6 . 27 -14 2 .3 6 3 . 91 MnS 
MnS04 -13.33 -10. 37 2 . 96 MnS04 
N2(g) -1 6 .74 -1 9 . 97 -3.2 3 N2 
Na4UO2(CO3)3 - 26 .22 -4 2.51 -1 6 .2 9 Na4UO2(CO3)3 
Nahcolite -4. 89 -5.51 - 0 .62 NaHCO3 
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Natron -9.90 -11. 51 -1.61 Na2CO3:10H2O 
Nesquehonite -4.57 -10.09 -5.51 MgCO3:3H2O 
NH3 (g) -67.83 -65.90 1. 92 NH3 
Nsutite 6.69 49.25 42.56 MnO2 
O2(g) -2.37 -5.20 -2.83 02 
Pb(BO2)2 -13. 95 -6.23 7. 72 Pb(BO2)2 
Pb(OH)2 -3.93 4.48 8.41 Pb(OH)2 
Pb2(OH)3Cl -10.52 -1.73 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.24 8. 96 26.20 PbO:Pb(OH)2 
Pb2O3 -10.37 50.67 61.04 Pb2O3 
Pb2OCO3 -11. 07 -11. 35 -0.29 PbO:PbCO3 
Pb3O2CO3 -18.39 -6.87 11. 52 PbCO3: 2PbO 
Pb3O2SO4 -15.26 -4.47 10.79 PbSO4:2PbO 
Pb4(OH)6SO4 -21.09 0.01 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -22.75 0.01 22.76 PbSO4:3PbO 
PbF2 -10.84 -18.27 -7.43 PbF2 
PbMetal -41.48 -37.22 4.26 Pb 
PbO:0.3H2O -8.50 4.48 12.98 PbO:0.33H2O 
Phosgenite -12.92 -32.73 -19.81 PbC12:PbCO3 
Plattnerite -4.44 46.19 50.63 PbO2 
Portlandite -12.53 10.85 23.38 Ca(OH)2 
Pyrite -240.47 -259.16 -18.69 FeS2 
Pyrochroite -7.65 7.55 15.20 Mn(OH)2 
Pyrolusite 6.65 49.25 42.60 MnO2 
Rhodochrosite -1.67 -12.77 -11.10 MnCO3 
Rhodochrosite(d) -2.38 -12.77 -10.39 MnCO3 
Rutherfordine -5.06 -19.49 -14.42 OO2CO3 
Schoepite -4.80 0.83 5.63 OO2(OH)2:H2O 
Siderite -10.52 -21.36 -10.84 FeCO3 
Siderite (d) (3) -10.91 -21.36 -10.45 FeCO3 
SrF2 -5.55 -14 .11 -8.56 SrF2 
Strontianite -2.40 -11. 68 -9.27 SrCO3 
Sulfur -106.18 -121.35 -15.17 S 
Thenardite -8.94 -9 .11 -0.17 Na2SO4 
Thermonatrite -11. 69 -11. 51 0.18 Na2CO3:H2O 
Trona -16.56 -17.02 -0.46 NaHCO3:Na2CO3:2H2O 
O(OH)2SO4 -45.91 -49.11 -3.20 O(OH)2SO4 
O3O8(c) -32.86 -10.16 22. 71 0308 
O4O9(c) -81.56 -83.05 -1.48 0409 
OF4(c) -58.44 -76.69 -18.25 OF4 
OF4:2.5H2O -49.13 -76.69 -27.56 OF4:2.5H2O 
OO2(a) -31.29 -31.19 0.10 002 
OO3(gamma) -7.25 0.83 8.08 003 
Oraninite(c) -26.74 -31.19 -4.45 002 
Witherite -3.80 -12.38 -8.58 BaCO3 

50: 50 Mix of Griswold Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite -116.93 -154.00 -37.08 Ag2S 
Ag2CO3 -12.24 -23.49 -11.25 Ag2CO3 
Ag2O -15.79 -3.01 12.78 Ag2O 
Ag2SO4 -16.08 -21.08 -5.00 Ag2SO4 
AgF: 4H2O -13.53 -13.06 0.47 AgF: 4H2O 
AgMetal -8.48 -22.47 -14.00 Ag 
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Al( OH ) 3(a) -1. 07 10 . 2 4 11. 31 Al(OH) 3 
AlumK -1 7.52 - 22 . 82 - 5.31 KAl(SO4) 2 :1 2 H2O 
Alunite - 1 . 91 - 2.34 - 0.43 KA13(SO4)2(OH)6 
Anglesite - 5 .7 8 -13. 62 -7.83 PbSO4 
Anhydrite - 2 .49 -6. 82 -4 . 34 CaSO4 
Aragonite - 0 . 94 -9. 23 - 8 . 29 CaCO3 
Art ini te - 9 .1 9 0 . 96 1 0 .1 5 MgCO3:Mg(OH)2: 3H2O 
B- UO2 (OH)2 -4. 55 1. 26 5 . 81 UO2 (OH) 2 
BaF2 - 9 . 23 -1 5 . 01 - 5.78 BaF2 
Barite 0.13 - 9.9 7 -10.1 0 BaSO4 
Basaluminite 0.18 22.88 22 .7 0 Al4(0H)l0SO4 
Birnessite 5 . 96 49.56 43.60 Mn02 
Bixbyite 5.47 5 . 15 - 0.32 Mn2O3 
Boehmite 1.11 10.24 9 . 13 AlOOH 
Brucite - 6 . 64 10.73 17.36 Mg(OH)2 
Calcite -0.79 -9. 23 - 8.44 CaCO3 
Ce lesti te - 2 . 53 -9.1 6 - 6.62 SrSO4 
Cerargyrite -1. 94 -11. 99 -10. 05 AgCl 
Ceruss i te - 2 . 80 -1 6.02 -1 3 . 22 PbCO3 
CH4 (g) -1 43 . 22 -14 6 .0 2 - 2 . 79 CH4 
C02(g ) -2.31 -3.68 -1. 3 7 CO2 
Cotunni te -11. 63 -1 6.5 1 -4. 88 PbC 1 2 
Diaspore 2.88 1 0 . 24 7 . 36 AlOOH 
Dolomi te - 2.09 -1 8 . 99 - 16 . 91 CaMg (CO3 ) 2 
Dolomite(d) - 2 . 67 -1 8 . 99 -1 6.33 CaMg(CO3) 2 
Epsomite - 5 .16 -7. 35 - 2.19 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6 . 36 3 . 32 -3.04 Fe(OH)2.7 Cl 0.3 
Fe(OH)3(a) 1. 58 6 .47 4.89 Fe(OH)3 
Fe3 (OH) 8 - 8 . 58 11 . 64 20 . 22 Fe3(OH)8 
FeS (ppt) - 148.38 - 152 . 30 - 3 . 92 FeS 
Fluorite -1.17 -11. 86 -1 0 . 69 CaF2 
Ga l ena - 133 . 38 -14 6.54 - 13 .15 PbS 
Gibbs i te 1. 69 10 . 24 8.55 Al(OH) 3 
Goethite 7.19 6 .47 -0. 72 FeOOH 
Greigite - 547.32 - 592 . 36 -4 5 . 03 Fe3S4 
Gummite - 9 . 58 1.26 10.85 UO3 
Gypsum - 2 . 24 - 6 . 82 -4. 58 CaSO4:2H2O 
H2 (g) -41.94 -4 5 .0 6 - 3 .1 2 H2 
H2O(g) -1. 71 -0. 00 1. 71 H2O 
H2S(g) -14 3 . 04 -14 3.95 -0. 91 H2S 
Hal i te - 7.57 - 6.01 1. 56 NaCl 
Hau smanni te 1. 8 1 64 . 78 62 . 97 Mn304 
He matite 1 6 . 35 12.94 - 3.41 Fe203 
Huntite - 9.05 - 38 . 52 - 29 .47 CaMg3(CO3)4 
Hydrocerussite - 10.12 - 27. 58 -17.4 6 Pb(OH)2: 2PbC03 
Hydromagnesite - 20.57 -2 8 . 32 - 7 .7 5 Mg5 (CO3)4(OH) 2 :4H2O 
Jarosite (ss ) -4 .4 0 -14.2 3 - 9 . 83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K - 5 .05 -13. 66 - 8 . 61 KFe3(SO4) 2(OH) 6 
Ja rosite-Na -7.69 -1 2 . 2 7 -4. 58 NaFe3(SO4) 2 (OH) 6 
Ja r ositeH -1 2 .4 3 -1 6 .7 5 -4 .33 (H3O)Fe 3 (SO4)2(OH)6 
Jurbani te - 4.6 1 -7. 84 - 3 . 23 AlOHSO4 
Larnakite - 9 .00 - 9 . 15 - 0 .1 6 PbO:PbSO4 
Laurionite - 6 . 65 - 6 . 02 0 . 62 PbOHCl 
Litharge - 8 . 57 4.46 13. 04 PbO 
Mackinawite -14 7 . 65 -152.30 -4. 65 FeS 
Maghemite 6 . 55 12 . 94 6 . 39 Fe2O3 
Magnesite -1. 85 - 9 .7 6 - 7 . 91 MgCO3 
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Magnetite 6 . 93 11. 64 4.71 Fe 3O4 
Manganite 3 .24 28 . 58 25 . 34 MnOOH 
Massicot - 8 .77 4.46 13.23 PbO 
Matlockite -8.00 -17.5 8 - 9 . 58 PbClF 
Melanterite -17.07 -19.3 8 -2. 31 FeSO4:7H2 O 
Minium - 20.3 4 55.33 75.67 Pb3O4 
Mirabilite -7.64 -9.12 -1. 48 Na2SO4:10H2O 
Mn2(SO4)3 -44.13 -4 9 . 09 -4. 96 Mn2(SO4)3 
MnC12:4H2O -1 5 .74 - 13 . 36 2 . 37 MnC12: 4H2O 
MnS(Green) -14 7.30 -143. 39 3 . 9 1 MnS 
MnSO4 -13. 44 -10.47 2 . 97 MnSO4 
N2(g) -17. 26 -20. 4 9 - 3.23 N2 
Na4UO2(CO3)3 - 25 . 99 -4 2 . 28 -1 6 .2 9 Na4UO2(CO3)3 
Nahcolite -4.98 - 5.60 -0. 62 NaHCO3 
Natron -9.91 -11. 53 -1. 61 Na2CO3:10H2O 
Nesquehoni te -4.25 -9.7 6 - 5 . 51 MgCO3:3H2O 
NH3 (g) - 68 .44 -66.51 1. 93 NH3 
Nsutite 6.99 49.56 42.56 MnO2 
02 (g) - 1 . 96 -4.7 9 - 2 . 83 02 
Pb(BO2)2 -14. 38 - 6.66 7. 72 Pb(B02)2 
Pb(OH)2 -3. 96 4.46 8.42 Pb(OH)2 
Pb2(0H)3Cl -10. 35 -1.5 6 8. 7 9 Pb2(0H)3Cl 
Pb20(OH)2 -17. 27 8 . 93 26.20 PbO:Pb(OH)2 
Pb2O3 -10.17 50.87 61.04 Pb2O3 
Pb2OCO3 -11.28 -11.5 6 -0.2 8 PbO:PbCO3 
Pb3O2CO3 -18.63 -7.10 11. 53 PbCO3:2PbO 
Pb3O2SO4 -15.49 -4.6 9 10.80 PbSO4:2PbO 
Pb4(OH)6SO4 - 21 .33 -0.2 3 21.10 Pb4(OH)6SO4 
Pb4O3SO4 - 23.00 -0.2 3 22 .78 PbSO4:3PbO 
PbF2 -11. 23 -18. 66 -7.4 3 PbF2 
PbMetal -41.74 - 37.48 4.26 Pb 
Pb0:0.3H20 - 8.52 4.46 12. 98 Pb0:0.33H20 
Phosgenite -1 2.72 - 32 .53 -1 9.81 PbC12:PbCO3 
Plattnerite - 4.26 46.41 50.67 PbO2 
Portlandite - 12. 14 11. 26 23.40 Ca(OH)2 
Pyrite -242.65 -261. 35 -1 8.70 FeS2 
Pyrochroite -7.59 7.61 15 .20 Mn(OH)2 
Pyrolusite 6.92 49.56 42 .64 MnO2 
Rhodochrosite -1.77 -12. 88 -11.10 MnCO3 
Rhodochrosite(d) - 2 .49 -12. 88 -1 0 . 39 MnCO3 
Rutherfordine -4. 80 -19.22 -14.4 2 UO2CO3 
Schoepite -4. 37 1. 26 5.64 U02(OH)2:H2O 
Siderite -10. 94 -21.7 8 -10.84 FeC03 
Siderite (d) (3) -11. 33 -21. 78 -10.45 FeC03 
SrF2 -5. 63 -14. 20 - 8 .5 6 SrF2 
Strontianite -2.29 -11.5 6 - 9.27 SrCO3 
Sulfur -107.03 -122. 21 -1 5 .18 s 
Thenardite -8.95 -9.12 -0.17 Na2SO4 
Thermonatrite -11. 70 -11.5 3 0 .18 Na2CO3:H2O 
Trona -16.68 -17.1 3 -0.45 NaHCO3:Na 2CO3:2H2O 
U(OH)2SO4 -4 5 .86 -49.0 6 - 3.20 U(OH)2SO4 
U3O8 (c) - 31. 81 -9. 04 22.77 U3O8 
U4O9(c) - 80 . 54 - 81 .97 -1. 43 U4O9 
UF4(c) - 58.97 -77.2 2 -1 8.24 UF4 
UF4:2.5H2O -49. 66 -7 7 . 22 - 27 .5 6 UF4:2.5H2O 
UO2(a) - 31.08 - 30 . 98 0.10 UO2 
UO3(gamma) - 6 . 83 1. 26 8 . 09 UO3 
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Uraninite(c) - 26 . 54 - 30 . 98 -4.44 UO2 
Witherite -3.79 -1 2 . 38 - 8 . 59 BaCO3 

80: 20 Mix of Griswold Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Acanthite -117.1 8 -1 54 . 29 - 37 .11 Ag2S 
Ag2CO3 -11. 87 - 23. 12 -11. 26 Ag2CO3 
Ag2O -1 5. 15 - 2.3 7 12.79 Ag2O 
Ag2SO4 -1 5.83 - 20 . 84 - 5.00 Ag2SO4 
AgF: 4H2O -1 3.49 -13. 03 0.47 AgF: 4H2O 
AgMetal - 8 .21 -22. 23 -14. 01 Ag 
Al(OH)3(a) -1.07 10. 26 11. 33 Al(OH)3 
AlumK -18.05 -23. 36 - 5 . 31 KAl(SO4)2:1 2H2O 
Alunite -2.45 -2. 85 -0.40 KA13(SO4)2(OH)6 
Anglesite - 6.28 -14.11 -7. 83 PbSO4 
Anhydrite -2. 31 - 6.64 -4. 34 CaSO4 
Aragonite -0. 64 -8.93 - 8.29 CaCO3 
Artinite -8.24 1. 93 10.17 MgCO3:Mg(OH)2:3H20 
B-U02(OH)2 - 4 . 34 1. 48 5.82 UO2(0H)2 
BaF2 - 9 .45 -1 5.23 - 5 .7 8 BaF2 
Barite 0 .0 9 -1 0.01 -1 0.10 BaSO4 
Basaluminite - 0 .15 22.55 22 .70 Al4(OH)l0 SO4 
Birnessite 6 .16 49.76 43.60 MnO2 
Bixbyite 5 .69 5.39 -0.31 Mn2O3 
Boehmite 1.11 10.26 9 .14 AlOOH 
Brucite - 6 .04 11. 34 17.38 Mg(OH)2 
Calcite - 0.49 -8.93 - 8 .44 CaCO3 
Celestite -2.45 - 9 .07 - 6 . 62 SrS04 
Cerargyrite -1.66 -11. 72 -10.0 6 AgCl 
Cerussite - 3 .1 8 -1 6 .4 0 -1 3 .2 3 PbC03 
CH4 (g) -14 4 . 02 -1 46.81 -2. 79 CH4 
CO2 (g) - 2 .5 8 - 3 . 95 -1. 37 CO2 
Cotunnite -11. 8 4 -1 6 .7 2 -4.88 PbC12 
Diaspore 2 .89 10. 26 7.37 AlOOH 
Dolomite -1.44 -18. 35 -1 6 . 90 CaMg(CO3)2 
Dolomite(d) - 2 .03 -18. 35 -1 6.32 CaMg(CO3)2 
Epsomite -4. 93 -7.13 - 2.20 MgSO4: 7H2O 
Fe (OH) 2. 7Cl. 3 6.04 3 .0 0 - 3 . 04 Fe(OH)2. 7Cl0 .3 
Fe(OH)3(a) 1. 27 6 .1 6 4.89 Fe(OH)3 
Fe 3 (OH) 8 -9.58 10. 65 20 .22 Fe3(0H)8 
FeS (ppt) -14 9.67 -15 3.59 - 3 . 92 FeS 
Fluorite -1.17 -11. 86 -10.70 CaF2 
Galena -1 34.40 -147.5 6 -13.17 PbS 
Gibbsite 1. 69 10.26 8 .56 Al(OH)3 
Goethite 6 .87 6.16 - 0 . 71 FeOOH 
Greigite -5 51.99 -597.0 3 -45.0 3 Fe3S4 
Gummite - 9 . 38 1. 48 10.86 UO3 
Gypsum - 2 . 06 - 6.64 -4. 58 CaSO4:2H2O 
H2 (g) -4 2 . 08 -4 5 . 20 - 3 .1 2 H2 
H2O (g) -1. 72 -0.00 1. 72 H20 
H2S (g) -143.96 -144. 87 -0. 91 H2S 
Halite -7. 46 - 5.89 1. 56 NaCl 
Hausmannite 2.07 65.10 63 . 03 Mn3O4 
Hematite 15. 71 12.32 -3.4 0 Fe2O3 
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Huntite -7.72 -37.18 -29.46 CaMg3(CO3)4 
Hydrocerussite -10.99 -28.45 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -18.60 -26.32 -7.73 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -5.94 -15.77 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K 
Jarosite-Na 
JarositeH 
Jurbanite 
Larnakite 
Laurionite 
Litharge 
Mackinawite 
Maghemite 
Magnesite 
Magnetite 
Manganite 
Massicot 
Matlockite 
Melanterite 
Minium 
Mirabilite 
Mn2(SO4)3 
MnC12:4H2O 
MnS(Green) 
MnSO4 
N2 (g) 
Na4UO2(CO3)3 
Nahcolite 
Natron 
Nesquehonite 
NH3 (g) 
Nsutite 
O2(g) 
Pb(BO2)2 
Pb(OH)2 
Pb2(OH)3Cl 
Pb2O(OH)2 
Pb2O3 
Pb2OCO3 
Pb3O2CO3 
Pb3O2SO4 
Pb4(OH)6SO4 
Pb4O3SO4 
PbF2 
PbMetal 
PbO:0.3H2O 
Phosgenite 
Plattnerite 
Portlandite 
Pyrite 
Pyrochroite 
Pyrolusite 
Rhodochrosite 

-6.55 -15.14 -8.59 
-9.26 -13.82 -4.56 

-14.17 -18.47 -4.30 
-4.99 -8.22 -3.23 
-9.61 -9.76 -0.15 
-6.81 -6.18 0.62 
-8.69 4.36 13.05 

-148.94 -153.59 -4.65 
5.93 12.32 6.39 

-1. 51 -9.42 -7.91 
5.91 10.65 4.74 
3.37 28.71 25.34 

-8.89 4.36 13. 24 
-8.44 -18.03 -9.59 

-17.83 -20.14 -2.31 
-20.57 55.15 75.73 
-7.69 -9.18 -1.49 

-45.09 -50.03 -4.94 
-15.77 -13.41 2.37 

-148.16 -144.25 3.91 
-13.78 -10.80 2.98 
-17.86 -21.10 -3.23 
-25.92 -42.21 -16.29 
-5.08 -5.71 -0.62 
-9.84 -11.46 -1.62 
-3.91 -9.42 -5.51 

-68.95 -67.02 1. 93 
7.19 49.76 42.56 

-1.76 -4.59 -2.83 
-15.29 -7.57 7.73 
-4.07 4.36 8.43 

-10.62 -1. 83 8.79 
-17.49 8.71 26.20 
-10.24 50.80 61. 04 
-11. 77 -12.04 -0.27 
-19.23 -7.69 11.54 
-16.21 -5.40 10.81 
-22.14 -1.04 21.10 
-23.84 -1.04 22.80 
-11. 91 -19.34 -7.43 
-41.99 -37.73 4.26 
-8.62 4.36 12.98 

-13. 31 -33.12 -19.81 
-4.26 46.44 50.70 

-11. 59 11. 83 23.42 
-244.72 -263.42 -18.70 

-7.53 7.67 15.20 
7.08 49.76 42.67 

-1.98 -13.09 -11.10 
Rhodochrosite(d) -2.70 -13.09 -10.39 
Rutherfordine -4.86 -19.28 -14.42 
Schoepite -4.17 1. 48 5.64 
Siderite -11. 59 -22.43 -10.84 

KFe3(SO4)2(OH)6 
NaFe3(SO4)2(OH)6 
(H3O)Fe3(SO4)2(OH)6 

AlOHSO4 
PbO:PbSO4 
PbOHCl 
PbO 
FeS 
Fe2O3 
MgCO3 
Fe3O4 
MnOOH 
PbO 
PbClF 
FeSO4:7H2O 
Pb3O4 
Na2SO4:10H2O 
Mn2(SO4)3 
MnC12:4H2O 
MnS 
MnSO4 
N2 
Na4UO2(CO3)3 
NaHCO3 
Na2CO3:10H2O 
MgCO3:3H2O 
NH3 
MnO2 
02 
Pb(BO2)2 
Pb(OH)2 
Pb2(OH)3Cl 
PbO:Pb(OH)2 
Pb2O3 
PbO:PbCO3 
PbCO3:2PbO 
PbSO4:2PbO 
Pb4(OH)6SO4 
PbSO4:3PbO 
PbF2 
Pb 
PbO:0.33H2O 
PbC12:PbCO3 
PbO2 
Ca(OH)2 
FeS2 
Mn(OH)2 
MnO2 
MnCO3 

MnCO3 
UO2CO3 
UO2(OH)2:H2O 
FeCO3 
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Siderite (d) (3) -11. 98 -22.43 -10.45 FeCO3 
SrF2 -5.72 -14.29 -8.56 SrF2 
Strontianite -2.08 -11.35 -9.27 SrCO3 
Sulfur -107.81 -122.99 -15.18 s 
Thenardite -9.01 -9.18 -0.17 Na2SO4 
Thermonatrite -11. 64 -11. 46 0.18 Na2CO3:H2O 
Trana -16.73 -17.17 -0.44 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -46.16 -49.36 -3.20 U(OH)2SO4 
U3O8 (c) -31. 32 -8.48 22.83 U3O8 
U4O9 (c) -80.08 -81.45 -1. 37 U4O9 
UF4 (c) -60.04 -78.27 -18.23 UF4 
UF4:2.5H2O -50.71 -78.27 -27.56 UF4:2.5H2O 
UO2(a) -30.98 -30.88 0.10 UO2 
UO3(gamma) -6.63 1. 48 8.10 UO3 
Uraninite(c) -26.45 -30.88 -4.43 UO2 
Witherite -3.71 -12.30 -8.59 BaCO3 

20: 80 Mix of Quebec St. Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(296 K, 1 atm) 

Anglesite -6.05 -13. 84 -7.80 PbSO4 
Anhydrite -2.88 -7.24 -4.36 CaSO4 
Anilite -118. 34 -150.37 -32.02 Cu0.25Cul.5S 
Antlerite -9.21 -0.92 8.29 Cu3(OH)4SO4 
Aragonite -0.86 -9.19 -8.33 CaCO3 
Artinite -9.11 0.59 9.70 MgCO3:Mg(OH)2:3H2O 
Atacamite -7.74 -0.34 7.40 Cu2(OH)3Cl 
Azurite -6.58 -2.73 3.85 Cu3(OH)2(CO3)2 
BaF2 -8.90 -14.66 -5.76 BaF2 
Barite 0.03 -9. 96 -9.99 BaSO4 
Birnessite 2.68 46.28 43.60 MnO2 
Bixbyite 4.02 3.46 -0.56 Mn2O3 
BlaubleiI -108.92 -133. 08 -24.16 Cu0.9Cu0.2S 
BlaubleiII -113. 78 -141.06 -27.28 Cu0.6Cu0.8S 
Brochantite -10.37 4.97 15.34 Cu4(OH)6SO4 
Brucite -6.37 10.56 16.93 Mg(OH)2 
Calcite -0. 72 -9.19 -8.47 CaCO3 
Celestite -2.76 -9.39 -6.63 SrSO4 
Cerussite -2.65 -15.80 -13 .15 PbCO3 
CH4(g) -128.04 -130.89 -2.85 CH4 
Chalcanthite -10.05 -12.70 -2.64 CuSO4:5H2O 
Chalcocite -122.23 -157.01 -34.78 Cu2S 
Chalcopyrite -230.48 -265.87 -35.39 CuFeS2 
CO2 (g) -2.39 -3.84 -1. 45 CO2 
Cotunnite -14.70 -19.49 -4.79 PbC12 
Covellite -108.07 -130. 42 -22.35 CuS 
Cu(OH)2 -2.80 5.89 8.69 Cu(OH)2 
Cu2(OH)3NO3 -10.05 -0.76 9.30 Cu2(OH)3NO3 
Cu2SO4 -37.35 -39.29 -1.93 Cu2SO4 
CuCO3 -5.02 -14.65 -9.63 CuCO3 
CuF -29.12 -22.00 7.12 CuF 
CuF2 -16.83 -17.40 -0.58 CuF2 
CuF2:2H2O -12.86 -17.40 -4.54 CuF2:2H2O 
CuMetal -20.49 -29.31 -8.82 Cu 
CuOCuSO4 -18.46 -6.81 11.65 CuO:CuSO4 
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CupricFerrite 13.42 19.43 6.01 CuFe2O4 
Cuprite -19.13 -20.70 -1. 57 Cu2O 
CuprousFerrite 5.32 -3.58 -8.91 CuFeO2 
CuSO4 -15.77 -12.70 3.07 CuSO4 
Djurleite -121.18 -155.26 -34.08 Cu0.066Cul.868S 
Dolomite -2 .11 -19.17 -17.06 CaMg(CO3)2 
Dolomite(d) -2.66 -19.17 -16.50 CaMg(CO3)2 
Epsomite -5.87 -8.02 -2.15 MgSO4: 7H2O 
Fe (OH) 2. 7Cl. 3 6.18 3.14 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1.88 6.77 4.89 Fe(OH)3 
Fe3(OH)8 -5.82 14.41 20.22 Fe3(OH)8 
FeS (ppt) -131.53 -135. 44 -3.92 FeS 
Fluorite -1. 33 -11. 94 -10.62 CaF2 
Galena -118.73 -131. 57 -12.85 PbS 
Goethite 7. 72 6.77 -0.95 FeOOH 
Greigite -485.81 -530.84 -45.03 Fe3S4 
Gypsum -2.66 -7.24 -4.58 CaSO4:2H2O 
H2 (g) -37.91 -41.05 -3.14 H2 
H2O(g) -1. 55 -0.00 1. 55 H2O 
H2S(g) -128.37 -129.35 -0.98 H2S 
Halite -9.24 -7.66 1. 58 NaCl 
Hausmannite 1. 66 63.02 61. 37 Mn3O4 
Hematite 17.44 13.54 -3.90 Fe2O3 
Huntite -9.24 -39.12 -29.88 CaMg3(CO3)4 
Hydrocerussite -9.40 -26.86 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -20.75 -29.34 -8.59 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.36 -14.19 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.46 -13.56 -9.10 KFe3(SO4)2(OH)6 
Jarosite-Na -7.25 -12.41 -5.16 NaFe3(SO4)2(OH)6 
JarositeH -11. 66 -16.86 -5.20 (H3O)Fe3(SO4)2(OH)6 
Langite -11. 96 4.97 16.92 Cu4(OH)6SO4:H2O 
Larnakite -8.85 -9.11 -0.26 PbO:PbSO4 
Laurionite -8.00 -7.37 0.62 PbOHCl 
Litharge -8.04 4.74 12.78 PbO 
Mackinawite -130. 80 -135.44 -4.65 FeS 
Maghemite 7.15 13. 54 6.39 Fe2O3 
Magnesite -1.97 -9.98 -8.01 MgCO3 
Magnetite 10.50 14.41 3.91 Fe3O4 
Malachite -3.64 1. 58 5.22 Cu2(OH)2CO3 
Manganite 1. 99 27.33 25.34 MnOOH 
Massicot -8.23 4.74 12.97 PbO 
Matlockite -9.56 -19.02 -9.46 PbClF 
Melanothallite -22 .11 -18.34 3.77 CuC12 
Melanterite -15.49 -17.72 -2.23 FeSO4:7H2O 
Minium -21.91 52 .13 74.04 Pb3O4 
Mirabilite -8.51 -9.69 -1.18 Na2SO4:10H2O 
Mn2(SO4)3 -46.71 -52.29 -5.58 Mn2(SO4)3 
MnC12:4H2O -18.51 -15.85 2.65 MnC12:4H2O 
MnS(Green) -131.76 -127.94 3.82 MnS 
MnSO4 -12.93 -10.21 2. 72 MnSO4 
N2 (g) -3.22 -6.47 -3.26 N2 
Nahcolite -5.19 -5.75 -0.56 NaHCO3 
Nantokite -15.67 -22.46 -6.79 CuCl 
Natron -10.28 -11. 64 -1.36 Na2CO3:10H2O 
Nesquehonite -4.37 -9.98 -5.60 MgCO3:3H2O 
NH3 (g) -55.54 -53.74 1. 80 NH3 
Nsutite 3. 72 46.28 42.56 MnO2 
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02 (g) -7. 83 -10.72 -2. 88 02 
Pb(OH)2 - 3.46 4.74 8.20 Pb(OH)2 
Pb2(OH)3Cl -11. 43 -2. 63 8 .79 Pb2(OH)3Cl 
Pb2O(OH)2 -16 .72 9.48 26 .20 PbO:Pb(OH)2 
Pb2O3 -13. 65 47.39 61.04 Pb2O3 
Pb2OCO3 -10.60 -11.0 6 -0.46 PbO:PbCO3 
Pb3O2CO3 -17.43 -6. 32 11.11 PbCO3: 2PbO 
Pb3O2SO4 -14. 84 -4. 37 10.47 PbSO4:2PbO 
Pb4(OH)6S04 - 20 .7 3 0.37 21. 10 Pb4(OH)6SO4 
Pb403SO4 - 21.84 0.37 22.22 PbS04:3PbO 
PbF2 -11.11 -1 8 .55 -7.44 PbF2 
PbMetal -37.44 -33.17 4.27 Pb 
PbO:0.3H2O - 8 . 24 4.74 12 . 98 PbO:0.33H2O 
Phosgenite -1 5 .47 -3 5 . 28 -19. 81 PbC12:PbCO3 
Plattnerite -6.89 42. 65 49.54 PbO2 
Portlandite -11. 56 11. 35 22.90 Ca(OH)2 
Pyrite - 215 .33 -233.85 -1 8 .52 FeS2 
Pyrochroite - 6 .83 8.37 15.20 Mn(OH)2 
Pyrolusite 4.68 46.28 41.60 MnO2 
Rhodochrosite -1. 04 -12.17 -11.1 3 MnCO3 
Rhodochrosite(d) -1.78 -1 2.17 -10.3 9 MnCO3 
Siderite - 8. 79 -1 9 . 67 -10.88 FeCO3 
Siderite (d) (3) - 9 . 22 -1 9 . 67 -10.4 5 FeC03 
SrF2 - 5 . 55 -14.1 0 - 8 . 54 SrF2 
Strontianite - 2 .08 -11. 35 - 9 .27 SrCO3 
Sulfur - 96 . 31 -111. 36 -1 5.05 s 
Tenorite -1.78 5.89 7.67 CuO 
Thenardite - 9 . 51 -9.69 -0.18 Na2SO4 
Thermonatrite -11.77 -11. 64 0.13 Na2CO3:H2O 
Trona -1 6.65 -17. 39 -0.7 3 NaHCO3:Na2CO3:2H2O 
Witherite - 3 . 35 -11.91 -8.56 BaCO3 

50 : 50 Mix of Quebec St. Injection Water: Arapahoe Formation Water 

Phase SI** log IAP l og K(294 K, 1 atm) 

Anglesite - 6 .46 -14.27 -7.81 PbSO4 
Anhydrite -2.86 -7.20 -4. 35 CaSO4 
Anilite -13 5.00 -167. 30 - 32 .30 Cu0.25Cul.5S 
Antlerite - 9 . 96 -1.67 8.29 Cu3(OH)4SO4 
Aragonite -0. 61 - 8.92 -8. 31 CaC03 
Artinite - 8.60 1. 28 9.88 MgCO3:Mg(OH)2:3H2O 
Atacamite -7. 90 -0. 38 7.52 Cu2(0H)3Cl 
Azurite -7.4 5 - 3 .4 1 4.05 Cu3(OH)2(CO3)2 
BaF2 - 8 .95 -14.7 2 -5.77 BaF2 
Barite 0.07 -9. 96 -10.03 BaSO4 
Birnessite 6.42 50.02 43.60 MnO2 
Bixbyite 7.58 7.12 -0.46 Mn2O3 
BlaubleiI -1 23 .49 -147.65 - 24 .1 6 Cu0.9Cu0.2S 
BlaubleiII -1 29.44 -15 6 .7 2 - 27 . 28 Cu0.6Cu0.8S 
Brochantite -11. 22 4.12 15 . 34 Cu4(OH)6SO4 
Brucite - 6 .0 9 11.01 17.10 Mg(OH)2 
Ca lcite -0. 46 - 8 .92 - 8 .4 6 CaC03 
Celestite - 2 .71 -9.33 -6. 62 SrS04 
Cerussite - 2 . 81 -15. 99 -13 .1 8 PbCO3 
CH4 (g) -141.93 -144.7 6 -2. 83 CH4 
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Chalcanthite -10.59 -13.24 -2.65 CuSO4:5H2O 
Chalcocite -139.76 -174.85 -35.09 Cu2S 
Chalcopyrite -260.27 -295.88 -35.61 CuFeS2 
CO2(g) -2.59 -4.01 -1. 42 CO2 
Cotunnite -14.32 -19.14 -4.82 PbC12 
Covellite -122.13 -144.63 -22.50 CuS 
Cu(OH)2 -3.00 5.79 8.79 Cu(OH)2 
Cu2(OH)3NO3 -10.77 -1. 36 9.41 Cu2(OH)3NO3 
Cu2SO4 -41.56 -43.46 -1.91 Cu2SO4 
CuCO3 -5.33 -14. 96 -9.63 CuCO3 
CuF -31.31 -24. 11 7.20 CuF 
CuF2 -17.51 -18.00 -0.49 CuF2 
CuF2:2H2O -13.49 -18.00 -4.52 CuF2:2H2O 
CuMetal -24.00 -32.92 -8.92 Cu 
CuOCuSO4 -19.33 -7.46 11. 87 CuO:CuSO4 
CupricFerrite 13.05 19.30 6.25 CuFe2O4 
Cuprite -22.82 -24.43 -1.61 Cu2O 
CuprousFerrite 3.43 -5.46 -8.88 CuFeO2 
CuSO4 -16.43 -13. 24 3.18 CuSO4 
Djurleite -138. 48 -172.86 -34.38 Cu0.066Cul.868S 
Dolomite -1.65 -18.65 -17.00 CaMg(CO3)2 
Dolomite(d) -2.22 -18.65 -16.43 CaMg(CO3)2 
Epsomite -5.85 -8.02 -2.17 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.21 3.17 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 87 6.76 4.89 Fe(OH)3 
Fe3(OH)8 -7.54 12.68 20.22 Fe3(OH)8 
FeS (ppt) -147.34 -151. 25 -3.92 FeS 
Fluorite -1. 31 -11. 96 -10.65 CaF2 
Galena -132.69 -145.66 -12.97 PbS 
Goethite 7.62 6.76 -0.86 FeOOH 
Greigite -543.95 -588.99 -45.03 Fe3S4 
Gypsum -2.62 -7.20 -4.58 CaSO4:2H2O 
H2 (g) -41.42 -44.55 -3.13 H2 
H2O(g) -1.61 -0.00 1. 61 H2O 
H2S(g) -142.47 -143.42 -0.95 H2S 
Halite -8.85 -7.28 1. 57 NaCl 
Hausmannite 5.24 67.24 62.00 Mn3O4 
Hematite 17.23 13.52 -3.71 Fe2O3 
Huntite -8.40 -38.12 -2 9. 72 CaMg3(CO3)4 
Hydrocerussite -9.76 -27.22 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -19.66 -27.92 -8.26 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -5.10 -14.93 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -5.35 -14.26 -8.91 KFe3(SO4)2(OH)6 
Jarosite-Na -8.18 -13 .12 -4.93 NaFe3(SO4)2(OH)6 
JarositeH -12.93 -17.79 -4.86 (H3O)Fe3(SO4)2(OH)6 
Langite -13.05 4.12 17.17 Cu4(OH)6SO4:H2O 
Larnakite -9. 29 -9.51 -0.22 PbO:PbSO4 
Laurionite -7.81 -7.19 0.62 PbOHCl 
Litharge -8.12 4.76 12.88 PbO 
Mackinawite -146.61 -151.25 -4.65 FeS 
Maghemite 7 .13 13.52 6.39 Fe2O3 
Magnesite -1.76 -9.73 -7.97 MgCO3 
Magnetite 8.46 12.68 4.22 Fe3O4 
Malachite -4.15 1.19 5.34 Cu2(OH)2CO3 
Manganite 3.98 29. 32 25.34 MnOOH 
Massicot -8.31 4.76 13. 07 PbO 
Matlockite -9.58 -19.09 -9.51 PbClF 
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Melanothall ite - 21 . 96 -1 8 .1 2 3.85 CuC12 
Melanterite -17. 61 -1 9.8 7 - 2.26 FeS04:7H2O 
Minium -1 8 . 98 55.70 74.68 Pb3O4 
Mirabilite -8.39 -9.69 -1. 30 Na2SO4:10H2O 
Mn2(SO4)3 -44. 64 -4 9.98 -5. 34 Mn2{SO4)3 
MnC12:4H2O -17. 84 -15.3 0 2.54 MnC12:4H2O 
MnS(Green) -14 5 . 67 -141. 81 3 . 86 MnS 
MnS04 -1 3.24 -10.4 2 2.82 MnS04 
N2 (g) - 19.63 - 22.88 - 3 . 25 N2 
Nahcolite - 5 .13 -5. 71 -0. 58 NaHCO3 
Nantokite -17. 31 -24.17 -6. 86 CuCl 
Natron - 9 . 94 -11.40 -1. 46 Na2CO3:10H2O 
Nesquehonite -4.17 -9.7 3 - 5.57 MgC03:3H20 
NH3 (g) - 68.94 - 67.09 1. 85 NH3 
Nsutite 7.46 50.02 42.56 MnO2 
02 (g) -1. 68 -4.54 -2. 86 02 
Pb(OH)2 - 3 .5 2 4.76 8.28 Pb(OH)2 
Pb2(OH)3Cl -11. 22 - 2.43 8 .7 9 Pb2{OH)3Cl 
Pb2O{0H)2 -1 6 .68 9 .52 26 .20 Pb0:Pb{OH)2 
Pb2O3 - 10 .1 0 50.94 61 . 04 Pb2O3 
Pb2OCO3 -10. 84 -11. 23 -0. 39 PbO:PbCO3 
Pb3O2CO3 -17.74 - 6.47 11. 27 PbCO3:2PbO 
Pb3O2SO4 -1 5 . 35 -4.7 5 10.60 PbSO4:2PbO 
Pb4(0H)6SO4 - 21 . 09 0.01 21.10 Pb4(OH)6S04 
Pb4O3SO4 -22.4 3 0.0 1 22 .44 PbSO4: 3Pb0 
PbF2 -11. 59 -1 9 .0 3 -7. 43 PbF2 
PbMetal -4 0 . 92 - 36.66 4.27 Pb 
PbO:0.3H2O - 8 .2 2 4.76 12.98 PbO:0.33H2O 
Phosgenite - 15.32 - 35 .13 -1 9 . 8 1 PbC12:PbCO3 
Plattnerite -3.80 46.18 49.98 PbO2 
Portlandite -11. 27 11. 83 23.10 Ca {OH) 2 
Pyrite -24 1 . 67 -260.2 6 -18.5 9 FeS2 
Pyrochroite - 6 .5 9 8.61 15.20 Mn(OH)2 
Pyrolusite 8 . 02 50.0 2 42.00 MnO2 
Rhodochrosite -1.02 -1 2. 14 -11.12 MnC03 
Rhodochrosite(d) -1.7 5 -12.14 -10.3 9 MnCO3 
Siderite -1 0.72 - 21.59 -10. 87 FeCO3 
Siderite {d) (3) -11.14 -21.59 -10.4 5 FeCO3 
SrF2 -5. 54 -14. 09 - 8.55 SrF2 
Strontianite -1.78 -11.0 5 - 9.27 SrC03 
Sulfur -10 6.93 -1 22 .04 -15.10 S 
Tenorite -1.98 5 .7 9 7.77 CuO 
Thenardite -9.51 - 9.69 -0.17 Na2SO4 
Thermonatrite -11. 56 -11. 40 0.15 Na2CO3:H2O 
Trana -16.49 -1 7 .1 2 - 0 . 62 NaHCO3:Na2CO3:2H2O 
Witherite - 3 .11 -11. 68 - 8 .57 BaC03 

80: 20 Mix of Quebec St. Injection Water: Arapahoe Formation Water 

Phase SI** l og IAP log K{291 K, 1 atm) 

Anglesite -7.15 -14. 98 -7. 82 PbSO4 
Anhydrite -2.83 -7.17 -4. 34 CaSO4 
Anili te - 138. 28 -17 0 . 85 -32. 57 Cu0.25Cul.5S 
Antlerite -11. 50 - 3 .21 8 . 29 Cu3(OH)4SO4 
Aragonite -0.28 - 8 .57 - 8.30 CaC03 

57 



Blotevogel Environmental Consulting Meridian Metropolitan District Geochemistry 

Artinite -7.84 2.21 10.06 MgCO3:Mg(OH)2:3H2O 
Atacamite -8.75 -1.11 7.64 Cu2(OH)3Cl 
Azurite -9.13 -4.89 4.24 Cu3(OH)2(CO3)2 
BaF2 -9.00 -14.78 -5.78 BaF2 
Barite 0.10 -9.97 -10.08 BaSO4 
Birnessite 7.17 50.77 43.60 MnO2 
Bixbyite 8.08 7.71 -0.37 Mn2O3 
BlaubleiI -126.45 -150.61 -24.16 Cu0.9Cu0.2S 
BlaubleiII -132. 67 -159.95 -27.28 Cu0.6Cu0.8S 
Brochantite -13.07 2.27 15.34 Cu4(OH)6SO4 
Brucite -5.64 11. 63 17.27 Mg(OH)2 
Calcite -0.13 -8.57 -8.45 CaCO3 
Celestite -2.66 -9.28 -6.62 SrSO4 
Cerussite -3.17 -16.38 -13. 21 PbCO3 
CH4 (g) -144.19 -146.99 -2.81 CH4 
Chalcanthite -11.51 -14.17 -2.66 CuSO4:5H2O 
Chalcocite -143.22 -178.63 -35.40 Cu2S 
Chalcopyrite -265.92 -301.75 -35.84 CuFeS2 
CO2(g) -2.88 -4.27 -1. 39 CO2 
Cotunnite -14.61 -19.46 -4.86 PbC12 
Covellite -124.85 -147.50 -22.65 CuS 
Cu(OH)2 -3.40 5.48 8.88 Cu(OH)2 
Cu2(OH)3NO3 -12.21 -2.70 9.52 Cu2(OH)3NO3 
Cu2SO4 -43.42 -45.30 -1.88 Cu2SO4 
CuCO3 -5.94 -15.57 -9.63 CuCO3 
CuF -32.33 -25.05 7.28 CuF 
CuF2 -18.57 -18.97 -0.41 CuF2 
CuF2:2H2O -14.48 -18.97 -4.49 CuF2:2H2O 
CuMetal -24.79 -33.82 -9.03 Cu 
CuOCuSO4 -20.79 -8.69 12.10 CuO:CuSO4 
CupricFerrite 12.08 18.57 6.50 CuFe2O4 
Cuprite -24.00 -25.65 -1.65 Cu2O 
CuprousFerrite 2.58 -6.28 -8.86 CuFeO2 
CuSO4 -17.47 -14.17 3.30 CuSO4 
Djurleite -141. 89 -176.57 -34.68 Cu0.066Cul.868S 
Dolomite -1.05 -17.99 -16.94 CaMg(CO3)2 
Dolomite(d) -1.63 -17.99 -16.36 CaMg(CO3)2 
Epsomite -5.83 -8.02 -2.18 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 5.97 2.93 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 66 6.55 4.89 Fe(OH)3 
Fe3(OH)8 -8.41 11. 82 20.22 Fe3(OH)8 
FeS (ppt) -150.34 -154.25 -3.92 FeS 
Fluorite -1. 30 -11.98 -10.68 CaF2 
Galena -135.22 -148.31 -13.09 PbS 
Goethite 7.32 6.55 -0.77 FeOOH 
Greigite -555.06 -600.09 -45.03 Fe3S4 
Gypsum -2.59 -7.17 -4.58 CaSO4:2H2O 
H2 (g) -42.00 -45.12 -3.12 H2 
H2O(g) -1.68 -0.00 1. 68 H2O 
H2S(g) -145.02 -145.95 -0.92 H2S 
Halite -8.66 -7.09 1. 57 NaCl 
Hausmannite 5.69 68.33 62.63 Mn3O4 
Hematite 16.61 13.09 -3.52 Fe2O3 
Huntite -7.27 -36.83 -29.56 CaMg3(CO3)4 
Hydrocerussite -10.63 -28.09 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -18 .11 -26.04 -7.93 Mg5(CO3)4(OH)2:4H2O 
Jarosite (ss) -6. 72 -16.55 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
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Jarosite-K -7 .11 -1 5.82 - 8 .71 KFe3(SO4)2(0H)6 
Jarosite-Na - 9.97 -14. 68 -4.7 0 NaFe3(SO4)2(OH)6 
JarositeH -15.14 -19. 65 -4.51 (H3O)Fe3( SO4 )2( OH)6 
Langite -15.15 2.27 17.42 Cu4(OH)6SO4:H2O 
Larnakite -10.13 -10.30 -0.18 PbO:PbSO4 
Laurionite -8.02 -7.40 0.62 PbOHCl 
Litharge -8.31 4.67 1 2 . 98 PbO 
Mackinawite -14 9.61 -154.2 5 -4. 65 FeS 
Maghemite 6. 71 13 .09 6.39 Fe2O3 
Magnesite -1.49 -9.4 2 -7. 93 MgC03 
Magnetite 7.2 8 11. 82 4.54 Fe304 
Malachite -5 .17 0.30 5. 46 Cu2(OH)2CO3 
Manganite 4.44 29.78 25.34 MnOOH 
Massicot - 8 .51 4.67 13.18 PbO 
Matlockite -10.07 -19.6 2 - 9.56 PbClF 
Melanothalli te -22.58 -18.6 6 3 .93 CuC12 
Melanterite -1 8 .64 -20.9 3 - 2.29 FeSO4:7H2O 
Minium -19.31 56.01 75.33 Pb3O4 
Mirabilite - 8 . 28 -9.69 -1.4 2 Na2SO4:10H2O 
Mn2(SO4)3 -4 6 .14 -51. 23 - 5 .0 9 Mn2(SO4)3 
MnC12:4H2O -1 7 .7 9 -15. 36 2.43 MnC12: 4H2O 
MnS(Green) -14 8 . 09 -144.20 3 . 89 MnS 
MnS04 -1 3.79 -10. 87 2 . 92 MnSO4 
N2 (g) - 22.00 -2 5 . 24 -3.24 N2 
Nahcolite - 5 .0 8 - 5 . 68 -0. 61 NaHCO3 
Nantokite -17.98 -24. 89 -6.92 CuCl 
Natron -9.53 -11.10 -1. 56 Na2CO3:10H2O 
Nesquehonite - 3 .89 -9.42 - 5.53 MgCO3:3H2O 
NH3(g) -70. 93 -69.0 3 1. 90 NH3 
Nsutite 8 . 2 1 50 .77 42.56 MnO2 
02 (g) -1.39 -4.23 - 2 . 84 02 
Pb(OH)2 -3.70 4.67 8.37 Pb(OH)2 
Pb2(0H)3Cl -11. 52 - 2.72 8.79 Pb2(0H)3Cl 
Pb2O(OH)2 -1 6 . 86 9 . 34 26 . 20 PbO:Pb(OH)2 
Pb2O3 - 9 .70 51 . 34 61.04 Pb2O3 
Pb2OCO3 -11.39 -11. 71 - 0.32 PbO:PbCO3 
Pb3O2CO3 -18.48 -7.0 3 11. 44 PbCO3: 2PbO 
Pb3O2SO4 -16.36 -5.63 10.73 PbSO4:2PbO 
Pb4(OH)6SO4 -22.06 -0. 96 21.10 Pb4(OH)6SO4 
Pb4O3SO4 - 23 .62 -0. 96 22 . 66 PbSO4:3PbO 
PbF2 -1 2 . 35 -19.7 8 -7.4 3 PbF2 
PbMetal -41.5 9 -37.32 4.26 Pb 
PbO:0.3H2O -8.31 4.67 12.98 Pb0:0.33H2O 
Phosgenite -16.0 3 -35.84 -1 9 . 8 1 PbC12:PbC03 
Plattnerite - 3.76 46.67 50.43 PbO2 
Portlandite -10.82 12.48 23 .2 9 Ca(OH)2 
Pyrite -24 6 .58 -265. 23 -18.66 FeS2 
Pyrochroite - 6 .42 8.78 15.20 Mn(OH)2 
Pyrolusite 8.36 50.77 42.42 MnO2 
Rhodochrosite -1.17 -12.27 -11.11 MnCO3 
Rhodochrosite(d) -1.8 8 -12. 27 -10.39 MnCO3 
Siderite -11. 48 -22. 33 -1 0.85 FeCO3 
Siderite (d) (3) -11. 88 -22.33 -10.4 5 FeC03 
SrF2 -5.5 3 -14.0 9 - 8 .5 6 SrF2 
Strontianite -1. 41 -10. 68 - 9 .27 SrCO3 
Sulfur -1 08.94 -1 24 . 09 -15.1 5 s 
Tenorite -2. 38 5.48 7.86 CuO 
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Thenardite -9.52 -9.69 -0.17 Na2SO4 
Thermonatrite -11.26 -11.10 0.17 Na2CO3:H2O 
Trona -16.27 -16.78 -0.51 NaHCO3:Na2CO3:2H2O 
Witherite -2.79 -11. 37 -8.58 BaCO3 

20: 80 Mix of Quebec St. Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Anglesite -5.78 -13.61 -7.83 PbSO4 
Anhydrite -2.92 -7.26 -4.34 CaSO4 
Aragonite -1.18 -9.47 -8.29 CaCO3 
Artinite -10.33 -0.19 10.14 MgCO3:Mg(OH)2:3H2O 
BaF2 -8.94 -14.72 -5.78 BaF2 
Barite 0.08 -10.02 -10.10 BaSO4 
Birnessite 5.94 49.54 43.60 MnO2 
Bixbyite 5.51 5.19 -0.33 Mn2O3 
Brucite -7.28 10.07 17.35 Mg(OH)2 
Calcite -1.03 -9.47 -8.44 CaCO3 
Celestite -2.73 -9.35 -6.62 SrSO4 
Cerussite -2.60 -15.82 -13. 22 PbCO3 
CH4 (g) -142.91 -145. 71 -2.80 CH4 
CO2 (g) -2.15 -3.53 -1.38 CO2 
Cotunnite -13.41 -18.29 -4.88 PbC12 
Dolomite -2.82 -19.73 -16.91 CaMg(CO3)2 
Dolomite(d) -3.40 -19.73 -16.33 CaMg(CO3)2 
Epsomite -5.85 -8.04 -2.19 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.25 3.21 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 73 6.62 4.89 Fe(OH)3 
Fe3(OH)8 -8.10 12.12 20.22 Fe3(OH)8 
FeS (ppt) -148.09 -152.01 -3.92 FeS 
Fluorite -1. 27 -11. 96 -10.69 CaF2 
Galena -133. 24 -146.38 -13.14 PbS 
Goethite 7.35 6.62 -0.73 FeOOH 
Greigite -546.37 -591.41 -45.03 Fe3S4 
Gypsum -2.68 -7.26 -4.58 CaSO4:2H2O 
H2 (g) -41.90 -45.02 -3.12 H2 
H2O(g) -1. 71 -0.00 1.71 H2O 
H2S(g) -142.93 -143.84 -0.91 H2S 
Halite -8.52 -6.95 1.56 NaCl 
Hausmannite 1. 89 64.81 62.92 Mn3O4 
Hematite 16.68 13.25 -3.43 Fe2O3 
Huntite -10.76 -40.25 -29.48 CaMg3(CO3)4 
Hydrocerussite -9.69 -27.15 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -23.18 -30.96 -7.78 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.06 -13.89 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.71 -13.33 -8.62 KFe3(SO4)2(OH)6 
Jarosite-Na -7.31 -11.91 -4.60 NaFe3(SO4)2(OH)6 
JarositeH -12.00 -16.35 -4.36 (H3O)Fe3(SO4)2(OH)6 
Larnakite -8.95 -9.11 -0.16 PbO:PbSO4 
Laurionite -7.52 -6.89 0.62 PbOHCl 
Litharge -8.52 4.50 13. 03 PbO 
Mackinawite -147.36 -152.01 -4.65 FeS 
Maghemite 6.86 13 .25 6.39 Fe2O3 
Magnesite -2.34 -10.26 -7.91 MgCO3 
Magnetite 7.44 12.12 4.68 Fe3O4 
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Manganite 3 .25 28 .5 9 25.34 MnOOH 
Massicot - 8 . 72 4.50 13 .22 PbO 
Matlockite - 8 . 72 -18. 30 -9.58 PbClF 
Melanterite -16.93 -19.24 -2.30 FeSO4:7H2O 
Minium -20.21 55.41 75.62 Pb3O4 
Mirabilite -7.76 -9.23 -1. 47 Na2SO4:10H2O 
Mn2(SO4)3 -44.17 -49.15 -4.98 Mn2(SO4)3 
MnC12: 4H2 O -17. 54 -15.15 2 . 38 MnC12:4H2O 
MnS(Green) -147.15 -14 3 .25 3.91 MnS 
MnSO4 -13. 43 -10.4 8 2. 96 MnS04 
Nahcolite -4.87 -5.4 8 -0.62 NaHCO3 
Natron -9. 84 -11. 44 -1.61 Na2CO3:10H2O 
Nesquehonite -4.75 -10. 26 -5.51 MgCO3:3H2O 
Nsutite 6.97 49.54 42.56 MnO2 
02 (g) -1.98 -4.81 -2.83 02 
Pb(BO2)2 -13.93 -6.21 7.72 Pb(BO2)2 
Pb(OH)2 - 3 .91 4.50 8.41 Pb(OH)2 
Pb2(OH)3Cl -11.18 -2.39 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.19 9.01 26.20 PbO:Pb(OH)2 
Pb2O3 -10.14 50.90 61. 04 Pb2O3 
Pb20C03 -11. 04 -11. 32 -0.29 PbO:PbC03 
Pb302CO3 -1 8 .3 3 -6.8 2 11. 52 PbCO3: 2Pb0 
Pb 3O2SO4 -1 5 . 39 -4.60 10.79 PbSO4: 2PbO 
Pb4(OH) 6SO4 -21.20 -0.10 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -22.86 -0.10 22.76 PbSO4:3PbO 
PbF2 -10.88 -18.31 -7.43 PbF2 
PbMetal -41.66 -37.40 4.26 Pb 
PbO:0.3H2O - 8 .48 4.50 12.98 PbO:0.33H2 O 
Phosgenite -14.30 -34. 11 -19. 81 PbC12:PbCO3 
Plattnerite -4. 23 46 .4 0 50.63 PbO2 
Portlandite -1 2 .5 3 10. 85 23.38 Ca(OH)2 
Pyrite -242.30 - 260.99 -18.69 FeS2 
Pyrochroite -7.56 7.64 15.20 Mn(OH)2 
Pyrolusite 6 .93 49.54 42.60 Mn02 
Rhodochrosite -1.59 -12. 69 -11.10 MnCO3 
Rhodochrosite(d) -2.30 -12. 69 -10.39 MnCO3 
Siderite -10.61 -21.45 -10.84 FeCO3 
Siderite (d) (3 ) -11. 00 -21.45 -10.45 FeCO3 
SrF2 - 5 .49 -14.05 - 8 .56 SrF2 
Strontianite - 2 . 30 -11. 57 - 9.2 7 SrCO3 
Sulfur -10 6.95 -122 .13 -1 5 .1 7 S 
Thenardite - 9 .0 6 -9.2 3 -0.17 Na2SO4 
Thermonatrite -11. 62 -11.44 0.1 8 Na2C03:H2O 
Trana -1 6 .47 -1 6 . 93 -0.46 NaHCO3:Na2CO3:2H2O 
Witherite - 3 .65 -1 2 . 23 - 8.58 BaCO3 

50: 50 Mix of Quebec St. Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Anglesite - 6 .19 -14.0 3 -7. 83 PbSO4 
Anhydrite -2. 88 -7.2 2 -4.34 CaS04 
Aragonite -0.90 -9.19 -8.29 CaC03 
Artinite -9.65 0.50 10.15 MgCO3:Mg(OH)2:3H20 
BaF2 - 8 .97 -14.75 -5.78 BaF2 
Barite 0.10 -10.00 -10.10 BaSO4 
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Birnessite 6.39 49.99 43.60 MnO2 
Bixbyite 6.14 5.83 -0.32 Mn2O3 
Brucite -6.85 10.51 17.36 Mg(OH)2 
Calcite -0.75 -9.19 -8.44 CaCO3 
Celestite -2.69 -9.31 -6.62 SrSO4 
Cerussite -2.78 -16.00 -13. 22 PbCO3 
CH4 (g) -144.03 -146.82 -2.79 CH4 
CO2 (g) -2.35 -3.72 -1. 37 CO2 
Cotunnite -13.67 -18.55 -4.88 PbC12 
Dolomite -2.30 -19.20 -16.91 CaMg(CO3)2 
Dolomite(d) -2.88 -19.20 -16.33 CaMg(CO3)2 
Epsomite -5.84 -8.03 -2.19 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.09 3.05 -3.04 Fe(OH)2.7C10.3 
Fe(OH)3(a) 1. 62 6.51 4.89 Fe(OH)3 
Fe3(OH)8 -8.54 11. 68 20.22 Fe3(OH)8 
FeS(ppt) -149.67 -153.58 -3.92 FeS 
Fluorite -1.27 -11. 96 -10.69 CaF2 
Galena -134.56 -147.71 -13 .15 PbS 
Goethite 7.23 6.51 -0.72 FeOOH 
Greigite -552.22 -597.25 -45.03 Fe3S4 
Gypsum -2.63 -7.22 -4.58 CaSO4:2H2O 
H2 (g) -42.14 -45.25 -3.12 H2 
H2O(g) -1.71 -0.00 1. 71 H2O 
H2S(g) -144.28 -145.18 -0.91 H2S 
Halite -8.51 -6.95 1. 56 NaCl 
Hausmannite 2. 72 65.69 62.97 Mn3O4 
Hematite 16.44 13.03 -3.41 Fe2O3 
Huntite -9.75 -39.22 -29.47 CaMg3(CO3)4 
Hydrocerussite -10.03 -27.49 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -21.77 -29.53 -7.75 Mg5(CO3)4(OH)2:4H2O 
Jarosite (ss) -5.08 -14.91 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -5.69 -14.30 -8.61 KFe3(SO4)2(OH)6 
Jarosite-Na -8.38 -12.97 -4.58 NaFe3(SO4)2(OH)6 
JarositeH -13.23 -17.55 -4.33 (H3O)Fe3(SO4)2(OH)6 
Larnakite -9.35 -9.50 -0.16 PbO:PbSO4 
Laurionite -7.64 -7.01 0.62 PbOHCl 
Litharge -8.52 4.52 13. 04 PbO 
Mackinawite -148.93 -153.58 -4.65 FeS 
Maghemite 6.64 13.03 6.39 Fe2O3 
Magnesite -2.10 -10.01 -7.91 MgCO3 
Magnetite 6.97 11. 68 4.71 Fe3O4 
Manganite 3.58 28.92 25.34 MnOOH 
Massicot -8. 71 4.52 13.23 PbO 
Matlockite -9.08 -18.66 -9.58 PbClF 
Melanterite -17.59 -19.89 -2.31 FeSO4:7H2O 
Minium -19.97 55.70 75.67 Pb3O4 
Mirabilite -7.89 -9.37 -1. 48 Na2SO4:10H2O 
Mn2(SO4)3 -44.86 -49.81 -4. 96 Mn2(SO4)3 
MnC12:4H2O -17.59 -15.21 2.37 MnC12:4H2O 
MnS(Green) -148.29 -144.38 3.91 MnS 
MnSO4 -13.66 -10.69 2.97 MnSO4 
Nahcolite -4.92 -5.53 -0.62 NaHCO3 
Natron -9.74 -11. 35 -1.61 Na2CO3:10H2O 
Nesquehonite -4.50 -10.01 -5.51 MgCO3:3H2O 
Nsutite 7.43 49.99 42.56 MnO2 
02 (g) -1. 58 -4.41 -2.83 02 
Pb(BO2)2 -14.32 -6.60 7. 72 Pb(BO2)2 
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Pb(OH)2 -3.90 
Pb2(OH)3Cl -11.28 
Pb2O(OH)2 -17 .16 
Pb2O3 -9.86 
Pb2OCO3 -11.20 
Pb3O2CO3 -18.49 
Pb3O2SO4 -15.78 
Pb4(OH)6SO4 -21.56 
Pb403SO4 -23.24 
PbF2 -11.35 
PbMetal -41.88 
PbO:0.3H2O -8.46 
Phosgenite -14.74 
Plattnerite -4.01 
Portlandite -12.07 
Pyrite -244.98 
Pyrochroite -7.35 
Pyrolusite 7.35 
Rhodochrosite -1.57 
Rhodochrosite(d) -2.28 
Siderite -11.03 
Siderite (d) (3) -11. 42 
SrF2 -5.50 
Strontianite -2.02 
Sulfur -108.07 
Thenardite -9.21 
Thermonatrite -11.53 
Trana -16.44 
Witherite -3. 40 

4.52 
-2.49 

9.04 
51.18 

-11.48 
-6. 96 
-4.98 
-0.46 
-0.46 

-18.77 
-37.62 

4.52 
-34.55 

46.66 
11. 33 

-263.68 
7.85 

49.99 
-12.67 

-12.67 
-21.87 
-21.87 
-14.06 
-11. 29 

-123.25 
-9.37 

-11. 35 
-16.89 
-11. 98 

8.42 
8.79 

26.20 
61.04 
-0.28 
11. 53 
10.80 
21.10 
22.78 
-7.43 

4.26 
12.98 

-19.81 
50.67 
23.40 

-18.70 
15.20 
42.64 

-11.10 
-10.39 

-10.84 
-10.45 
-8.56 
-9.27 

-15.18 
-0.17 

0.18 
-0.45 
-8.59 

Pb(OH)2 
Pb2(OH)3Cl 
PbO:Pb(OH)2 
Pb2O3 
PbO:PbCO3 
PbCO3:2PbO 
PbSO4:2PbO 
Pb4(OH)6SO4 
PbSO4:3PbO 
PbF2 
Pb 
PbO:0.33H20 
PbC12:PbCO3 
PbO2 
Ca(OH)2 
FeS2 
Mn(OH)2 
MnO2 
MnCO3 

MnCO3 
FeC03 
FeC03 
SrF2 
SrCO3 
s 
Na2SO4 
Na2CO3:H2O 
NaHCO3:Na2CO3:2H2O 
BaCO3 

80: 20 Mix of Quebec St. Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, l atm) 

Anglesite -6.95 -14.78 -7.83 PbSO4 
Anhydrite -2.84 -7.17 -4.34 CaSO4 
Aragonite -0.48 -8.77 -8.29 CaCO3 
Artinite -8.55 1. 62 10.17 MgCO3:Mg(OH)2:3H2O 
BaF2 -9.01 -14.79 -5.78 BaF2 
Barite 0 .11 -9.99 -10.10 BaSO4 
Birnessite 6.80 50.40 43.60 MnO2 
Bixbyite 6.80 6.49 -0.31 Mn2O3 
Brucite -6.13 11. 25 17.38 Mg(OH)2 
Calcite -0.34 -8.77 -8.44 CaCO3 
Celestite -2.65 -9.27 -6.62 SrSO4 
Cerussite -3.16 -16.38 -13.23 PbCO3 
CH4 (g) -144.89 -147.69 -2.79 CH4 
CO2 (g) -2.69 -4.06 -1. 37 CO2 
Cotunnite -14.29 -19.17 -4.88 PbC12 
Dolomite -1. 49 -18.40 -16.90 CaMg(CO3)2 
Dolomite(d) -2.08 -18.40 -16.32 CaMg(CO3)2 
Epsomite -5.83 -8.02 -2.20 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 5.70 2.66 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 32 6.21 4.89 Fe(OH)3 
Fe3(OH)8 -9.52 10.70 20.22 Fe3(OH)8 
FeS (ppt) -151.28 -155.20 -3.92 FeS 
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Fluorite -1. 28 -11.98 -10.70 CaF2 
Galena -135.83 -148.99 -13.17 PbS 
Goethite 6.92 6.21 -0. 71 FeOOH 
Greigite -558.18 -603.22 -45.03 Fe3S4 
Gypsum -2.59 -7.17 -4.58 CaSO4:2H2O 
H2 (g) -42.28 -45.39 -3.12 H2 
H2O(g) -1. 72 -0.00 1. 72 H2O 
H2S(g) -145.52 -146.43 -0.91 H2S 
Halite -8.53 -6.97 1. 56 NaCl 
Hausmannite 3.64 66.66 63.03 Mn3O4 
Hematite 15.81 12.42 -3.40 Fe2O3 
Huntite -8.18 -37.64 -29.46 CaMg3(CO3)4 
Hydrocerussite -10.82 -28.28 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -19.52 -27.24 -7. 73 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -7.14 -16.97 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -7.69 -16.28 -8.59 KFe3(SO4)2(OH)6 
Jarosite-Na -10.49 -15.05 -4.56 NaFe3(SO4)2(OH)6 
JarositeH -15.61 -19.91 -4.30 (H3O)Fe3(SO4)2(OH)6 
Larnakite -10.14 -10.30 -0.15 PbO:PbSO4 
Laurionite -7.97 -7.34 0.62 PbOHCl 
Litharge -8.56 4.49 13. 05 PbO 
Mackinawite -150.55 -155.20 -4.65 FeS 
Maghemite 6.03 12.42 6.39 Fe2O3 
Magnesite -1.72 -9.62 -7.91 MgCO3 
Magnetite 5. 96 10.70 4.74 Fe3O4 
Manganite 3.93 29.27 25.34 MnOOH 
Massicot -8.76 4.49 13 .24 PbO 
Matlockite -9.79 -19.38 -9.59 PbClF 
Melanterite -18.68 -20.99 -2.31 FeSO4: 7H2O 
Minium -20.00 55.73 75.73 Pb3O4 
Mirabilite -8.06 -9.55 -1.49 Na2SO4:10H2O 
Mn2(SO4)3 -46.38 -51.31 -4.94 Mn2(SO4)3 
MnC12:4H2O -17.89 -15.53 2.37 MnC12:4H2O 
MnS(Green) -149.26 -145.35 3.91 MnS 
MnSO4 -14 .11 -11.14 2.98 MnSO4 
Nahcolite -4.98 -5.60 -0.62 NaHCO3 
Natron -9.53 -11.15 -1.62 Na2CO3:10H2O 
Nesquehonite -4.12 -9.62 -5.51 MgCO3:3H2O 
Nsutite 7.84 50.40 42.56 MnO2 
02 (g) -1. 37 -4.20 -2.83 02 
Pb(BO2)2 -15.17 -7.45 7.73 Pb(BO2)2 
Pb(OH)2 -3.94 4.49 8.43 Pb(OH)2 
Pb2(OH)3Cl -11. 65 -2.86 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.23 8.97 26.20 PbO:Pb(OH)2 
Pb2O3 -9.79 51. 25 61.04 Pb2O3 
Pb2OCO3 -11. 62 -11. 90 -0.27 PbO:PbCO3 
Pb3O2CO3 -18.95 -7.41 11. 54 PbCO3: 2PbO 
Pb3O2SO4 -16.62 -5.81 10.81 PbSO4:2PbO 
Pb4(OH)6SO4 -22.42 -1. 32 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -24.12 -1. 32 22.80 PbSO4:3PbO 
PbF2 -12.16 -19.58 -7.43 PbF2 
PbMetal -42.05 -37.79 4.26 Pb 
PbO:0.3H2O -8.49 4.49 12.98 PbO:0.33H2O 
Phosgenite -15.74 -35.55 -19.81 PbC12:PbCO3 
Plattnerite -3.94 46.76 50.70 PbO2 
Portlandite -11.32 12.09 23.42 Ca(OH)2 
Pyrite -247.70 -266.40 -18.70 FeS2 
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Pyrochroite -7.07 8 .1 3 15.20 Mn(OH)2 
Pyrolusite 7.73 50.40 42.67 Mn02 
Rhodochrosite -1. 64 -12.74 -11.10 MnC03 
Rhodochrosite(d) - 2 . 35 -12.74 -10. 39 MnCO3 
Siderite -11.74 -2 2 .5 9 -10.84 FeCO3 
Siderite (d) (3) -1 2 .14 -22.5 9 -10.45 FeCO3 
SrF2 -5. 51 -14.0 7 - 8.56 SrF2 
Strontianite -1.60 -10.87 - 9 . 27 SrCO3 
Sulfur -10 9 .18 -1 24.36 -15.1 8 S 
Thenardite -9.38 -9.55 -0.17 Na2SO4 
Thermonatrite -11.33 -11.1 5 0.18 Na2CO3:H2O 
Trana -1 6 . 32 -16.76 - 0.44 NaHCO3:Na2CO3:2H2O 
Witherite -3.00 -11. 59 - 8 .5 9 BaC03 

20 : 80 Mix of Wemlinger Injection Water: Arapahoe Formation Water 

Phase SI** l og IAP l og K(296 K, 1 atm) 

Al(OH)3(a) -0. 90 9 .9 9 10.89 Al(OH)3 
AlumK -1 8.41 -2 3.6 1 -5.1 9 KAl(SO4)2:12H2O 
Alunite -2. 39 - 3 . 62 -1. 23 KA13(SO4)2(OH)6 
Anglesite - 5.88 -1 3 . 68 -7. 80 PbSO4 
Anhydrite -2.7 9 -7.14 -4. 36 CaSO4 
Anili te -11 6.96 -14 8.98 - 32 .0 2 Cu0.25Cu l.5S 
Antlerite - 9 .0 6 -0.77 8.29 Cu3(OH)4SO4 
Aragonite -0.95 - 9.28 -8. 33 CaCO3 
Artinite -8.95 0.74 9.70 MgCO3:Mg(OH)2:3H2O 
Atacamite - 6 . 81 0.59 7.40 Cu2(0H)3Cl 
Azurite - 6 .61 -2.7 6 3 . 85 Cu3(0H)2(CO3)2 
B-UO2(OH)2 -5.12 0 .47 5.59 UO2(OH)2 
BaF2 - 8.98 -14.74 -5.7 6 BaF2 
Barite 0.04 -9. 95 -9. 99 BaSO4 
Basaluminite -1.14 21. 56 22.70 Al4(OH)l0SO4 
Birnessite 2.32 45.92 43.60 MnO2 
Bixbyite 3.56 3 .0 0 - 0 . 56 Mn2O3 
BlaubleiI -107.70 -131. 86 -24.16 Cu0.9Cu0.2S 
BlaubleiII -11 2.48 -13 9 .7 6 -27. 28 Cu0.6Cu0.8S 
Boehmite 1. 31 9 .9 9 8 . 68 AlOOH 
Brochantite -10.24 5.10 15.34 Cu4(0H)6S04 
Brucite -6.2 9 10.64 16.93 Mg(OH)2 
Calcite - 0 . 80 -9.2 8 -8.47 CaCO3 
Celestite - 2 .74 -9. 37 -6. 63 SrSO4 
Cerussite -2. 66 -1 5 . 81 -13 .1 5 PbCO3 
CH4 (g) -1 27.01 -1 29 . 86 - 2.85 CH4 
Chalcanthite - 9 . 88 -12.53 - 2 . 64 CuSO4:5H2O 
Chalcocite -1 20.79 -155.57 -34.7 8 Cu2S 
Chalcopyrite -2 27 . 96 -26 3 . 35 -35. 39 CuFeS2 
CO2 (g) -2. 38 -3.83 -1. 45 CO2 
Cotunnite -12. 80 -17.59 -4.7 9 PbC12 
Covellite -10 6 .87 -1 29 .2 3 - 22.35 CuS 
Cu(OH)2 -2. 81 5 . 88 8 .6 9 Cu(OH)2 
Cu2(OH)3NO3 -10.20 -0.90 9.30 Cu2 (OH) 3NO3 
Cu2 SO4 -36. 94 -3 8.87 -1.9 3 Cu2SO4 
CuCO3 - 5.03 -14. 66 -9. 63 CuCO3 
CuF - 28 . 95 -21.83 7.12 CuF 
CuF2 -1 6 .7 5 -17.32 -0.58 CuF2 
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CuF2:2H2O -12.78 -17.32 -4.54 CuF2:2H2O 
CuMetal -20.24 -29.06 -8.82 Cu 
CuOCuSO4 -18.30 -6.65 11. 65 CuO:CuSO4 
CupricFerrite 13. 37 19.38 6.01 CuFe2O4 
Cuprite -18.90 -20.47 -1. 57 Cu2O 
CuprousFerrite 5.43 -3.48 -8.91 CuFeO2 
CuSO4 -15.60 -12.53 3.07 CuSO4 
Diaspore 3.03 9.99 6. 96 AlOOH 
Djurleite -119.75 -153.83 -34.08 Cu0.066Cul.868S 
Dolomite -2 .11 -19.17 -17.06 CaMg(CO3)2 
Dolomite(d) -2.67 -19.17 -16.50 CaMg(CO3)2 
Epsomite -5.62 -7.77 -2.15 MgSO4:7H2O 
Fe(OH)2.7Cl.3 6.45 3.41 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 86 6.75 4.89 Fe(OH)3 
Fe3(OH)8 -5.73 14.49 20.22 Fe3(OH)8 
FeS (ppt) -130.21 -134 .12 -3.92 FeS 
Fluorite -1.32 -11. 94 -10.62 CaF2 
Galena -117.53 -130. 37 -12.85 PbS 
Gibbsite 1. 80 9.99 8.19 Al(OH)3 
Goethite 7. 71 6.75 -0.95 FeOOH 
Greigite -480.88 -525.92 -45.03 Fe3S4 
Gummite -10.01 0.47 10.48 UO3 
Gypsum -2.56 -7.14 -4.58 CaSO4:2H2O 
H2 (g) -37.65 -40.79 -3.14 H2 
H2O(g) -1. 55 -0.00 1. 55 H2O 
H2S (g) -127.16 -128.14 -0.98 H2S 
Halite -8.37 -6.79 1. 58 NaCl 
Hausmannite 1.09 62.46 61. 37 Mn3O4 
Hematite 17.41 13.51 -3.90 Fe2O3 
Huntite -9.08 -38. 96 -29.88 CaMg3(CO3)4 
Hydrocerussite -9.43 -26.89 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -20.36 -28.95 -8.59 Mg5(CO3)4(OH)2:4H2O 
Jarosite (ss) -4 .11 -13.94 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.23 -13.33 -9.10 KFe3(SO4)2(OH)6 
Jarosite-Na -7.02 -12.18 -5.16 NaFe3(SO4)2(OH)6 
JarositeH -11. 34 -16.54 -5.20 (H3O)Fe3(SO4)2(OH)6 
Jurbanite -5.18 -8.41 -3.23 AlOHSO4 
Langite -11.82 5.10 16.92 Cu4(OH)6SO4:H2O 
Larnakite -8.69 -8.95 -0.26 PbO:PbSO4 
Laurionite -7.05 -6.43 0.62 PbOHCl 
Litharge -8.05 4.73 12.78 PbO 
Mackinawite -129.47 -134 .12 -4.65 FeS 
Maghemite 7.12 13.51 6.39 Fe2O3 
Magnesite -1.89 -9.90 -8.01 MgCO3 
Magnetite 10.58 14.49 3.91 Fe3O4 
Malachite -3.66 1. 56 5.22 Cu2(OH)2CO3 
Manganite 1. 76 27.10 25.34 MnOOH 
Massicot -8.24 4.73 12.97 PbO 
Matlockite -8.57 -18.03 -9.46 PbClF 
Melanothallite -20.21 -16.44 3.77 CuC12 
Melanterite -15.20 -17.42 -2.23 FeSO4:7H2O 
Minium -22.20 51. 83 74.04 Pb3O4 
Mirabilite -8.49 -9.67 -1.18 Na2SO4:10H2O 
Mn2(SO4)3 -46.63 -52.21 -5.58 Mn2(SO4)3 
MnC12:4H2O -16.70 -14.05 2.65 MnC12:4H2O 
MnS(Green) -130.65 -126.83 3.82 MnS 
MnSO4 -12.85 -10.13 2. 72 MnSO4 
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N2 (g) -2.18 -5.44 -3.26 N2 
Na4UO2(CO3)3 -27.37 -43.66 -16.29 Na4UO2(CO3)3 
Nahcolite -5.26 -5.82 -0.56 NaHCO3 
Nantokite -14.60 -21.39 -6.79 CuCl 
Natron -10.43 -11. 80 -1. 36 Na2CO3:10H2O 
Nesquehonite -4.29 -9.90 -5.60 MgCO3:3H2O 
NH3(g) -54.64 -52.84 1. 80 NH3 
Nsutite 3.36 45.92 42.56 MnO2 
02 (g) -8.35 -11. 23 -2.88 02 
Pb(OH)2 -3.47 4.73 8.20 Pb(OH)2 
Pb2(OH)3Cl -10.50 -1.70 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -16.74 9.46 26.20 PbO:Pb(OH)2 
Pb2O3 -13.93 47 .11 61.04 Pb2O3 
Pb2OCO3 -10.62 -11.08 -0.46 PbO:PbCO3 
Pb3O2CO3 -17.46 -6.35 11.11 PbCO3: 2PbO 
Pb3O2SO4 -14.69 -4.22 10.47 PbSO4: 2PbO 
Pb4(OH)6SO4 -20.59 0.51 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -21.71 0.51 22.22 PbSO4:3PbO 
PbF2 -11. 03 -18.47 -7.44 PbF2 
PbMetal -37.19 -32.92 4.27 Pb 
PbO:0.3H2O -8.25 4.73 12.98 PbO:0.33H2O 
Phosgenite -13.59 -33.40 -19.81 PbC12:PbCO3 
Plattnerite -7.16 42.38 49.54 PbO2 
Portlandite -11. 65 11. 26 22.90 Ca(OH)2 
Pyrite -213. 05 -231.57 -18.52 FeS2 
Pyrochroite -6.93 8.27 15.20 Mn(OH)2 
Pyrolusite 4.32 45.92 41.60 MnO2 
Rhodochrosite -1.14 -12.26 -11.13 MnCO3 
Rhodochrosite(d) -1. 87 -12.26 -10.39 MnCO3 
Rutherfordine -5.62 -20.07 -14.45 UO2CO3 
Schoepite -4.98 0.47 5.44 UO2(OH)2:H2O 
Siderite -8.67 -19.55 -10.88 FeCO3 
Siderite (d) (3) -9.10 -19.55 -10.45 FeCO3 
SrF2 -5.62 -14.16 -8.54 SrF2 
Strontianite -2.23 -11.50 -9.27 SrCO3 
Sulfur -95.36 -110.41 -15.05 s 
Tenorite -1.79 5.88 7.67 CuO 
Thenardite -9.49 -9.67 -0.18 Na2SO4 
Thermonatrite -11. 93 -11. 80 0 .13 Na2CO3:H2O 
Trona -16.89 -17.62 -0.73 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -43.23 -46.43 -3.20 U(OH)2SO4 
U3O8(c) -29.71 -8.79 20.92 U3O8 
U4O9(c) -71. 42 -74.47 -3.04 U4O9 
UF4(c) -55.88 -74.42 -18.54 UF4 
UF4:2.5H2O -46.86 -74.42 -27.57 UF4:2.5H2O 
UO2(a) -28.13 -28.03 0.10 UO2 
UO3(gamma) -7.32 0.47 7.78 UO3 
Uraninite(c) -23.29 -28.03 -4.74 UO2 
Witherite -3.51 -12.08 -8.56 BaCO3 
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50: 50 Mix ofWemlinger Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(294 K, 1 atm) 

Al(OH)3(a) -0.49 10.57 11. 05 Al(OH)3 
AlumK -17.92 -23.16 -5.24 KAl(SO4)2:12H2O 
Alunite -1.10 -2.02 -0.92 KA13(SO4)2(OH)6 
Anglesite -6.00 -13.81 -7.81 PbSO4 
Anhydrite -2.65 -7.00 -4.35 CaSO4 
Anilite -133. 21 -165.51 -32.30 Cu0.25Cul.5S 
Antlerite -9.55 -1. 26 8.29 Cu3(OH)4SO4 
Aragonite -0.89 -9.20 -8.31 CaCO3 
Artinite -8.58 l. 29 9.88 MgCO3:Mg(OH)2:3H2O 
Atacamite -6.89 0.63 7.52 Cu2(OH)3Cl 
Azurite -7.45 -3.40 4.05 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -4.70 0.97 5.68 UO2(OH)2 
BaF2 -9.17 -14.94 -5.77 BaF2 
Barite 0.04 -9.99 -10.03 BaSO4 
Basaluminite 1.10 23.80 22.70 Al4(OH)10SO4 
Birnessite 5.77 49.37 43.60 MnO2 
Bixbyite 6.56 6.09 -0.46 Mn2O3 
BlaubleiI -121.85 -146.02 -24.16 Cu0.9Cu0.2S 
BlaubleiII -127.73 -155.01 -27.28 Cu0.6Cu0.8S 
Boehmite l. 71 10.57 8.85 AlOOH 
Brochantite -10.86 4.48 15.34 Cu4(OH)6SO4 
Brucite -6 .12 10.98 17.10 Mg(OH)2 
Calcite -0.74 -9.20 -8.46 CaCO3 
Celestite -2.68 -9.31 -6.62 SrSO4 
Cerussite -2.83 -16.01 -13.18 PbCO3 
CH4 (g) -140.75 -143.58 -2.83 CH4 
Chalcanthite -10.08 -12.74 -2.65 CuSO4:5H2O 
Chalcocite -137.92 -173.01 -35.09 Cu2S 
Chalcopyrite -256.91 -292.52 -35.61 CuFeS2 
CO2 (g) -2.51 -3.94 -1.42 CO2 
Cotunnite -12.21 -17.03 -4.82 PbC12 
Covel lite -120.52 -143.02 -22.50 CuS 
Cu(OH)2 -3.05 5.74 8.79 Cu(OH)2 
Cu2(OH)3NO3 -10.17 -0.76 9.41 Cu2(OH)3NO3 
Cu2SO4 -40.82 -42.73 -1.91 Cu2SO4 
CuCO3 -5.30 -14.93 -9.63 CuCO3 
CuF -31.04 -23.84 7.20 CuF 
CuF2 -17.19 -17.69 -0.49 CuF2 
CuF2:2H2O -13 .17 -17.69 -4.52 CuF2:2H2O 
CuMetal -23.77 -32.70 -8.92 Cu 
CuOCuSO4 -18.87 -7.00 11. 87 CuO:CuSO4 
CupricFerrite 12.92 19.17 6.25 CuFe2O4 
Cuprite -22.64 -24.25 -1.61 Cu2O 
CuprousFerrite 3.47 -5.41 -8.88 CuFeO2 
CuSO4 -15.92 -12.74 3.18 CuSO4 
Diaspore 3.45 10.57 7.12 AlOOH 
Djurleite -136.65 -171.03 -34.38 Cu0.066Cul.868S 
Dolomite -1.89 -18.89 -17.00 CaMg(CO3)2 
Dolomite (d) -2.45 -18.89 -16.43 CaMg(CO3)2 
Epsomite -5.32 -7.49 -2.17 MgSO4: 7H2O 
Fe (OH) 2. 7Cl. 3 6.50 3.46 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) l. 82 6.71 4.89 Fe(OH)3 
Fe3(OH)8 -7.53 12.69 20.22 Fe3(OH)8 
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FeS(ppt) -145.58 -149.50 -3.92 FeS 
Fluorite -1. 30 -11. 95 -10.65 CaF2 
Galena -131.12 -144.09 -12.97 PbS 
Gibbsite 2.24 10.57 8.33 Al(OH)3 
Goethite 7.58 6. 71 -0.86 FeOOH 
Greigite -537.30 -582.34 -45.03 Fe3S4 
Gummite -9.65 0.97 10.62 UO3 
Gypsum -2.42 -7.00 -4.58 CaSO4:2H2O 
H2 (g) -41.14 -44.27 -3.13 H2 
H2O(g) -1.61 -0.00 1. 61 H2O 
H2S (g) -140.81 -141.76 -0.95 H2S 
Halite -8.02 -6.45 1. 57 NaCl 
Hausmannite 3.85 65.84 62.00 Mn3O4 
Hematite 17.14 13. 43 -3.71 Fe2O3 
Huntite -8.55 -38.27 -29.72 CaMg3(CO3)4 
Hydrocerussite -9.89 -27.35 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -19.51 -27. 77 -8.26 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.36 -14.19 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.67 -13.58 -8.91 KFe3(SO4)2(OH)6 
Jarosite-Na -7.47 -12.41 -4.93 NaFe3(SO4)2(OH)6 
JarositeH -11.94 -16.81 -4.86 (H3O)Fe3(SO4)2(OH)6 
Jurbanite -4.68 -7.91 -3.23 AlOHSO4 
Langite -12.69 4.48 17.17 Cu4(OH)6SO4:H2O 
Larnakite -8.92 -9.14 -0.22 PbO:PbSO4 
Laurionite -6.81 -6.18 0.62 PbOHCl 
Litharge -8.21 4.67 12.88 PbO 
Mackinawite -144.85 -149.50 -4.65 FeS 
Maghemite 7.04 13. 43 6.39 Fe2O3 
Magnesite -1. 72 -9.69 -7.97 MgCO3 
Magnetite 8.47 12.69 4.22 Fe3O4 
Malachite -4.17 1.17 5.34 Cu2(OH)2CO3 
Manganite 3.46 28.80 25.34 MnOOH 
Massicot -8.40 4.67 13. 07 PbO 
Matlockite -8.39 -17.90 -9.51 PbClF 
Melanothallite -19.81 -15. 96 3.85 CuC12 
Melanterite -16.96 -19.22 -2.26 FeSO4:7H2O 
Minium -19.54 55.14 74.68 Pb3O4 
Mirabilite -8.38 -9.68 -1. 30 Na2SO4:10H2O 
Mn2(SO4)3 -43.99 -49.33 -5.34 Mn2(SO4)3 
MnC12:4H2O -16.01 -13.46 2.54 MnC12:4H2O 
MnS(Green) -144.38 -140.52 3.86 MnS 
MnSO4 -13.06 -10.24 2.82 MnSO4 
N2 (g) -16.87 -20 .11 -3.25 N2 
Na4UO2(CO3)3 -27.16 -43.45 -16.29 Na4UO2(CO3)3 
Nahcolite -5.33 -5.91 -0.58 NaHCO3 
Nantokite -16.12 -22.97 -6.86 CuCl 
Natron -10.41 -11. 87 -1. 46 Na2CO3:10H2O 
Nesquehonite -4.12 -9.69 -5.57 MgCO3:3H2O 
NH3(g) -67.14 -65.30 1.85 NH3 
Nsutite 6.81 49.37 42.56 MnO2 
02 (g) -2.23 -5.09 -2.86 02 
Pb(OH)2 -3.62 4.67 8.28 Pb(OH)2 
Pb2(OH)3Cl -10.31 -1. 52 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -16.87 9.33 26.20 PbO:Pb(OH)2 
Pb2O3 -10.57 50.47 61.04 Pb2O3 
Pb2OCO3 -10.95 -11. 34 -0.39 PbO:PbCO3 
Pb3O2CO3 -17.95 -6.68 11. 27 PbCO3:2PbO 
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Pb3O2SO4 -15.07 -4.48 10.60 PbSO4:2PbO 
Pb4 (OH) 6SO4 -20.91 0.19 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -22.25 0.19 22.44 PbSO4:3PbO 
PbF2 -11.33 -18.76 -7.43 PbF2 
PbMetal -40.74 -36.47 4.27 Pb 
PbO:0.3H2O -8.31 4.67 12.98 PbO:0.33H2O 
Phosgenite -13. 23 -33.04 -19.81 PbC12:PbCO3 
Plattnerite -4.17 45.81 49.98 PbO2 
Portlandite -11. 62 11. 48 23.10 Ca(OH)2 
Pyrite -238.53 -257.12 -18.59 FeS2 
Pyrochroite -6.97 8.23 15.20 Mn(OH)2 
Pyrolusite 7.37 49.37 42.00 MnO2 
Rhodochrosite -1.32 -12.44 -11.12 MnCO3 
Rhodochrosite (d) -2.05 -12.44 -10.39 MnCO3 
Rutherfordine -5.26 -19.70 -14.44 UO2CO3 
Schoepite -4.54 0.97 5.52 UO2(OH)2:H2O 
Siderite -10.55 -21.42 -10.87 FeCO3 
Siderite (d) (3) -10. 97 -21.42 -10.45 FeCO3 
SrF2 -5.70 -14.26 -8.55 SrF2 
Strontianite -2.24 -11. 50 -9.27 SrCO3 
Sulfur -105.55 -120.65 -15.10 S 
Tenorite -2.03 5.74 7.77 CuO 
Thenardite -9.50 -9.67 -0.17 Na2SO4 
Thermonatrite -12.03 -11. 87 0.15 Na2CO3:H2O 
Trona -17.16 -17.78 -0.62 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -46.07 -49.27 -3.20 U(OH)2SO4 
U3O8(c) -31.75 -10.10 21.64 U3O8 
U4O9(c) -79.63 -82.04 -2.41 U4O9 
UF4(c) -59.22 -77.65 -18.42 UF4 
UF4:2.5H2O -50.08 -77.65 -27.56 UF4:2.5H2O 
UO2(a) -30.89 -30.79 0.10 UO2 
UO3(gamma) -6.93 0.97 7.90 UO3 
Uraninite(c) -26.17 -30.79 -4.62 UO2 
Witherite -3.62 -12.19 -8.57 BaCO3 

80: 20 Mix ofWemlinger Injection Water: Arapahoe Formation Water 

Phase SI** log IAP log K(291 K, 1 atm) 

Al(OH)3(a) -0.33 10.89 11.22 Al(OH)3 
AlumK -17.93 -23.22 -5.28 KAl(SO4)2:12H2O 
Alunite -0.84 -1.44 -0.60 KA13(SO4)2(OH)6 
Anglesite -6.40 -14.22 -7.82 PbSO4 
Anhydrite -2.54 -6.88 -4.34 CaSO4 
Anilite -136.57 -169.14 -32.57 Cu0.25Cul.5S 
Antlerite -10.73 -2.44 8.29 Cu3(OH)4SO4 
Aragonite -0.76 -9.06 -8.30 CaCO3 
Artinite -8 .11 1.95 10.06 MgCO3:Mg(OH)2:3H2O 
Atacamite -7.59 0.04 7.64 Cu2(OH)3Cl 
Azurite -8. 96 -4.72 4.24 Cu3(OH)2(CO3)2 
B-UO2(OH)2 -4.49 1.28 5.76 UO2(OH)2 
BaF2 -9.43 -15.21 -5.78 BaF2 
Barite -0.04 -10.12 -10.08 BaSO4 
Basaluminite 2.16 24.86 22.70 Al4(OH)l0SO4 
Birnessite 6.35 49.95 43.60 MnO2 
Bixbyite 6.61 6.24 -0.37 Mn2O3 
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BlaubleiI -124.82 -148.98 -24.16 Cu0.9Cu0.2S 
BlaubleiII -131. 01 -158.28 -27.28 Cu0.6Cu0.8S 
Boehmite 1. 86 10.89 9.03 AlOOH 
Brochantite -12.35 2.99 15.34 Cu4(OH)6SO4 
Brucite -5.86 11. 41 17.27 Mg(OH)2 
Calcite -0.61 -9.06 -8.45 CaCO3 
Celestite -2.64 -9.26 -6.62 SrSO4 
Cerussite -3.19 -16.40 -13.21 PbCO3 
CH4 (g) -143.29 -146.10 -2.81 CH4 
Chalcanthite -10.62 -13.28 -2.66 CuSO4:5H2O 
Chalcocite -141. 48 -176.89 -35.40 Cu2S 
Chalcopyrite -262.59 -298.42 -35.84 CuFeS2 
CO2 (g) -2. 71 -4.10 -1. 39 CO2 
Cotunnite -12.26 -17.12 -4.86 PbC12 
Covellite -123.23 -145.88 -22.65 CuS 
Cu(OH)2 -3.46 5.42 8.88 Cu(OH)2 
Cu2(OH)3NO3 -10.99 -1.47 9.52 Cu2(OH)3NO3 
Cu2SO4 -42.41 -44.29 -1.88 Cu2SO4 
CuCO3 -5.83 -15.46 -9.63 CuCO3 
CuF -31. 96 -24.69 7.28 CuF 
CuF2 -1 7. 96 -18.37 -0.41 CuF2 
CuF2:2H2O -13.88 -18.37 -4.49 CuF2:2H2O 
CuMetal -24.67 -33.70 -9.03 Cu 
CuOCuSO4 -19.95 -7.86 12.10 CuO:CuSO4 
CupricFerrite 11. 92 18.42 6.50 CuFe2O4 
Cuprite -23.93 -25.58 -1.65 Cu2O 
CuprousFerrite 2.57 -6. 29 -8.86 CuFeO2 
CuSO4 -16.58 -13. 28 3.30 CuSO4 
Diaspore 3.62 10.89 7.27 AlOOH 
Djurleite -140.16 -174.84 -34.68 Cu0.066Cul.868S 
Dolomite -1. 59 -18.53 -16.94 CaMg(CO3)2 
Dolomite(d) -2.17 -18.53 -16.36 CaMg(CO3)2 
Epsomite -5.10 -7.29 -2.18 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.30 3.26 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 61 6.50 4.89 Fe(OH)3 
Fe3(OH)8 -8.46 11. 76 20.22 Fe3(OH)8 
FeS(ppt) -148.63 -152.54 -3.92 FeS 
Fluorite -1. 29 -11. 97 -10.68 CaF2 
Galena -133.73 -146.82 -13.09 PbS 
Gibbsite 2.42 10.89 8.47 Al(OH)3 
Goethite 7.27 6.50 -0.77 FeOOH 
Greigite -548.43 -593.46 -45.03 Fe3S4 
Gummite -9.49 1. 28 10.77 UO3 
Gypsum -2.30 -6.88 -4.58 CaSO4:2H2O 
H2 (g) -41.81 -44.94 -3.12 H2 
H2O (g) -1.68 -0.00 1. 68 H2O 
H2S(g) -143.35 -144.28 -0.92 H2S 
Halite -7.88 -6.31 1. 57 NaCl 
Hausmannite 3.59 66.22 62.63 Mn3O4 
Hematite 16.51 13.00 -3.52 Fe2O3 
Huntite -7.91 -37.47 -29.56 CaMg3(CO3)4 
Hydrocerussite -10.85 -28.31 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -18.53 -26.46 -7.93 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -5.41 -15.24 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -5.90 -14.61 -8.71 KFe3(SO4)2(OH)6 
Jarosite-Na -8.72 -13.42 -4.70 NaFe3(SO4)2(OH)6 
JarositeH -13.40 -17.91 -4.51 (H3O)Fe3(SO4)2(OH)6 
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Jurbanite -4.58 -7.81 -3.23 AlOHSO4 
Langite -14.43 2.99 17.42 Cu4(OH)6SO4:H2O 
Larnakite -9.56 -9.73 -0.18 PbO:PbSO4 
Laurionite -6.94 -6.32 0.62 PbOHCl 
Litharge -8.50 4.48 12.98 PbO 
Mackinawite -147.89 -152.54 -4.65 FeS 
Maghemite 6.61 13. 00 6.39 Fe2O3 
Magnesite -1. 54 -9.47 -7.93 MgCO3 
Magnetite 7.22 11.76 4.54 Fe3O4 
Malachite -5 .11 0.35 5.46 Cu2(OH)2CO3 
Manganite 3.70 29.04 25.34 MnOOH 
Massicot -8.69 4.48 13 .18 PbO 
Matlockite -8.65 -18.21 -9.56 PbClF 
Melanothallite -20 .11 -16.18 3.93 CuC12 
Melanterite -17.65 -19.94 -2.29 FeSO4:7H2O 
Minium -20.06 55.27 75.33 Pb3O4 
Mirabilite -8.31 -9. 72 -1.42 Na2SO4:10H2O 
Mn2(SO4)3 -44.78 -49.87 -5.09 Mn2(SO4)3 
MnC12:4H2O -15.90 -13.47 2.43 MnC12:4H2O 
MnS(Green) -147.06 -143.17 3.89 MnS 
MnSO4 -13. 48 -10.57 2.92 MnSO4 
N2 (g) -18.42 -21.66 -3.24 N2 
Na4UO2(CO3)3 -27.12 -43.41 -16.29 Na4UO2(CO3)3 
Nahcolite -5.40 -6.00 -0.61 NaHCO3 
Nantokite -16.67 -23.59 -6.92 CuCl 
Natron -10.34 -11. 90 -1. 56 Na2CO3:10H2O 
Nesquehonite -3.94 -9.47 -5.53 MgCO3:3H2O 
NH3 (g) -68.86 -66. 96 1. 90 NH3 
Nsutite 7.39 49.95 42.56 MnO2 
02 (g) -1.75 -4.60 -2.84 02 
Pb(OH)2 -3.89 4.48 8.37 Pb(OH)2 
Pb2(OH)3Cl -10.62 -1.83 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.23 8.97 26.20 PbO:Pb(OH)2 
Pb2O3 -10.26 50.78 61.04 Pb2O3 
Pb2OCO3 -11. 60 -11. 91 -0.32 PbO:PbCO3 
Pb3O2CO3 -18.87 -7.43 11. 44 PbCO3: 2PbO 
Pb3O2SO4 -15.98 -5.25 10.73 PbSO4: 2PbO 
Pb4(OH)6SO4 -21.87 -0.77 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -23.42 -0.77 22.66 PbSO4:3PbO 
PbF2 -11. 88 -19.31 -7.43 PbF2 
PbMetal -41.59 -37.33 4.26 Pb 
PbO:0.3H2O -8.50 4.48 12.98 PbO:0.33H2O 
Phosgenite -13.71 -33.52 -19.81 PbC12:PbCO3 
Plattnerite -4.13 46.30 50.43 PbO2 
Portlandite -11.47 11. 82 23.29 Ca(OH)2 
Pyrite -243.37 -262.03 -18.66 FeS2 
Pyrochroite -7.06 8.14 15.20 Mn(OH)2 
Pyrolusite 7.53 49.95 42.42 MnO2 
Rhodochrosite -1.64 -12.75 -11.11 MnCO3 
Rhodochrosite(d) -2.36 -12.75 -10.39 MnCO3 
Rutherfordine -5.18 -19.61 -14.43 UO2CO3 
Schoepite -4.32 1. 28 5.60 UO2(OH)2:H2O 
Siderite -11. 27 -22.12 -10.85 FeCO3 
Siderite (d) (3) -11. 67 -22.12 -10.45 FeCO3 
SrF2 -5.79 -14.35 -8.56 SrF2 
Strontianite -2.17 -11. 44 -9.27 SrCO3 
Sulfur -107.45 -122.60 -15.15 s 
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Tenorite -2.44 5.42 7.86 CuO 
Thenardite -9.55 -9. 72 -0.17 Na2SO4 
Thermonatrite -12.07 -11. 90 0.17 Na2CO3:H2O 
Trona -17.40 -17.91 -0.51 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -46.45 -49.65 -3.20 U(OH)2SO4 
U3O8(c) -31.60 -9.22 22.38 U3O8 
U4O9(c) -80.22 -81.99 -1.77 U4O9 
UF4 (c) -60.23 -78.53 -18.31 UF4 
UF4:2.5H2O -50.97 -78.53 -27.56 UF4:2.5H2O 
UO2(a) -31.05 -30.95 0.10 UO2 
UO3 (gamma) -6.75 1.28 8.03 UO3 
Uraninite(c) -26.45 -30.95 -4.50 UO2 
Witherite -3. 72 -12.30 -8.58 BaCO3 

20: 80 Mix of Wemlinger Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Al(OH)3(a) -0.55 10.74 11. 30 Al(OH)3 
AlumK -16.90 -22.21 -5.31 KAl(SO4)2:12H2O 
Alunite -0.27 -0.72 -0.46 KA13(SO4)2(OH)6 
Anglesite -5.63 -13.46 -7.83 PbSO4 
Anhydrite -2.83 -7.17 -4.34 CaSO4 
Aragonite -1. 25 -9.55 -8.29 CaCO3 
Artinite -10.11 0.03 10.14 MgCO3:Mg(OH)2:3H2O 
B-UO2(OH)2 -5.30 0.50 5.80 UO2(OH)2 
BaF2 -9.05 -14.83 -5.78 BaF2 
Barite 0.06 -10.03 -10.10 BaSO4 
Basaluminite 2.33 25.03 22.70 Al4(OH)10SO4 
Birnessite 5.67 49.27 43.60 MnO2 
Bixbyite 5.14 4.81 -0.33 Mn2O3 
Boehmite 1. 63 10.74 9.11 AlOOH 
Brucite -7.17 10.18 17.35 Mg(OH)2 
Calcite -1.10 -9.55 -8.44 CaCO3 
Celestite -2. 72 -9.34 -6.62 SrSO4 
Cerussite -2.62 -15.84 -13.22 PbCO3 
CH4 (g) -142.23 -145.03 -2.80 CH4 
CO2 (g) -2.14 -3.52 -1.38 CO2 
Cotunnite -12.33 -17.21 -4.88 PbC12 
Diaspore 3.40 10.74 7.34 AlOOH 
Dolomite -2.78 -19.69 -16.91 CaMg(CO3)2 
Dolomite(d) -3.36 -19.69 -16.33 CaMg(CO3)2 
Epsomite -5.57 -7.77 -2.19 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6.39 3.35 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1. 71 6.60 4.89 Fe(OH)3 
Fe3(OH)8 -8.09 12.13 20.22 Fe3(OH)8 
FeS (ppt) -147.19 -151.11 -3.92 FeS 
Fluorite -1. 28 -11. 97 -10.69 CaF2 
Galena -132.42 -145.56 -13 .14 PbS 
Gibbsite 2.21 10.74 8.54 Al(OH)3 
Goethite 7.33 6.60 -0.73 FeOOH 
Greigite -543.01 -588.05 -45.03 Fe3S4 
Gummite -10.33 0.50 10.83 UO3 
Gypsum -2.59 -7.17 -4.58 CaSO4:2H2O 
H2 (g) -41.73 -44.85 -3.12 H2 
H2O(g) -1.71 -0.00 1. 71 H2O 
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H2S(g) -142.09 -143.00 -0.91 H2S 
Halite -8.04 -6.47 1. 56 NaCl 
Hausmannite 1. 42 64.34 62.92 Mn3O4 
Hematite 16.63 13 .20 -3.43 Fe2O3 
Huntite -10.49 -39.98 -29.48 CaMg3(CO3)4 
Hydrocerussite -9.73 -27.19 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -22.62 -30.40 -7.78 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -3.87 -13. 70 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -4.53 -13.16 -8.62 KFe3(SO4)2(OH)6 
Jarosite-Na -7 .11 -11. 71 -4.60 NaFe3(SO4)2(OH)6 
JarositeH -11.73 -16.09 -4.36 (H3O)Fe3(SO4)2(OH)6 
Jurbanite -3.97 -7.20 -3.23 AlOHSO4 
Larnakite -8.82 -8.98 -0.16 PbO:PbSO4 
Laurionite -6.98 -6.36 0.62 PbOHCl 
Litharge -8.54 4.48 13.03 PbO 
Mackinawite -146.46 -151.11 -4.65 FeS 
Maghemite 6.81 13.20 6.39 Fe2O3 
Magnesite -2.23 -10.14 -7.91 MgCO3 
Magnetite 7.45 12 .13 4.68 Fe3O4 
Manganite 3.06 28.40 25.34 MnOOH 
Massicot -8.74 4.48 13. 22 PbO 
Matlockite -8.15 -17.73 -9.58 PbClF 
Melanterite -16.70 -19.01 -2.30 FeSO4:7H2O 
Minium -20.44 55.18 75.62 Pb3O4 
Mirabilite -7.73 -9.20 -1. 47 Na2SO4:10H2O 
Mn2(SO4)3 -44.03 -49.01 -4.98 Mn2(SO4)3 
MnC12:4H2O -16.54 -14.15 2.38 MnC12:4H2O 
MnS(Green) -146.42 -142.51 3.91 MnS 
MnSO4 -13. 37 -10.41 2. 96 MnSO4 
N2(g) -17.53 -20.76 -3.23 N2 
Na4UO2(CO3)3 -26.67 -42. 96 -16.29 Na4UO2(CO3)3 
Nahcolite -4.93 -5.55 -0.62 NaHCO3 
Natron -9.97 -11. 57 -1.61 Na2CO3:10H2O 
Nesquehonite -4.63 -10.14 -5.51 MgCO3:3H2O 
NH3 (g) -68.26 -66.34 1. 92 NH3 
Nsutite 6.70 49.27 42.56 MnO2 
02 (g) -2.31 -5.14 -2.83 02 
Pb(BO2)2 -13. 95 -6.23 7.72 Pb(BO2)2 
Pb(OH)2 -3.93 4.48 8.41 Pb(OH)2 
Pb2(OH)3Cl -10.67 -1.88 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.24 8. 96 26.20 PbO:Pb(OH)2 
Pb2O3 -10.34 50.70 61.04 Pb2O3 
Pb2OCO3 -11. 07 -11. 35 -0.29 PbO:PbCO3 
Pb3O2CO3 -18.39 -6.87 11. 52 PbCO3: 2PbO 
Pb3O2SO4 -15.28 -4.50 10.79 PbSO4:2PbO 
Pb4(OH)6SO4 -21.11 -0.01 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -22.77 -0.01 22.76 PbSO4:3PbO 
PbF2 -10.83 -18.26 -7.43 PbF2 
PbMetal -41. 51 -37.25 4.26 Pb 
PbO:0.3H2O -8.50 4.48 12.98 PbO:0.33H2O 
Phosgenite -13. 23 -33.04 -19.81 PbC12:PbCO3 
Plattnerite -4.41 46.21 50.63 PbO2 
Portlandite -12.61 10.77 23.38 Ca(OH)2 
Pyrite -240.73 -259.42 -18.69 FeS2 
Pyrochroite -7.66 7.54 15.20 Mn(OH)2 
Pyrolusite 6.67 49.27 42.60 MnO2 
Rhodochrosite -1.68 -12.78 -11.10 MnCO3 

74 



Blotevogel Environmental Consulting Meridian Metropolitan District Geochemistry 

Rhodochrosite(d) - 2 . 39 
Rutherfordine -5.39 
Schoepite - 5 .13 
Siderite -10.54 
Siderite (d) (3 ) -10.93 
SrF2 - 5 .58 
Strontianite -2.45 
Sulfur -1 06 . 28 
Thenardite - 9 .0 3 
Thermonatrite -11.7 5 
Trona -1 6 .66 
U(OH)2SO4 -46. 28 
U3O8 (c) - 33 . 87 
U4O9 (c) - 82 .95 
UF4(c) - 58 .77 
UF4:2.5H2O -49.47 
UO2 (a) - 31.6 4 
UO3 (gamma) -7.58 
Uraninite(c) - 27 .0 9 
Witherite - 3.83 

-12.7 8 
-1 9 . 82 

0.50 
-21. 38 
-21. 38 
-14.14 
-11. 72 

-121. 46 
- 9 .20 

-11.57 
-17.1 2 
-4 9 .4 8 
-11.1 6 
-84.44 
-77.0 2 
-77.0 3 
-31.54 

0.50 
-31. 54 
-1 2 .41 

-10. 39 
-14.4 2 

5.63 
-10. 84 
-10.45 

- 8 .56 
- 9 . 27 

-15.17 
-0.17 
0.18 

-0. 46 
- 3.20 
22. 71 
-1. 48 

-18.25 
- 27 .56 

0.10 
8.08 

-4.4 5 
- 8.58 

MnCO3 
UO2CO3 
UO2(OH)2:H2O 
FeCO3 
FeCO3 
SrF2 
SrCO3 
s 
Na2SO4 
Na2CO3:H2O 
NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 
U3O8 
U4O9 
UF4 
UF4:2.5H2O 
UO2 
UO3 
UO2 
BaCO3 

50: 50 Mix ofWemlinger Injection Water: Denver Formation Water 

Phase SI** log IAP log K(290 K, 1 atm) 

Al(OH)3(a) -0.19 11.12 11. 31 Al(OH)3 
AlumK -1 6 .76 -22.07 - 5.31 KAl(SO4)2:12H2O 
Alunite 0.60 0.17 -0.4 3 KA13(SO4)2(OH)6 
Anglesite - 5 .81 - 13. 64 -7. 83 PbSO4 
Anhydrite - 2.68 -7.01 -4. 34 CaSO4 
Aragonite -1.1 2 -9.41 - 8.29 CaCO3 
Art inite - 9 .4 3 0.73 10 .15 MgCO3:Mg(OH)2:3H2O 
B-UO2(OH) 2 -4. 8 1 1.00 5 . 81 UO2(OH)2 
BaF2 - 9 .25 -15.0 3 -5.7 8 BaF2 
Barite 0.02 -10.0 8 -10.10 BaSO4 
Basaluminite 3 .68 26.38 22 .70 Al4(OH)10 SO4 
Birnessite 5.93 49.53 43.60 MnO2 
Bixbyite 5 .39 5 .0 8 -0. 32 Mn2O3 
Boehmite l. 99 11.1 2 9.13 AlOOH 
Brucite - 6 .7 6 10. 61 17.36 Mg(OH)2 
Calcite -0. 97 -9.41 - 8 .44 CaCO3 
Ce lestite - 2 . 67 -9. 29 - 6 . 62 SrSO4 
Ceruss ite - 2.8 1 -16.0 3 -13. 22 PbCO3 
CH4 (g) -14 3.33 -14 6 .1 2 -2.7 9 CH4 
CO2 (g) -2. 31 - 3 . 68 -1. 37 CO2 
Cotunnite -11. 95 -16. 83 -4. 88 PbC12 
Diaspore 3 .76 11.12 7.36 AlOOH 
Dolomite - 2 .38 -19.2 9 -1 6 . 91 CaMg(CO3)2 
Dolomite(d) - 2 . 96 -19. 29 -1 6 . 33 CaMg(CO3)2 
Epsomite - 5 . 29 -7.4 9 - 2 .1 9 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 6 . 30 3 . 26 - 3 . 04 Fe(OH)2.7Cl0.3 
Fe(OH) 3(a) l. 57 6 .4 6 4. 89 Fe(OH)3 
Fe3 (OH) 8 - 8.63 11. 59 20 . 22 Fe3(OH)8 
FeS (ppt) -14 8 . 53 -152 .44 - 3 . 92 FeS 
Fluorite -1.27 -11. 97 -1 0 .6 9 CaF2 
Galena -1 33 .51 -146. 67 -1 3 .1 5 PbS 
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Gibbsite 2.57 11.12 8.55 Al(OH)3 
Goethite 7.18 6.46 -0.72 FeOOH 
Greigite -547.86 -592.90 -45.03 Fe3S4 
Gummite -9.85 1.00 10.85 UO3 
Gypsum -2.43 -7.01 -4.58 CaSO4:2H2O 
H2(g) -41.97 -45.09 -3.12 H2 
H2O(g) -1.71 -0.00 1. 71 H2O 
H2S (g) -143.16 -144.07 -0.91 H2S 
Halite -7.82 -6.26 1. 56 NaCl 
Hausmannite 1. 68 64.65 62.97 Mn3O4 
Hematite 16.33 12.91 -3.41 Fe2O3 
Huntite -9.57 -39.04 -29.47 CaMg3(CO3)4 
Hydrocerussite -10.14 -27.60 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -21.16 -28.91 -7.75 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -4.55 -14.38 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -5.21 -13. 82 -8.61 KFe3(SO4)2(OH)6 
Jarosite-Na -7.85 -12.44 -4.58 NaFe3(SO4)2(OH)6 
JarositeH -12.49 -16.82 -4.33 (H3O)Fe3(SO4)2(OH)6 
Jurbanite -3.74 -6.97 -3.23 AlOHSO4 
Larnakite -9.02 -9.18 -0.16 PbO:PbSO4 
Laurionite -6.81 -6.18 0.62 PbOHCl 
Litharge -8.58 4.46 13. 04 PbO 
Mackinawite -147.80 -152.44 -4.65 FeS 
Maghemite 6.53 12.91 6.39 Fe2O3 
Magnesite -1.97 -9.88 -7.91 MgCO3 
Magnetite 6.88 11. 59 4.71 Fe3O4 
Manganite 3.21 28.55 25.34 MnOOH 
Massicot -8.78 4.46 13.23 PbO 
Matlockite -8.12 -1 7. 71 -9.58 PbClF 
Melanterite -17 .11 -19.42 -2.31 FeSO4:7H2O 
Minium -20.33 55.34 75.67 Pb3O4 
Mirabilite -7.85 -9.33 -1.48 Na2SO4:10H2O 
Mn2(SO4)3 -44.25 -49.20 -4. 96 Mn2(SO4)3 
MnC12:4H2O -16.10 -13.72 2.37 MnC12:4H2O 
MnS(Green) -147.47 -143.56 3.91 MnS 
MnSO4 -13. 50 -10.53 2.97 MnSO4 
N2(g) -17.99 -21.23 -3.23 N2 
Na4UO2(CO3)3 -26.65 -42.94 -16.29 Na4UO2(CO3)3 
Nahcolite -5.08 -5.70 -0.62 NaHCO3 
Natron -10.11 -11.72 -1.61 Na2CO3:10H2O 
Nesquehonite -4.37 -9.88 -5.51 MgCO3:3H2O 
NH3 (g) -68.85 -66.92 1. 93 NH3 
Nsutite 6.97 49.53 42.56 MnO2 
02 (g) -1.91 -4.74 -2.83 02 
Pb(BO2)2 -14.39 -6.66 7. 72 Pb(BO2)2 
Pb(OH)2 -3. 96 4.46 8.42 Pb(OH)2 
Pb2(OH)3Cl -10.52 -1.73 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.29 8.91 26.20 PbO:Pb(OH)2 
Pb2O3 -10.16 50.88 61.04 Pb2O3 
Pb2OCO3 -11.29 -11. 57 -0.28 PbO:PbCO3 
Pb3O2CO3 -18.65 -7.12 11. 53 PbCO3: 2PbO 
Pb3O2SO4 -15.52 -4. 72 10.80 PbSO4: 2PbO 
Pb4(OH)6SO4 -21.37 -0.27 21.10 Pb4(OH)6SO4 
Pb4O3SO4 -23.04 -0.27 22.78 PbSO4:3PbO 
PbF2 -11.16 -18.59 -7.43 PbF2 
PbMetal -41.78 -37.52 4.26 Pb 
PbO:0.3H2O -8.52 4.46 12.98 PbO:0.33H2O 
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- 32 . 86 
46 . 43 
11.08 

-2 61 . 59 
7. 56 

49. 53 
-12. 93 
-12. 93 

-1 9 .4 9 
1.00 

-21.81 
- 21 . 81 
-14. 24 
-11. 68 

-122. 30 
-9. 33 

-11. 72 
-17.4 3 
-4 9 . 37 

- 9 . 87 
- 83 .1 2 
-7 7.36 
-7 7.36 
- 31 . 27 

1.00 
-31.27 
-12.47 

-1 9.81 
50.67 
23 .40 

-1 8 .70 
15.20 
42.64 

-11.10 
-10. 39 

-14.4 2 
5.64 

-10.84 
-1 0 .4 5 

- 8 .5 6 
- 9.27 

-15.1 8 
-0.17 

0 .18 
-0.4 5 
- 3 . 20 
22.77 
-1.4 3 

-1 8 . 24 
- 27 . 56 

0.10 
8 .0 9 

-4.44 
- 8 . 59 

PbC12:PbCO3 
PbO2 
Ca(OH)2 
FeS2 
Mn(OH)2 
MnO2 
MnCO3 

MnCO3 
U02CO3 
UO2(0H)2:H20 
FeCO3 
FeC03 
SrF2 
SrCO3 
s 
Na2SO4 
Na2CO3:H2O 
NaHCO3:Na 2CO3 : 2H2O 
U(OH)2SO4 
U3O8 
U409 
UF4 
UF4: 2 . 5H20 
UO2 
UO3 
UO2 
BaCO3 

Phosgenite 
Plattnerite 
Portlandite 
Pyrite 
Pyrochroite 
Pyrolusite 
Rhodochrosite 
Rhodochrosite(d) - 2 . 54 

-13. 05 
-4. 24 

-1 2 . 32 
-242.90 

-7.64 
6 .90 

-1. 82 

Rutherfordine 
Schoepite 
Siderite 
Siderite (d) (3) 
SrF2 
Strontianite 
Sulfur 
Thenardite 
Thermonatrite 
Trona 
U (OH)2SO4 
U3O8(c) 
U4O9(c) 
UF4 (c) 
UF4:2.5H20 
UO2 (a) 
UO3 (gamma ) 
Uraninite( c ) 
Witherite 

-5.07 
-4. 64 

-10. 97 
-11. 36 

- 5 . 68 
-2.41 

-107.12 
- 9 .16 

-11.90 
-1 6 . 98 
-4 6 .17 
- 32 . 64 
- 81. 69 
- 59. 12 
-4 9.80 
- 31 . 37 
-7.10 

-26.83 
-3.88 

80: 20 Mix ofWemlinger Injection Water: Denver Formation Water 

Phase SI** l og IAP l og K(290 K, 1 atm) 

Al(OH)3(a) -0.1 5 11.18 11. 33 Al(OH)3 
AlumK -17. 23 -2 2 . 54 - 5 . 31 KAl(SO4)2:12H2O 
Alunite 0.22 -0.1 8 -0.4 0 KA13(SO4)2(OH)6 
Anglesite -6.26 -14.10 -7.83 PbSO4 
Anhydrite -2.55 -6. 89 -4.34 CaSO4 
Aragonite -0.91 -9.20 - 8 . 29 CaCO3 
Artinite - 8.63 1. 54 10.17 MgCO3:Mg(OH)2:3H2O 
B-UO2(OH)2 -4. 52 1. 29 5 . 82 UO2 (OH ) 2 
BaF2 - 9.48 -1 5.26 -5.7 8 BaF2 
Barite -0.07 -10.1 8 -10.10 BaSO4 
Basaluminite 3 .5 9 26 . 29 22 .7 0 Al4(0H)l0SO4 
Birnessite 6.07 49.67 43.60 MnO2 
Bixbyite 5.49 5.18 - 0 . 3 1 Mn2O3 
Boehmite 2 .04 11.18 9.14 AlOOH 
Brucite -6.23 11.14 17.38 Mg(OH)2 
Calcite -0.76 -9. 20 -8.44 CaCO3 
Celestite - 2 . 64 -9.2 6 - 6.62 SrSO4 
Cerussite -3.18 -1 6 .4 1 -1 3 . 23 PbCO3 
CH4 (g} -1 44 .1 2 -14 6 . 91 - 2 .7 9 CH4 
CO2(g) - 2.57 - 3 .94 -1. 3 7 CO2 
Cotunnite -1 2 .11 -1 6 . 99 -4. 88 PbC12 
Diaspore 3 . 81 11.18 7.37 AlOOH 
Dolomite -1. 90 -1 8 . 80 -1 6 . 90 CaMg(CO3)2 
Dolomite(d) -2.48 -18. 80 -1 6.32 CaMg(CO3)2 
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Epsomite -5.09 -7.29 -2.20 MgSO4:7H2O 
Fe (OH) 2. 7Cl. 3 5.98 2.94 -3.04 Fe(OH)2.7Cl0.3 
Fe(OH)3(a) 1.25 6.14 4.89 Fe(OH)3 
Fe3(OH)8 -9.64 10.58 20.22 Fe3(OH)8 
FeS(ppt) -149.77 -153.69 -3.92 FeS 
Fluorite -1.27 -11. 97 -10.70 CaF2 
Galena -134.49 -147.65 -13.17 PbS 
Gibbsite 2.62 11.18 8.56 Al(OH)3 
Goethite 6.85 6.14 -0. 71 FeOOH 
Greigite -552.33 -597.37 -45.03 Fe3S4 
Gummite -9.57 1. 29 10.86 003 
Gypsum -2.30 -6.89 -4.58 CaSO4:2H2O 
H2 (g) -42 .11 -45.23 -3.12 H2 
H2O(g) -1.72 -0.00 1. 72 H2O 
H2S(g) -144.03 -144.93 -0.91 H2S 
Halite -7.78 -6.22 1. 56 NaCl 
Hausmannite 1. 76 64.79 63.03 Mn3O4 
Hematite 15.68 12.28 -3.40 Fe2O3 
Huntite -8.55 -38.00 -29.46 CaMg3(CO3)4 
Hydrocerussite -11. 02 -28.48 -17.46 Pb(OH)2:2PbCO3 
Hydromagnesite -19.54 -27.26 -7.73 Mg5(CO3)4(OH)2:4H2O 
Jarosite(ss) -6.06 -15.89 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
Jarosite-K -6.71 -15.30 -8.59 KFe3(SO4)2(OH)6 
Jarosite-Na -9.44 -14.00 -4.56 NaFe3(SO4)2(OH)6 
JarositeH -14.15 -18.44 -4.30 (H3O)Fe3(SO4)2(OH)6 
Jurbanite -4.02 -7.25 -3.23 AlOHSO4 
Larnakite -9.61 -9.76 -0.15 PbO:PbSO4 
Laurionite -6.95 -6.33 0.62 PbOHCl 
Litharge -8. 71 4.34 13.05 PbO 
Mackinawite -149.04 -153.69 -4.65 FeS 
Maghemite 5.89 12.28 6.39 Fe2O3 
Magnesite -1.69 -9.60 -7.91 MgCO3 
Magnetite 5.84 10.58 4.74 Fe3O4 
Manganite 3.27 28.61 25.34 MnOOH 
Massicot -8.91 4.34 13 .24 PbO 
Matlockite -8.49 -18.08 -9.59 PbClF 
Melanterite -17.83 -20 .13 -2.31 FeSO4: 7H2O 
Minium -20.61 55.12 75.73 Pb3O4 
Mirabilite -8.06 -9.55 -1.49 Na2SO4:10H2O 
Mn2(SO4)3 -45.17 -50 .11 -4.94 Mn2(SO4)3 
MnC12:4H2O -16.13 -13.76 2.37 MnC12:4H2O 
MnS(Green) -148.34 -144.43 3.91 MnS 
MnSO4 -13.85 -10.87 2.98 MnSO4 
N2(g) -18.52 -21.75 -3.23 N2 
Na4UO2(CO3)3 -26.89 -43.18 -16.29 Na4UO2(CO3)3 
Nahcolite -5.28 -5.90 -0.62 NaHCO3 
Natron -10.24 -11. 87 -1.62 Na2CO3:10H2O 
Nesquehonite -4.10 -9.60 -5.51 MgCO3:3H2O 
NH3 (g) -69.32 -67.38 1. 93 NH3 
Nsutite 7 .11 49.67 42.56 MnO2 
02 (g) -1.70 -4.53 -2.83 02 
Pb(BO2)2 -15.31 -7.58 7.73 Pb(BO2)2 
Pb(OH)2 -4.09 4.34 8.43 Pb(OH)2 
Pb2(OH)3Cl -10.78 -1.99 8.79 Pb2(OH)3Cl 
Pb2O(OH)2 -17.53 8.67 26.20 PbO:Pb(OH)2 
Pb2O3 -10.26 50.78 61.04 Pb2O3 
Pb2OCO3 -11.80 -12.07 -0.27 PbO:PbCO3 
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Pb3O2C03 -1 9 . 28 -7.74 11. 54 PbC03 : 2PbO 
Pb3O2SO4 -1 6.24 - 5 .4 2 10. 81 PbSO4:2PbO 
Pb4(OH)6SO4 -22.19 -1.09 21 .1 0 Pb4(OH)6SO4 
Pb4O3SO4 -2 3 .88 -1.0 9 22 . 80 PbSO4:3PbO 
PbF2 -11.75 -19.1 8 -7.43 PbF2 
PbMetal -42.04 -37.78 4.26 Pb 
PbO:0.3H2O -8.64 4.34 12.98 PbO:0.33H2O 
Phosgenite -1 3 . 59 -33.40 -1 9.81 PbC12:PbCO3 
Plattnerite -4. 26 46.45 50 .7 0 PbO2 
Portlandite -11. 87 11. 55 23 .4 2 Ca(OH)2 
Pyrite - 244 . 86 - 263 . 56 -1 8 .70 FeS2 
Pyrochroite -7. 64 7.56 15.20 Mn(OH)2 
Pyrolusite 7.00 49.67 42.67 MnO2 
Rhodochrosite -2.09 -13.1 9 -11.10 MnCO3 
Rhodochrosite(d) -2.80 -13.1 9 -10.39 MnCO3 
Rutherfordine -5.03 -19.45 -14.42 UO2CO3 
Schoepite -4.35 1. 29 5 . 64 UO2(OH)2:H2O 
Siderite -11.61 -22.4 5 -10. 84 FeCO3 
Siderite (d) (3) -1 2.00 -22.4 5 -1 0 .45 FeCO3 
SrF2 - 5 .7 8 -14. 34 - 8 . 56 SrF2 
Strontianite -2.30 -11. 57 - 9.27 SrCO3 
Sulfur -107. 85 -1 23.03 -15.1 8 s 
Thenardite - 9.38 - 9 .55 -0.1 7 Na2S04 
Thermonatrite -1 2.05 -11. 87 0.18 Na2CO3:H2O 
Trona -17. 33 -17.77 -0.44 NaHCO3:Na2CO3:2H2O 
U(OH)2SO4 -46.33 -49.5 3 - 3 .20 U(OH)2SO4 
U3O8(c) - 31 .90 -9.06 22.83 U3O8 
U4O9(c) - 80 .90 -82.27 -1. 37 U4O9 
UF4 (c) -5 9 .89 -78.1 2 -1 8.23 UF4 
UF4 :2. 5H2O -50.5 6 -7 8 .1 2 - 27 . 56 UF4:2.5H2O 
U02(a) - 31 . 20 - 31 .1 0 0.10 U02 
U03(gamma) - 6 . 81 1.29 8.10 U03 
Uraninite(c) -26.66 - 31.10 -4.4 3 UO2 
Witherite - 3.90 -1 2 .4 9 - 8.59 BaCO3 
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HEMENWAY GROUNDWATER ENGINEERING, Inc. 

TRANSMITTAL 

TO: EPA Region 8 
1595 Wynkoop Street 
8P-W-GW 
Denver, CO 80202-1129 

FROM: Courtney Hemenway 
Hemenway Groundwater 
Engineering, Inc. 
17011 Lincoln Avenue, PMB 416 
Parker, CO 80134 

ATTN: Linda Bowling DATE: June 14, 2017 

RE: Updated Baseline Water Quality Sampling for Injection Water for the Rule Authorization Request to 
EPA for Meridian Metropolitan District Wells A-4 & DE-1 R 

PROJECT NUMBER: CO-0002-16 

WE ARE SENDING YOU: 
• ATTACHED UNDER SEPARATE COVER VIA 

SHOP DRAWINGS DOCUMENTS TRACINGS 

PRINTS SPECIFICATIONS CATALOGS 

COPY OF LETTER OTHER: 

QUANTITY DESCRIPTION 

2 Updated Baseline Water Quality Summaries (Table 4-1) for Injection Water from Binney 
and Griswold WTP's for the Rule Authorization Request to EPA for Meridian Metropolitan 
District Wells A-4 & DE-1R 

1 Updated Baseline Water Quality Summaries (Table 4-1) for Injection Water from South 
Metropolitan Water Supply Authority Quebec Street WTP for the Rule Authorization 
Request to EPA for Meridian Metropolitan District Wells A-4 & DE-1 R 

1 Updated Baseline Water Quality Summaries (Table 4-1) for Native Groundwater from 
Denver Well DE-1 R for the Rule Authorization Request to EPA for Meridian Metropolitan 
District Wells A-4 & DE-1R 

1 Updated Baseline Water Quality Summaries (Table 4-1) for Native Groundwater from 
Arapahoe Well A-4 for the Rule Authorization Request to EPA for Meridian Metropolitan 
District Wells A-4 & DE-1 R 

IF MATERIAL RECEIVED IS NOT AS LISTED, PLEASE NOTIFY US AT ONCE 

REMARKS: 

Please review the attached updated baseline injection water quality summary tables for the Rule 
Authorization for ASR operations in Meridian Denver Well DE-lR and Arapahoe Well A-4. An 
updated water quality summary table will be submitted for Aurora Wemlinger WTP once the 
plant is operational later this month. 

COPY TO: Eric Hecox/Meridian Metropolitan District 
Randy Gabriel/Meridian Metropolitan District 

Hemenway Groundwater Engineering, Inc. 
17011 Lincoln Avenue, PMB 416 
Parker, CO 80134 Voice: 303-805-1750 FAX: 303-805-1850 



Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Total Metals (lnorganics) and 
Miscellaneous Parameters 
Alkalinity, Total mq/I as CaCO3 NS 110 
Aluminum ua/I 200 <20 
Ammonia Nitroqen mq/I as N 0.01 NS 
Antimony ua/I 6 <1 
Arsenic ua/1 10 <1 
Asbestos MFL 7 <0.19 
Barium ua/I 2,000 120 
Beryllium ua/I 4 <1 
Bicarbonate m!'.J/I as HCO3 NS 130 
Carbonate mq/I as CO3 NS <2 
Boron ma/I 6 <0.05 
Cadmium ua/I 5 <0.5 
Calcium ma/I NS 23 
Chlorine Dioxide mq/I 0.8 <0.24 
Chloride mq/I 250 3.4 
Chlorite ma/I 1.0 <0.01 
Chromium ua/I 100 <1 
Copper ua/I 1,300 <2.0 
Cyanide mg/I 0.2 <0.025 
Cvanoqen Chloride mq/I 0.4 <0.035 
Fluoride mq/I 4.0 (2.0 Secondary MCL) 1.0 
Free Chlorine ma/I 4 0.16 
Iron mg/I 0.3 <0.02 
Lead ua/I 15 <0.5 
Maanesium mq/I NS 1.9 
Manganese ua/1 300 <2 
Mercury ua/1 2 <0.2 
Molybdenum ua/I 40 <2 
Nitrate mq/I as N 10 <0.1 
Nitrite ma/I as N 1 <0.05b 
Nickel ua/I 100 <5 
Laboratory pH pH units 6.5 - 8.5 8.2 
Potassium mq/I NS 3.3 
Selenium ua/I 50 <5 
Silver ua/I 100 <0.5 
Sodium mq/1 NS 27 
Strontium ma/I 4 0.40 
Sulfate mg/I 250 22 
Thallium ua/I 2 <1 
Total Dissolved Solids mq/I 500 180 
Total Organic Carbon ma/I NS <0.3 
Uranium ua/I 30 <1 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Zinc ua/I 2000 <20 

Radio Chemistry 
Gross Aloha, Total oCi/I 15 <3 
Gross Beta, Total pCi/I 50 pCi/I Triqqer Level 4.3 
Radium-226, Total pCi/I (5 for 226 + 228) <1 
Radium-228, Total oCi/1 (5 for 226 + 228) <1 
Radon, Total pCi/1 NS 

Organochlorine Pesticides/PCBs 
(EPA 505) 
Alachlor (Alanex) ua/I 2 <0.1 
Aldrin ua/I 0.2 <0.01 
Chlordane ua/I 2 <0.1 
Dieldrin ua/I 0.2 <0.01 
Endrin ua/I 2 <0.01 
Heptachlor ua/I 0.4 <0.01 
Heptachlor Epoxide ua/I 0.2 <0.01 
Lindane (gamma-BHC) ua/I 0.2 <0.01 
Methoxychlor ua/I 40 <0.05 
PCB 1016 Aroclor ua/I 0.5 <0.08 
PCB 1221 Aroclor ua/I 0.5 <0.1 
PCB 1232 Aroclor ua/I 0.5 <0.1 
PCB 1242 Aroclor ua/I 0.5 <0.1 
PCB 1248 Aroclor ua/I 0.5 <0.1 
PCB 1254 Aroclor ua/I 0.5 <0.1 
PCB 1260 Aroclor ua/I 0.5 <0.1 
Total PCBs ua/I 0.5 <0.1 
Toxaphene ua/I 3 <0.5 

Haloacetic Acids (SM 6251 B) 
Dibromoacetic acid u.a/I NS <1 
Dichloroacetic acid ua/I NS <1 
Monobromoacetic acid ua/I NS <1 
Monochloroacetic acid ua/I NS <2 
Total Haloacetic acids (HAAS) ua/I 60 <2 
Trichloroacetic acid ua/I NS <1 

EDB/DBCP/HAN (EPA 551.1) 
Dibromochloropropane (DBCP) ua/I NS <0.01 
Ethylene Dibromide (EDB) ua/I NS <0.01 

Base/Neutral/ Acid Extractables 
(EPA 625) 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Primary/Secondary 
Test Description DrinkinQ Water Limitsa Units Results 

1,2,4-Trichlorobenzene 70ua/1 <5 
1,2-Diphenyhydrazine NSua/1 <10 
2,4,5-Trichlorophenol NSua/1 <5 
2,4,6-Trichlorophenol 2ua/1 <5 
2,4-Dichlorophenol 20ua/1 <5 
2,4-Dimethylphenol NSua/1 <5 
2,4-Dinitrophenol NS <50 
2,4-Dinitrotoluene 

ua/1 
5ua/1 <5 

2,6-Dinitrotoluene 5ua/1 <5 
2-Chloronapthalene NSua/1 <5 
2-Chlorophenol 40ua/1 <5 
2-Methylnaphtalene NSua/1 <5 
2-Methyphenol NS <5 
2-Nitroaniline 

ua/1 
NS <10 

2-Nitrophenol 
ua/1 

NS <5 
3,3-Dichlorobenzidine 

ua/1 
NS <50 

3-Nitroaniline 
ua/1 

NS <20 
4,6-Dintro-o-cresol 

ua/1 
NS <50 

4-Bromophenylphenylether 
ua/1 

NS <5 
4-Chloroaniline 

ua/1 
NS <5 

4-Chlorophenylphenylether 
ua/1 

NS <5 
4-Methylphenol 

ua/1 
NS <5 

4-Nitroaniline 
ua/1 

NS <20 
4-Nitrophenol 

ua/1 
60 <10 

Acenaphthene 
ua/1 

400 <5 
Acenaphtylene 

ua/1 
NS <5 

Aniline 
ua/1 

NS <10 
Anthracene 

ua/1 
2000 <5 

Benzidine 
ua/1 

NS <50 
Benzo( a)anth racene 

ua/1 
NS <5 

Benzo(a)pyrene 
ua/1 

0.2 <5 
Benzo(b )fluoranthene 

ua/1 
NS <5 

Benzo(g,h,i)perylene 
ua/1 

NS <10 
Benzo(k)fluoranthene 

ua/1 
NSua/1 <5 

Benzoic Acid NS <50 
Benzyl Alcohol 

ua/1 
NSua/1 <5 

bis(2-Chloroethoxy)methane NS <10 
bis(2-Chloroethyl)ether 

ua/1 
NS <10 

bis(2-Chloroisopropyl)ether 
LJ.� /1 

NS <10 
Butylbenzylphthalate 

ua/1 
1000u.a/1 <5 

Chrysene NS110/I <5 
Di( ethylhexyl)phthalate NS <4ua/1 

NSDibenz(a,h)anthracene <10ua/1 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limits0 Results 
Dibenzofuran ua/I NS <5 
Diethylphthalate ua/I 6000 <5 
Dimethylphthalate ua/I NS <5 
Di-n-butylphthalate ua/I 800 <10 
Di-n-octylphthalate ua/I NS <10 
Fluoranthene ua/I NS <5 
Fluorene ua/I 200 <5 
Hexachlorobenzene ua/I 1 <5 
Hexachlorobutadiene ua/I 2 <10 
Hexachlorocyclopentadiene ua/I 50 <10 
Hexachloroethane ua/I 1 <5 
lndeno(1,2,3-c,d)pyrene ua/I NS <10 
lsophorone ua/I 100 <5 
Naphthalene ua/I 100 <5 
Nitrobenzene ua/I NS <5 
N-Nitroso-dimethylamine ua/I NS <5 
N-Nitrosodi-n-propylamine ua/I NS <5 
N-Nitrosodiphenylamine ua/I NS <5 
p-Chloro-m-cresol ua/I NS <5 
Pentachlorophenol ua/I 1 <20 
Phenanthrene ua/I NS <5 
Phenol ua/I 2000 <5 
Pyrene LJ.� /I 200 <5 

Nitrosamines (EPA 521) 
N-Nitrosodibutvlamine (NDBA) nq/I NS <2 
N-Nitrosodiethylamine (NDEA) na/I NS <2 
N-Nitroso-dimethylamine (NOMA) nQ/I NS <2 
N-Nitrosodi-n-propylamine (NDPA) nQ/I NS <2 
N-Nitrosomethvlethvlamine (NMEA) nq/I NS <2 
N-Nitrosomorpholine na/I NS <2 
N-Nitrosopiperidine (NPIP) nQ/I NS <2 
N-Nitrosopyrollidine (NPYR) nq/I NS <2 

Aldicarbs (EPA 531.2) 
3-Hyroxycarbofu ran ua/I NS <0.5 
Aldicarb (Temik) ua/I 3 <0.5 
Aldicarb sulfone ua/I 2 <0.5 
Aldicarb sulfoxide ua/I 4 <0.5 
Baygon ua/I NS <0.5 
Carbary! ua/I NS <0.5 
Carbofuran (Furadan) ua/I NS <0.5 
Methiocarb ua/I NS <0.5 
Methomyl u.a/I 200 <0.5 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Primary/Secondary 
Test Description Units Drinking Water Limitsa Results 

Oxamyl (Vydate) 7 <0.5ua/1 

EPA 525.2 Extended List 
1,2,4,5-Tetrachlorobenzene NSua/1 <0.5 
1-Methylnaphthalene NSua/1 <0.1 
2,2,3,3,4,4,6-Heptachlorobiphenyl NS <0.5 
2,2,3,3,4,5,6,6-Octachlorobiphenyl 

ua/1 
NS <0.5 

2,2,3,4,6-Pentachlorobiphenyl 
ua/1 

NS <0.5 
2,2,4,4,5,6-Hexachlorobiphenyl 

ua/1 
NSua/1 <0.1 

2,2,4,4-Tetrachlorobiphenyl NSua/1 <0.1 
2,3-Dichlorobiphenyl NS <0.1 
2,4,5-Trichlorbiphenyl 

ua/1 
NS <0.1 

2,4-Dinitrotoluene 
ua/1 

5 <0.5 
2,6-Dinitrotoluene 

ua/1 
5 <0.5 

2-Chlorobiphenyl 
ua/1 

NS <0.1 
2-methylnaphthalene 

ua/1 
NS <0.1 

4,4-DDD 
ua/1 

NS <0.1 
4,4-DDE 

ua/1 
NS <0.1 

4,4-DDT 
ua/1 

NS <0.1 
Acenaphthene 

ua/1 
400 <0.1 

acenapthylene 
ua/1 

NS <0.1 
Acetochlor 

ua/1 
NS <0.1 

Alachlor 
ua/1 

2 <0.1 
Aldrin 

ua/1 
0.2 <0.1 

Alpha-BHC 
ua/1 

NS <0.1 
Alpha-Chlordane 

ua/1 
2 <0.1 

Ametryn 
ua/1 

NS <0.1 
Anilazine 

ua/1 
NS <1 

Anthracene 
ua/1 

2000 <0.1 
Aspon 

J.lQ/1 
NS <0.1 

Atrazine 
ua/1 

<0.1 
Azinphos-ethyl 

3ua/1 
NS <0.5 

Azinphos-methyl 
ua/1 

NS <0.5 
Bendiocarb 

ua/1 
NS <0.5 

Benfluralin 
ua/1 

NS <0.1 
Benzo(a)anth racene 

ua/1 
NS <0.1 

Benzo(a)pyrene 
ua/1 

0.2 <0.02 
Benzo(b}fluoranthene 

ua/1 
NS <0.1 

Benzo(g,h,i)perylene 
ua/1 

NS <0.1 
Benzo(k)fluoranthene 

ua/1 
NS <0.1 

beta-BHC 
ua/1 

NS <0.1 
Bolstar 

ua/1 
NS <0.1 

Bromacil 
ua/1 

NS <0.1ua/1 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Samole ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Butachlor ua/I NS <0.1 
Butylate ua/I NS <0.1 
Butylbenzylphthalate ua/I 1000 <1 
Carbophenothion ua/I NS <0.5 
Carboxin ua/I 700 <0.1 
Chlorfenvinphos ua/I NS <5 
Chlorbenzilate ua/I NS <0.1 
Chloroneb ua/I NS <0.1 
Chlorpropylate ua/I NS <0.1 
Chlorothalonil ua/I 100 <0.1 
Chlorpropham ua/I NS <0.1 
Chlorpyrifos ua/I NS <0.1 
Chlorpyifos methyl ua/I NS <0.5 
Chrysene ua/I NS <0.1 
cis-Noachlor ua/I NS <0.1 
cis-Permethrin ua/I NS <0.1 
Clomazone ua/I NS <0.1 
Clopyralid ua/I NS <10 
Coumaphos ua/I NS <0.1 
Crotoxyphos ua/I NS <0.5 
Cycloate ua/I NS <0.1 
DCPA ua/I 70 <0.1 
delta-BHC ua/I NS <0.1 
Demeton 0 ua/I NS <0.5 
Demeton S ua/I NS <0.5 
Desethylatrazine ua/I NS <1 
Desisopropylatrazine ua/I NS <1 
Di(2-ethylhexyl)adipate ua/I 400 <0.6 
Di(2-Ethylhexy)phthalate ll� /J 6 <0.6 
Diazinon ua/I 1 <0.1 
Dibenzo(a,h)anthracene ua/I NS <0.1 
Dichlobenil ua/I NS <0.1 
Dichlofenthion ua/I NS <0.1 
Dichloran ua/I NS <0.5 
Dichlorvos 1ia/l NS <0.1 
Dicrotophos ua/I NS <0.5 
Dieldrin ua/I 0.2 <0.1 
Diethylphthalate u.a/I 6000 <1 
Dimethoate u.a/I NS <0.5 
Dimethylphthalate ua/I NS <1 
Di-n-butylphthalate ua/I 800 <2 
Di-n-octylphthalate ua/I NS <2 
Dioxathion u.a/I NS <0.5 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
SamolelD QSWTP 

Sample Date April 24, 2017 
SamoleTime 9:34 am 

Primary/Secondary 
Test Description Units Drlnkina Water Limitsa Results 

200 <0.1 
Disulfoton 
Diphenamid 11n/l 

,m/1 0.7 <0.1 
Disulfoton Sulfone NS <0.1 
Disulfoton Sulfoxide 

11n/l 
NS11n/l <10 

Endosulfan I NS <0.1 
Endosulfan II 

un/1 
NS <0.1 

Endosulfan Sulfate 
ua/1 

NSu.a/1 <0.1 
Endrin 2 <0.0098 
Endrin Aldehyde 

ua/1 
NSu.a/1 <0.5 

E-Phosphamidon NSu.a/1 <0.5 
EPN NS <0.5 
EPTC 

ua/1 
NS <0.1 

Erucylamide 
ua/1 

NS <5 
Esfenvalerate 

ua/1 
NS <0.5 

Ethalfluralin 
110/I 

NS <0.1 
Ethion 

ua/1 
NS <5 

Ethofumesate 
u.a/1 

NS <0.5 
Ethoprop 

u.a/1 
NS <0.1 

Etridiazole 
u.a/1 

NS <0.1 
Famphur 

u.a/1 
NS <0.1 

Fenamiphos 
u.a/1 

0 .7 <0.1 
Fenarimol 

ua/1 
NS <1 

Fenitrothion 
ua/1 

NS <0.5 
Fenoxaprop-ethyl 

ua/1 
NS <1 

Fensulfothion 
ua/1 

NS <0.5 
Fenthion 

ua/1 
NS <0.1 

Fluazifop-butyl 
11n/l 

NS <0.1 
Fluchloralin 

ua/1 
NS <0.1 

Fluometuron 
ua/1 

NS <0.5 
Fluoranthene 

ua/1 
NS <0.1 

Fluorene 
ua/1 

200 <0.1 
Fluridone 

ua/1 
NS <1 

Fonofos 
ua/1 

NS <0.1 
Gamma-BHC 

ua/1 
0.2 <0.02 

Gamma-Chlordane 
ua/1 

2 <0.1 
Heptachlor 

ua/1 
0.4 <0.04 

Heptachlor Epoxide 
ua/1 

<0.02 
Hexachlorobenzene 

11n/l 0.2 
1 <0.1 

Hexachlorocyclopentadiene 
11n/l 

50 <0.1 
Hexazinone 

11n/l 
<0.1 

lndeno(1,2,3,c,d)Pyrene 
40011n/l 
NS <0.1 

lprodione 
1m/l 

NS <0.5 
lsofenphos 

11n/l 
NS <0.511n/l 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Primary/Secondary 
Test Description Drinking Water Limitsa Units Results 

lsphorone NS <0.1 
Leptophos 

ua/1 
NS <0.5 

Malathion 
ua/1 

NS <0.1 
Metalaxyl 

ua/1 
NS <0.5 

Methoxychlor 
ua/1 

40 <0.1 
Methyl paraoxon 

ua/1 
NS <0.5 

Methyl Parathion 
ua/1 

NS <0.5 
Metolachlor 

ua/1 
700 <0.1 

Metribuzin 
ua/1 

70 <0.1 
Metsulfuron-methyl 

ua/1 
NS <10 

Mevinphos 
ua/1 

NS <0.1 
MGK 264 isomer a 

JlQ/1 
NS <0.1 

MGK 264 isomer b 
ua/1 

NS <0.1 
MGK 326 

ua/1 
NS <0.1 

Mirex 
ua/1 

NS <0.5 
Molinate 

ua/1 
NS <0.1 

Monocrotophos 
ua/1 

NS <0.5 
Naled 

ua/1 
NS <0.5 

Naphthalene 
ua/1 

100 <0.1 
Napropamide 

ua/1 
NS <0.1 

Norflurazon 
ua/1 

NS <1 
Oryzalin 

ua/1 
NSua/1 <10 

Oxadiazon NS <0.1 
Oxyxhlordane 

ua/1 
NS <0.1 

Oxyfluorfen 
ua/1 

NS <0.5 
Parathion 

ua/1 
NSua/1 <0.5 

Pebulate NS <0.1 
Pendimethalin 

ua/1 
NS <0.1 

Pentachlorobenzene 
ua/1 

NSua/1 <0.5 
Pentachloronitrobenzene NSua/1 <0.5 
Pentachlorophenol 1 <1 
Phenanthrene 

ua/1 
NS <0.1 

Phorate 
ua/1 

NS <0.1 
Phosmet 

ua/1 
NS <0.5 

Profluralin 
ua/1 

NSua/1 <0.1 
Prometryn NS <0.1 ua/1 

100 <0.1 
Propachlor 
Pronamide ua/1 

100 <0.1 
Propanil 

ua/1 
NS <0.5 

Propazine 
ua/1 

<0.1 
Propiconazole isomer a 

10ua/1 
NSua/1 <5 

Propiconazole isomer NS <5 
Prothiofos 

ua/1 
NS <0.5 ua/1 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
Sample Time 9:34 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Pyrene ua/I 200 <0.1 
Simazine ua/1 4 <0.07 
Simetryn ua/I NS <0.1 
Stirofos ua/I NS <0.1 
Sulfotep ua/I NS <0.5 
Tebuthiuron ua/1 500 <10 
TEPP ua/I NS <1 
Terbacil ua/I 90 <0.1 
Terbufos ua/I 0.4 <0.5 
Terbutryn ua/1 NS <0.1 
Thiabendazole ua/I NS <10 
Thiobencarb ua/I NS <0.1 
Thionazin ua/I NS <0.5 
trans-Nonachlor ua/I NS <0.1 
trans-Permethrin ua/I NS <0.1 
Triadimefon ua/I NS <0.5 
Tribufos ua/I NS <0.1 
Trichloronate ua/I NS <0.5 
Tricylazole ua/I NS <1 
Trifluralin ua/I 10 <0.1 
Vernolate ua/I NS <0.1 
Vinclozolin u.a/1 NS <0.5 
Z-Phosphamidon ua/1 NS <0.5 

Volatile Organics (EPA 524.2) 
1, 1,1,2-Tetrachloroethane ua/I 70 <0.5 
1, 1, 1-Trichloroethane u.a/1 200 <0.5 
1,1,2,2-Tetrachloroethane ua/I 40 <0.5 
1, 1,2-Trichloroethane ua/1 5 <0.5 
1, 1-Dichloroethane ua/I NS <0.5 
1,1-Dichloroethylene ua/1 7 <0.5 
1,1-Dichloropropene ua/I NS <0.5 
1,2,3-Trichlorobenzene ua/I NS <0.5 
1,2,3-Trichloropropane ua/I 20 <0.5 
1 ,2,4-Trichlorobenzene ua/1 70 <0.5 
1,2,4-Trimethylbenzene ua/I NS <0.5 
1,2-Dichloroethane ua/I 5 <0.5 
1,2-Dichloropropane ua/I 5 <0.5 
1,3,5-Trimethylbenzene ua/1 NS <0.5 
1 ,3-Dichloropropane ua/I NS <0.5 
2,2-Dichloropropane ua/I NS <0.5 
2-Butanone (MEK) ua/I 4000 <5 
2-Hexanone ua/I NS <10 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24, 2017 
SamoleTime 9:34 am 

Primary/Secondary 
Test Description Units Drinking Water Limits8 Results 

4-Methyl-2-Pentanone (MIBK) NSua/I <5 
Acetone 6000 <10 
Benzene 

ua/I 
5 <0.5 

Bromobenzene 
ua/I 

60ua/I <0.5 
Bromochloromethane 90 <0.5 
Bromodichloromethane 

ua/I 
20ua/I <0.5 

Bromoethane 10ua/I <0.5 
Bromoform 200 <0.5 
Bromomethane (Methyl Bromide) 

ua/I 
NSua/I <0.5 

Carbon disulfide NSua/I <0.5 
Carbon Tetrachloride 5 <0.5 
Chlorobenzene 

ua/I 
100 <0.5 

Chlorodibromomethane 
ua/I 

60 5.0 
Chloroethane 

ua/I 
NSua/I <0.5 

Chloroform (Trichloromethane) 70ua/I <0.5 
Chloromethane (Methyl Chloride) 400ua/I <0.5 
cis-1,2-Dichloroethylene 70ua/I <0.5 
cis-1 ,3-Dichloropropene NSua/I <0.5 
Dibromomethane NSua/I <0.5 
Dichlorodifluoromethane 1000ua/I <0.5 
Dichloromethane 5ua/I <0.5 
Di-isopropyl ether NSua/I <3 
Ethyl benzene 700ua/I <0.5 
Hexachlorobutadiene 2ua/I <0.5 
lsopropylbenzene 800ua/I <0.5 
m,p-Xylenes 10,000 (Total Xylenes) ua/I <0.5 
m-Dichlorobenzene (1,3-DCB) 600ua/I <0.5 
Methyl Tert-butyl ether (MTBE) NSua/I <0.5 
Naphthalene 100ua/I <0.5 
n-Butylbenzene NSua/I <0.5 
n-Prapylbenzene NSua/I <0.5 
o-Chlorotoluene 100 <0.5 
o-Dichlorobenzene (1 ,2-DCB) 

ua/I 
600 <0.5 

o-Xylene 
ua/I 

10,000 (Total Xylenes) <0.5 
p-Chlorotoluene 

ua/I 
100 <0.5 

p-Dichlorobenzene (1 ,4-DCB) 
ua/I 

75 <0.5 
p-I sop ropyltol uene 

ua/I 
NS <0.5 

sec-Butyl benzene 
ua/I 

NS <0.5 
Styrene 

ua/I 
100 <0.5 

tert-amyl Methyl Ether 
ua/I 

NSua/I <3 
tert-Butyl Ethyl Ether NS <3 
tert-Butylbenzene 

ua/1 
NS <0.5 

Tetrachloroethylene (PCE) 
ua/I 

5 <0.5 ua/I 
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Table 4-1 

Baseline Laboratory Water Quality Data for SMWSA WISE Water - Quebec Street WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Quebec Street WTP 
Baseline Water Quality 

Sample 
Sample ID QSWTP 

Sample Date April 24 2017 
SamoleTime 9:34 am 

Primary/Secondary 
Test Description Units Drinking Water Limitsa Results 

Toluene ua/1 1000 <0.5 
Total 1,3-Dichloropropene ua/1 NS <0.5 
Total THM ua/1 80 <0.5 
Total xylenes ua/1 10000 <0.5 
trans 1,2-Dichloroethylene ua/1 100 <0.5 
trans 1 ,3-Dichloropropene ua/1 NS <0.5 
Trichloroethylene (TCE) ua/1 5 <0.5 
Trichlorofluoromethane ua/1 2000 <0.5 
Trichlorotrifluoroethane (Freon 113) ua/1 NS <0.5 
Vinyl chloride (VC) ua/1 2 <0.3 

Acrolein/Acrvlonitrile (EPA 624) 
Acrolein ua/1 NS <2 
Acrylonitrile ua/1 6 <2 
•standards are based on Colorado Department of Public Health and Environment, Water Quality Control Division Drinking 
Water Standards dated January 19, 2005, U.S. EPA National Safe Drinking Water Standards, and U.S. EPA Region 8 Baseline 
Water Sampling Criteria 

Notes: NS = No Standard Available NA = No Analysis 
ml = milliliter CaC03 = Calcium carbonate 
mg/I = milligrams per liter or parts per million (ppm) ug/1 = micrograms per liter or parts per billion (ppb) 
pCi/1 = picocuries per liter 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Test Description Units 
Primary/Secondary 

DrinkinQ Water Limitsa Results 
Total Metals (lnorganics) and 
Miscellaneous Parameters 
Alkalinity, Total ma/I as CaCO3 NS 76 
Aluminum na/I 200 66 
Ammonia Nitroqen mq/I as N 0.01 0.32b 
Antimony ua/I 6 <1 
Arsenic ua/I 10 <1 
Asbestos MFL 7 <0.2b 
Barium ua/I 2,000 50 
Beryllium ua/I 4 <1 
Bicarbonate mq/I as CaCO3 NS 92 
Carbonate ma/I as CO3 NS <2 
Boron ma/I 6 <0.05 
Cadmium µg/I 5 <0.5 
Calcium mq/I NS 45 
Chlorine Dioxide mq/I 0.8 <0.24 
Chloride ma/I 250 43 
Chlorite mQ/I 1.0 0.50 
Chromium µq/I 100 <1 
Copper ua/I 1,300 <2.0 
Cyanide mQ/I 0.2 <0.025b 
Cyanogen Chloride ma/I 0.4 <0.35 
Fluoride mg/I 4.0 (2.0 Secondary MCL) 0.87b 
Free Chlorine mq/I 4 0.22 
Iron mq/I 0.3 <0.02 
Lead ua/I 15 <0.5 
Magnesium ma/I NS 9.3 
Manganese ua/I 300 <2 
Mercury ua/I 2 <0.2 
Molybdenum ua/I 40 7.5 
Nitrate ma/I as N 10 0.31b 
Nitrite mg/I as N 1 <0.05b 
Nickel ua/I 100 <5 
Laboratory pH pH units 6.5 -8.5 8.2 
Potassium mq/I NS 2.8 
Selenium ua/I 50 <5 
Silver ua/I 100 0.92 
Sodium ma/I NS 31 
Strontium mq/I 4 0.33 
Sulfate mq/I 250 56 
Thallium ua/I 2 <1 
Total Dissolved Solids ma/I 500 287 
Total Orqanic Carbon mQ/I NS 2.42 
Uranium ua/I 30 4.1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limits• Results 
Zinc ua/I 2000 <20 

Radio Chemistrv 
Gross Alpha, Total oCi/I 15 <3 
Gross Beta, Total pCi/I 50 pCi/I Triaaer Level <3 
Radium-226, Total oCi/1 (5 for 226 + 228) <1 
Radium-228, Total oCi/1 (5 for 226 + 228) <1 
Radon, Total oCi/1 NS 

Organochlorine Pesticides/PCBs 
(EPA 505) 
Alachlor (Alanex) ua/I 2 <0.1 
Aldrin ua/I 0.2 <0.01 
Chlordane ua/I 2 <0.1 
Dieldrin ua/I 0.2 <0.01 
Endrin un/I 2 <0.01 
Heptachlor ua/1 0.4 <0.01 
Heptachlor Epoxide ua/1 0.2 <0.01 
Lindane (gamma-BHC) ua/1 0.2 <0.01 
Methoxychlor ua/1 40 <0.05 
PCB 1016 Aroclor un/I 0.5 <0.08 
PCB 1221 Aroclor ua/I 0.5 <0.1 
PCB 1232 Aroclor ua/I 0.5 <0.1 
PCB 1242 Aroclor ua/I 0.5 <0.1 
PCB 1248 Aroclor un/I 0.5 <0.1 
PCB 1254 Aroclor un/I 0.5 <0.1 
PCB 1260 Aroclor un/I 0.5 <0.1 
Total PCBs ll0/I 0.5 <0.1 
Toxaphene ll0/1 3 <0.5 

Haloacetic Acids (SM 6251 B) 
Dibromoacetic acid ll0/1 NS 2.8 
Dichloroacetic acid 110/I NS 6.4 
Monobromoacetic acid ll0/1 NS <1 
Monochloroacetic acid ll0/I NS <2 
Total Haloacetic acids (HAA5) ll� /I 60 15 
Trichloroacetic acid 110/l NS 5.4 

EDB/DBCP/HAN (EPA 551 .1) 
Dibromochloropropane (DBCP) llO/J NS <0.01 
Ethylene Dibromide (EDB) ll0/I NS <0.01 

Base/Neutral/Acid Extractables 
(EPA 625) 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Samole Date September 20, 2016 
Sample Time 8:55 am 

Primary/Secondary 
Test Description Drinking Water Limitsa Units Results 

1,2,4-Trichlorobenzene 70 <5 
1,2-Diphenyhydrazine 

ua/1 
NS <10 

2,4,5-Trichlorophenol 
ua/1 

NS <5 
2,4,6-Trichlorophenol 

ua/1 
2ua/1 <5 

2,4-Dichlorophenol 20 <5 
2,4-Dimethylphenol 

ua/1 
NSua/1 <5 

2,4-Dinitrophenol NS <50 
2,4-Dinitrotoluene 

ua/1 
5 <5 

2,6-Dinitrotoluene 
ua/1 

5 <5 
2-Chloronapthalene 

ua/1 
NS <5 

2-Chlorophenol 
ua/1 

40 <5 
2-Methylnaphtalene 

ua/1 
NS <5 

2-Methyphenol 
ua/1 

NS <5 
2-Nitroaniline 

ua/1 
NS <10 

2-Nitrophenol 
ua/1 

NS <5 
3,3-Dichlorobenzidine 

ua/1 
NS <50 

3-Nitroaniline 
ua/1 

NS <20 
4,6-Dintro-o-cresol 

ua/1 
NS <50 

4-Bromophenylphenylether 
ua/1 

NS <5 
4-Chloroaniline 

ua/1 
NS <5 

4-Chlorophenylphenylether 
ua/1 

NS <5 
4-Methylphenol 

ua/1 
NS <5 

4-Nitroaniline 
ua/1 

NS <20 
4-Nitrophenol 

ua/1 
60 <10 

Acenaphthene 
ua/1 

400 <5 
Acenaphtylene 

ua/1 
NSua/1 <5 

Aniline NS <10 
Anthracene 

ua/1 
2000 <5 

Benzidine 
ua/1 

NS <50 
Benzo( a)anthracene 

ua/1 
NSua/1 <5 

Benzo( a)pyrene 0.2ua/1 <5 
Benzo(b )fluoranthene NS <5 
Benzo(g,h,i)perylene 

ua/1 
NS <10 

Benzo(k)fluoranthene 
ua/1 

NS <5 
Benzoic Acid 

ua/1 
NS <50 

Benzyl Alcohol 
ua/1 

NS <5 
bis(2-Chloroethoxy)methane 

ua/1 
NS <10 

bis(2-Chloroethyl)ether 
ua/1 

<10NSua/1 
NSbis(2-Chloroisopropyl)ether <10 

Butylbenzylphthalate 
ua/1 

1000 <5 
Chrysene 

ua/1 
NS <5 

Dibenz(a,h)anthracene 
ua/1 

NS <10 
Dibenzofuran 

ua/1 
NS <5ua/1 
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Table 4-1 

Baseline Laboratory Water Qualitv Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Diethylphth alate ua/I 6000 <5 
Dimethylphthalate ua/I NS <5 
Di-n-butylphthalate ua/I 800 <10 
Di-n-octylphthalate ua/I NS <10 
Fluoranthene ua/I NS <5 
Fluorene ua/I 200 <5 
Hexachlorobenzene ua/I 1 <5 
Hexachlorobutadiene ua/I 2 <10 
Hexachlorocyclopentadiene ua/I 50 <10 
Hexachloroethane ua/I 1 <5 
lndeno(1,2,3-c,d)pyrene ua/I NS <10 
lsophorone ua/I 100 <5 
Naphthalene ua/I 100 <5 
Nitrobenzene ua/I NS <5 
N-Nitroso-dimethylamine ua/I NS <5 
N-Nitrosodi-n-propylamine ua/I NS <5 
N-Nitrosodiphenylamine ua/I NS <5 
p-Chloro-m-cresol ua/I NS <5 
Pentachlorophenol ua/I 1 <20 
Phenanthrene ua/I NS <5 
Phenol ua/I 2000 <5 
Pyrene ua/I 200 <5 

Nitrosamines (EPA 521 l 
N-Nitrosodibutylamine (NDBA) n!'.:J/I NS <2 
N-Nitrosodiethylamine (NDEA) na/I NS <2 
N-Nitroso-dimethvlamine (NOMA) na/I NS 3.2 
N-Nitrosodi-n-propylamine (NDPA) ng/I NS <2 
N-Nitrosomethylethylamine (NMEA) na/I NS <2 
N-Nitrosomoroholine na/I NS <2 
N-Nitrosopiperidine (NPIP) na/I NS <2 
N-Nitrosopyrollidine (NPYR) nq/I NS <2 

Aldicarbs (EPA 531.2) 
3-Hyroxycarbofu ran ua/I NS <0.5 
Aldicarb (Temik) u� /I 3 <0.5 
Aldicarb sulfone ua/I 2 <0.5 
Aldicarb sulfoxide ua/I 4 <0.5 
Baygon ua/I NS <0.5 
Carbary! ua/I NS <0.5 
Carbofuran (Furadan) ua/I NS <0.5 
Methiocarb ua/I NS <0.5 
Methomyl ua/I 200 <0.5 
Oxamyl (Vydate) ua/I 7 <0.5 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limits0 Results 

EPA 525.2 Extended List 
1,2,4,5-Tetrachlorobenzene ua/1 NS <0.5 
1-Methylnaphthalene ua/1 NS <0.1 
2,2,3,3,4,4,6-Heptachlorobiphenyl ua/1 NS <0.5 
2,2,3,3,4,5,6,6-Octachlorobiphenyl ua/1 NS <0.5 
2,2, 3 ,4, 6-Pentachlorobiphenyl ua/1 NS <0.1 
2,2,4,4,5,6-Hexachlorobiphenyl ua/1 NS <0.1 
2,2,4,4-Tetrachlorobiphenyl ua/1 NS <0.1 
2,3-Dichlorobiphenyl ua/1 NS <0.1 
2,4,5-Trichlorbiphenyl ua/1 NS <0.1 
2,4-Dinitrotoluene ua/1 5 <0.5 
2,6-Dinitrotoluene ua/1 5 <0.5 
2-Chlorobiphenyl ua/1 NS <0.1 
2-methylnaphthalene ua/1 NS <0.1 
4,4-DDD ua/1 NS <0.1 
4,4-DDE ua/1 NS <0.1 
4,4-DDT ua/1 NS <0.1 
Acenaphthene un/1 400 <0.1 
acenapthylene 1m/l NS <0.1 
Acetochlor 1m/l NS <0.1 
Alachlor ua/1 2 <0.1 
Aldrin ua/1 0.2 <0.1 
Alpha-BHC un/1 NS <0.1 
Alpha-Chlordane un/1 2 <0.1 
Ametryn µg/1 NS <0.1 
Anilazine ua/1 NS <1 
Anthracene 1m/l 2000 <0.1 
Aspon ua/1 NS <0.1 
Atrazine un/1 3 <0.1 
Azinphos-ethyl ua/1 NS <0.5 
Azinphos-methyl ua/1 NS <0.5 
Bendiocarb ua/1 NS <0.5 
Benfluralin ua/1 NS <0.1 
Benzo(a)anthracene ua/1 NS <0.1 
Benzo(a)pyrene ua/1 0.2 <0.02 
Benzo(b)fluoranthene ua/1 NS <0.1 
Benzo(g,h,i)perylene ua/1 NS <0.1 
Benzo(k)fluoranthene ua/1 NS <0.1 
beta-BHC ua/1 NS <0.1 
Bolstar ua/1 NS <0.1 
Bromacil ua/1 NS <0.1 
Butachlor ua/1 NS <0.1 
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Table 4-1 

Baseline Laboratorv Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Butylate ua/1 NS <0.1 
Butylbenzylphthalate ua/1 1000 <1 
Carbophenothion ua/1 NS <0.5 
Carboxin ua/1 700 <0.1 
Chlorfenvinphos ua/1 NS <5 
Chlorbenzilate ua/1 NS <0.1 
Chloroneb ua/1 NS <0.1 
Chlorpropylate ua/1 NS <0.1 
Chlorothalonil ua/1 100 <0.1 
Chlorpropham ua/1 NS <0.1 
Chlorpyrifos ua/1 NS <0.1 
Chlorpyifos methyl ua/1 NS <0.5 
Chrysene ua/1 NS <0.1 
cis-Noachlor ua/1 NS <0.1 
cis-Permethrin ua/1 NS <0.1 
Clomazone ua/1 NS <0.1 
Clopyralid ua/1 NS <10 
Coumaphos ua/1 NS <0.1 
Crotoxyphos ua/1 NS <0.5 
Cycloate ua/1 NS <0.1 
DCPA ua/1 70 <0.1 
delta-BHC ua/1 NS <0.1 
Demeton 0 ua/1 NS <0.5 
Demeton S ua/1 NS <0.5 
Desethylatrazine ua/1 NS <1 
Desisopropylatrazine ua/1 NS <1 
Di(2-ethylhexyl)adipate ua/1 400 <0.6 
Di(2-Ethylhexy)phthalate ua/1 6 <0.6 
Diazinon u.a/1 1 <0.1 
Dibenzo(a,h)anthracene ua/1 NS <0.1 
Dichlobenil ua/1 NS <0.1 
Dichlofenthion ua/1 NS <0.1 
Dichloran u� /1 NS <0.5 
Dichlorvos u� /1 NS <0.1 
Dicrotophos tm/1 NS <0.5 
Dieldrin u� /1 0.2 <0.1 
Diethylphthalate ua/1 6000 <1 
Dimethoate ua/1 NS <0.5 
Dimethylphthalate ua/1 NS <1 
Di-n-butylphthalate ua/1 800 <2 
Di-n-octylphthalate u� /1 NS <2 
Dioxathion u� /1 NS <0.5 
Diphenamid ua/1 200 <0.1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Ti me 8:55 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Disulfoton ua/1 0.7 <0.1 
Disulfoton Sulfone ua/1 NS <0.1 
Disulfoton Sulfoxide ua/1 NS <10 
Endosulfan I ua/1 NS <0.1 
Endosulfan II ua/1 NS <0.1 
Endosulfan Sulfate ua/1 NS <0.1 
Endrin ua/1 2 <0.0099 
Endrin Aldehyde ua/1 NS <0.5 
E-Phosphamidon ua/1 NS <0.5 
EPN ua/1 NS <0.5 
EPTC ua/1 NS <0.1 
Erucylamide ua/1 NS <5 
Esfenvalerate ua/1 NS <0.5 
Ethalfluralin ua/1 NS <0.1 
Ethion ua/1 NS <5 
Ethofumesate ua/1 NS <0.5 
Ethoprop ua/1 NS <0.1 
Etridiazole ua/1 NS <0.1 
Famphur ua/1 NS <0.1 
Fenamiphos ua/1 0.7 <0.1 
Fenarimol ua/1 NS <1 
Fenitrothion ua/1 NS <0.5 
Fenoxaprop-ethyl ua/1 NS <1 
Fensulfothion ua/1 NS <0.5 
Fenthion ua/1 NS <0.1 
Fluazifop-butyl ua/1 NS <0.1 
Fluchloralin ua/1 NS <0.1 
Fluometuron ua/1 NS <0.5 
Fluoranthene ua/1 NS <0.1 
Fluorene ua/1 200 <0.1 
Fluridone ua/1 NS <1 
Fonofos ua/1 NS <0.1 
Gamma-BHC ua/1 0.2 <0.02 
Gamma-Chlordane ua/1 2 <0.1 
Heptachlor ua/1 0.4 <0.04 
Heptachlor Epoxide µq/1 0.2 <0.02 
Hexachlorobenzene ua/1 1 <0.1 
Hexachlorocyclopentadiene ua/1 50 <0.1 
Hexazinone ua/1 400 <0.1 
lndeno(1 ,2,3,c,d)Pyrene ua/1 NS <0.1 
lprodione ua/1 NS <0.5 
lsofenphos ua/1 NS <0.5 
lsphorone ua/1 NS <0.1 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Test Description Units 
Primary/Secondary 

Drinkina Water Limits8 Results 
Leptophos ua/1 NS <0.5 
Malathion ua/1 NS <0.1 
Metalaxyl ua/1 NS <0.5 
Methoxychlor ua/1 40 <0.1 
Methyl paraoxon ua/1 NS <0.5 
Methyl Parathion ua/1 NS <0.5 
Metolachlor ua/1 700 <0.1 
Metribuzin ua/1 70 <0.1 
Metsulfu ron-methyl ua/1 NS <10 
Mevinphos ua/1 NS <0.1 
MGK 264 isomer a ua/1 NS <0.1 
MGK 264 isomer b ua/1 NS <0.1 
MGK326 ua/1 NS <0.1 
Mirex ua/1 NS <0.5 
Molinate ua/1 NS <0.1 
Monocrotophos ua/1 NS <0.5 
Naled ua/1 NS <0.5 
Naphthalene ua/1 100 <0.1 
Napropamide ua/1 NS <0.1 
Norflurazon ua/1 NS <1 
Oryzalin ua/1 NS <10 
Oxadiazon ua/1 NS <0.1 
Oxyxhlordane ua/1 NS <0.1 
Oxyfluorfen ua/1 NS <0.5 
Parathion ua/1 NS <0.5 
Pebulate ua/1 NS <0.1 
Pendimethalin ua/1 NS <0.1 
Pentachlorobenzene ua/1 NS <0.5 
Pentachloronitrobenzene ua/1 NS <0.5 
Pentachlorophenol ua/1 1 <1 
Phenanthrene ua/1 NS <0.1 
Phorate ua/1 NS <0.1 
Phosmet µg/1 NS <0.5 
Profluralin ua/1 NS <0.1 
Prometryn ua/1 NS <0.1 
Pronamide ua/1 100 <0.1 
Propachlor ua/1 100 <0.1 
Propanil ua/1 NS <0.5 
Propazine ua/1 10 <0.1 
Propiconazole isomer a ua/1 NS <5 
Propiconazole isomer ua/1 NS <5 
Prothiofos ua/1 NS <0.5 
Pyrene ua/1 200 <0.1 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Samele 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Primary/Secondary 
Test Description Units Drinkinq Water Limitsa Results 

4Simazine <0.07 
Simetryn 

ua/I 
NS <0.1 

Stirofos 
ua/I 

NS <0.1 
Sulfotep 

ua/I 
NS <0.5 

Tebuthiuron 
ua/I 

500 <10 
TEPP 

ua/I 
NS <1 

Terbacil 
ua/I 

90 <0.1 
Terbufos 

ua/I 
0.4 <0.5 

Terbutryn 
ua/I 

NS <0.1 
Thiabendazole 

ua/I 
NS <10 

Thiobencarb 
ua/1 

NS <0.1 
Thionazin 

ua/I 
NS <0.5 

trans-Nonachlor 
ua/1 

NS <0.1 
trans-Permethrin 

ua/I 
NS <0.1 

Triadimefon 
ua/1 

NS <0.5 
Tribufos 

ua/I 
NS <0.1 

Trichloronate 
ua/1 

NS <0.5 
Tricylazole 

ua/I 
NS <1 

Trifluralin 
ua/I 

10 <0.1 
Vernolate 

ua/I 
NS <0.1 

Vinclozolin 
ua/I 

NS <0.5 
Z-Phosphamidon 

ua/I 
NS <0.5ua/I 

Volatile Organics (EPA 524.2) 
70 <0.5 

1, 1, 1-Trichloroethane 
1 , 1, 1 ,2-Tetrachloroethane ua/I 

200 <0.5 
1,1,2,2-Tetrachloroethane 

ua/I 
40 <0.5 

1, 1,2-Trichloroethane 
ua/I 

5 <0.5 
1,1-Dichloroethane 

u.a/1 
NS <0.5 

1 , 1-Dichloroethylene 
ua/I 

7 <0.5 
1,1-Dichloropropene 

ua/I 
NS <0.5 

1,2,3-Trichlorobenzene 
ua/I 

NS <0.5 
1,2,3-Trichloropropane 

ua/I 
20 <0.5 

1,2,4-Trichlorobenzene 
ua/I 

70 <0.5 
1,2,4-Trimethylbenzene 

ua/I 
NS <0.5 

1,2-Dichloroethane 
ua/1 

5 <0.5 
1 ,2-Dichloropropane 

ua/I 
5 <0.5 

1,3,5-Trimethylbenzene 
ua/1 

NS <0.5 
1 ,3-Dichloropropane 

ua/I 
NS <0.5 

2,2-Dichloropropane 
uq/1 

NS <0.5 
2-Butanone (MEK) 

ua/I 
4000 <5 

2-Hexanone 
ua/I 

NS <10 
4-Methyl-2-Pentanone (MIBK) 

ua/I 
NS <5ua/I 

4-9 



Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
Sample Time 8:55 am 

Primary/Secondary 
Test Description DrinkinQ Water Limitsa Units Results 

Acetone 6000 ua/1 <10 
Benzene 5 <0.5 
Bromobenzene 

ua/1 
60 <0.5 

Bromochloromethane 
ua/1 

90 <0.5 
Bromodichloromethane 

ua/1 
20 8.3 

Bromoethane 
ua/1 

10 <0.5 
Bromoform 

ua/1 
200 1.5 

Bromomethane (Methyl Bromide) 
ua/1 

NSua/1 <0.5 
Carbon disulfide NSua/1 <0.5 
Carbon Tetrachloride 5ua/1 <0.5 
Chlorobenzene 100 <0.5 
Chlorodibromomethane 

ua/1 
60 5.0 

Chloroethane 
ua/1 

NS <0.5 
Chloroform (Trichloromethane) 

ua/1 
70 11 

Chloromethane (Methyl Chloride) 
ua/1 

400 <0.5 
cis-1,2-Dichloroethylene 

ua/1 
70 <0.5 

cis-1,3-Dichloropropene 
ua/1 

NS <0.5 
Dibromomethane 

ua/1 
NS <0.5 

Dichlorodifluoromethane 
ua/1 

1000 <0.5 
Dichloromethane 

u.a/1 
5 <0.5 

Di-isopropyl ether 
ua/1 

NS <3 
Ethyl benzene 

ua/1 
700 <0.5 

Hexachlorobutadiene 
ua/1 

2 <0.5 
lsopropylbenzene 

ua/1 
800 <0.5 

m,p-Xylenes 
ua/1 

10,000 (Total Xylenes) <0.5 
m-Dichlorobenzene (1,3-DCB) 

ua/1 
600 <0.5 

Methyl Tert-butyl ether (MTBE) 
ua/1 

NS <0.5 
Naphthalene 

ua/1 
100ua/1 <0.5 

n-Butylbenzene ua/1 NS <0.5 
n-Propylbenzene ua/1 NS <0.5 
o-Chlorotoluene 100 <0.5 
o-Dichlorobenzene (1,2-DCB) 

ua/1 
600 <0.5 

o-Xylene 
ua/1 

10,000 (Total Xylenes) <0.5 
p-Chlorotoluene 

ua/1 
100 <0.5 

p-Dichlorobenzene (1 ,4-DCB) 
110/I 

75 <0.5 
p-lsopropyltoluene 

ua/1 
NS <0.5 

sec-Butylbenzene 
110/I 

NSua/1 <0.5 
Styrene 100 <0.5 
tert-amyl Methyl Ether 

110/I 
NS110/I <3 

tert-Butyl Ethyl Ether NS110/I <3 
tert-Butylbenzene NS <0.5 
Tetrachloroethylene (PCE) 

110/I 
5 <0.5 

Toluene 
110/I 

1000 <0.5110/I 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water - Griswold WTP 
Meridian Metropolitan 

Districts 
WISE Water 

Griswold WTP 
Baseline Water Quality 

Sample 
Sample ID Griswold 

Sample Date September 20, 2016 
SamoleTime 8:55 am 

Primary/Secondary 
Test Description Units Drinking Water Limits8 Results 

Total 1,3-Dichloropropene ua/1 NS <0.5 
Total THM ua/1 80 26 
Total xylenes ua/1 10000 <0.5 
trans 1,2-Dichloroethylene ua/1 100 <0.5 
trans 1,3-Dichloropropene ua/1 NS <0.5 
Trichloroethylene (TCE) u.a/1 5 <0.5 
Trichlorofluoromethane ua/1 2000 <0.5 
Trichlorotrifluoroethane (Freon 113) ua/1 NS <0.5 
Vinyl chloride (VC) ua/1 2 <0.3 

Acrolein/Acrvlonitrile (EPA 624) 
Acrolein ua/1 NS <2 
Acrylonitrile ua/1 6 <2 
•standards are based on Colorado Department of Public Health and Environment, Water Quality Control Division Drinking 
Water Standards dated January 19, 2005, U.S. EPA National Safe Drinking Water Standards, and U.S. EPA Region 8 Baseline 
Water Sampling Criteria 

bSample for parameter collected in a separate collection at 16:07 on October 19, 2016 

Notes: NS = No Standard Available NA = No Analysis 
ml = milliliter CaC03= Calcium carbonate 
mg/I = milligrams per liter or parts per million (ppm) ug/1 = micrograms per liter or parts per billion (ppb) 
pCi/1 = picocuries per liter 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Samole Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
Test Description Units Drinking Water Limitsh Results 

Total Metals (lnorganics) and 
Miscellaneous Parameters 

mq/I as CaCO3 NSAlkalinitv, Total 100 
200 <20Aluminum ua/I 

mq/I as N 0.01Ammonia Nitrogen 0.14 
6 <1Antimony ua/I 

<110Arsenic ua/I 
MFL 7 <0.18Asbestos 

2,000 150Barium ua/I 
4 <1Beryllium ua/I 

mq/I as CaCO3 NS 100Bicarbonate 
NANSmq/I as CO3 Carbonate 

6 <0.05Boron ma/I 
5 <0.5Cadmium ua/I 

NS 21mq/ICalcium 
mq/I 0.8 <0.24Chlorine Dioxide 

<1250Chloride ma/I 
1.0 <0.01Chlorite ma/I 

<1 
Copper 

100Chromium uq/I 
1,300 2.5ua/I 

0.2 <0.025mq/ICyanide 
mq/I 0.4 <0.35Cvanoqen Chloride 

4.0 (2.0 Secondary MCL) 1.1mq/IFluoride 
4 <0.1Free Chlorine ma/I 

0.130.3mq/IIron 
15 0.80Lead ua/I 
NS 2.2Maanesium mq/I 
300 46Manganese ua/I 

<0.22Mercury ua/I 
40 <2 

Nitrate 
Molybdenum ua/I 

<0.1mq/I as N 10 
1 <0.05mi::i/I as N Nitrite 

100 <5Nickel ua/I 
6.5-8.5pH units 8.1Laboratory pH 

mq/I NS 3.6Potassium 
<550Selenium ua/I 

<0.5100Silver ua/I 
NS 30mq/ISodium 
4 0.31Strontium ma/I 

18250mq/ISulfate 
2 <1Thallium ua/I 

160mq/I 500Total Dissolved Solids 
NS <0.3Total Orqanic Carbon ma/I 

<130Uranium ua/I 



Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metrooolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
SamoleTime 10:00 am 

Primary/Secondary 
Test Descriotion Units Drinkina Water Limitsb Results 

Zinc ua/I 2000 <20 

Radio Chemistry 
15Gross Aloha, Total oCi/I <3 

6.4Gross Beta, Total oCi/I 50 pCi/I Triaaer Level 
Radium-226, Total pCi/I (5 for 226 + 228) <1 
Radium-228, Total oCi/I (5 for 226 + 228) <1 

Organochlorine Pesticides/PCBs 
(EPA 505) 

2Alachlor (Alanex) ua/I <0.1 
0.2 <0.01Aldrin ua/I 
2Chlordane 110/I <0.1 

Dieldrin ua/1 0.2 <0.01 
2Endrin ua/1 <0.01 

Heptachlar ua/I 0.4 <0.01 
0.2Heptachlor Epoxide ua/I <0.01 
0.2Lindane (gamma-BHC) ua/I <0.01 
40Methoxychlor ua/I <0.05 

PCB 1016 Aroclor ua/I 0.5 <0.08 
PCB 1221 Aroclor u.a/I 0.5 <0.1 
PCB 1232 Aroclar ua/I 0.5 <0.1 

0.5PCB 1242 Aroclor ua/I <0.1 
0.5PCB 1248 Aroclor ua/I <0.1 

PCB 1254 Aroclor ua/l 0.5 <0.1 
PCB 1260 Aroclor ua/I 0.5 <0.1 

0.5 <0.1Total PCBs ua/I 
3 <0.5Toxaphene ua/I 

Haloacetic Acids (SM 6251 B) 

NSDibromoacetic acid ua/I <1 
NSDichloroacetic acid ua/I <1 
NS <1Monobromoacetic acid ua/I 
NS <2Monochloroacetic acid ua/I 
60Total Haloacetic acids (HAA5) ua/I <2 
NS <1Trichloroacetic acid ua/I 

EDB/DBCP/HAN (EPA 551.1) 

NSDibromochloropropane (DBCP) ua/I <0.01 
NS <0.01Ethylene Dibromide (EDB) ua/I 

Base/Neutral/Acid Extractables 
(EPA 625) 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Samele 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
Units Drinkinci Water Limitsb ResultsTest Description 

<51,2,4-Trichlorobenzene 70ua/1 

<10NS1,2-Diphenyhydrazine ua/1 

NS <52 ,4, 5-T richlorophenol ua/1 

22,4,6-Trichlorophenol <5 
2,4-Dichlorophenol 

ua/1 

<520ua/1 

<5NS2,4-Dimethylphenol ua/1 

NS <502,4-Dinitrophenol ua/1 

<552,4-Dinitrotoluene ua/1 

<552,6-Dinitrotoluene ua/1 

<5NS2-Chloronapthalene ua/1 

<5402-Chlorophenol ua/1 

<5NS2-Methylnaphtalene ua/1 

<5NS2-Methyphenol ua/1 

<10NS2-Nitroaniline ua/1 

<5NS2-Nitrophenol ua/1 

<50NS3,3-Dichlorobenzidine ua/1 

<20NS3-Nitroaniline ua/1 

<50NS4, 6-Dintro-o-cresol ua/1 

<5 

4-Chloroaniline 
NS4-Bromophenylphenylether ua/1 

<5NSua/1 

<5NS4-Chlorophenylphenylether ua/1 

<5NS4-Methylphenol ua/1 

<20NS4-Nitroaniline ua/1 

<10604-Nitrophenol ua/1 

<5400Acenaphthene ua/1 

<5NSAcenaphtylene ua/1 

<10NSAniline ua/1 

<52000Anthracene ua/1 

<50NSBenzidine ua/1 

<5NSBenzo(a)anthracene ua/1 

<50.2Benzo( a)pyrene ua/1 

<5NSBenzo(b)fluoranthene ua/1 

<10NSBenzo(g,h,i)perylene u.a/1 
<5 

Benzoic Acid 

NSBenzo(k)fluoranthene ua/1 

NS <50u.a/1 
NS <5Benzyl Alcohol ua/1 

<10NSbis(2-Chloroethoxy)methane ua/1 

<10NSbis(2-Chloroethyl)ether ua/1 

<10NSbis(2-Chloroisopropyl)ether ua/1 

<51000Butylbenzylphthalate ua/1 

<5NSChrysene ua/1 

<10NSDibenz(a,h)anthracene ua/1 

NS <5Dibenzofuran ua/1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
Drinkina Water Limitsb ResultsTest Description Units 

6000 <5Diethylphthalate ua/I 
NS <5Dimethylphthalate ua/I 
800 <10Di-n-butylphthalate 110/I 
NS <10Di-n-octylphthalate 110/I 
NS <5Fluoranthene u.a/I 

<5200Fluorene ua/I 
1 <5Hexachlorobenzene 110/I 
2 <10Hexachlorobutadiene 110/I 

<1050Hexachlorocyclopentadiene 110/I 
1 <5Hexachloroethane ua/I 

NS <10lndeno(1,2,3-c,d)pyrene 110/I 
100 <5lsophorone 110/I 

<5100Naphthalene 110/I 
<5NSNitrobenzene 110/I 

NS <5N-Nitroso-dimethylamine 110/I 
<5N-Nitrosodi-n-propylamine ua/I NS 

NS <5N-Nitrosodiphenylamine ua/I 
<5NSp-Chloro-m-cresol ua/I 

1 <20Pentachlorophenol ua/I 
NS <5Phenanthrene ua/I 

<52000Phenol ua/I 
200 <5Pyrene ua/I 

Nitrosamines (EPA 521) 
<2NSN-Nitrosodibutvlamine (NDBA) nq/I 
<2NSN-Nitrosodiethvlamine (NDEA) nq/I 
<2NSN-Nitroso-dimethylamine (NOMA) na/I 

NS <2N-Nitrosodi-n-propylamine (NDPA) nQ/I 
<2NSN-Nitrosomethvlethvlamine (NMEA) na/I 
<2NSN-Nitrosomoroholine na/I 
<2NSN-Nitrosopiperidine (NPIP) ng/I 
<2NSN-Nitrosopyrollidine (NPYR) nQ/I 

Aldicarbs (EPA 531.2) 
<0.5NS3-Hyroxycarbofu ran ua/I 
<0.53Aldicarb (Temik) ua/I 

2 <0.5Aldicarb sulfone ua/I 
4 <0.5Aldicarb sulfoxide ua/I 

<0.5NSBaygon ua/I 
<0.5NSCarbary! ua/I 
<0.5NSCarbofuran (Furadan) ua/I 
<0.5NSMethiocarb ua/I 
<0.5200Methomyl ua/I 
<0.57Oxamyl (Vydate) ua/I 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
SamoleTime 10:00 am 

Test Descriotion 

EPA 525.2 Extended List 
1,2,4,5-Tetrachlorobenzene ua/1 NS <0.5 
1-Methylnaphthalene ua/1 NS <0.1 
2,2,3,3,4,4,6-Heptachlorobiphenyl ua/1 NS <0.5 
2,2,3,3,4,5,6,6-Octachlorobiphenyl ua/1 NS <0.5 
2,2,3,4,6-Pentachlorobiphenyl ua/1 NS <0.5 
2,2,4,4,5,6-Hexachlorobiphenyl ua/1 NS <0.1 
2,2,4,4-Tetrachlorobiphenyl ua/1 NS <0.1 
2,3-Dichlorobiphenyl ua/1 NS <0.1 
2,4,5-Trichlorbiphenyl ua/1 NS <0.1 
2,4-Dinitrotoluene ua/1 5 <0.5 
2,6-Dinitrotoluene ua/1 5 <0.5 
2-Chlorobiphenyl ua/1 NS <0.1 
2-methylnaphthalene ua/1 NS <0.1 
4,4-DDD ua/1 NS <0.1 
4,4-DDE ua/1 NS <0.1 
4,4-DDT ua/1 NS <0.1 
Acenaphthene ua/1 400 <0.1 
acenapthylene ua/1 NS <0.1 
Acetochlor ua/1 NS <0.1 
Alachlor ua/1 2 <0.1 
Aldrin ua/1 0.2 <0.1 
Alpha-BHC ua/1 NS <0.1 
Alpha-Chlordane ua/1 2 <0.1 
Ametryn ua/1 NS <0.1 
Anilazine ua/1 NS <1 
Anthracene u.a/1 2000 <0.1 
Aspon ua/1 NS <0.1 
Atrazine ua/1 3 <0.1 
Azinphos-ethyl ua/1 NS <0.5 
Azinphos-methyl ua/1 NS <0.5 
Bendiocarb ua/1 NS <0.5 
Benfluralin ua/1 NS <0.1 
Benzo(a)anthracene ua/1 NS <0.1 
Benzo(a)pyrene ua/1 0.2 <0.02 
Benzo(b )fluoranthene ua/1 NS <0.1 
Benzo(g,h,i)perylene ua/1 NS <0.1 
Benzo(k)fluoranthene ua/1 NS <0.1 
beta-BHC ua/1 NS <0.1 
Bolstar ua/1 NS <0.1 
Bromacil ua/1 NS <0.1 

Primary/Secondary 
Units Drinkina Water Limitsb Results 

Butachlor ua/1 NS <0.1 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data tor Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Test Description 
Butylate 

Units 

ua/1 

Primary/Secondary 
Drinkina Water Limitsb 

NS 
Results 

<0.1 
Butylbenzylphthalate ua/1 1000 <1 
Carbophenothion ua/1 NS <0.5 
Carboxin ua/1 700 <0.1 
Chlorfenvinphos ua/1 NS <5 

Chlorbenzilate ua/1 NS <0.1 

Chloroneb ua/1 NS <0.1 

Chlorpropylate ua/1 NS <0.1 

Chlorothalonil ua/1 100 <0.1 
Chlorpropham ua/1 NS <0.1 

Chlorpyrifos ua/1 NS <0.1 

Chlorpyifos methyl ua/1 NS <0.5 

Chrysene ua/1 NS <0.1 

cis-Noachlor ua/1 NS <0.1 

cis-Permethrin ua/1 NS <0.1 

Clomazone ua/1 NS <0.1 

Clopyralid ua/1 NS <10 
Coumaphos ua/1 NS <0.1 

Crotoxyphos ua/1 NS <0.5 

Cycloate ua/1 NS <0.1 

DCPA ua/1 70 <0.1 

delta-BHC 

Demeton 0 
ua/1 

ua/1 

NS 

NS 

<0.1 

<0.5 

Demeton S ua/1 NS <0.5 

Desethylatrazine ua/1 NS <1 

Desisopropylatrazine ua/1 NS <1 

Di(2-ethylhexyl)adipate ua/1 400 <0.6 
Di(2-Ethylhexy)phthalate ua/1 6 <0.6 

Diazinon ua/1 1 <0.1 

Dibenzo( a ,h )a nth racene ua/1 NS <0.1 

Dichlobenil ua/1 NS <0.1 

Dichlofenthion ua/1 NS <0.1 

Dichloran ua/1 NS <0.5 

Dichlorvos ua/1 NS <0.1 

Dicrotophos ua/1 NS <0.5 

Dieldrin ua/1 0.2 <0.1 

Diethylphthalate ua/1 6000 <1 

Dimethoate ua/1 NS <0.5 

Dimethylphthalate ua/1 NS <1 

Di-n-butylphthalate ua/1 800 <2 

Di-n-octylphthalate ua/1 NS <2 

Dioxathion ua/1 NS <0.5 

Diphenamid ua/1 200 <0.1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
UnitsTest Description Drinking Water Limitsb Results 

Disulfoton 0.7 <0.1ua/1 
Disulfoton Sulfone NS <0.1ua/1 
Disulfoton Sulfoxide NS <10ua/1 
Endosulfan I NS <0.1µQ/1 
Endosulfan II NS <0.1ua/1 
Endosulfan Sulfate NS <0.1ua/1 
Endrin 2 <0.0097ua/1 
Endrin Aldehyde NS <0.5ua/1 
E-Phosphamidon 110/I NS <0.5 

NSEPN <0.5ua/1 
EPTC NS <0.1ua/1 
Erucylamide NS <5ua/1 
Esfenvalerate NS <0.5ua/1 
Ethalfluralin NS <0.1ua/1 
Ethion NS <5ua/1 
Ethofumesate NS <0.5u.a/1 
Ethoprop NS <0.1ua/1 
Etridiazole <0.1NSua/1 
Famphur NS <0.1ua/1 
Fenamiphos 0.7 <0.1ua/1 
Fenarimol NS <1ua/1 
Fenitrothion <0.5NSua/1 
Fenoxaprop-ethyl NS <1ua/1 
Fensulfothion NS <0.5ua/1 
Fenthion <0.1NSua/1 
Fluazifop-butyl NS <0.1ua/1 
Fluchloralin <0.1NSua/1 
Fluometuron NS <0.5ua/1 
Fluoranthene <0.1NSua/1 
Fluorene 200 <0.1ua/1 
Fluridone <1 
Fonofos 

NSua/1 
<0.1NSua/1 

0.2Gamma-BHC <0.02ua/1 
Gamma-Chlordane 2 <0.1ua/1 
Heptachlor 0.4 <0.04ua/1 

0.2Heptachlor Epoxide <0.02ua/1 
Hexachlorobenzene 1 <0.1ua/1 
Hexachlorocyclopentadiene 50 <0.1ua/1 
Hexazinone 400 <0.1ua/1 
lndeno(1,2,3,c,d)Pyrene NS <0.1ua/1 
lprodione NS <0.5ua/1 
lsofenphos NS <0.5ua/1 
lsphorone <0.1NSua/1 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
Test Description Units Drinkina Water Limitsb Results 

Leptophos ua/I NS <0.5 
NSMalathion ua/I <0.1 
NSMetalaxyl ua/I <0.5 

Methoxychlor ua/I 40 <0.1 
NSMethyl paraoxon <0.5ua/I 
NSMethyl Parathion <0.5ua/1 

Metolachlor 700 <0.1ua/1 

Metribuzin 70 <0.1ua/1 
NSMetsulfuron-methyl <10ua/1 

Mevinphos ua/I NS <0.1 
MGK 264 isomer a ua/I NS <0.1 

NSMGK 264 isomer b ua/I <0.1 
NSMGK 326 ua/I <0.1 
NSMirex ua/I <0.5 

Molinate ua/I NS <0.1 
Monocrotophos NS <0.5u□/I 

NSNaled <0.5un/1 

Naphthalene 100 <0.1ua/1 
Napropamide NS <0.1ua/1 

NSNorflurazon ua/I <1 
<10NSOryzalin ua/I 

NSOxadiazon u.a/I <0.1 
NSOxyxhlordane u.a/I <0.1 
NSOxyfluorfen ua/I <0.5 

Parathion ua/I NS <0.5 
NSPebulate <0.1ua/I 

Pendimethalin NS <0.1ua/1 
NSPentachlorobenzene <0.5ua/1 

Pentachloronitrobenzene NS <0.5ua/1 
1 <1Pentachlorophenol ua/1 

NSPhenanthrene <0.1ua/1 
NSPhorate <0.1ua/I 
NSPhosmet <0.5ua/I 
NSProfluralin <0.1ua/I 
NSPrometryn <0.1ua/I 
100Pronamide <0.1ua/I 
100Propachlor <0.1ua/I 

<0.5NSPropanil ua/1 
10Propazine <0.1ua/I 
NS <5Propiconazole isomer a ua/1 
NS <5Propiconazole isomer ua/1 
NSProthiofos <0.5ua/I 
200 <0.1Pyrene ua/I 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
Test Description Units Drinking Water Limitsb Results 

Simazine ua/1 4 <0.07 

Simetryn ua/I NS <0.1 

Stirofos ua/I NS <0.1 

Sulfotep ua/I NS <0.5 

Tebuthiuron ua/1 500 <10 

TEPP ua/1 NS <1 

Terbacil ua/1 90 <0.1 

Terbufos µQ/1 0.4 <0.5 

Terbutryn µQ/1 NS <0.1 

Thiabendazole ua/1 NS <10 

Thiobencarb ua/1 NS <0.1 

Thionazin ua/1 NS <0.5 

trans-Nonachlor ua/1 NS <0.1 

trans-Permethrin ua/I NS <0.1 

Triadimefon ua/I NS <0.5 

Tribufos ua/1 NS <0.1 

Trichloronate ua/1 NS <0.5 

Tricylazole ua/1 NS <1 

Trifluralin ua/1 10 <0.1 

Vernolate ua/1 NS <0.1 

Vinclozolin u.a/I NS <0.5 

Z-Phosphamidon u.a/1 NS <0.5 

Volatile Organics (EPA 524.2) 

1, 1, 1,2-Tetrachloroethane ua/1 70 <0.5 

1, 1, 1-Trichloroethane ua/1 200 <0.5 

1, 1,2,2-Tetrachloroethane ua/1 40 <0.5 

1, 1,2-Trichloroethane ua/1 5 <0.5 

1, 1-Dichloroethane ua/1 NS <0.5 

1, 1-Dichloroethylene ua/1 7 <0.5 

1, 1-Dichloropropene ua/1 NS <0.5 

1,2,3-Trichlorobenzene ua/1 NS <0.5 

1,2,3-Trichloropropane ua/1 20 <0.5 

1,2,4-Trichlorobenzene ua/1 70 <0.5 

1,2,4-Trimethylbenzene ua/I NS <0.5 

1 ,2-Dichloroethane ua/I 5 <0.5 

1,2-Dichloropropane ua/1 5 <0.5 

1,3,5-Trimethylbenzene ua/1 NS <0.5 

1,3-Dichloropropane ua/1 NS <0.5 

2,2-Dichloropropane ua/1 NS <0.5 

2-Butanone (MEK) ua/1 4000 <5 

2-Hexanone ua/1 NS <10 

4-Methyl-2-Pentanone {MIBK) ua/1 NS <5 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Arapahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Sample ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
DrinkinA Water Limitsb ResultsTest Description Units 

6000 <10Acetone ua/I 
Benzene 5 <0.5ua/I 

<0.560Bromobenzene ua/I 
<0.5Bromochloromethane 90ua/I 

20Bromodichloromethane <0.5ua/I 
Bromoethane 10 <0.5ua/I 
Bromoform 200 <0.5ua/I 

NS <0.5Bromomethane (Methyl Bromide) ua/I 
NS <0.5Carbon disulfide ua/I 
5 <0.5Carbon Tetrachloride ua/I 

<0.5100Chlorobenzene ua/1 
60 <0.5Chlorodibromomethane ua/I 
NS <0.5Chloroethane ua/I 

Chloroform (Trichloromethane) 70 <0.5ua/1 
400 <0.5Chloromethane (Methyl Chloride) ua/1 
70 <0.5cis-1,2-Dichloroethylene ua/I 
NS <0.5cis-1,3-Dichloropropene ua/I 
NS <0.5Dibromomethane ua/1 

1000 <0.5Dichlorodifluoromethane ua/I 
<0.5Dichloromethane ua/I 5 

NS <3Di-isopropyl ether ua/I 
700 <0.5Ethyl benzene ua/I 

<0.5Hexachlorobutadiene ua/I 2 

ua/I 800 <0.5lsopropylbenzene 
10,000 (Total Xylenes) <0.5m,p-Xylenes ua/I 

600 <0.5m-Dichlorobenzene (1,3-DCB) ua/1 
NS <0.5Methyl Tert-butyl ether (MTBE) ua/I 

<0.5Naphthalene ua/I 100 
NS <0.5n-Butylbenzene u.a/1 
NS <0.5n-Propylbenzene ua/I 
100 <0.5o-Chlorotoluene ua/I 
600 <0.5o-Dichlorobenzene (1,2-DCB) ua/1 

10,000 (Total Xylenes) <0.5o-Xylene ua/1 
100 <0.5p-Chlorotoluene na/I 
75 <0.5p-Dichlorobenzene (1 ,4-DCB) u.a/I 

<0.5NSp-lsopropyltoluene 110/I 

NS <0.5sec-Butylbenzene ua/I 
<0.5100Styrene ua/I 
<3NStert-amyl Methyl Ether ua/I 
<3NStert-Butyl Ethyl Ether ua/I 

NS <0.5tert-Butylbenzene ua/I 
5 <0.5Tetrachloroethylene (PCE) ua/I 

1000 <0.5Toluene ua/I 
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<0.3 

Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metrooolitan Districts Araoahoe Well A-4 
Meridian Metropolitan 

Districts 
Arapahoe 
Well A-4 

Baseline Water Quality 
Sample 

Samole ID Well A-4 
Sample Date November 16, 2016 
Sample Time 10:00 am 

Primary/Secondary 
Test Description Units Drinkina Water Limitsb Results 

Total 1,3-Dichloropropene un/1 NS <0.5 

Total THM un/1 80 <0.5 

Total xylenes 
trans 1,2-Dichloroethylene 
trans 1,3-Dichloropropene 
Trichloroethylene (TCE) 
Trichlorofluoromethane 
Trichlorotrifluoroethane (Freon 113) 

un/1 10000 

un/1 100 

un/1 NS 

ua/1 5 

ua/1 2000 

110/I NS 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

2Vinyl chloride (VC) 110/I 

Acrolein/Acrylonitrile (EPA 624) 
<2NSAcrolein un/1 
<26Acrylonitrile 11n/l 

•standards are based on Colorado Department of Public Health and Environment, Water Quality Control Division Drinking 
Water Standards dated January 19, 2005, U.S. EPA National Safe Drinking Water Standards, and U.S. EPA Region 8 Baseline 
Water Sampling Criteria 

Notes: NS = No Standard Available NA = No Analysis 
ml = milliliter CaC03= Calcium carbonate 
mg/I = milligrams per liter or parts per million (ppm) ug/1 = micrograms per liter or parts per billion (ppb) 
pCi/1 = picocuries per liter 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11 :00 am 

Primary/Secondary 
Test Description Drinking Water Limitsa Units Results 

Total Metals (lnorganics) and 
Miscellaneous Parameters 

mq/I as CaCO3 Alkalinitv, Total NS 130 
Aluminum 200ua/I <20 
Ammonia Nitrogen mo/I as N 0.01 <0.05 
Antimony 6 <1 
Arsenic 

ua/1 
10ua/1 <1 

Asbestos MFL 7 <0.18 
Barium 2,000 110 
Beryllium 

ua/I 
4ua/I <1 

Bicarbonate mQ/I as CaCO3 NS 130 
Carbonate mq/I as CO3 NS NA 

mq/I 6 0.060 
Cadmium 
Boron 

5 <0.5 
Calcium 

ua/I 
NS 17 

Chlorine Dioxide 
mQ/I 
mQ/1 0.8 <0.24 

Chloride mq/I 250 1.9 
Chlorite ma/I 1.0 <0.01 
Chromium 100 <1ua/I 

1,300Copper u.a/I <2.0 
Cyanide 0.2mQ/I <0.025 
Cvanoqen Chloride mq/I 0.4 <0.35 
Fluoride mq/I 4.0 (2.0 Secondary MCL) 1.2 
Free Chlorine mQ/I 4 <0.1 
Iron 0.3mQ/I 0.050 
Lead 15 <0.5 
Maanesium 

ua/I 
mq/1 NS 1.8 

Manganese 22 
Mercury 

300ua/I 
2 <0.2 

Molybdenum 
ua/I 

40 2.0 
Nitrate 

ua/I 
mq/1 as N 10 <0.1 

Nitrite mQ/I as N 1 <0.05 
Nickel 100ua/I <5 
Laboratory pH pH units 6.5-8.5 8.2 
Potassium mq/I NS 3.0 
Selenium 50 <5 
Silver 

ua/I 
100 <0.5 

Sodium 
ua/I 
mq/1 NS 52 

Strontium mg/I 4 0.30 
Sulfate 250 21mQ/I 

2 <1Thallium ua/I 
mq/I 500 190 

Total OrQanic Carbon 
Total Dissolved Solids 

mq/I NS 0.41 
Uranium 30 <1ua/I 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11:00 am 

Test Description Units 
Primary/Secondary 

Drinkina Water Limitsa Results 
Zinc ua/1 2000 <20 

Radio Chemistrv 
Gross Alpha, Total oCi/1 15 3.1 
Gross Beta, Total pCi/1 50 pCi/1 TriQQer Level <3 
Radium-226, Total pCi/1 (5 for 226 + 228) <1 
Radium-228, Total oCi/1 (5 for 226 + 228) <1 

Organochlorine Pesticides/PCBs 
(EPA 505) 
Alachlor (Alanex) ua/1 2 <0.1 
Aldrin ua/1 0.2 <0.01 
Chlordane un/1 2 <0.1 
Dieldrin nn/1 0.2 <0.01 
Endrin un/1 2 <0.01 
Heptachlor un/1 0.4 <0.01 
Heptachlor Epoxide un/1 0.2 <0.01 
Lindane (gamma-BHC) na/1 0.2 <0.01 
Methoxychlor na/1 40 <0.05 
PCB 1016 Aroclor na/1 0.5 <0.08 
PCB 1221 Aroclor u.a/1 0.5 <0.1 
PCB 1232 Aroclor ua/1 0.5 <0.1 
PCB 1242 Aroclor na/1 0.5 <0.1 
PCB 1248 Aroclor ua/1 0.5 <0.1 
PCB 1254 Aroclor na/1 0.5 <0.1 
PCB 1260 Aroclor ua/1 0.5 <0.1 
Total PCBs u.a/1 0.5 <0.1 
Toxaphene ua/1 3 <0.5 

Haloacetic Acids (SM 6251 B) 
Dibromoacetic acid ua/1 NS <1 
Dichloroacetic acid ua/1 NS <1 
Monobromoacetic acid ua/1 NS <1 
Monochloroacetic acid ua/1 NS <2 
Total Haloacetic acids (HAAS) ua/1 60 <2 
Trichloroacetic acid ua/1 NS <1 

EDB/DBCP/HAN (EPA 551 .1) 
Dibromochloropropane (DBCP) ua/1 NS <0.01 
Ethylene Dibromide (EDB) ua/1 NS <0.01 

Base/Neutral/Acid Extractables 
(EPA 625) 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
SamoleTime 11:00 am 

Primary/Secondary 
Test Description Drinkin!l Water Limits8 ResultsUnits 

701,2,4-Trichlorobenzene 1111/I <5 
1,2-Diphenyhydrazine NS1111/I <10 
2,4,5-Trichlorophenol NS1111/I <5 
2,4,6-Trichlorophenol 21111/I <5 
2,4-Dichlorophenol 201111/I <5 
2,4-Dimethylphenol NS1111/I <5 
2,4-Dinitrophenol NS1111/I <50 
2,4-Dinitrotoluene 51111/I <5 
2,6-Dinitrotoluene 1111/I 5 <5 
2-Chloronapthalene NSll11/I <5 
2-Chlorophenol 40 <5 
2-Methylnaphtalene 

1111/I 
NS1111/I <5 

2-Methyphenol NS1111/I <5 
2-Nitroaniline NS <10 
2-Nitrophenol 

1111/I 
NS1111/I <5 

3,3-Dichlorobenzidine NS <50 
3-Nitroaniline 

ua/1 
NS <20 

4,6-Dintro-o-cresol 
ua/1 

NS <50 
4-Bromophenylphenylether 

ua/1 
NS <5 

4-Chloroaniline 
ua/1 

NS <5 
4-Chlorophenylphenylether 

ua/1 
NSua/1 <5 

4-Methylphenol NS <5 
4-Nitroaniline 

ua/1 
NS <20 

4-Nitrophenol 
ua/1 

60 <10 
Acenaphthene 

ua/1 
400ua/1 <5 

Acenaphtylene NS <5 
Aniline 

ua/1 
NSua/1 <10 

Anthracene 2000 <5 
Benzidine 

ua/1 
NS <50 

Benzo(a)anthracene 
ua/1 

NSua/1 <5 
Benzo(a)pyrene 0.2 <5 
Benzo(b )fluoranthene 

ua/1 
NS <5 

Benzo(g,h,i)perylene 
ua/1 

NS <10 
Benzo(k)fluoranthene 

ua/1 
NS <5 

Benzoic Acid 
ua/1 

NS <50 
Benzyl Alcohol 

ua/1 
NS11n/l <5 

bis(2-Chloroethoxy)methane NS11n/l <10 
bis(2-Chloroethyl)ether NS11n/l <10 
bis(2-Chloroisopropyl)ether NS11n/l <10 
Butylbenzylphthalate 100011n/l <5 
Chrysene NS11n/l <5 
Dibenz(a,h)anthracene NS <10 
Dibenzofuran 

11n/l 
NS11n/l <5 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11:00 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limits8 Results 
Diethylphthalate ua/I 6000 <5 
Dimethylphthalate ua/I NS <5 
Di-n-butylphthalate ua/I 800 <10 
Di-n-octylphthalate ua/I NS <10 
Fluoranthene ua/I NS <5 
Fluorene u.a/I 200 <5 
Hexachlorobenzene u.a/I 1 <5 
Hexachlorobutadiene ua/I 2 <10 
Hexachlorocyclopentadiene ua/1 50 <10 
Hexachloroethane ua/I 1 <5 
lndeno(1,2,3-c,d)pyrene ua/I NS <10 
lsophorone ua/I 100 <5 
Naphthalene ua/I 100 <5 
Nitrobenzene ua/I NS <5 
N-Nitroso-dimethylamine ua/I NS <5 
N-Nitrosodi-n-propylamine ua/I NS <5 
N-Nitrosodiphenylamine ua/1 NS <5 
p-Chloro-m-cresol ua/1 NS <5 
Pentachlorophenol ua/1 1 <20 
Phenanthrene ua/I NS <5 
Phenol ua/I 2000 <5 
Pyrene ua/I 200 <5 

Nitrosamines (EPA 521) 
N-Nitrosodibutvlamine (NDBA) nq/I NS <2 
N-Nitrosodiethvlamine (NDEA) nq/I NS <2 
N-Nitroso-dimethvlamine (NOMA) na/I NS <2 
N-Nitrosodi-n-propylamine (NDPA) nq/I NS <2 
N-Nitrosomethvlethvlamine (NMEA) nq/I NS <2 
N-Nitrosomoroholine nq/I NS <2 
N-Nitrosopiperidine (NPIP) na/I NS <2 
N-Nitrosopyrollidine (NPYR) ng/I NS <2 

Aldicarbs (EPA 531.2) 
3-Hyroxycarbofu ran ua/I NS <0.5 
Aldicarb (Temik) ua/I 3 <0.5 
Aldicarb sulfone ua/I 2 <0.5 
Aldicarb sulfoxide ua/I 4 <0.5 
Baygon ua/I NS <0.5 
Carbary! ua/I NS <0.5 
Carbofuran (Furadan) ua/I NS <0.5 
Methiocarb ua/I NS <0.5 
Methomyl ua/I 200 <0.5 
Oxamyl (Vydate) ua/I 7 <0.5 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11 :00 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 

EPA 525.2 Extended List 
1,2,4,5-Tetrachlorobenzene ua/1 NS <0.5 
1-Methylnaphthalene ua/1 NS <0.1 
2,2,3,3,4,4,6-Heptachlorobiphenyl ua/1 NS <0.5 
2,2,3,3,4,5,6,6-Octachlorobiphenyl ua/1 NS <0.5 
2,2,3,4,6-Pentachlorobiphenyl ua/1 NS <0.5 
2,2,4,4,5,6-Hexachlorobiphenyl ua/1 NS <0.1 
2,2,4,4-Tetrachlorobiphenyl ua/1 NS <0.1 
2,3-Dichlorobiphenyl ua/1 NS <0.1 
2,4,5-Trichlorbiphenyl ua/1 NS <0.1 
2,4-Dinitrotoluene ua/1 5 <0.5 
2,6-Dinitrotoluene ua/1 5 <0.5 
2-Chlorobiphenyl ua/1 NS <0.1 
2-methylnaphthalene ua/1 NS <0.1 
4,4-DDD ua/1 NS <0.1 
4,4-DDE ua/1 NS <0.1 
4,4-DDT ua/1 NS <0.1 
Acenaphthene ua/1 400 <0.1 
acenapthylene ua/1 NS <0.1 
Acetochlor ua/1 NS <0.1 
Alachlor ua/1 2 <0.1 
Aldrin ua/1 0.2 <0.1 
Alpha-BHC ua/1 NS <0.1 
Alpha-Chlordane ua/1 2 <0.1 
Ametryn ua/1 NS <0.1 
Anilazine ua/1 NS <1 
Anthracene ua/1 2000 <0.1 
Aspon ua/1 NS <0.1 
Atrazine ua/1 3 <0.1 
Azinphos-ethyl ua/1 NS <0.5 
Azinphos-methyl ua/1 NS <0.5 
Bendiocarb ua/1 NS <0.5 
Benfluralin ua/1 NS <0.1 
Benzo( a)anth racene ua/1 NS <0.1 
Benzo(a)pyrene ua/1 0.2 <0.02 
Benzo(b)fluoranthene ua/1 NS <0.1 
Benzo(g,h,i)perylene ua/1 NS <0.1 
Benzo(k)fluoranthene ua/1 NS <0.1 
beta-BHC u.a/1 NS <0.1 
Bolstar ua/1 NS <0.1 
Bromacil ua/1 NS <0.1 
Butachlor u.a/1 NS <0.1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11:00 am 

Test Description Units 
Primary/Secondary 

Drinkini:i Water Limitsa Results 
Butylate ua/1 NS <0.1 
Butylbenzylphthalate ua/1 1000 <1 
Carbophenothion ua/1 NS <0.5 
Carboxin ua/1 700 <0.1 
Chlorfenvinphos ua/1 NS <5 
Chlorbenzilate ua/1 NS <0.1 
Chloroneb ua/1 NS <0.1 
Chlorpropylate ua/1 NS <0.1 
Chlorothalonil ua/1 100 <0.1 
Chlorpropham ua/1 NS <0.1 
Chlorpyrifos ua/1 NS <0.1 
Chlorpyifos methyl ua/1 NS <0.5 
Chrysene ua/1 NS <0.1 
cis-Noachlor ua/1 NS <0.1 
cis-Permethrin ua/1 NS <0.1 
Clomazone ua/1 NS <0.1 
Clopyralid ua/1 NS <10 
Coumaphos ua/1 NS <0.1 
Crotoxyphos ua/1 NS <0.5 
Cycloate ua/1 NS <0.1 
DCPA ua/1 70 <0.1 
delta-BHC ua/1 NS <0.1 
Demeton 0 ua/1 NS <0.5 
Demeton S ua/1 NS <0.5 
Desethylatrazine ua/1 NS <1 
Desisopropylatrazine ua/1 NS <1 
Di(2-ethylhexyl)adipate u.a/1 400 <0.6 
Di(2-Ethylhexy)phthalate ua/1 6 <0.6 
Diazinon ua/1 1 <0.1 
Dibenzo(a,h)anthracene ua/1 NS <0.1 
Dichlobenil u.a/1 NS <0.1 
Dichlofenthion u.a/1 NS <0.1 
Dichloran u.a/1 NS <0.5 
Dichlorvos ua/1 NS <0.1 
Dicrotophos ua/1 NS <0.5 
Dieldrin ua/1 0.2 <0.1 
Diethylphthalate ua/1 6000 <1 
Dimethoate ua/1 NS <0.5 
Dimethylphthalate ua/1 NS <1 
Di-n-butylphthalate ua/1 800 <2 
Di-n-octylphthalate ua/1 NS <2 
Dioxathion ua/1 NS <0.5 
Diphenamid ua/1 200 <0.1 
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Table 4-1 

Baseline Laboratory Water Qual ity Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11:00 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limits0 Results 
Disulfoton un/1 0.7 <0.1 
Disulfoton Sulfone ll� /1 NS <0.1 
Disulfoton Sulfoxide un/1 NS <10 
Endosulfan I un/1 NS <0.1 
Endosulfan II ll� /1 NS <0.1 
Endosulfan Sulfate ua/1 NS <0.1 
Endrin ua/1 2 <0.0097 
Endrin Aldehyde na/1 NS <0.5 
E-Phosphamidon na/1 NS <0.5 
EPN ua/1 NS <0.5 
EPTC ll� /1 NS <0.1 
Erucylamide ll� /1 NS <5 
Esfenvalerate ua/1 NS <0.5 
Ethalfluralin ua/1 NS <0.1 
Ethion ua/1 NS <5 
Ethofumesate ua/1 NS <0.5 
Ethoprop ua/1 NS <0.1 
Etridiazole ua/1 NS <0.1 
Famphur ua/1 NS <0.1 
Fenamiphos ua/1 0.7 <0.1 
Fenarimol ua/1 NS <1 
Fenitrothion u� /1 NS <0.5 
Fenoxaprop-ethyl ua/1 NS <1 
Fensulfothion ua/1 NS <0.5 
Fenthion ua/1 NS <0.1 
Fluazifop-butyl u� /1 NS <0.1 
Fluchloralin u� /1 NS <0.1 
Fluometuron ua/1 NS <0.5 
Fluoranthene ua/1 NS <0.1 
Fluorene ua/1 200 <0.1 
Fluridone ua/1 NS <1 
Fonofos ua/1 NS <0.1 
Gamma-BHC ua/1 0.2 <0.02 
Gamma-Chlordane ua/1 2 <0.1 
Heptachlor ua/1 0.4 <0.04 
Heptachlor Epoxide ua/1 0.2 <0.02 
Hexachlorobenzene ua/1 1 <0.1 
Hexachlorocyclopentadiene ua/1 50 <0.1 
Hexazinone ua/1 400 <0.1 
lndeno(1,2,3,c,d)Pyrene ua/1 NS <0.1 
lprodione ua/1 NS <0.5 
lsofenphos un/1 NS <0.5 
lsphorone un/1 NS <0.1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11 :00 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limitsa Results 
Leptophos ll� /1 NS <0.5 
Malathion ua/1 NS <0.1 
Metalaxyl ua/1 NS <0.5 
Methoxychlor ua/1 40 <0.1 
Methyl paraoxon ua/1 NS <0.5 
Methyl Parathion ua/1 NS <0.5 
Metolachlor u.a/1 700 <0.1 
Metribuzin ua/1 70 <0.1 
Metsulfuron-methyl ua/1 NS <10 
Mevinphos ua/1 NS <0.1 
MGK 264 isomer a ua/1 NS <0.1 
MGK 264 isomer b ua/1 NS <0.1 
MGK326 ua/1 NS <0.1 
Mirex ua/1 NS <0.5 
Molinate ua/1 NS <0.1 
Monocrotophos ua/1 NS <0.5 
Naled ua/1 NS <0.5 
Naphthalene ua/1 100 <0.1 
Napropamide ua/1 NS <0.1 
Norflurazon ua/1 NS <1 
Oryzalin ua/1 NS <10 
Oxadiazon ua/1 NS <0.1 
Oxyxhlordane ua/1 NS <0.1 
Oxyfluorfen ua/1 NS <0.5 
Parathion ua/1 NS <0.5 
Pebulate ua/1 NS <0.1 
Pendimethalin ua/1 NS <0.1 
Pentachlorobenzene ua/1 NS <0.5 
Pentachloronitrobenzene ua/1 NS <0.5 
Pentachlorophenol ua/1 1 <1 
Phenanthrene ua/1 NS <0.1 
Phorate ua/1 NS <0.1 
Phosmet ua/1 NS <0.5 
Profluralin ua/1 NS <0.1 
Prometryn ua/1 NS <0.1 
Pronamide ua/1 100 <0.1 
Propachlor ua/1 100 <0.1 
Propanil ua/1 NS <0.5 
Propazine ua/1 10 <0.1 
Propiconazole isomer a ua/1 NS <5 
Propiconazole isomer ua/1 NS <5 
Prothiofos ua/1 NS <0.5 
Pyrene ua/1 200 <0.1 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1 R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16 2016 
Sample Time 11:00 am 

Test Description Units 
Primary/Secondary 

Drinking Water Limits8 Results 
Simazine ua/1 4 <0.07 
Simetryn ua/1 NS <0.1 
Stirofos ua/1 NS <0.1 
Sulfotep ua/1 NS <0.5 
Tebuthiuron ua/1 500 <10 
TEPP ua/I NS <1 
Terbacil ua/1 90 <0.1 
Terbufos ua/1 0.4 <0.5 
Terbutryn ua/1 NS <0.1 
Thiabendazole ua/1 NS <10 
Thiobencarb ua/1 NS <0.1 
Thionazin ua/1 NS <0.5 
trans-Nonachlor ua/1 NS <0.1 
trans-Permethrin ua/1 NS <0.1 
Triadimefon ua/1 NS <0.5 
Tribufos ua/I NS <0.1 
Trichloronate ua/1 NS <0.5 
Tricylazole ua/1 NS <1 
Trifluralin ua/1 10 <0.1 
Vernolate u.a/1 NS <0.1 
Vinclozolin u.a/I NS <0.5 
Z-Phosphamidon ua/1 NS <0.5 

Volatile Organics (EPA 524.2) 
1, 1, 1,2-Tetrachloroethane ua/1 70 <0.5 
1,1, 1-Trichloroethane ua/1 200 <0.5 
1, 1,2,2-Tetrachloroethane ua/1 40 <0.5 
1, 1,2-Trichloroethane ua/1 5 <0.5 
1, 1-Dichloroethane ua/1 NS <0.5 
1,1-Dichloroethylene ua/I 7 <0.5 
1, 1-Dichloropropene ua/1 NS <0.5 
1,2,3-Trichlorobenzene ua/1 NS <0.5 
1,2,3-Trichloropropane ua/1 20 <0.5 
1,2,4-Trichlorobenzene ua/I 70 <0.5 
1,2,4-Trimethylbenzene ua/1 NS <0.5 
1,2-Dichloroethane ua/1 5 <0.5 
1,2-Dichloropropane ua/1 5 <0.5 
1,3,5-Trimethylbenzene ua/I NS <0.5 
1,3-Dichloropropane ua/1 NS <0.5 
2,2-Dichloropropane ua/1 NS <0.5 
2-Butanone (MEK) ua/1 4000 <5 
2-Hexanone ua/1 NS <10 
4-Methyl-2-Pentanone (MIBK) ua/1 NS <5 
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Table 4-1 

Baseline Laboratorv Water Qualitv Data for Meridian Metropolitan Districts Denver Well DE-1R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Sample 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
SamoleTime 11:00 am 

Test Description Units 
Primary/Secondary 

Drinkina Water Limitsa Results 
Acetone ua/1 6000 <10 
Benzene ua/I 5 <0.5 
Bromobenzene ua/I 60 <0.5 
Bromochloromethane ua/1 90 <0.5 
Bromodichloromethane ua/I 20 <0.5 
Bromoethane ua/I 10 <0.5 
Bromoform ua/I 200 <0.5 
Bromomethane (Methyl Bromide) ua/I NS <0.5 
Carbon disulfide ua/I NS <0.5 
Carbon Tetrachloride ua/I 5 <0.5 
Chlorobenzene ua/I 100 <0.5 
Chlorodibromomethane ua/I 60 <0.5 
Chloroethane ua/I NS <0.5 
Chloroform (Trichloromethane) ua/I 70 <0.5 
Chloromethane (Methyl Chloride) ua/1 400 <0.5 
cis-1,2-Dichloroethylene ua/I 70 <0.5 
cis-1,3-Dichloropropene ua/I NS <0.5 
Dibromomethane ua/1 NS <0.5 
Dichlorodifluoromethane ua/I 1000 <0.5 
Dichloromethane ua/I 5 <0.5 
Di-isopropyl ether ua/I NS <3 
Ethyl benzene ua/1 700 <0.5 
Hexachlorobutadiene ua/I 2 <0.5 
lsopropylbenzene ua/I 800 <0.5 
m,p-Xylenes uo/1 10,000 (Total Xylenes) <0.5 
m-Dichlorobenzene (1,3-DCB) ua/I 600 <0.5 
Methyl Tert-butyl ether (MTBE) ua/I NS <0.5 
Naphthalene ua/I 100 <0.5 
n-Butylbenzene ua/I NS <0.5 
n-Propylbenzene ua/I NS <0.5 
o-Chlorotoluene ua/I 100 <0.5 
o-Dichlorobenzene (1 ,2-DCB) ua/I 600 <0.5 
o-Xylene ua/I 10,000 (Total Xylenes) <0.5 
p-Chlorotoluene ua/I 100 <0.5 
p-Dichlorobenzene (1 ,4-DCB) ua/I 75 <0.5 
p-lsopropyltoluene ua/I NS <0.5 
sec-Butylbenzene ua/I NS <0.5 
Styrene ua/I 100 <0.5 
tert-amyl Methyl Ether ua/I NS <3 
tert-Butyl Ethyl Ether uq/I NS <3 
tert-Butylbenzene ua/I NS <0.5 
Tetrachloroethylene (PCE) ua/I 5 <0.5 
Toluene ua/I 1000 <0.5 
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Table 4-1 

Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts Denver Well DE-1R 
Meridian Metropolitan 

Districts 
Denver 

Well DE-1R 
Baseline Water Quality 

Samele 
Sample ID Well DE-1R 

Sample Date November 16, 2016 
Sample Time 11 :00 am 

Primary/Secondary 
Test Description Units Drinkina Water Limitsa Results 

Total 1,3-Dichloropropene ua/1 NS <0.5 
Total THM ua/1 80 <0.5 
Total xylenes ua/1 10000 <0.5 
trans 1,2-Dichloroethylene ua/1 100 <0.5 
trans 1,3-Dichloropropene ua/1 NS <0.5 
Trichloroethylene (TCE) ua/1 5 <0.5 
Trichlorofluoromethane ua/1 2000 <0.5 
Trichlorotritluoroethane (Freon 113) ua/1 NS <0.5 
Vinyl chloride (VC) ua/1 2 <0.3 

Acrolein/Acrylonitrile (EPA 624) 
Acrolein ua/1 NS <2 
Acrylonitrile ua/1 6 <2 
•standards are based on Colorado Department of Public Health and Environment, Water Quality Control Division Drinking 
Water Standards dated January 19, 2005, U.S. EPA National Safe Drinking Water Standards, and U.S. EPA Region 8 Baseline 
Water Sampling Criteria 

Notes: NS = No Standard Available NA = No Analysis 
ml = milliliter CaC03 = Calcium carbonate 
mg/I = milligrams per liter or parts per million (ppm) ug/1 = micrograms per liter or parts per billion (ppb) 
pCi/1 = picocuries per liter 
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	1.0 Introduction 
	1.0 Introduction 
	The following presents a geochemical screening analysis that addresses the potential for 
	precipitation of inorganic compounds that may occur when water from four water 
	treatment plants (i.e., Binney WTP, Griswold WTP, Quebec Street WTP, Wemlinger 
	WTP) is injected into Arapahoe Formation Well A-4 or Denver Formation Well DE-IR. 
	This report describes inputs, methods, results, and suggestions. 

	2.0 Inputs 
	2.0 Inputs 
	Table 1 summarizes relevant water quality data for the four injection waters and the two 
	well waters. This information was provided by Hemenway Groundwater Engineering, 
	Inc. In addition, the following assumptions are employed: 
	• 
	• 
	• 
	• 
	General Assumptions and Input Comments 

	o 
	o 
	o 
	Species not analyzed or below their respective detection limits were input as zero concentration. 

	o 
	o 
	Total (as opposed to dissolved) metal concentrations were provided and used. 

	o 
	o 
	Provided data for molybdenum, chlorite, and hypochlorite ( quantified as free chlorine) were not considered due to lack of thermodynamic equilibrium data in the applied WATEQ4F database. Their concentrations were generally low. However, it is noted that the oxidized chlorine species may cause oxidation and thus precipitation of iron in the formation water. 

	o 
	o 
	Interactions with the formation matrix ( e.g., dissolution) were not considered. This would require a (near-)exact chemical speciation of the heterogeneous solid phases. However, since the formation water is in contact with the aquifer matrix, the concentrations of dissolved species represent the properties of the solid phase to some extent through chemical equilibration processes. 

	o 
	o 
	Since the subsurface formation can store heat, the temperature of two mixed waters will likely not be determined by their respective individual temperatures alone. However, temperature differences between injection and formation waters are relatively low, and any impacts from the formation were thus neglected. 



	• 
	• 
	• 
	Injection Waters 

	o Based on data from previous projects, a temperature of 17 °C and a dissolved oxygen (DO) concentration of 2.5 mg/L were estimated. The absence of iron and nitrite suggests a positive oxidation-reduction potential (ORP). Here, a value of+400 m V was estimated. 

	• 
	• 
	Formation Well Water 


	o Based on data from previous projects, a DO concentration of 0.0 mg/L was estimated. The presence of iron and manganese suggests a relatively low oxidation-reduction potential (ORP). Here, a value of -100 m V was estimated. 
	Table 1: Summary of water quality data. 
	Table
	TR
	Unit 
	Injection water 
	Well water 

	Binney 
	Binney 
	Griswold 
	Quebec St. 
	Wemlinger 
	Arapahoe A-4 
	Denver DE-1R 

	pH 
	pH 
	-
	8.10 
	8.20 
	8.20 
	8.10 
	7.30 
	7.05 

	ORP (vs. SHE) 
	ORP (vs. SHE) 
	V 
	0.400 
	0.400 
	0.400 
	0.400 
	-0. 100 
	-0.100 

	Temperature 
	Temperature 
	oc 
	17.0 
	17.0 
	17.0 
	17.0 
	25.3 
	17.7 

	Dissolved Oxygen 
	Dissolved Oxygen 
	mgll 
	2.5 
	2.5 
	2.5 
	2.5 
	0.0 
	0.0 

	Aluminum 
	Aluminum 
	mgll 
	<0.02 
	0.066 
	<0.02 
	0.470 
	<0.02 
	<0.02 

	Ammonia-N 
	Ammonia-N 
	m!lll 
	0.32 
	0.32 
	NA 
	0.29 
	0.14 
	<0.05 

	Barium 
	Barium 
	mgll 
	0.033 
	0.050 
	0.120 
	0.036 
	0.150 
	0.110 

	Bicarbonate 
	Bicarbonate 
	mgll 
	120 
	92 
	130 
	76 
	100 
	130 

	Carbonate 
	Carbonate 
	m!lll 
	<2 
	<2 
	<2 
	<2 
	NA 
	NA 

	Boron 
	Boron 
	m!lll 
	0.080 
	<0.05 
	<0.05 
	<0.05 
	<0.05 
	0.060 

	Calcium 
	Calcium 
	mgll 
	34 
	45 
	23 
	30 
	21 
	17 

	Chloride 
	Chloride 
	mgll 
	66.0 
	43.0 
	3.4 
	27.0 
	<1 
	1.9 

	Coooer 
	Coooer 
	m!lll 
	<0.002 
	<0.002 
	<0.002 
	<0.002 
	0.0025 
	<0.002 

	Fluoride 
	Fluoride 
	mgll 
	0.87 
	0.87 
	1.00 
	0.91 
	1.10 
	1.20 

	Iron 
	Iron 
	mgll 
	<0.02 
	<0.02 
	<0.02 
	<0.02 
	0.130 
	0.050 

	Lead 
	Lead 
	mgll 
	<0.0005 
	<0.0005 
	<0.0005 
	<0.0005 
	0.0008 
	<0.0005 

	Magnesium 
	Magnesium 
	m!lll 
	13.0 
	9.3 
	1.9 
	7.8 
	2.2 
	1.8 

	Manganese 
	Manganese 
	mgll 
	<0.002 
	<0.002 
	<0.002 
	<0.002 
	0.046 
	0.022 

	Nitrate-N 
	Nitrate-N 
	mgll 
	1.10 
	0.31 
	<0.1 
	<0.1 
	<0.1 
	<0.1 

	Nitrite-N 
	Nitrite-N 
	mgll 
	<0.05 
	<0.05 
	<0.05 
	<0.05 
	<0.05 
	<0.05 

	Potassium 
	Potassium 
	mall 
	3.4 
	2.8 
	3.3 
	2.0 
	3.6 
	3.0 

	Silver 
	Silver 
	mgll 
	0.0024 
	0.0009 
	<0.005 
	<0.005 
	<0.005 
	<0.005 

	Sodium 
	Sodium 
	mgll 
	30 
	31 
	27 
	19 
	30 
	52 

	Strontium 
	Strontium 
	mall 
	0.30 
	0.33 
	0.40 
	0.24 
	0.31 
	0.30 

	Sulfate 
	Sulfate 
	mgll 
	74 
	56 
	22 
	40 
	18 
	21 

	Uranium 
	Uranium 
	mgll 
	0.0024 
	0.0041 
	<0.001 
	0.0018 
	<0.001 
	<0.001 


	NA = not analyzed italicized values are estimates 

	3.0 Methods 
	3.0 Methods 
	The aqueous geochemical modeling code used in this analysis was PHREEQC Interactive for Windows, Version 3.3.12.12704, release date May 10, 2017 in combination with the W ATEQ4F database. The model was developed by David Parkhurst (USGS) and Tony Appelo. PHREEQC calculates chemical speciation based on thermodynamic equilibria. It has a batch reaction function that can be used to address mixtures resulting from two solutions and identify potential mineral precipitation based on saturation indices (SI). Note 
	For each of the waters considered in this work, the modeling was conducted by 
	• 
	• 
	• 
	speciating the individual waters, 

	• 
	• 
	and comparing the saturation indices of the injection waters and the formation water at different mixing ratios. These ratios were applied to simulate mixing close to the injection well (injection:formation water ratio of 80:20), in mid-range (50:50), and far from the injection well (20:80). For the scenario of long-term injection, the water quality will likely be more similar to the 80:20 ratio. 



	4.0 Results 
	4.0 Results 
	In the following results section, only positive saturation indices are presented, since these values indicate a potential for mineral precipitation. Negative saturation indices, which indicate mineral dissolution if the respective solid phases are present, are omitted in favor of brevity. A complete list of all potential phases and their respective saturation indices can be found in the Appendix. 
	While all of the oversaturated phases may form in the mixing zone, their impact may not be critical. Factors that may mitigate the impacts of the noted precipitates include: 
	• 
	• 
	• 
	low concentrations of the parent compounds in water, 

	• 
	• 
	rates at which the precipitates form (kinetic constraints are neglected by the thermodynamic equilibrium model), 

	• 
	• 
	the fact that the mixing zone moves through the subsurface formation with time. 


	4.1 Speciation of the Injection and Formation Waters 
	4.1 Speciation of the Injection and Formation Waters 
	Initially, the injection and formation waters were speciated to detect any existing oversaturation (Table 2). The Arapahoe Formation water showed slight oversaturation with iron ( oxyhydr)oxides, metallic copper, copper minerals, and barite. The Denver Formation water was oversaturated with respect to iron (oxyhydr)oxides and barite. Binney, Griswold and Quebec St. WTPs were slightly oversaturated with carbonates, Griswold and Wemlinger WTPs with aluminum ( oxyhydr)oxides. Furthermore, the waters from Grisw
	Table 2: Positive saturation indices of the injection and formation waters. 
	Phase 
	Phase 
	Phase 
	Formula 
	Binney 
	Griswold 
	Quebec St. 
	WemlinQer 
	Arapahoe A-4 
	Denver DE-1R 

	Anilite 
	Anilite 
	Cu0.25Cu1 .5S 
	0.09 
	2.65 

	Aragonite 
	Aragonite 
	CaCO3 
	0.09 

	Barite 
	Barite 
	BaSO4 
	0.04 
	0.13 
	0.01 
	0.06 

	Basaluminite 
	Basaluminite 
	Al4(OH)10SO4 
	0.08 

	Boehmite 
	Boehmite 
	AIOOH 
	0.52 
	1.48 

	Calcite 
	Calcite 
	CaCO3 
	0.12 
	0.24 
	0.15 

	Chalcocite 
	Chalcocite 
	Cu2S 
	4.63 

	Coooer 
	Coooer 
	Cu(0) 
	3.01 

	Cuorite 
	Cuorite 
	Cu2O 
	1.28 

	Cuprous ferrite 
	Cuprous ferrite 
	CuFeO2 
	10.19 

	Diasoore 
	Diasoore 
	AIOOH 
	2.30 
	3.25 

	Diurleite 
	Diurleite 
	Cu0.066Cu1 .868S 
	4.13 

	Dolomite 
	Dolomite 
	CaMQ(CO3)2 
	0.07 
	0.04 

	Fe(OH)2. 7CI0.3 
	Fe(OH)2. 7CI0.3 
	Fe(OH)2. 7CI0.3 

	Gibbsite 
	Gibbsite 
	Al(OH)3 
	1.10 
	2.06 

	Goethite 
	Goethite 
	FeOOH 
	2.41 
	0.77 

	Hematite 
	Hematite 
	Fe2O3 
	6.82 
	3.52 

	MaQnetite 
	MaQnetite 
	Fe3O4 
	7.89 
	3.29 



	4.2 Injection of Binney WTP Water 
	4.2 Injection of Binney WTP Water 
	Table 3 shows positive saturation indices for the mixing of Binney WTP water with Arapahoe Formation Well A-4 water. In the vicinity of the well (ratio 80:20), 15 mineral phases are oversaturated. These phases comprise barite, manganese ( oxyhydr)oxides, mixed copper/iron minerals, and iron (oxyhydr)oxides. Iron, copper and manganese are naturally occurring in the well water only, and their concentrations are low (0.130, 0.0025 and 0.046 mg/L, respectively, Table 1). Barium is present in all waters at conce
	Table 3: Positive saturation indices for m1xmg of Binney WTP water with Arapahoe Formation Well A-4 water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lnjection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Barite 
	Barite 
	BaSO4 
	0.14 
	0.19 
	0.11 

	Birnessite 
	Birnessite 
	MnO2 
	2.60 
	5.82 
	6.46 

	Bixbyite 
	Bixbyite 
	Mn2O3 
	3.89 
	6.72 
	6.87 

	Cupric Ferrite 
	Cupric Ferrite 
	CuFeO2 
	13.40 
	12.96 
	11.95 

	Cuprous Ferrite 
	Cuprous Ferrite 
	CuFeO2 
	5.33 
	3.53 
	2.59 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	6.56 
	6.61 
	6.40 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3(am} 
	1.87 
	1.84 
	1.63 

	Goethite 
	Goethite 
	FeOOH 
	7.71 
	7.59 
	7.29 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.48 
	4.12 
	3.99 

	Hematite 
	Hematite 
	Fe2O3 
	17.43 
	17.18 
	16.55 

	MaQhemite 
	MaQhemite 
	Fe2O3 
	7.14 
	7.08 
	6.65 

	Magnetite 
	Magnetite 
	Fe3O4 
	10.50 
	8.55 
	7.29 

	Manganite 
	Manganite 
	MnOOH 
	1.92 
	3.54 
	3.83 

	Nsutite 
	Nsutite 
	MnO2 
	3.64 
	6.86 
	7.50 

	Pyrolusite 
	Pyrolusite 
	MnO2 
	4.60 
	7.42 
	7.64 


	Moving away from the well towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron-containing species generally increase, while the saturation indices of the manganese ( oxyhydr)oxides generally decrease. These changes, however, are rather low. The barite saturation indices show no consistent trend and remain largely constant. 
	Mixing the Binney WTP water with Denver Formation water, 13 species with positive saturation indices were found (Table 4). These were barite as well as iron and manganese ( oxyhydr)oxides. Again, the source of the iron and manganese is the well water, but their concentrations are low (0.050 and 0.022 mg/L, respectively, Table 1 ). 
	Table 4: Positive saturation indices for mixing of Binney WTP water with Denver Formation Well DE-lR water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lnjection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Ba rite 
	Ba rite 
	BaSO4 
	0.14 
	0.16 
	0.08 

	Birnessite 
	Birnessite 
	MnO2 
	5.68 
	6.02 
	6.21 

	Bixbvite 
	Bixbvite 
	Mn2O3 
	5.19 
	5.59 
	5.81 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	6.49 
	6.42 
	6.09 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3(am) 
	1.72 
	1.59 
	1.28 

	Goethite 
	Goethite 
	FeOOH 
	7.34 
	7.20 
	6.88 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.51 
	1.99 
	2.24 

	Hematite 
	Hematite 
	Fe2O3 
	16.65 
	16.38 
	15.73 

	Maghemite 
	Maghemite 
	Fe2O3 
	6.84 
	6.58 
	5.95 

	Maanetite 
	Maanetite 
	Fe3O4 
	7.50 
	6.97 
	5.94 

	Manganite 
	Manganite 
	MnOOH 
	3.09 
	3.30 
	3.43 

	Nsutite 
	Nsutite 
	MnO2 
	6.72 
	7.05 
	7.25 

	Pyrolusite 
	Pyrolusite 
	MnO2 
	6.68 
	6.98 
	7.14 


	Moving away from the well towards mixing ratios of 50:50 and 20:80, the same trends are observed as with Arapahoe formation water: saturation indices of the iron-containing species generally increase, saturation indices of the manganese (oxyhydr)oxides generally decrease, barite saturation indices remain largely constant. 

	4.3 Injection of Griswold WTP Water 
	4.3 Injection of Griswold WTP Water 
	Table 5 shows positive saturation indices for the mixing of Griswold WTP water with Arapahoe Fonnation Well A-4 water. In the vicinity of the well (ratio 80:20), 18 mineral phases are oversaturated. Besides oversaturation with barite, manganese ( oxyhydr)oxides, mixed copper/iron minerals, and iron ( oxyhydr)oxides as seen in the mixed Binney WTP water, the mix of Griswold WTP with Arapahoe Formation water is oversaturated with 
	Table 5 shows positive saturation indices for the mixing of Griswold WTP water with Arapahoe Fonnation Well A-4 water. In the vicinity of the well (ratio 80:20), 18 mineral phases are oversaturated. Besides oversaturation with barite, manganese ( oxyhydr)oxides, mixed copper/iron minerals, and iron ( oxyhydr)oxides as seen in the mixed Binney WTP water, the mix of Griswold WTP with Arapahoe Formation water is oversaturated with 
	aluminum minerals. Aluminum is originally present only in the injection water, and its concentration is low (0.066 mg/L, Table 1 ). Oversaturation with carbonates, as observed in the original Griswold WTP water (Table 2), was not detected in the mixed water due to undersaturation with carbonates of the Arapahoe Formation water at lower pH (see the Appendix). 

	Table 5: Positive saturation indices for m1xmg of Griswold WTP water with Arapahoe Formation Well A-4 water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lnjection:Formation Wate r Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Barile 
	Barile 
	BaSO4 
	0.10 
	0.14 
	0.11 

	Birnessite 
	Birnessite 
	MnO2 
	2.44 
	5.78 
	6.44 

	Bixbyite 
	Bixbyite 
	Mn2O3 
	3.71 
	6.64 
	6.83 

	Boehmite 
	Boehmite 
	AIOOH 
	0.44 
	0.81 
	0.92 

	Cupric Ferrite 
	Cupric Ferrite 
	CuFeO2 
	13.39 
	12.95 
	11.96 

	Cuprous Ferrite 
	Cuprous Ferrite 
	CuFeO2 
	5.39 
	3.53 
	2.61 

	Diaspore 
	Diaspore 
	AIOOH 
	2.16 
	2.55 
	2.68 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7CI. 3 
	6.51 
	6.56 
	6.35 

	Ferric Hydroxi de 
	Ferric Hydroxi de 
	Fe(OH)3(am) 
	1.87 
	1.83 
	1.62 

	Gibbsite 
	Gibbsite 
	Al(OH)3 
	0.93 
	1.34 
	1.48 

	Goethite 
	Goethite 
	FeOOH 
	7.71 
	7.59 
	7.28 

	Hausmanni te 
	Hausmanni te 
	Mn3O4 
	1.27 
	4.00 
	3.93 

	Hematite 
	Hematite 
	Fe2O3 
	17.42 
	17.16 
	16.54 

	Maahemite 
	Maahemite 
	Fe2O3 
	7.13 
	7.07 
	6.64 

	Magnetite 
	Magnetite 
	Fe3O4 
	10.55 
	8.53 
	7.28 

	Manganite 
	Manganite 
	MnOOH 
	1.83 
	3.50 
	3.81 

	Nsutite 
	Nsutite 
	MnO2 
	3.48 
	6.82 
	7.48 

	Pyrolusite 
	Pyrolusite 
	MnO2 
	4.44 
	7.37 
	7.63 


	Moving away from the well towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron-containing species generally increase, while the saturation indices of the manganese and aluminum ( oxyhydr)oxides generally decrease. The barite saturation indices show no consistent trend and remain largely constant. 
	Table 6 shows positive saturation indices for the mixing of Griswold WTP water with Denver Formation Well DE-IR water. In the vicinity of the well (ratio 80:20), 16 mineral phases are oversaturated: barite as well as aluminum, iron, and manganese ( oxyhydr)oxides. 
	With increasing distance from the well towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron ( oxyhydr)oxides generally increase, while the saturation indices of the manganese and aluminum ( oxyhydr)oxides generally decrease. The barite saturation indices show no consistent trend and remain largely constant. At a ratio of 
	50:50 only, the mixed water exhibits oversaturation with basaluminite. 
	Table 6: Positive saturation indices for m1xmg of Griswold WTP water with Denver Formation Well DE-lR water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lniection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Barite 
	Barite 
	BaSO4 
	0.11 
	0.13 
	0.09 

	Basaluminite 
	Basaluminite 
	Al4(OH)10SO4 
	0.18 

	Birnessite 
	Birnessite 
	MnO2 
	5.65 
	5.96 
	6.16 

	Bixbyite 
	Bixbyite 
	Mn2O3 
	5.14 
	5.47 
	5.69 

	Boehmite 
	Boehmite 
	AIOOH 
	0.77 
	1.11 
	1.11 

	Diasoore 
	Diasoore 
	AIOOH 
	2.54 
	2.88 
	2.89 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2.7Cl.3 
	6.44 
	6.36 
	6.04 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3cam> 
	1.71 
	1.58 
	1.27 

	Gibbsite 
	Gibbsite 
	Al(OH)3 
	1.35 
	1.69 
	1.69 

	Goethite 
	Goethite 
	FeOOH 
	7.33 
	7.19 
	6.87 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.43 
	1.81 
	2.07 

	Hematite 
	Hematite 
	Fe2O3 
	16.64 
	16.35 
	15.71 

	Maghemite 
	Maghemite 
	Fe2O3 
	6.82 
	6.55 
	5.93 

	Magnetite 
	Magnetite 
	Fe3O4 
	7.47 
	6.93 
	5.91 

	Manganite 
	Manganite 
	MnOOH 
	3.06 
	3.24 
	3.37 

	Nsutite 
	Nsutite 
	MnO2 
	6.69 
	6.99 
	7.19 

	Pyrolusite 
	Pyrolusite 
	MnO2 
	6.65 
	6.92 
	7.08 



	4.4 Injection of Quebec Street WTP Water 
	4.4 Injection of Quebec Street WTP Water 
	Table 7 shows positive saturation indices for the mixing of Quebec St. WTP water with Arapahoe Formation Well A-4 water. In the vicinity of the well (ratio 80:20), 15 mineral phases are oversaturated. These phases comprise barite, mixed copper/iron minerals as well as manganese and iron ( oxyhydr)oxides. An oversaturation with calcite, as observed in the original Quebec St. WTP water (Table 2), was not detected in the mixed water due to undersaturation with carbonates of the Arapahoe Formation water at lowe
	Table 7: Positive saturation indices for mixing of Quebec Street WTP water with Arapahoe Formation Well A-4 water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lniection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Ba rite 
	Ba rite 
	BaSO4 
	0.03 
	0.07 
	0.10 

	Birnessite 
	Birnessite 
	MnO2 
	2.68 
	6.42 
	7.17 

	Bixbyite 
	Bixbyite 
	Mn2O3 
	4.02 
	7.58 
	8.08 

	Cupric Ferrite 
	Cupric Ferrite 
	CuFeO2 
	13.42 
	13.05 
	12.08 

	Cuprous Ferrite 
	Cuprous Ferrite 
	CuFeO2 
	5.32 
	3.43 
	2.58 

	Fe{OH)2. 7Cl.3 
	Fe{OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	6.18 
	6.21 
	5.97 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3(am) 
	1.88 
	1.87 
	1.66 

	Goethite 
	Goethite 
	FeOOH 
	7.72 
	7.62 
	7.32 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.66 
	5.24 
	5.69 

	Hematite 
	Hematite 
	Fe2O3 
	17.44 
	17.23 
	16.61 

	Maghemite 
	Maghemite 
	Fe2O3 
	7.15 
	7.13 
	6.71 

	Magnetite 
	Magnetite 
	Fe3O4 
	10.50 
	8.46 
	7.28 

	Manga nite 
	Manga nite 
	MnOOH 
	1.99 
	3.98 
	4.44 

	Nsutite 
	Nsutite 
	MnO2 
	3.72 
	7.46 
	8.21 

	Pyrolusite 
	Pyrolusite 
	MnO2 
	4.68 
	8.02 
	8.36 


	Moving into the formation towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron-containing species generally increase, while the saturation indices of barite and the manganese ( oxyhydr)oxides generally decrease. 
	Mixing Quebec St. WTP water with Denver Formation water, 13 mineral phases are oversaturated: barite as well as iron and manganese (oxyhydr)oxides (Table 8). Again, with increasing distance from the well towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron ( oxyhydr)oxides generally increase, while the saturation indices ofbarite and the manganese (oxyhydr)oxides generally decrease. 
	Table 8: Positive saturation indices for mixing of Quebec Street WTP water with Denver Formation Well DE-lR water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lnjection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Barite 
	Barite 
	Ba8O4 
	0.08 
	0.10 
	0.11 

	Birnessite 
	Birnessite 
	MnO2 
	5.94 
	6.39 
	6.80 

	Bixbyite 
	Bixbyite 
	Mn2O3 
	5.51 
	6.14 
	6.80 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2.7Cl.3 
	6.25 
	6.09 
	5.70 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3(am) 
	1.73 
	1.62 
	1.32 

	Goethite 
	Goethite 
	FeOOH 
	7.35 
	7.23 
	6.92 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.89 
	2.72 
	3.64 

	Hematite 
	Hematite 
	Fe2O3 
	16.68 
	16.44 
	15.81 

	Maahemite 
	Maahemite 
	Fe2O3 
	6.86 
	6.64 
	6.03 

	Magnetite 
	Magnetite 
	Fe3O4 
	7.44 
	6.97 
	5.96 

	Manganite 
	Manganite 
	MnOOH 
	3.25 
	3.58 
	3.93 

	Nsutite 
	Nsutite 
	MnO2 
	6.97 
	7.43 
	7.84 

	Pvrolusite 
	Pvrolusite 
	MnO2 
	6.93 
	7.35 
	7.73 



	4.5 Injection ofWemlinger WTP Water 
	4.5 Injection ofWemlinger WTP Water 
	Table 9 shows positive saturation indices for the mixing of Wemlinger WTP water with Arapahoe Formation Well A-4 water. In the vicinity of the well (ratio 80:20), 18 mineral phases are oversaturated: aluminum, iron and manganese ( oxyhydr)oxides as well as mixed copper/iron minerals. 
	Moving away from the well towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron-containing species generally increase, while the saturation indices of the manganese and aluminum (oxyhydr)oxides generally decrease. At a 20:80 mixing ratio of injection:formation water, the water is no longer oversaturated with basaluminite. However, at a mixing ratio of both 50:50 and 20:80, the water is slightly oversaturated with respect to barite. 
	Table 9: Positive saturation indices for m1xmg of Wemlinger WTP water with Arapahoe Formation Well A-4 water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lniection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Ba rite 
	Ba rite 
	BaSO4 
	0.04 
	0.04 

	Basaluminite 
	Basaluminite 
	Al4(OH)10SO4 
	1.10 
	2.16 

	Birnessite 
	Birnessite 
	MnO2 
	2.32 
	5.77 
	6.35 

	Bixbvite 
	Bixbvite 
	Mn2O3 
	3.56 
	6.56 
	6.61 

	Boehmite 
	Boehmite 
	AIOOH 
	1.31 
	1.71 
	1.86 

	Cupric Ferrite 
	Cupric Ferrite 
	CuFeO2 
	13.37 
	12.92 
	11.92 

	Cuprous Ferrite 
	Cuprous Ferrite 
	CuFeO2 
	5.43 
	3.47 
	2.57 

	Diaspora 
	Diaspora 
	AIOOH 
	3.03 
	3.45 
	3.62 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2.7Cl.3 
	6.45 
	6.50 
	6.30 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3(am) 
	1.86 
	1.82 
	1.61 

	Gibbsite 
	Gibbsite 
	Al(OH)3 
	1.80 
	2.24 
	2.42 

	Goethite 
	Goethite 
	FeOOH 
	7.71 
	7.58 
	7.27 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.09 
	3.85 
	3.59 

	Hematite 
	Hematite 
	Fe2O3 
	17.41 
	17.14 
	16.51 

	Maghemite 
	Maghemite 
	Fe2O3 
	7.12 
	7.04 
	6.61 

	Magnetite 
	Magnetite 
	Fe3O4 
	10.58 
	8.47 
	7.22 

	Manaanite 
	Manaanite 
	MnOOH 
	1.76 
	3.46 
	3.70 

	Nsutite 
	Nsutite 
	MnO2 
	3.36 
	6.81 
	7.39 

	Pyrolusite 
	Pyrolusite 
	MnO2 
	4.32 
	7.37 
	7.53 


	Table 10 shows positive saturation indices for the mixing of Wemlinger WTP water with Denver Formation Well DE-lR water. In the vicinity of the well (ratio 80:20), 17 mineral phases are oversaturated, all aluminum, iron and manganese ( oxyhydr)oxides. 
	Moving into the formation towards mixing ratios of 50:50 and 20:80, the saturation indices of the iron ( oxyhydr)oxides generally increase, while the saturation indices of the manganese and aluminum ( oxyhydr)oxides generally decrease. At a 20:80 mixing ratio of injection:formation water, the water is no longer oversaturated with alunite. However, at a mixing ratio of both 50:50 and 20:80, the water is slightly oversaturated with respect to barite. 
	Table 10: Positive saturation indices for mixing of Wemlinger WTP water with Denver Formation Well DE-lR water. 
	Phase 
	Phase 
	Phase 
	Formula 
	lniection:Formation Water Ratio 

	20:80 
	20:80 
	50:50 
	80:20 

	Alunite 
	Alunite 
	KAl3(SO4 )2(OH)6 
	0.60 
	0.22 

	Barite 
	Barite 
	BaSO4 
	0.06 
	0.02 

	Basa lum inite 
	Basa lum inite 
	Al4(OH)10SO4 
	2.33 
	3.68 
	3.59 

	Birnessite 
	Birnessite 
	MnO2 
	5.67 
	5.93 
	6.07 

	Bixbyite 
	Bixbyite 
	Mn2O3 
	5.14 
	5.39 
	5.49 

	Boehmite 
	Boehmite 
	AIOOH 
	1.63 
	1.99 
	2.04 

	Diasoore 
	Diasoore 
	AIOOH 
	3.40 
	3.76 
	3.81 

	Fe(OH)2. 7Cl.3 
	Fe(OH)2. 7Cl.3 
	Fe(OH)2.7Cl.3 
	6.39 
	6.30 
	5.98 

	Ferric Hydroxide 
	Ferric Hydroxide 
	Fe(OH)3(am) 
	1.71 
	1.57 
	1.25 

	Gibbsite 
	Gibbsite 
	Al(OH)3 
	2.21 
	2.57 
	2.62 

	Goethite 
	Goethite 
	FeOOH 
	7.33 
	7.18 
	6.85 

	Hausmannite 
	Hausmannite 
	Mn3O4 
	1.42 
	1.68 
	1.76 

	Hematite 
	Hematite 
	Fe2O3 
	16.63 
	16.33 
	15.68 

	Maghemite 
	Maghemite 
	Fe2O3 
	6.81 
	6.53 
	5.89 

	Magnetite 
	Magnetite 
	Fe3O4 
	7.45 
	6.88 
	5.84 

	Manganite 
	Manganite 
	MnOOH 
	3.06 
	3.21 
	3.27 

	Nsutite 
	Nsutite 
	MnO2 
	6.70 
	6.97 
	7.11 

	Pvrolusite 
	Pvrolusite 
	MnO2 
	6.67 
	6.90 
	7.00 



	5.0 Conclusions and Suggestions 
	5.0 Conclusions and Suggestions 
	The mixtures of the four WTP waters with Arapahoe Formation Well A-4 water are generally oversaturated with respect to iron and manganese ( oxyhydr)oxides, mixed copper/iron minerals, barite, and in some cases with aluminum ( oxyhydr)oxides. The mixtures of the four WTP waters with Denver Formation Well DE-IR water generally exhibit oversaturation with iron and manganese ( oxyhydr)oxides as well as barite, and also in some cases with aluminum ( oxyhydr)oxides. However, the concentrations of all respective p
	Simulating mixing close to the injection well (injection:formation water ratio of 80:20), in mid-range (50:50), and far from the injection well (20:80), only slight changes m saturation indices were observed. 
	As noted above, thermodynamic equilibria calculations only indicate the potential for a mineral phase to precipitate, but contain no information on kinetics. The results of this analysis are dependent upon the data provided and assumptions made. Bench-scale jar testing may be conducted to confirm the modeling. 
	Furthermore, it is noted that negative saturation indices indicate the potential for mineral dissolution and mobilization. However, rock-water interactions are not considered in this screening analysis. 
	Precipitation of mineral phases and their impact on aquifer or well screen clogging should be monitored on a regular basis. This may be achieved by (1) measuring injection pressures at steady injection flow rates, (2) measuring injection flow rates at steady injection pressures over time, and/or (3) well camera inspections. 


	Disclaimer 
	Disclaimer 
	The intent of the screening analysis provided herein is to identify potential issues that might arise from mixing two waters. The analysis is constrained by the limitations of the data and the assumptions employed in the model. In no way should this analysis be viewed as providing certainty as to the issue that can arise or the impacts that they may have. 
	While Blotevogel Environmental Consulting does its best to ensure high quality work, the right not to be responsible for content, correctness, completeness or quality of the information provided is reserved. Liability claims regarding action or decision taken or not taken, or any other damage caused by the use of any information provided, including any kind of information which is incomplete or incorrect, will therefore be rejected. 
	This work may contain material provided to Blotevogel Environmental Consulting by third parties. Blotevogel Environmental Consulting accepts no liability for any errors, inaccuracies, or omissions in the material. 
	Appendix -Complete List of Saturation Indices 
	Arapahoe A-4 Water 
	Arapahoe A-4 Water 
	Arapahoe A-4 Water 

	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(298 
	K, 
	1 
	atm) 

	Anglesite 
	Anglesite 
	-5.90 
	-13.69 
	-7.79 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.90 
	-7.26 
	-4.36 
	CaSO4 

	Anilite 
	Anilite 
	2.65 
	-29.20 
	-31.85 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-18.48 
	-10.19 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.95 
	-9.28 
	-8.34 
	CaCO3 

	Artinite 
	Artinite 
	-9.19 
	0.39 
	9.58 
	MgCO3:Mg(OH)2:3H2O 

	Azurite 
	Azurite 
	-15.77 
	-12.05 
	3.73 
	Cu3(OH)2(CO3)2 

	BaF2 
	BaF2 
	-8.87 
	-14.63 
	-5.76 
	BaF2 

	Barite 
	Barite 
	0.01 
	-9. 96 
	-9.97 
	BaSO4 

	Birnessite 
	Birnessite 
	-24.04 
	19.56 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	-22.46 
	-23.08 
	-0.62 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-3.07 
	-27.23 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-0.86 
	-28.14 
	-27.28 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-22.78 
	-7.44 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-6.38 
	10.44 
	16.82 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.80 
	-9.28 
	-8.48 
	CaCO3 

	Celestite 
	Celestite 
	-2.80 
	-9.43 
	-6.63 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.58 
	-15. 71 
	-13 .13 
	PbCO3 

	Chalcanthite 
	Chalcanthite 
	-13. 07 
	-15. 71 
	-2.64 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	4.63 
	-29.95 
	-34.58 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-12.57 
	-47.82 
	-35.24 
	CuFeS2 

	CO2 (g) 
	CO2 (g) 
	-2.34 
	-3.81 
	-1. 47 
	CO2 

	Covellite 
	Covellite 
	-4.68 
	-26.93 
	-22.25 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-5.87 
	2.76 
	8.63 
	Cu(OH)2 

	Cu2SO4 
	Cu2SO4 
	-16.78 
	-18.73 
	-1.95 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-8.10 
	-17.73 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-18.77 
	-11. 70 
	7.07 
	CuF 

	CuF2 
	CuF2 
	-19.75 
	-20.38 
	-0.63 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-15.83 
	-20.38 
	-4.55 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	3.01 
	-5.74 
	-8.75 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-24.46 
	-12.95 
	11. 50 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	-0.30 
	5.55 
	5.85 
	CuFe2O4 

	Cuprite 
	Cuprite 
	1. 28 
	-0.26 
	-1.55 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	10.19 
	1. 26 
	-8.92 
	CuFeO2 

	CuSO4 
	CuSO4 
	-18.70 
	-15. 71 
	3.00 
	CuSO4 

	Djurleite 
	Djurleite 
	4 .13 
	-29.75 
	-33.88 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-2.23 
	-19.33 
	-17.10 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.78 
	-19.33 
	-16.55 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.89 
	-8.03 
	-2.14 
	MgSO4:7H2O 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	-3.50 
	1. 40 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.63 
	11. 59 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-16.97 
	-20.89 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 34 
	-11. 93 
	-10.60 
	CaF2 

	Galena 
	Galena 
	-12.14 
	-24.91 
	-12.77 
	PbS 

	Goethite 
	Goethite 
	2.41 
	1. 40 
	-1.01 
	FeOOH 

	Greigite 
	Greigite 
	-62.12 
	-107.16 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.68 
	-7.26 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-11.22 
	-14.37 
	-3.15 
	H2 

	H2O(g) 
	H2O(g) 
	-1.50 
	-0.00 
	1.50 
	H2O 


	H2S (g) 
	H2S (g) 
	H2S (g) 
	-21.75 
	-22.75 
	-1.00 
	H2S 

	Hausmannite 
	Hausmannite 
	-24. 71 
	36.24 
	60. 96 
	Mn3O4 

	Hematite 
	Hematite 
	6.82 
	2.79 
	-4.03 
	Fe2O3 

	Huntite 
	Huntite 
	-9.44 
	-39.43 
	-29.99 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.18 
	-26.64 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-20.95 
	-29.75 
	-8.80 
	Mg5(CO3)4(OH)2:4H2O 

	Jarosite(ss) -20.29 -30.12 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite(ss) -20.29 -30.12 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 

	Jarosite-K 
	Jarosite-K 
	-20.27 
	-29.50 
	-9.23 
	KFe3(SO4)2(OH)6 

	Jarosite-Na 
	Jarosite-Na 
	-23.05 
	-28.35 
	-5.31 
	NaFe3(SO4)2(OH)6 

	JarositeH 
	JarositeH 
	-27.31 
	-32.74 
	-5.43 
	(H3O)Fe3(SO4)2(OH)6 

	Langite 
	Langite 
	-24.20 
	-7.44 
	16.76 
	Cu4(OH)6SO4:H2O 

	Larnakite 
	Larnakite 
	-8.63 
	-8.91 
	-0.28 
	PbO:PbSO4 

	Litharge 
	Litharge 
	-7.93 
	4.78 
	12.71 
	PbO 

	Mackinawite 
	Mackinawite 
	-16.24 
	-20.89 
	-4.65 
	FeS 

	Maghemite 
	Maghemite 
	-3.59 
	2.79 
	6.39 
	Fe2O3 

	Magnesite 
	Magnesite 
	-2.01 
	-10.05 
	-8.03 
	MgCO3 

	Magnetite 
	Magnetite 
	7.89 
	11. 59 
	3.70 
	Fe3O4 

	Malachite 
	Malachite 
	-9.78 
	-4.64 
	5.14 
	Cu2(OH)2CO3 

	Manganite 
	Manganite 
	-11.39 
	13. 95 
	25.34 
	MnOOH 

	Massicot 
	Massicot 
	-8.12 
	4.78 
	12.90 
	PbO 

	Melanterite 
	Melanterite 
	-7.46 
	-9.67 
	-2.21 
	FeSO4:7H2O 

	Minium 
	Minium 
	-48.06 
	25.55 
	73.61 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-8.59 
	-9.69 
	-1.10 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-72.74 
	-78.47 
	-5.74 
	Mn2(SO4)3 

	MnS(Green) 
	MnS(Green) 
	-25.14 
	-21.35 
	3.80 
	MnS 

	MnSO4 
	MnSO4 
	-12.78 
	-10.12 
	2.66 
	MnSO4 

	Nahcolite 
	Nahcolite 
	-5.22 
	-5.77 
	-0.55 
	NaHCO3 

	Natron 
	Natron 
	-10.41 
	-11. 71 
	-1. 30 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.42 
	-10.05 
	-5.63 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-8.73 
	-6.97 
	1. 76 
	NH3 

	Nsutite 
	Nsutite 
	-23.00 
	19.56 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-60.65 
	-63.54 
	-2.89 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3.36 
	4.78 
	8.14 
	Pb(OH)2 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-16.65 
	9.55 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-40.27 
	20.77 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10.42 
	-10.93 
	-0.51 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-17.15 
	-6 .15 
	11. 00 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-14.52 
	-4 .13 
	10.38 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-20.46 
	0.64 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-21.43 
	0.64 
	22.07 
	PbSO4: 3PbO 

	PbF2 
	PbF2 
	-10.92 
	-18.36 
	-7.44 
	PbF2 

	PbMetal 
	PbMetal 
	-10. 71 
	-6.44 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.20 
	4.78 
	12.98 
	PbO:0.33H2O 

	Plattnerite 
	Plattnerite 
	-33.25 
	16.00 
	49.25 
	PbO2 

	Portlandite 
	Portlandite 
	-11.58 
	11. 20 
	22.78 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-20.88 
	-39.35 
	-18.47 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.86 
	8.34 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	-21.77 
	19.56 
	41. 33 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.01 
	-12.14 
	-11.13 
	MnCO3 


	Rhodochrosite(d) -1.75 -12.14 -10.39 MnCO3 Siderite -0.79 -11. 69 -10.89 FeCO3 Siderite (d) (3) -1. 24 -11.69 -10.45 FeCO3 SrF2 -5.57 -14.10 -8.54 SrF2 Strontianite -2.18 -11. 45 -9.27 SrCO3 Sulfur -16.36 -31.38 -15.02 s Tenorite -4.85 2.76 7.61 CuO Thenardite -9.51 -9.69 -0.18 Na2SO4 
	Thermonatrite 
	Thermonatrite 
	Thermonatrite 
	-11. 83 
	-11.71 
	0.12 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.67 
	-17.48 
	-0.81 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-3.42 
	-11. 98 
	-8.56 
	BaCO3 


	Denver DE-1R Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Anglesite 
	Anglesite 
	-5.58 
	-13.41 
	-7.83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.95 
	-7.29 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	-1. 34 
	-9.63 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-10.67 
	-0.54 
	10.13 
	MgCO3:Mg(OH)2:3H2O 

	BaF2 
	BaF2 
	-8.92 
	-14.70 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.06 
	-10.03 
	-10.09 
	BaSO4 

	Birnessite 
	Birnessite 
	-25.36 
	18.24 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	-25.88 
	-26.21 
	-0.33 
	Mn2O3 

	Brucite 
	Brucite 
	-7.49 
	9.84 
	17.34 
	Mg(OH)2 

	Calcite 
	Calcite 
	-1.19 
	-9.63 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.76 
	-9.39 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.53 
	-15.75 
	-13.22 
	PbCO3 

	CO2 (g) 
	CO2 (g) 
	-2.06 
	-3.44 
	-1. 38 
	CO2 

	Cotunnite 
	Cotunnite 
	-13.34 
	-18.21 
	-4.87 
	PbC12 

	Dolomite 
	Dolomite 
	-3.10 
	-20.02 
	-16.92 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-3.68 
	-20.02 
	-16.34 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.86 
	-8.05 
	-2.19 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	-0.33 
	-3.37 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	-4.85 
	0.04 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-12.27 
	7.95 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-14.18 
	-18.10 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 27 
	-11. 96 
	-10.69 
	CaF2 

	Galena 
	Galena 
	-8.35 
	-21.48 
	-13.14 
	PbS 

	Goethite 
	Goethite 
	0.77 
	0.04 
	-0.73 
	FeOOH 

	Greigite 
	Greigite 
	-50.90 
	-95.93 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2. 71 
	-7.29 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-10. 72 
	-13.84 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1.70 
	-0.00 
	1. 70 
	H2O 

	H2S(g) 
	H2S(g) 
	-18.01 
	-18.93 
	-0.91 
	H2S 


	Halite 
	Halite 
	Halite 
	-8.54 
	-6.97 
	1.57 
	NaCl 

	Hausmannite 
	Hausmannite 
	-29.60 
	33.28 
	62.88 
	Mn3O4 

	Hematite 
	Hematite 
	3.52 
	0.08 
	-3.44 
	Fe2O3 

	Huntite 
	Huntite 
	-11.30 
	-40.79 
	-29.49 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.54 
	-27.00 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-23.91 
	-31.71 
	-7.80 
	Mg5(CO3)4(OH)2:4H2O 


	-33.31 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 Jarosite-K -24.14 -32.77 -8.63 KFe3(SO4)2(OH)6 Jarosite-Na -26.69 -31.30 -4.61 NaFe3(SO4)2(OH)6 JarositeH -31.30 -35.68 -4.38 (H3O)Fe3(SO4)2(OH)6 Larnakite -8.76 -8.92 -0.16 PbO:PbSO4 
	Jarosite(ss)-23.48 

	Laurionite 
	Laurionite 
	Laurionite 
	-7.48 
	-6.86 
	0.62 
	PbOHCl 

	Litharge 
	Litharge 
	-8.53 
	4.49 
	13. 02 
	PbO 

	Mackinawite 
	Mackinawite 
	-13. 45 
	-18.10 
	-4.65 
	FeS 

	Maghemite 
	Maghemite 
	-6.31 
	0.08 
	6.39 
	Fe2O3 

	Magnesite 
	Magnesite 
	-2.47 
	-10.39 
	-7.92 
	MgCO3 

	Magnetite 
	Magnetite 
	3.29 
	7.95 
	4.67 
	Fe3O4 

	Manganite 
	Manganite 
	-12.46 
	12.88 
	25.34 
	MnOOH 


	Massicot 
	Massicot 
	Massicot 
	-8.73 
	4.49 
	13. 22 
	PbO 

	Matlockite 
	Matlockite 
	-8.57 
	-18.14 
	-9.58 
	PbClF 

	Melanterite 
	Melanterite 
	-7. 72 
	-10.02 
	-2.30 
	FeSO4:7H2O 

	Minium 
	Minium 
	-51.40 
	24.18 
	75.58 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-7.68 
	-9.14 
	-1. 46 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-74.90 
	-79.89 
	-4.99 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-17.57 
	-15.18 
	2.39 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-22.36 
	-18.45 
	3.91 
	MnS 

	MnSO4 
	MnSO4 
	-13.33 
	-10.37 
	2.95 
	MnSO4 

	Nahcolite 
	Nahcolite 
	-4.84 
	-5.46 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9.88 
	-11. 48 
	-1.60 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.87 
	-10.39 
	-5.51 
	MgCO3:3H2O 

	Nsutite 
	Nsutite 
	-24.32 
	18.24 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-64.28 
	-67.12 
	-2.84 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-13.75 
	-6.03 
	7.72 
	Pb(BO2)2 

	Pb(OH)2 
	Pb(OH)2 
	-3.92 
	4.49 
	8.41 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-11.17 
	-2.38 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.23 
	8.97 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-41.35 
	19.69 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10.97 
	-11.26 
	-0.29 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.28 
	-6.77 
	11. 51 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-15.22 
	-4.44 
	10.78 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21.05 
	0.05 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-22.69 
	0.05 
	22.75 
	PbSO4: 3PbO 

	PbF2 
	PbF2 
	-10.65 
	-18.07 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-10.50 
	-6.23 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.49 
	4.49 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-14.15 
	-33. 96 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-35.39 
	15.21 
	50.60 
	PbO2 

	Portlandite 
	Portlandite 
	-12.77 
	10.60 
	23.37 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-14.66 
	-33.35 
	-18.69 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.68 
	7.52 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	-24.34 
	18.24 
	42.58 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.61 
	-12.71 
	-11.10 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.32 
	-12. 71 
	-10.39 
	MnCO3 

	Siderite 
	Siderite 
	-1. 51 
	-12.36 
	-10.84 
	FeCO3 

	Siderite(d) (3) 
	Siderite(d) (3) 
	-1.91 
	-12.36 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.49 
	-14.05 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.45 
	-11. 72 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-13. 22 
	-28.39 
	-15.17 
	s 

	Thenardite 
	Thenardite 
	-8.97 
	-9.14 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 66 
	-11.48 
	0.18 
	Na2CO3:H2O 

	Trana 
	Trana 
	-16.47 
	-16.94 
	-0.46 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-3.78 
	-12.37 
	-8.58 
	BaCO3 

	Binney WTP Injection Water 
	Binney WTP Injection Water 

	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-67.08 
	-104.21 
	-37.13 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-10.57 
	-21.84 
	-11.26 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-13.36 
	-0.57 
	12.79 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-15.08 
	-20.08 
	-5.01 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-13.24 
	-12.77 
	0.46 
	AgF: 4H2O 


	AgMetal 
	AgMetal 
	AgMetal 
	-1.15 
	-15.17 
	-14.02 
	Ag 

	Anhydrite 
	Anhydrite 
	-2.22 
	-6.56 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0.03 
	-8.32 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-5.95 
	4.23 
	10.18 
	MgCO3:Mg(OH)2:3H2O 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-5.01 
	0.81 
	5.82 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.83 
	-15.61 
	-5.78 
	BaF2 

	Barite 
	Barite 
	-0.04 
	-10.15 
	-10.11 
	BaSO4 

	Brucite 
	Brucite 
	-4.64 
	12.75 
	17.39 
	Mg(OH)2 

	Calcite 
	Calcite 
	0.12 
	-8.32 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.33 
	-8.95 
	-6.62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1.09 
	-11 .15 
	-10.07 
	AgCl 

	CO2 (g) 
	CO2 (g) 
	-3.09 
	-4.46 
	-1. 37 
	CO2 

	Dolomite 
	Dolomite 
	0.07 
	-16.83 
	-16.90 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-0.52 
	-16.83 
	-16.32 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4.56 
	-6.76 
	-2.20 
	MgSO4:7H2O 

	Fluorite 
	Fluorite 
	-1. 33 
	-12.03 
	-10.70 
	CaF2 

	Gummite 
	Gummite 
	-10.06 
	0.81 
	10.87 
	UO3 

	Gypsum 
	Gypsum 
	-1.98 
	-6.56 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-29.76 
	-32.87 
	-3 .11 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 72 
	-0.00 
	1. 72 
	H2O 

	H2S(g) 
	H2S(g) 
	-95.68 
	-96. 58 
	-0.90 
	H2S 

	Halite 
	Halite 
	-7.25 
	-5.69 
	1. 56 
	NaCl 

	Huntite 
	Huntite 
	-4.42 
	-33.87 
	-29.45 
	CaMg3(CO3)4 

	Hydromagnesite 
	Hydromagnesite 
	-13.61 
	-21.32 
	-7.71 
	Mg5(CO3)4(OH)2:4H2O 

	Magnesite 
	Magnesite 
	-0.61 
	-8.52 
	-7.90 
	MgCO3 

	Mirabilite 
	Mirabilite 
	-7.66 
	-9.15 
	-1.50 
	Na2SO4:10H2O 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-25.98 
	-42.27 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-5.06 
	-5.68 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9.28 
	-10.91 
	-1.63 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-3.01 
	-8.52 
	-5.50 
	MgCO3:3H2O 

	NH3(g) 
	NH3(g) 
	-8.03 
	-6.09 
	1. 94 
	NH3 

	02 (g) 
	02 (g) 
	-1.28 
	-4 .11 
	-2.83 
	02 

	Portlandite 
	Portlandite 
	-10.48 
	12.95 
	23.43 
	Ca(OH)2 

	Rutherfordine 
	Rutherfordine 
	-6.03 
	-20.45 
	-14.42 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.84 
	0.81 
	5.65 
	UO2(OH)2:H2O 

	SrF2 
	SrF2 
	-5.85 
	-14.42 
	-8.57 
	SrF2 

	Strontianite 
	Strontianite 
	-1. 44 
	-10. 71 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-71.85 
	-87.04 
	-15.19 
	s 

	Thenardite 
	Thenardite 
	-8.99 
	-9.15 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11.09 
	-10.91 
	0.18 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.16 
	-16.59 
	-0.43 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-35.52 
	-38. 72 
	-3.20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-20.99 
	1.88 
	22.87 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-45.75 
	-47.09 
	-1. 34 
	U4O9 

	UF4(c) 
	UF4(c) 
	-50.94 
	-69.16 
	-18.22 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-41.60 
	-69.16 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-19.31 
	-19.21 
	0.10 
	UO2 

	UO3 (gamma) 
	UO3 (gamma) 
	-7.30 
	0.81 
	8 .11 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-14.79 
	-19.21 
	-4.42 
	UO2 

	Witherite 
	Witherite 
	-3.32 
	-11. 90 
	-8.59 
	BaCO3 


	Griswold WTP Injection Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-68.54 
	-105.66 
	-37 .13 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-11.12 
	-22.39 
	-11.26 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-13. 70 
	-0.91 
	12.79 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-15.73 
	-20.74 
	-5.01 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-13.50 
	-13.04 
	0.46 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-1. 41 
	-15.43 
	-14.02 
	Ag 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-1.66 
	9.67 
	11. 34 
	Al(OH)3 

	AlumK 
	AlumK 
	-20.65 
	-25.97 
	-5.32 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-6.24 
	-6.62 
	-0.38 
	KA13(SO4)2(OH)6 

	Anhydrite 
	Anhydrite 
	-2.21 
	-6.55 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	0.09 
	-8.20 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-6.03 
	4.16 
	10.18 
	MgCO3:Mg(OH)2:3H2O 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.52 
	1. 30 
	5.82 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.62 
	-15.40 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.04 
	-10.07 
	-10 .11 
	BaSO4 

	Basaluminite 
	Basaluminite 
	-3.83 
	18.87 
	22.70 
	Al4(OH)l0SO4 

	Boehmite 
	Boehmite 
	0.52 
	9.67 
	9.15 
	AlOOH 

	Brucite 
	Brucite 
	-4.57 
	12.82 
	17.39 
	Mg(OH)2 

	Calcite 
	Calcite 
	0.24 
	-8.20 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.40 
	-9.02 
	-6.62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1. 54 
	-11. 60 
	-10.07 
	AgCl 

	CO2 (g) 
	CO2 (g) 
	-3.30 
	-4.67 
	-1.37 
	CO2 

	Diaspore 
	Diaspore 
	2.30 
	9.67 
	7.38 
	AlOOH 

	Dolomite 
	Dolomite 
	0.04 
	-16.86 
	-16.90 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-0.54 
	-16.86 
	-16.32 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4.82 
	-7.01 
	-2.20 
	MgSO4:7H2O 

	Fluorite 
	Fluorite 
	-1.19 
	-11.88 
	-10.70 
	CaF2 

	Gibbsite 
	Gibbsite 
	1.10 
	9.67 
	8.57 
	Al(OH)3 

	Gummite 
	Gummite 
	-9.57 
	1. 30 
	10.87 
	UO3 

	Gypsum 
	Gypsum 
	-1. 96 
	-6.55 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-2 9. 96 
	-33.07 
	-3 .11 
	H2 

	H2O (g) 
	H2O (g) 
	-1. 72 
	-0.00 
	1. 72 
	H2O 

	H2S (g) 
	H2S (g) 
	-96. 80 
	-97.70 
	-0.90 
	H2S 

	Halite 
	Halite 
	-7.42 
	-5.86 
	1.56 
	NaCl 

	Huntite 
	Huntite 
	-4.74 
	-34.18 
	-29.45 
	CaMg3(CO3)4 

	Hydromagnesite 
	Hydromagnesite 
	-14.13 
	-21.83 
	-7. 71 
	Mg5(CO3)4(OH)2:4H2O 

	Jurbanite 
	Jurbanite 
	-6.93 
	-10.16 
	-3.23 
	AlOHSO4 

	Magnesite 
	Magnesite 
	-0.76 
	-8.66 
	-7.90 
	MgCO3 

	Mirabilite 
	Mirabilite 
	-7.75 
	-9.24 
	-1. 50 
	Na2SO4:10H2O 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-25.68 
	-41.97 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-5.16 
	-5.78 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9.26 
	-10.89 
	-1.63 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-3.16 
	-8.66 
	-5.50 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-7.93 
	-5.99 
	1. 94 
	NH3 

	02 (g) 
	02 (g) 
	-1. 28 
	-4 .11 
	-2.83 
	02 

	Portlandite 
	Portlandite 
	-10.14 
	13.28 
	23.43 
	Ca(OH)2 

	Rutherfordine 
	Rutherfordine 
	-5.76 
	-20.18 
	-14.42 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.35 
	1. 30 
	5.65 
	UO2(OH)2:H2O 

	SrF2 
	SrF2 
	-5.79 
	-14.35 
	-8.57 
	SrF2 

	Strontianite 
	Strontianite 
	-1.40 
	-10.67 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-72.78 
	-87. 96 
	-15.19 
	s 

	Thenardite 
	Thenardite 
	-9.08 
	-9.24 
	-0.17 
	Na2SO4 


	Thermonatrite 
	Thermonatrite 
	Thermonatrite 
	-11.07 
	-10 .89 
	0.18 
	Na2CO3:H20 

	Trona 
	Trona 
	-1 6.24 
	-1 6.67 
	-0.43 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-35 .56 
	-38 .7 6 
	-3 . 20 
	U(OH)2SO4 

	U3O8 (c) 
	U3O8 (c) 
	-19.73 
	3.14 
	22 . 87 
	U3O8 

	U4O9 (c) 
	U4O9 (c) 
	-44.40 
	-45.74 
	-1. 34 
	U4O9 

	UF4(c) 
	UF4(c) 
	-51 .04 
	-69. 26 
	-1 8 .22 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-41.70 
	-69. 26 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-19 .03 
	-1 8 . 93 
	0 .10 
	UO2 

	UO3 (gamma) 
	UO3 (gamma) 
	-6 . 81 
	1. 30 
	8 .11 
	U03 

	Uraninite(c) 
	Uraninite(c) 
	-14.50 
	-18.93 
	-4.42 
	UO2 

	Witherite 
	Witherite 
	-3.13 
	-11.72 
	-8.59 
	BaCO3 


	Quebec Street WTP Injection Water 
	Quebec Street WTP Injection Water 
	Phase SI** log IAP log K(290 K, 1 atm) 
	Anhydrite -2.81 -7. 15 -4. 34 CaSO4 Aragonite -0.00 -8 . 29 -8.29 CaCO3 Artinite -7.17 3 .01 10.18 MgC03:Mg(OH)2:3H2O BaF2 -9.04 -14. 82 -5.78 BaF2 Barite 0 .13 -9.98 -10 .11 BaS04 Brucite -5.22 12.16 17.39 Mg(OH)2 Calcite 0.15 -8. 29 -8 .44 CaCO3 Celestite -2.63 -9.25 -6.62 SrSO4 CO2 (g) -3 .14 -4.51 -1. 37 CO2 Dolomite -0.55 -17.44 -1 6.90 CaMg(CO3)2 Dolomite(d) -1.13 -17.44 -1 6.32 CaMg(CO3)2 Epsomite -5 . 82 -8 .02 -2.20 MgSO4:7H2O Fluorite -1. 29 -11. 99 -10.70 CaF2 Gypsum -2.57 -7.15 -4.58 CaSO4:2H2O 
	Wemlinger WTP Injection Water 
	Wemlinger WTP Injection Water 
	20: 80 Mix of Binney Injection Water: Arapahoe Formation Water 

	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-0.70 
	10. 63 
	11. 34 
	Al(OH)3 

	AlumK 
	AlumK 
	-1 9 .77 
	-25.08 
	-5.32 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-3 .43 
	-3. 82 
	-0. 38 
	KA13(SO4)2(OH)6 

	Anhydrite 
	Anhydrite 
	-2 .4 8 
	-6.81 
	-4. 34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0. 24 
	-8.52 
	-8 . 29 
	CaCO3 

	Artinite 
	Artinite 
	-6 . 51 
	3 .67 
	10.18 
	MgCO3:Mg(OH)2:3H20 

	B-UO2(0H)2 
	B-UO2(0H)2 
	-4.58 
	1.25 
	5.82 
	U02(OH)2 

	BaF2 
	BaF2 
	-9 . 68 
	-15.4 6 
	-5.78 
	BaF2 

	Barite 
	Barite 
	-0.19 
	-10. 29 
	-10.11 
	BaSO4 

	Basaluminite 
	Basaluminite 
	0.08 
	22.78 
	22.70 
	Al4(OH)l0SO4 

	Boehmite 
	Boehmite 
	1. 48 
	10. 63 
	9.15 
	AlOOH 

	Brucite 
	Brucite 
	-4.82 
	12.57 
	17.39 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.09 
	-8.52 
	-8 .44 
	CaCO3 

	Celestite 
	Celestite 
	-2 . 63 
	-9.25 
	-6 . 62 
	SrSO4 

	CO2 (g) 
	CO2 (g) 
	-3 . 28 
	-4. 65 
	-1. 37 
	CO2 

	Diaspore 
	Diaspore 
	3 . 25 
	10. 63 
	7.38 
	AlOOH 

	Dolomite 
	Dolomite 
	-0.52 
	-17.42 
	-1 6.90 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-1.10 
	-1 7.42 
	-1 6 . 32 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4. 98 
	-7.18 
	-2.20 
	MgSO4: 7H2O 

	Fluorite 
	Fluorite 
	-1. 28 
	-11. 98 
	-10.70 
	CaF2 

	Gibbsite 
	Gibbsite 
	2 .06 
	10.63 
	8 . 57 
	Al(OH)3 

	Gummite 
	Gummite 
	-9 .62 
	1. 25 
	10.87 
	UO3 

	Gypsum 
	Gypsum 
	-2.23 
	-6.81 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-29 .76 
	-32. 87 
	-3 .11 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 72 
	-0 . 00 
	1. 72 
	H2O 

	H2S(g) 
	H2S(g) 
	-95 . 91 
	-96 . 82 
	-0 . 90 
	H2S 

	Halite 
	Halite 
	-7 . 83 
	-6.26 
	1. 56 
	NaCl 

	Huntite 
	Huntite 
	-5.75 
	-35 .20 
	-29 .45 
	CaMg3(CO3)4 

	Hydromagnesite 
	Hydromagnesite 
	-1 5 . 29 
	-23 .00 
	-7.71 
	Mg5(CO3)4(0H)2:4H20 

	Jurbanite 
	Jurbanite 
	-5 . 88 
	-9 .11 
	-3. 23 
	AlOHSO4 

	Magnesite 
	Magnesite 
	-0.99 
	-8 . 89 
	-7. 90 
	MgCO3 

	Mirabilite 
	Mirabilite 
	-8 .28 
	-9.77 
	-1.50 
	Na2SO4:10H2O 

	Na4UO2(CO3 ) 3 
	Na4UO2(CO3 ) 3 
	-26.89 
	-43.18 
	-1 6 .29 
	Na4UO2(CO3 ) 3 

	Nahcolite 
	Nahcolite 
	-5.44 
	-6.06 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9 .86 
	-11. 48 
	-1. 63 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-3 . 39 
	-8 . 89 
	-5.50 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-8 . 06 
	-6 . 13 
	1. 94 
	NH3 

	O2 (g) 
	O2 (g) 
	-1. 28 
	-4 .11 
	-2. 83 
	02 

	Portlandite 
	Portlandite 
	-10.4 9 
	12.93 
	23. 43 
	Ca(OH)2 

	Rutherfordine 
	Rutherfordine 
	-5 .7 9 
	-20.21 
	-14.42 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.40 
	1.25 
	5.65 
	UO2(OH)2:H2O 

	SrF2 
	SrF2 
	-5.85 
	-14.42 
	-8. 57 
	SrF2 

	Strontianite 
	Strontianite 
	-1. 69 
	-10. 96 
	-9 .27 
	SrCO3 

	Sulfur 
	Sulfur 
	-72.09 
	-87.28 
	-15 .19 
	s 

	Thenardite 
	Thenardite 
	-9 .61 
	-9.77 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 67 
	-11.4 8 
	0.18 
	Na2CO3:H2O 

	Trona 
	Trona 
	-17.12 
	-17.55 
	-0.43 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-35 . 32 
	-38.52 
	-3.20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-1 9 . 69 
	3.18 
	22.87 
	U3O8 

	U409(c) 
	U409(c) 
	-44.02 
	-45. 36 
	-1. 34 
	U4O9 

	UF4(c) 
	UF4(c) 
	-50 . 39 
	-68.61 
	-18.22 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-41.05 
	-68 . 61 
	-27.56 
	UF4:2.5H2O 


	U02(a) 
	U02(a) 
	U02(a) 
	-18 . 88 
	-1 8 . 78 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-6.86 
	1. 25 
	8 .11 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-14. 36 
	-18 .78 
	-4.42 
	UO2 

	Witherite 
	Witherite 
	-3 .42 
	-12.01 
	-8 . 59 
	BaCO3 


	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	l og K(296 K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-102.24 
	-138 .47 
	-36.23 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-11. 92 
	-23.03 
	-11.10 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-15 .11 
	-2 . 50 
	12 . 62 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-15.93 
	-20. 86 
	-4. 93 
	Ag2SO4 

	AgF:4H2O 
	AgF:4H2O 
	-13. 42 
	-12.8 9 
	0.54 
	AgF:4H2O 

	AgMetal 
	AgMetal 
	-6.59 
	-20.19 
	-1 3 . 59 
	Ag 

	Anglesite 
	Anglesite 
	-5 .84 
	-13. 64 
	-7. 80 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2 . 68 
	-7.03 
	-4. 36 
	CaSO4 

	Anilite 
	Anilite 
	-117 . 99 
	-150. 02 
	-32 . 02 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-9.02 
	-0.73 
	8.29 
	Cu3(0H)4 SO4 

	Aragonite 
	Aragonite 
	-0. 87 
	-9 . 20 
	-8.33 
	CaCO3 

	Artinite 
	Artinite 
	-8 .59 
	1.10 
	9.70 
	MgC03:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-6 .45 
	0 . 95 
	7 .40 
	Cu2 (OH ) 3Cl 

	Azurite 
	Azurite 
	-6 .59 
	-2 .74 
	3 . 85 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-5.10 
	0.49 
	5.59 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9 .00 
	-14.77 
	-5.76 
	BaF2 

	Barite 
	Barite 
	0.14 
	-9.86 
	-9.99 
	BaSO4 

	Birnessite 
	Birnessite 
	2 .60 
	46.20 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	3.89 
	3.33 
	-0.56 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-108.59 
	-1 32.75 
	-24 .1 6 
	Cu0 . 9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-11 3 .44 
	-140.72 
	-27 . 28 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-10.1 9 
	5.15 
	15.34 
	Cu4(0H)6SO4 

	Brucite 
	Brucite 
	-6.11 
	10.82 
	16.93 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0 .72 
	-9.20 
	-8 .47 
	CaCO3 

	Celestite 
	Celestite 
	-2.63 
	-9 . 26 
	-6 . 63 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-2.25 
	-12.05 
	-9 . 80 
	AgCl 

	Cerussite 
	Cerussite 
	-2.66 
	-15. 80 
	-13.15 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-127 .91 
	-130.7 6 
	-2 .85 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-9 .84 
	-12.4 9 
	-2 . 64 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-121. 87 
	-15 6.66 
	-34 .78 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-229 . 80 
	-265.19 
	-35.39 
	CuFeS2 

	CO2(g) 
	CO2(g) 
	-2 . 38 
	-3.83 
	-1. 45 
	CO2 

	Cotunnite 
	Cotunnite 
	-12 .10 
	-16.89 
	-4.79 
	PbC12 

	Covellite 
	Covellite 
	-107.74 
	-130. 09 
	-22. 35 
	CuS 

	Cu(OH ) 2 
	Cu(OH ) 2 
	-2. 81 
	5.88 
	8 . 69 
	Cu (OH ) 2 

	Cu2 (OH)3NO3 
	Cu2 (OH)3NO3 
	-9.61 
	-0. 31 
	9.30 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-37 .12 
	-39.05 
	-1.93 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.02 
	-14. 65 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-29.10 
	-21.98 
	7.12 
	CuF 

	CuF2 
	CuF2 
	-1 6 .82 
	-17.40 
	-0 .58 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-12.86 
	-17.4 0 
	-4.54 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-20 .47 
	-29.28 
	-8 . 82 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-18.26 
	-6. 61 
	11. 65 
	CuO:CuS04 

	CupricFerrite 
	CupricFerrite 
	13 .40 
	19.41 
	6 .01 
	CuFe204 

	Cuprite 
	Cuprite 
	-1 9 .12 
	-20 . 69 
	-1. 57 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	5 . 33 
	-3.58 
	-8 . 91 
	CuFeO2 


	CuSO4 
	CuSO4 
	CuSO4 
	-15.56 
	-12.49 
	3.07 
	CuSO4 

	Djurleite 
	Djurleite 
	-120.82 
	-154.91 
	-34.08 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1.85 
	-18.91 
	-17.06 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.41 
	-18.91 
	-16.50 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.40 
	-7.55 
	-2.15 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.56 
	3.52 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 87 
	6.76 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-5.82 
	14.40 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-131.18 
	-135.09 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 33 
	-11. 94 
	-10.62 
	CaF2 

	Galena 
	Galena 
	-118.40 
	-131.24 
	-12.85 
	PbS 

	Goethite 
	Goethite 
	7. 71 
	6.76 
	-0.95 
	FeOOH 

	Greigite 
	Greigite 
	-484.45 
	-529.48 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.99 
	0.49 
	10.48 
	003 

	Gypsum 
	Gypsum 
	-2.45 
	-7.03 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-37.88 
	-41.02 
	-3.14 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 55 
	-0.00 
	1. 55 
	H2O 

	H2S (g) 
	H2S (g) 
	-128.03 
	-129.01 
	-0.98 
	H2S 

	Halite 
	Halite 
	-7.95 
	-6.37 
	1. 58 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 48 
	62.85 
	61. 37 
	Mn3O4 

	Hematite 
	Hematite 
	17.43 
	13.53 
	-3.90 
	Fe2O3 

	Huntite 
	Huntite 
	-8.45 
	-38.34 
	-29.88 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.42 
	-26.88 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-19.45 
	-28.04 
	-8.59 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -3. 96 -13.79 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.06 -13.17 -9.10 KFe3(SO4)2(OH)6 
	Jarosite-Na -6.85 -12.01 -5.16 NaFe3(SO4)2(OH)6 
	JarositeH -11. 24 -16.44 -5.20 (H3O)Fe3(SO4)2(OH)6 
	Langite -11. 77 5.15 16.92 Cu4(OH)6SO4:H2O 
	Larnakite -8.65 -8.91 -0.26 PbO:PbSO4 
	Laurionite -6.70 -6.08 0.62 PbOHCl 
	Litharge -8.05 4.73 12.78 PbO 
	Mackinawite -130. 45 -135.09 -4.65 FeS 
	Maghemite 7.14 13.53 6.39 Fe2O3 
	Magnesite -1. 71 -9.71 -8.01 MgCO3 
	Magnetite 10.50 14.40 3.91 Fe3O4 
	Malachite -3.64 1. 57 5.22 Cu2(OH)2CO3 
	Manganite 1. 92 27.26 25.34 MnOOH 
	Massicot -8.24 4.73 12.97 PbO 
	Matlockite -8.26 -17.72 -9.46 PbClF 
	Melanothallite -19.50 -15.73 3.77 CuC12 
	Melanterite -15.26 -17.49 -2.23 FeSO4:7H2O 
	Minium -21.98 52.06 74.04 Pb3O4 
	Mirabilite -8.32 -9.50 -1.18 Na2SO4:10H2O 
	Mn2(SO4)3 -46.19 -51.77 -5.58 Mn2(SO4)3 
	MnC12:4H2O -15.94 -13.29 2.65 MnC12:4H2O 
	MnS(Green) -131. 4 7 -127.65 3.82 MnS 
	MnSO4 -12.76 -10.04 2.72 MnSO4 
	N2 (g) -2.14 -5.40 -3.26 N2 
	Na4UO2(CO3)3 -27.06 -43.35 -16.29 Na4UO2(CO3)3 
	Nahcolite -5.19 -5.75 -0.56 NaHCO3 
	Nantokite -14.36 -21.15 -6.79 CuCl 
	Natron -10.30 -11. 66 -1. 36 Na2CO3:10H2O 
	Nesquehonite -4 .11 -9. 71 -5.60 MgCO3:3H2O 
	NH3 (g) -54. 96 -53.16 1. 80 NH3 
	Nsutite 3.64 46.20 42.56 MnO2 
	O2(g) -7.90 -10.78 -2.88 02 
	Pb(BO2)2 
	Pb(BO2)2 
	Pb(BO2)2 
	-14.57 
	-6.94 
	7.63 
	Pb(BO2)2 

	Pb(OH)2 
	Pb(OH)2 
	-3.47 
	4.73 
	8.20 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.14 
	-1. 35 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-16.74 
	9.46 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-13.71 
	47.33 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10.61 
	-11. 07 
	-0.46 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-17.46 
	-6.35 
	11.11 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-14.65 
	-4.18 
	10.47 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-20.56 
	0.54 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-21.67 
	0.54 
	22.22 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11.11 
	-18.55 
	-7.44 
	PbF2 

	PbMetal 
	PbMetal 
	-37.42 
	-33.15 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.25 
	4.73 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-12.88 
	-32.69 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-6.93 
	42.60 
	49.54 
	PbO2 

	Portlandite 
	Portlandite 
	-11.57 
	11. 33 
	22.90 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-214.67 
	-233.19 
	-18.52 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.88 
	8.32 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	4.60 
	46.20 
	41.60 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.08 
	-12.21 
	-11.13 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-1. 82 
	-12.21 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.59 
	-20.03 
	-14.45 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.95 
	0.49 
	5.44 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-8.77 
	-19.65 
	-10.88 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-9.20 
	-19.65 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.62 
	-14.17 
	-8.54 
	SrF2 

	Strontianite 
	Strontianite 
	-2.15 
	-11. 42 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-96. 00 
	-111. 05 
	-15.05 
	s 

	Tenorite 
	Tenorite 
	-1.79 
	5.88 
	7.67 
	CuO 

	Thenardite 
	Thenardite 
	-9.32 
	-9.50 
	-0.18 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11.79 
	-11. 66 
	0.13 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.68 
	-17.41 
	-0.73 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-43.39 
	-46.59 
	-3.20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-29.85 
	-8.93 
	20.92 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-71. 99 
	-75.03 
	-3.04 
	U4O9 

	UF4(c) 
	UF4(c) 
	-56.24 
	-74.78 
	-18.54 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-47.21 
	-74.78 
	-27.57 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-28.33 
	-28.23 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-7.29 
	0.49 
	7.78 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-23.49 
	-28.23 
	-4.74 
	UO2 

	Witherite 
	Witherite 
	-3.46 
	-12.02 
	-8.56 
	BaCO3 


	50: 50 Mix of Binney Injection Water: Arapahoe Formation Water 
	Phase SI** log IAP log K(294 K, 1 atm) 
	Acanthite -113.79 -150.35 -36.56 Ag2S Ag2CO3 -11. 38 -22.54 -11.16 Ag2CO3 Ag2O -14.57 -1. 89 12.68 Ag2O Ag2SO4 -15.38 -20.34 -4. 96 Ag2SO4 AgF:4H2O -13.26 -12.75 0.51 AgF: 4H2O AgMetal -7.73 -21.48 -13.75 Ag Anglesite -5.98 -13.79 -7.81 PbSO4 Anhydrite -2.46 -6.81 -4.35 CaSO4 Anilite -132. 87 -165.16 -32.30 Antlerite -9.51 -1.22 8.29 Cu3(OH)4SO4 
	Cu0.25Cul.5S 

	Aragonite 
	Aragonite 
	Aragonite 
	-0.70 
	-9.01 
	-8 . 31 
	CaC03 

	Artinite 
	Artinite 
	-7. 93 
	1. 94 
	9 . 88 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-6 .58 
	0 . 94 
	7.52 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-7.40 
	-3 . 35 
	4.05 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.82 
	0.85 
	5 .68 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.24 
	-15.01 
	-5.77 
	BaF2 

	Barite 
	Barite 
	0.19 
	-9 . 85 
	-10.03 
	BaSO4 

	Birnessite 
	Birnessite 
	5 . 82 
	49.42 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6 .72 
	6.25 
	-0 .4 6 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-121.55 
	-145.71 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-127.41 
	-154. 69 
	-27 . 28 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-1 0 . 82 
	4.52 
	15.34 
	Cu4(OH)6S04 

	Brucite 
	Brucite 
	-5 . 80 
	11. 30 
	17.10 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.55 
	-9 . 01 
	-8.46 
	CaCO3 

	Celestite 
	Celestite 
	-2 .48 
	-9.10 
	-6 . 62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1.59 
	-11.4 9 
	-9 . 90 
	AgCl 

	Cerussite 
	Cerussite 
	-2. 82 
	-16.00 
	-1 3 .18 
	PbCO3 

	CH4(g) 
	CH4(g) 
	-14 0 .4 6 
	-14 3 .2 9 
	-2 . 83 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10.05 
	-12 .71 
	-2 . 65 
	CuSO4:5H2O 

	Chal cocite 
	Chal cocite 
	-1 37.55 
	-17 2 . 64 
	-35 .09 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-256 . 26 
	-291. 87 
	-35 . 61 
	CuFeS2 

	CO2(g) 
	CO2(g) 
	-2.49 
	-3.91 
	-1. 42 
	CO2 

	Cotunnite 
	Cotunnite 
	-11. 60 
	-1 6.43 
	-4. 82 
	PbC12 

	Covellite 
	Covellite 
	-12 0 .22 
	-142.72 
	-22.50 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3 .04 
	5.74 
	8.79 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-9 .69 
	-0.28 
	9 .41 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-40.72 
	-42.63 
	-1.91 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5 .28 
	-14. 91 
	-9 . 63 
	CuCO3 

	CuF 
	CuF 
	-31 .09 
	-23 . 89 
	7.20 
	CuF 

	CuF2 
	CuF2 
	-1 7 . 37 
	-17 . 86 
	-0 .4 9 
	CuF2 

	CuF2:2H20 
	CuF2:2H20 
	-13. 35 
	-17.87 
	-4. 52 
	CuF2:2H20 

	CuMetal 
	CuMetal 
	-23.70 
	-32.63 
	-8.92 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-18.83 
	-6. 96 
	11. 87 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	12. 96 
	19.21 
	6 . 25 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-22 . 57 
	-24 . 18 
	-1. 61 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	3 .53 
	-5 . 36 
	-8 . 88 
	CuFeO2 

	CuSO4 
	CuSO4 
	-1 5 .89 
	-12.71 
	3 .18 
	CuSO4 

	Djurleite 
	Djurleite 
	-136.29 
	-170. 67 
	-34 .38 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1. 37 
	-18. 37 
	-17.00 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-1. 93 
	-18 . 37 
	-1 6 .43 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4. 98 
	-7 .15 
	-2 .17 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6 . 61 
	3 . 57 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH) 3 (a) 
	Fe(OH) 3 (a) 
	1. 84 
	6.73 
	4.89 
	Fe(OH)3 

	Fe3(0H)8 
	Fe3(0H)8 
	-7.45 
	12.77 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-14 5.24 
	-1 49 .15 
	-3 . 92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 32 
	-11. 97 
	-1 0.65 
	CaF2 

	Galena 
	Galena 
	-130.84 
	-143. 81 
	-12. 97 
	PbS 

	Goethite 
	Goethite 
	7.59 
	6.73 
	-0.86 
	FeOOH 

	Greigite 
	Greigite 
	-536 .04 
	-581.07 
	-4 5.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.77 
	0.85 
	10. 62 
	UO3 

	Gypsum 
	Gypsum 
	-2 .23 
	-6.81 
	-4. 58 
	CaSO4:2H2O 

	H2(g) 
	H2(g) 
	-41.07 
	-44. 21 
	-3.13 
	H2 

	H20(g) 
	H20(g) 
	-1. 61 
	-0.00 
	1. 61 
	H2O 

	H2S(g) 
	H2S(g) 
	-140. 51 
	-141.47 
	-0.95 
	H2S 

	Halite 
	Halite 
	-7.55 
	-5.98 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	4 .12 
	66 .12 
	62 .00 
	Mn3O4 

	Hematite 
	Hematite 
	17. 18 
	13 .4 6 
	-3. 71 
	Fe2O3 


	Huntite 
	Huntite 
	Huntite 
	-7.36 
	-37.08 
	-29.72 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.88 
	-27.34 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-17.86 
	-26.12 
	-8.26 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -4.11 -13.94 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.39 -13.30 -8.91 KFe3(SO4)2(OH)6 
	Jarosite-Na -7.20 -12.14 -4.93 NaFe3(SO4)2(OH)6 
	JarositeH -11.84 -16.70 -4.86 (H3O)Fe3(SO4)2(OH)6 
	Langite -12.65 4.52 17.17 Cu4(OH)6SO4:H2O 
	Larnakite -8.92 -9.14 -0.22 PbO:PbSO4 
	Laurionite -6.51 -5.89 0.62 PbOHCl 
	Litharge -8.22 4.65 12.88 PbO 
	Mackinawite -144.50 -149.15 -4.65 FeS 
	Maghemite 7.08 13.46 6.39 Fe2O3 
	Magnesite -1.39 -9.36 -7.97 MgCO3 
	Magnetite 8.55 12.77 4.22 Fe3O4 
	Malachite -4.14 1.19 5.34 Cu2(OH)2CO3 
	Manganite 3.54 28.88 25.34 MnOOH 
	Massicot -8.42 4.65 13.07 PbO 
	Matlockite -8.18 -17.69 -9.51 PbClF 
	Melanothallite -19.19 -15.34 3.85 CuC12 
	Melanterite -16.88 -19.14 -2.26 FeSO4:7H2O 
	Minium -19.64 55.04 74.68 Pb3O4 
	Mirabilite -8.03 -9.33 -1.30 Na2SO4:10H2O 
	Mn2(SO4)3 -43.75 -49.09 -5.34 Mn2(SO4)3 
	MnC12:4H2O -15.28 -12.73 2.54 MnC12:4H2O 
	MnS(Green) -143.97 -140.11 3.86 MnS 
	MnSO4 -12.92 -10.10 2.82 MnSO4 
	N2 (g) -15.57 -18.82 -3.25 N2 
	Na4UO2(CO3)3 -26.57 -42.86 -16.29 Na4UO2(CO3)3 
	Nahcolite -5.14 -5.73 -0.58 NaHCO3 
	Nantokite -15.78 -22.63 -6.86 CuCl 
	Natron -10.07 -11. 53 -1. 46 Na2CO3:10H2O 
	Nesquehonite -3.79 -9.36 -5 . 57 MgCO3:3H2O 
	NH3 (g) -66.40 -64.55 1. 85 NH3 
	Nsutite 6.86 49.42 42.56 MnO2 
	02 (g) -2.36 -5.23 -2.86 02 
	Pb(BO2)2 -13.89 -6.22 7.67 Pb(BO2)2 
	Pb(OH)2 -3.63 4.65 8.28 Pb(OH)2 
	Pb2(OH)3Cl -10.03 -1. 23 8.79 Pb2(OH)3Cl 
	Pb2O(OH)2 -16.89 9.31 26.20 PbO:Pb(OH)2 
	Pb2O3 -10.66 50.38 61.04 Pb2O3 
	Pb2OCO3 -10.95 -11. 34 -0.39 PbO:PbCO3 
	Pb3O2CO3 -1 7. 96 -6.69 11. 27 PbCO3:2PbO 
	Pb3O2SO4 -15.08 -4.48 10.60 PbSO4:2PbO 
	Pb4(OH)6SO4 -20.93 0.17 21.10 Pb4(OH)6SO4 
	Pb4O3SO4 -22.26 0.17 22.44 PbSO4:3PbO 
	PbF2 -11. 52 -18.95 -7.43 PbF2 
	PbMetal -40.68 -36.42 4.27 Pb 
	PbO:0.3H2O -8.33 4.65 12.98 PbO:0.33H2O 
	Phosgenite -12.62 -32.43 -19.81 PbC12:PbCO3 
	Plattnerite -4.25 45.73 49.98 PbO2 
	Portlandite -11.46 11. 64 23.10 Ca(OH)2 
	Pyrite -237.95 -256.54 -18.59 FeS2 
	Pyrochroite -6.85 8.35 15.20 Mn(OH)2 
	Pyrolusite 7.42 49.42 42.00 MnO2 
	Rhodochrosite -1.19 -12.30 -11.12 MnCO3 
	Rhodochrosite(d) -1.91 -12.30 -10.39 MnCO3 
	Rutherfordine 
	Rutherfordine 
	Rutherfordine 
	-5 . 36 
	-19.80 
	-14.44 
	UO2C03 

	Schoepite 
	Schoepite 
	-4. 67 
	0 . 85 
	5 . 52 
	OO2(OH)2:H2O 

	Siderite 
	Siderite 
	-1 0.48 
	-21. 34 
	-10. 87 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-10.89 
	-21. 34 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5 . 71 
	-14.26 
	-8 .55 
	SrF2 

	Strontianite 
	Strontianite 
	-2 .04 
	-11. 31 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-105 . 32 
	-120.42 
	-1 5. 10 
	s 

	Tenorite 
	Tenorite 
	-2.02 
	5 .74 
	7.77 
	CuO 

	Thenardite 
	Thenardite 
	-9 .1 5 
	-9 . 33 
	-0. 17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 68 
	-11. 53 
	0.15 
	Na2C03:H20 

	Trona 
	Trona 
	-1 6 . 64 
	-17. 26 
	-0.62 
	NaHCO3:Na2C03:2H2O 

	O(OH)2SO4 
	O(OH)2SO4 
	-4 6.10 
	-4 9.30 
	-3 .20 
	O(OH)2SO4 

	O3O8(c) 
	O3O8(c) 
	-32.05 
	-10. 41 
	21.64 
	0308 

	O4O9(c) 
	O4O9(c) 
	-7 9 .92 
	-82 . 33 
	-2 .41 
	0409 

	OF4 (c) 
	OF4 (c) 
	-59 .64 
	-78.0 6 
	-1 8 .42 
	OF4 

	OF4:2.5H2O 
	OF4:2.5H2O 
	-50.50 
	-78.0 6 
	-27 .56 
	OF4:2.5H2O 

	OO2(a) 
	OO2(a) 
	-30 .95 
	-30. 85 
	0.10 
	002 

	UO3 (gamma) 
	UO3 (gamma) 
	-7.05 
	0.85 
	7.90 
	UO3 

	Oraninite(c) 
	Oraninite(c) 
	-2 6.23 
	-30 . 85 
	-4. 62 
	002 

	Witherite 
	Witherite 
	-3.48 
	-1 2 .05 
	-8.57 
	BaC03 


	80: 20 Mix of Binney Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	log K(291 K, 1 atm) 

	Acanthite 
	Acanthite 
	-115. 72 
	-152.62 
	-36 . 90 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-11.07 
	-22.29 
	-11.22 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-14. 20 
	-1. 46 
	12.75 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-1 5.16 
	-2 0.15 
	-4. 99 
	Ag2SO4 

	AgF: 4H20 
	AgF: 4H20 
	-13. 23 
	-12.75 
	0.48 
	AgF : 4H2O 

	AgMetal 
	AgMetal 
	-7.71 
	-21. 62 
	-1 3.91 
	Ag 

	Anglesite 
	Anglesite 
	-6.42 
	-14. 25 
	-7. 82 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2 . 31 
	-6 . 65 
	-4. 34 
	CaSO4 

	Anilite 
	Anilite 
	-1 36 .41 
	-1 68 . 99 
	-32 .57 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-1 0 .73 
	-2 .44 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.49 
	-8.79 
	-8 . 30 
	CaCO3 

	Artinite 
	Artinite 
	-7.29 
	2.77 
	10.06 
	MgCO3:Mg(OH)2 :3H2O 

	Atacamite 
	Atacamite 
	-7.33 
	0.31 
	7.64 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-8 . 88 
	-4. 63 
	4.24 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.78 
	0.98 
	5.76 
	U02(OH)2 

	BaF2 
	BaF2 
	-9 . 54 
	-15. 31 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.11 
	-9.96 
	-10.08 
	BaS04 

	Birnessite 
	Birnessite 
	6 .4 6 
	50.06 
	43.60 
	Mn02 

	Bixbyite 
	Bixbyite 
	6 . 87 
	6 .50 
	-0.37 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-124.69 
	-14 8 . 85 
	-24 .16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-1 30 . 86 
	-158 .14 
	-27 .2 8 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-12.37 
	2.97 
	15 . 34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-5.47 
	11.80 
	17. 27 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0. 34 
	-8.79 
	-8 .45 
	CaCO3 

	Celestite 
	Celestite 
	-2 . 38 
	-9 . 00 
	-6 . 62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1. 25 
	-11. 25 
	-10.00 
	AgCl 

	Cerussite 
	Cerussite 
	-3.18 
	-1 6 . 39 
	-13. 21 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-14 3 .11 
	-145. 92 
	-2.81 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10. 61 
	-13. 28 
	-2. 66 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-141. 33 
	-176 .73 
	-35 .40 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-2 62 .28 
	-298 .12 
	-35 . 84 
	CuFeS2 


	CO2 (g) 
	CO2 (g) 
	CO2 (g) 
	-2.66 
	-4.05 
	-1. 39 
	CO2 

	Cotunnite 
	Cotunnite 
	-11. 74 
	-1 6 . 60 
	-4. 86 
	PbC12 

	Covellite 
	Covellite 
	-123 .10 
	-145. 75 
	-22 . 65 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3 .47 
	5.42 
	8.88 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-10.46 
	-0.94 
	9 .52 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-42 .38 
	-44.26 
	-1. 88 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.78 
	-1 5 .41 
	-9 . 63 
	CuCO3 

	CuF 
	CuF 
	-32.08 
	-24. 80 
	7.28 
	CuF 

	CuF2 
	CuF2 
	-18 . 22 
	-18.63 
	-0 .41 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-14.14 
	-18 . 63 
	-4.49 
	CuF2 : 2H20 

	CuMetal 
	CuMetal 
	-24.64 
	-33.67 
	-9.03 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-1 9.96 
	-7. 86 
	12.10 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	11. 95 
	18.45 
	6 .50 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-2 3 .91 
	-25.56 
	-1. 65 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	2 .59 
	-6. 26 
	-8.86 
	CuFeO2 

	CuSO4 
	CuSO4 
	-16.57 
	-13.28 
	3 . 30 
	CuSO4 

	Djurleite 
	Djurleite 
	-140.00 
	-174. 69 
	-34.68 
	Cu0.066Cul. 868S 

	Dolomite 
	Dolomite 
	-0.88 
	-17. 82 
	-1 6 . 94 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-1.45 
	-17. 82 
	-1 6 . 36 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4.71 
	-6 . 89 
	-2.18 
	MgSO4:7H20 

	Fe (OH) 2 . 7Cl. 3 
	Fe (OH) 2 . 7Cl. 3 
	6.40 
	3.36 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 63 
	6 .52 
	4.89 
	Fe(OH) 3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8 . 39 
	11. 83 
	20.22 
	Fe3(0H)8 

	FeS(ppt) 
	FeS(ppt) 
	-14 8 .45 
	-152.37 
	-3 . 92 
	FeS 

	Fluorite 
	Fluorite 
	-1.32 
	-12 . 00 
	-10. 68 
	CaF2 

	Galena 
	Galena 
	-1 33 .64 
	-146.72 
	-1 3 .0 9 
	PbS 

	Goethite 
	Goethite 
	7.29 
	6.52 
	-0 .77 
	FeOOH 

	Greigite 
	Greigite 
	-547 .80 
	-592. 84 
	-4 5 .03 
	Fe3S4 

	Gummite 
	Gummite 
	-9 .79 
	0.98 
	10.77 
	UO3 

	Gypsum 
	Gypsum 
	-2.06 
	-6 . 65 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.78 
	-44. 91 
	-3.12 
	H2 

	H20 (g) 
	H20 (g) 
	-1. 68 
	-0.00 
	1. 68 
	H20 

	H2S(g) 
	H2S(g) 
	-14 3.21 
	-144.14 
	-0.92 
	H2S 

	Halite 
	Halite 
	-7. 35 
	-5.78 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	3 . 99 
	66.62 
	62.63 
	Mn3O4 

	Hematite 
	Hematite 
	16.55 
	13. 03 
	-3 . 52 
	Fe2O3 

	Huntite 
	Huntite 
	-6.32 
	-35. 88 
	-29 .56 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.87 
	-28. 33 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-1 6 .39 
	-24. 32 
	-7.93 
	Mg5(CO3)4(OH ) 2:4H2O 


	Jarosite(ss) -5 .11 -14.94 -9.83 (K0.77Na0.03H0.2)Fe3 (SO4)2 (OH) 6 
	Jarosite-K -5.55 -14. 27 -8 . 71 KFe3(SO4)2(OH)6 
	Jarosite-Na -8 . 39 -1 3.09 -4. 70 NaFe3(SO4)2(OH)6 
	JarositeH -13. 32 -17 .83 -4.51 (H3O)Fe3(S04)2(OH)6 
	Langite -14.4 5 2 . 97 17.42 Cu4(OH) 6S04: H2O 
	Larnakite -9.63 -9. 81 -0 .18 PbO:PbS04 
	Laurionite -6.70 -6 . 08 0 . 62 PbOHCl 
	Litharge -8 .54 4.44 12.98 PbO 
	Mackinawite -147.72 -152. 37 -4. 65 FeS 
	Maghemite 6 .65 13. 03 6.39 Fe2O3 
	Magnesite -1.10 -9.03 -7. 93 MgCO3 
	Magnetite 7.29 11. 83 4.54 Fe3O4 
	Malachite -5 . 07 0 . 39 5.46 Cu2(OH)2CO3 
	Manganite 3 . 83 29. 17 25.34 MnOOH 
	Massicot -8 .73 4.44 13 .18 PbO 
	Matlockite -8.54 -18.10 -9 .56 PbClF 
	Melanothallite -19.55 -1 5 . 63 3.93 CuC12 
	Melanterite -17.60 -1 9.89 -2. 29 FeSO4: 7H2O 
	Minium 
	Minium 
	Minium 
	-20.21 
	55 .11 
	75.33 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-7.80 
	-9.21 
	-1.42 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-44.49 
	-49.58 
	-5.09 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-15.20 
	-12.77 
	2.43 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-146.78 
	-142.89 
	3.89 
	MnS 

	MnSO4 
	MnSO4 
	-13. 33 
	-10.41 
	2.92 
	MnSO4 

	N2 (g) 
	N2 (g) 
	-17.18 
	-20.42 
	-3.24 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-26.27 
	-42.56 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-5.09 
	-5.70 
	-0.61 
	NaHCO3 

	Nantokite 
	Nantokite 
	-16.38 
	-23.30 
	-6.92 
	CuCl 

	Natron 
	Natron 
	-9.79 
	-11. 35 
	-1. 56 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-3.50 
	-9.03 
	-5.53 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-68.20 
	-66.30 
	1. 90 
	NH3 

	Nsutite 
	Nsutite 
	7.50 
	50.06 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1.82 
	-4.66 
	-2.84 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-13.73 
	-6.03 
	7.70 
	Pb(BO2)2 

	Pb(OH)2 
	Pb(OH)2 
	-3.93 
	4.44 
	8.37 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.43 
	-1.64 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.31 
	8.89 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.37 
	50.67 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11. 63 
	-11. 94 
	-0.32 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.94 
	-7.50 
	11. 44 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-16.09 
	-5.36 
	10.73 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-22.02 
	-0.92 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-23.58 
	-0.92 
	22.66 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-12.17 
	-19.60 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.60 
	-37.34 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.54 
	4.44 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-13.18 
	-32.99 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.20 
	46.23 
	50.43 
	PbO2 

	Portlandite 
	Portlandite 
	-11. 25 
	12.05 
	23.29 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-243.09 
	-261.75 
	-18.66 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.92 
	8.28 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	7.64 
	50.06 
	42.42 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1. 45 
	-12.55 
	-11.11 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.16 
	-12.55 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.42 
	-19.85 
	-14.43 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.62 
	0.98 
	5.60 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-11.18 
	-22.03 
	-10.85 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11.58 
	-22.03 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.79 
	-14.35 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-1.87 
	-11.14 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107.34 
	-122.50 
	-15.15 
	s 

	Tenorite 
	Tenorite 
	-2.45 
	5.42 
	7.86 
	CuO 

	Thenardite 
	Thenardite 
	-9.04 
	-9.21 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 52 
	-11. 35 
	0.17 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.55 
	-17.05 
	-0.51 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-46.71 
	-49.91 
	-3.20 
	U(OH)2SO4 

	U3O8 (c) 
	U3O8 (c) 
	-32.46 
	-10.08 
	22.38 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-81.31 
	-83.08 
	-1.77 
	U4O9 

	UF4 (c) 
	UF4 (c) 
	-61.00 
	-79.30 
	-18.31 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-51.74 
	-79.30 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-31. 32 
	-31.22 
	0.10 
	UO2 

	UO3 (gamma) 
	UO3 (gamma) 
	-7.05 
	0.98 
	8.03 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-26.71 
	-31.22 
	-4.50 
	UO2 

	Witherite 
	Witherite 
	-3.52 
	-12.10 
	-8.58 
	BaCO3 


	20: 80 Mix of Binney Injection Water: Denver Formation Water 
	Phase SI** log IAP log K(290 K, 1 atm) 
	Acanthite Ag2CO3 Ag2O Ag2SO4 AgF:4H2O AgMetal Anglesite Anhydrite Aragonite Artinite B-UO2(OH)2 BaF2 Barite Birnessite Bixbyite Brucite Calcite Celestite Cerargyrite Cerussite CH4(g) CO2 (g) Cotunnite 
	Dolomite Dolomite(d) Epsomite Fe (OH) 2. 7Cl. 3 Fe(OH)3(a) Fe3(OH)8 
	FeS(ppt) 
	Fluorite Galena Goethite 
	-115. 84 -12.07 -15.78 -15.90 -13.36 -8.37 -5.59 -2.72 -1.19 -9.75 -5.25 -9.06 0.14 5.68 5.19 -7.00 -1.04 -2.61 -2.00 -2.61 -142.12 -2.14 -11. 73 -2.53 -3 .11 -5.36 6.49 1. 72 -8.04 -147.02 -1. 26 -132.26 7.34 
	-152.89 -23.32 -3.00 -20.90 -12.89 -22.35 -13. 42 -7.06 -9.48 0.38 0.55 -14.84 -9.95 49.28 4.87 10.35 -9.48 -9.23 
	-12.05 -15.83 -144.91 
	-3.51 -16.61 -19.44 -19.44 -7.55 3.45 6.61 12.18 -150.93 -11. 95 -145.41 6.61 
	-37.05 -11.25 12.78 -5.00 0.47 -13.98 -7.83 -4.34 -8.29 10.14 5.80 -5.78 -10.10 43.60 -0.33 17.35 -8.44 -6.62 -10.04 -13.22 -2.80 -1. 38 -4.88 -16.91 -16.33 -2.19 -3.04 4.89 20.22 -3.92 
	-10.69 -13.14 -0.73 
	Ag2S Ag2CO3 Ag2O Ag2SO4 AgF: 4H2O Ag PbSO4 CaSO4 CaCO3 MgCO3:Mg(OH)2:3H2O UO2(OH)2 BaF2 BaSO4 MnO2 Mn2O3 Mg(OH)2 CaCO3 SrSO4 AgCl PbCO3 CH4 CO2 PbC12 CaMg(CO3)2 CaMg(CO3)2 MgSO4:7H2O Fe(OH)2.7Cl0.3 Fe(OH)3 Fe3(OH)8 FeS CaF2 PbS FeOOH 
	Greigite 
	Greigite 
	Greigite 
	-542.35 
	-587.38 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-10.29 
	0.55 
	10.83 
	UO3 

	Gypsum 
	Gypsum 
	-2.48 
	-7.06 
	-4.58 
	CaSO4:2H2O 

	H2(g) 
	H2(g) 
	-41.70 
	-44.82 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1.71 
	-0.00 
	1.71 
	H2O 

	H2S(g) 
	H2S(g) 
	-141.93 
	-142.84 
	-0.91 
	H2S 

	Halite 
	Halite 
	-7.69 
	-6.13 
	1.56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1.51 
	64.43 
	62.92 
	Mn3O4 

	Hematite 
	Hematite 
	16.65 
	13.22 
	-3.43 
	Fe2O3 

	Huntite 
	Huntite 
	-9.88 
	-39.37 
	-29.48 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.72 
	-27.18 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-21.73 
	-29.51 
	-7.78 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -3.69 -13.52 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 Jarosite-K -4.34 -12.97 -8.62 KFe3(SO4)2(OH)6 Jarosite-Na -6.95 -11.55 -4.60 NaFe3(SO4)2(OH)6 JarositeH -11.61 -15.97 -4.36 (H3O)Fe3(SO4)2(OH)6 Larnakite -8.78 -8.94 -0.16 PbO:PbSO4 Laurionite -6.69 -6.06 0.62 PbOHCl Litharge -8.55 4.48 13.03 PbO Mackinawite -146.28 -150.93 -4.65 FeS 
	Maghemite 
	Maghemite 
	Maghemite 
	6 . 84 
	13.22 
	6.39 
	Fe203 

	Magnesite 
	Magnesite 
	-2.05 
	-9 . 96 
	-7. 91 
	MgCO3 

	Magnetite 
	Magnetite 
	7.50 
	12.18 
	4.68 
	Fe3O4 

	Manganite 
	Manganite 
	3 .09 
	28.43 
	25 . 34 
	MnOOH 

	Massicot 
	Massicot 
	-8 .74 
	4.48 
	13.22 
	PbO 

	Matlockite 
	Matlockite 
	-7.88 
	-17.45 
	-9 .58 
	PbClF 

	Melanterite 
	Melanterite 
	-1 6 .64 
	-18.94 
	-2.30 
	FeSO4:7H2O 

	Minium 
	Minium 
	-20.47 
	55.15 
	75.62 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-7. 59 
	-9.06 
	-1. 47 
	Na2SO4:10H20 

	Mn2(S04)3 
	Mn2(S04)3 
	-43 . 85 
	-48.83 
	-4. 98 
	Mn2 (SO4) 3 

	MnC12:4H20 
	MnC12:4H20 
	-15 . 90 
	-1 3 .51 
	2 . 38 
	MnC12: 4H20 

	MnS(Green) 
	MnS(Green) 
	-14 6 .22 
	-142 .32 
	3.91 
	MnS 

	MnSO4 
	MnSO4 
	-13. 28 
	-10. 32 
	2. 96 
	MnSO4 

	N2 (g) 
	N2 (g) 
	-1 6 .06 
	-19. 30 
	-3 . 23 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-2 6 .42 
	-42.71 
	-1 6 .29 
	Na4UO2(CO3) 3 

	Nahcolite 
	Nahcolite 
	-4.88 
	-5.49 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9 .87 
	-11. 48 
	-1. 61 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.45 
	-9. 96 
	-5.51 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-67 .4 9 
	-65 . 57 
	1.92 
	NH3 

	Nsutite 
	Nsutite 
	6. 72 
	49.28 
	42.56 
	MnO2 

	O2 (g) 
	O2 (g) 
	-2.37 
	-5.20 
	-2.83 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-13 . 70 
	-5 . 98 
	7. 72 
	Pb(B02)2 

	Pb(OH)2 
	Pb(OH)2 
	-3 . 93 
	4 .48 
	8.41 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-1 0 . 37 
	-1. 58 
	8 .7 9 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.24 
	8 . 96 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.37 
	50.67 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11.06 
	-11.35 
	-0.29 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-1 8 .38 
	-6.87 
	11. 52 
	PbCO3:2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-1 5 .24 
	-4.45 
	10.79 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21.07 
	0.03 
	21.10 
	Pb4 (OH) 6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-22.73 
	0.03 
	22.76 
	PbS04:3PbO 

	PbF2 
	PbF2 
	-10. 87 
	-1 8 . 30 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41. 49 
	-37 . 22 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.50 
	4.48 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-12.63 
	-32 .44 
	-1 9 . 81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.44 
	46.19 
	50.63 
	PbO2 

	Portlandite 
	Portlandite 
	-12.55 
	10.83 
	23 . 38 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-240.43 
	-259.12 
	-1 8.69 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.62 
	7.58 
	15. 20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	6 . 68 
	49.28 
	42.60 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1. 63 
	-1 2 .74 
	-11.1 0 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2 . 35 
	-12.74 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.34 
	-1 9 .7 6 
	-14 .42 
	U02CO3 

	Schoepite 
	Schoepite 
	-5 .08 
	0.55 
	5.63 
	UO2(0H)2:H20 

	Siderite 
	Siderite 
	-10. 51 
	-21. 35 
	-10. 84 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-1 0 .90 
	-21. 35 
	-1 0 .45 
	FeCO3 

	SrF2 
	SrF2 
	-5.56 
	-14.12 
	-8 .56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.38 
	-11. 65 
	-9 .27 
	SrCO3 

	Sulfur 
	Sulfur 
	-106.16 
	-121. 33 
	-1 5 .17 
	s 

	Thenardite 
	Thenardite 
	-8 .89 
	-9.06 
	-0 .17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 65 
	-11. 48 
	0.18 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16. 51 
	-1 6 . 97 
	-0 .4 6 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-4 6 .17 
	-49. 37 
	-3 . 20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-33.71 
	-11. 00 
	22 .71 
	U308 

	U4O9(c) 
	U4O9(c) 
	-82.69 
	-84.18 
	-1.48 
	U409 

	UF4 (c) 
	UF4 (c) 
	-58 .78 
	-77. 04 
	-18.25 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-4 9 .48 
	-7 7 .0 4 
	-27. 56 
	UF4:2.5H2O 


	OO2(a) 
	OO2(a) 
	OO2(a) 
	-31.57 
	-31.47 
	0.10 
	002 

	003 (gamma) 
	003 (gamma) 
	-7.53 
	0.55 
	8.08 
	003 

	Oraninite(c) 
	Oraninite(c) 
	-27.02 
	-31. 4 7 
	-4.45 
	002 

	Witherite 
	Witherite 
	-3.78 
	-12.37 
	-8.58 
	BaCO3 


	50: 50 Mix of Binney Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-116.22 
	-153.29 
	-37.08 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-11. 53 
	-22.78 
	-11.25 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-15.09 
	-2.31 
	12.78 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-15.37 
	-20.37 
	-5.00 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-13.22 
	-12.75 
	0.47 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-8 .13 
	-22.13 
	-14.00 
	Ag 

	Anglesite 
	Anglesite 
	-5.78 
	-13.61 
	-7.83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.49 
	-6.83 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0.94 
	-9.23 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-8.79 
	1. 37 
	10.15 
	MgCO3:Mg(OH)2:3H2O 

	B-OO2(OH)2 
	B-OO2(OH)2 
	-4.91 
	0.90 
	5.81 
	OO2(OH)2 

	BaF2 
	BaF2 
	-9.30 
	-15.07 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.16 
	-9.94 
	-10.10 
	BaSO4 

	Birnessite 
	Birnessite 
	6.02 
	49.62 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	5.59 
	5.27 
	-0.32 
	Mn2O3 

	Brucite 
	Brucite 
	-6.44 
	10.92 
	17.36 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.79 
	-9.23 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.47 
	-9.09 
	-6.62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1.45 
	-11. 50 
	-10.05 
	AgCl 

	Cerussite 
	Cerussite 
	-2.79 
	-16.02 
	-13.22 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-143.21 
	-146.00 
	-2.79 
	CH4 

	CO2 (g) 
	CO2 (g) 
	-2.29 
	-3.67 
	-1.37 
	CO2 

	Cotunnite 
	Cotunnite 
	-11. 36 
	-16.24 
	-4.88 
	PbC12 

	Dolomite 
	Dolomite 
	-1.87 
	-18.78 
	-16.91 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.46 
	-18.78 
	-16.33 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4.95 
	-7.15 
	-2.19 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.42 
	3.38 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 59 
	6.48 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.54 
	11. 68 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-148.35 
	-152.27 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 26 
	-11.96 
	-10.69 
	CaF2 

	Galena 
	Galena 
	-133.38 
	-146.53 
	-13.15 
	PbS 

	Goethite 
	Goethite 
	7.20 
	6.48 
	-0.72 
	FeOOH 

	Greigite 
	Greigite 
	-547.22 
	-592.26 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.95 
	0.90 
	10.85 
	003 

	Gypsum 
	Gypsum 
	-2.24 
	-6.83 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.94 
	-45.06 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 71 
	-0.00 
	1.71 
	H2O 

	H2S(g) 
	H2S(g) 
	-143.03 
	-143.94 
	-0.91 
	H2S 

	Halite 
	Halite 
	-7.40 
	-5.83 
	1.56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 99 
	64.96 
	62.97 
	Mn3O4 

	Hematite 
	Hematite 
	16.38 
	12.97 
	-3.41 
	Fe2O3 

	Huntite 
	Huntite 
	-8.41 
	-37.88 
	-29.47 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.12 
	-27.58 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-19.53 
	-27.28 
	-7.75 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -4.27 -14.10 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 Jarosite-K -4.90 -13.51 -8.61 KFe3(SO4)2(OH)6 
	Jarosite-Na 
	Jarosite-Na 
	Jarosite-Na 
	-7.59 
	-12.17 
	-4.58 
	NaFe3(SO4)2(OH)6 

	JarositeH 
	JarositeH 
	-12.36 
	-16.68 
	-4.33 
	(H3O)Fe3(SO4)2(OH)6 

	Larnakite 
	Larnakite 
	-9.00 
	-9.16 
	-0.16 
	PbO:PbSO4 

	Laurionite 
	Laurionite 
	-6.52 
	-5.89 
	0.62 
	PbOHCl 

	Litharge 
	Litharge 
	-8.58 
	4.45 
	13. 04 
	PbO 

	Mackinawite 
	Mackinawite 
	-147.62 
	-152.27 
	-4.65 
	FeS 

	Maghemite 
	Maghemite 
	6.58 
	12.97 
	6.39 
	Fe2O3 

	Magnesite 
	Magnesite 
	-1. 64 
	-9.55 
	-7.91 
	MgCO3 

	Magnetite 
	Magnetite 
	6.97 
	11. 68 
	4. 71 
	Fe3O4 

	Manganite 
	Manganite 
	3.30 
	28.64 
	25.34 
	MnOOH 

	Massicot 
	Massicot 
	-8. 78 
	4.45 
	13. 23 
	PbO 

	Matlockite 
	Matlockite 
	-7.91 
	-17.49 
	-9.58 
	PbClF 

	Melanterite 
	Melanterite 
	-17.04 
	-19.35 
	-2.31 
	FeSO4:7H2O 

	Minium 
	Minium 
	-20.37 
	55.31 
	75.67 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-7.56 
	-9.04 
	-1. 48 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-43.97 
	-48.92 
	-4. 96 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-15.40 
	-13.02 
	2.37 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-147.23 
	-143.31 
	3.91 
	MnS 

	MnSO4 
	MnSO4 
	-13. 36 
	-10.39 
	2.97 
	MnSO4 

	N2 (g) 
	N2 (g) 
	-16.63 
	-19.87 
	-3.23 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-26.17 
	-42.46 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-4.93 
	-5.55 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9.83 
	-11. 45 
	-1.61 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.04 
	-9.55 
	-5.51 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-68.13 
	-66.20 
	1. 93 
	NH3 

	Nsutite 
	Nsutite 
	7.05 
	49.62 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1. 96 
	-4.79 
	-2.83 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-13.65 
	-5.93 
	7.72 
	Pb(BO2)2 

	Pb(OH)2 
	Pb(OH)2 
	-3.97 
	4.45 
	8.42 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.23 
	-1.44 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.29 
	8.91 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.19 
	50.85 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11. 28 
	-11. 56 
	-0.28 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.64 
	-7.11 
	11. 53 
	PbCO3:2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-15.50 
	-4.70 
	10.80 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21.35 
	-0.25 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-23.03 
	-0.25 
	22.78 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11. 32 
	-18.74 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.75 
	-37.49 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.53 
	4.45 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-12.45 
	-32.26 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.27 
	46.40 
	50.67 
	PbO2 

	Portlandite 
	Portlandite 
	-12.16 
	11. 24 
	23.40 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-242.61 
	-261.31 
	-18.70 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.53 
	7.67 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	6.98 
	49.62 
	42.64 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.70 
	-12.80 
	-11.10 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.41 
	-12.80 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.15 
	-19.57 
	-14.42 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.74 
	0.90 
	5.64 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-10.91 
	-21. 75 
	-10.84 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11.30 
	-21. 75 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.66 
	-14.23 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.23 
	-11. 50 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107.01 
	-122.19 
	-15.18 
	s 

	Thenardite 
	Thenardite 
	-8.87 
	-9.04 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11.62 
	-11. 44 
	0.18 
	Na2CO3:H2O 


	Trana 
	Trana 
	Trana 
	-1 6 .55 
	-1 7.00 
	-0 .45 
	NaHCO3:Na2CO3:2H20 

	U(OH ) 2SO4 
	U(OH ) 2SO4 
	-4 6 .21 
	-4 9.41 
	-3 . 20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-32 .90 
	-10 . 13 
	22 . 77 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-81.99 
	-8 3 .42 
	-1. 43 
	U4O9 

	UF4(c) 
	UF4(c) 
	-59.49 
	-77.74 
	-18.24 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-50 .18 
	-77.74 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-31.44 
	-31. 34 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-7.19 
	0.90 
	8 .09 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-26.90 
	-31.34 
	-4.44 
	UO2 

	Witherite 
	Witherite 
	-3 .76 
	-12. 35 
	-8. 59 
	BaC03 


	80: 20 Mix of Binney Injection Water: Denver Formation Water 
	Phase SI** log IAP l og K(290 K, 1 atm) 
	Acanthite -11 6 .50 -153. 61 -37 .11 Ag2S 
	Ag2CO3 -11.17 -22.43 -11. 26 Ag2CO3 
	Ag2O -14. 51 -1. 72 12.79 Ag2O 
	Ag2SO4 -1 5.16 -20.16 -5 .00 Ag2SO4 
	AgF: 4H20 -1 3 . 22 -12.75 0.47 AgF: 4H20 
	AgMetal -7. 89 -21 . 90 -14.01 Ag 
	Anglesite -6 . 30 -14 .13 -7 . 83 PbSO4 
	Anhydrite -2. 31 -6 . 65 -4. 34 CaSO4 
	Aragonite -0.63 -8 . 92 -8.29 CaCO3 
	Artinite -7. 77 2.40 10.17 MgCO3:Mg(OH)2:3H2O 
	B-UO2(OH)2 -4.80 1.02 5 .82 UO2(OH)2 
	BaF2 -9.58 -15. 36 -5.78 BaF2 
	Barite 0 .08 -10.03 -1 0 .10 BaSO4 
	Birnessite 6 . 21 49.81 43.60 MnO2 
	Bixbyite 5. 81 5.50 -0.31 Mn2O3 
	Brucite -5 . 82 11.55 17.38 Mg(OH)2 
	Calcite -0.48 -8 . 92 -8.44 CaCO3 
	Celestite -2.38 -9 .00 -6.62 SrSO4 
	Cerargyrite -1. 20 -11. 26 -1 0 . 06 AgCl 
	Cerussite -3 .17 -1 6 . 39 -13. 23 PbCO3 
	CH4(g) -143.97 -146.77 -2 .79 CH4 
	CO2(g) -2.53 -3.90 -1. 37 CO2 
	Cotunnite -11 .60 -16.48 -4. 88 PbC12 
	Dolomite -1.17 -18 . 07 -1 6.90 CaMg(CO3)2 
	Dolomite(d) -1.75 -1 8 . 07 -1 6 . 32 CaMg(CO3)2 
	Epsomite -4. 69 -6 . 89 -2.20 MgSO4:7H2O 
	Fe (OH) 2. 7Cl. 3 6.09 3.05 -3 .04 Fe(OH)2.7Cl0.3 
	Fe (OH)3(a) 1. 28 6.17 4.89 Fe (OH)3 
	Fe3(OH)8 -9.55 10.68 20 . 22 Fe3(OH) 8 
	FeS(ppt) -149.64 -153. 55 -3.92 FeS 
	Fluorite -1. 29 -11. 99 -1 0 .70 CaF2 
	Galena -1 34 .41 -147.58 -13.17 PbS 
	Goethite 6 .88 6.17 -0.71 FeOOH 
	Greigite -551 .85 -596. 89 -45.03 Fe3S4 
	Gummite -9 .84 1. 02 10.86 UO3 
	Gypsum -2.07 -6 . 65 -4. 58 CaSO4:2H2O 
	H2 (g) -42.08 -45. 20 -3 .12 H2 
	H20(g) -1. 72 -0.00 1. 72 H2O 
	H2S (g) -143.93 -144. 84 -0. 91 H2S 
	Halite -7.28 -5.72 1. 56 NaCl 
	Hausmannite 2.24 65.27 63.03 Mn3O4 
	Hausmannite 2.24 65.27 63.03 Mn3O4 
	Jarosite(ss) -5.77 -15.60 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 

	Hematite 
	Hematite 
	Hematite 
	15.73 
	12.34 
	-3.40 
	Fe2O3 

	Huntite 
	Huntite 
	-6.93 
	-36.39 
	-29.46 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-11.01 
	-28.47 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-17.34 
	-25.07 
	-7.73 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite-K -6.36 -14.95 -8.59 KFe3(SO4)2(OH)6 
	Jarosite-Na -9.14 -13.70 -4.56 NaFe3(SO4)2(OH)6 
	JarositeH -14.09 -18.38 -4.30 (H3O)Fe3(SO4)2(OH)6 
	Larnakite -9.66 -9.81 -0.15 PbO:PbSO4 
	Laurionite -6.71 -6.08 0.62 PbOHCl 
	Litharge -8.73 4.32 13.05 PbO 
	Mackinawite -148.90 -153.55 -4.65 FeS 
	Maghemite 5.95 12.34 6.39 Fe2O3 
	Magnesite -1.25 -9.16 -7.91 MgCO3 
	Magnetite 5.94 10.68 4.74 Fe3O4 
	Manganite 3.43 28.77 25.34 MnOOH 
	Massicot -8.93 4.32 13.24 PbO 
	Matlockite -8.39 -17.97 -9.59 PbClF 
	Melanterite -17.80 -20.11 -2.31 FeSO4:7H2O 
	Minium -20.70 55.03 75.73 Pb3O4 
	Mirabilite -7.60 -9.09 -1.49 Na2SO4:10H2O 
	Mn2(SO4)3 -44.90 -49.83 -4.94 Mn2(SO4)3 
	MnC12:4H2O -15.43 -13.07 2.37 MnC12:4H2O 
	MnS(Green) -148.08 -144.16 3.91 MnS 
	MnSO4 -13.69 -10.72 2.98 MnSO4 
	N2(g) -17.25 -20.48 -3.23 N2 
	Na4UO2(CO3)3 -26.11 -42.40 -16.29 Na4UO2(CO3)3 
	Nahcolite -5.01 -5.63 -0.62 NaHCO3 
	Natron 
	Natron 
	Natron 
	-9.73 

	Nesquehonite 
	Nesquehonite 
	-3.65 

	NH3 (g) 
	NH3 (g) 
	-68.64 

	Nsutite 
	Nsutite 
	7.25 

	02 (g) 
	02 (g) 
	-1.76 

	Pb(BO2)2 
	Pb(BO2)2 
	-13.73 

	Pb(OH)2 
	Pb(OH)2 
	-4 .11 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.56 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.57 

	Pb2O3 
	Pb2O3 
	-10.32 

	Pb2OCO3 
	Pb2OCO3 
	-11.81 

	Pb3O2CO3 
	Pb3O2CO3 
	-19.31 

	Pb3O2SO4 
	Pb3O2SO4 
	-16.31 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-22.28 

	Pb4O3SO4 
	Pb4O3SO4 
	-23.98 

	PbF2 
	PbF2 
	-12.04 

	PbMetal 
	PbMetal 
	-42.03 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.66 

	Phosgenite 
	Phosgenite 
	-13.06 

	Plattnerite 
	Plattnerite 
	-4.30 

	Portlandite 
	Portlandite 
	-11.62 

	Pyrite 
	Pyrite 
	-244.66 

	Pyrochroite 
	Pyrochroite 
	-7.47 

	Pyrolusite 
	Pyrolusite 
	7.14 

	Rhodochrosite 
	Rhodochrosite 
	-1.88 

	-66. 71 49.81 -4.59 -6.00 
	-66. 71 49.81 -4.59 -6.00 


	Rhodochrosite(d) -2.59 Rutherfordine -5.27 Schoepite -4.62 Siderite -11.53 
	-11.36 -9.16 
	4.32 -1.77 8.63 
	50.72 -12.08 -7.76 -5.50 -1.18 -1.18 -19.47 -37.77 4.32 -32.87 46.40 11. 79 -263.36 7.73 49.81 -12.98 
	-12.98 
	-19.69 1.02 -22.37 
	-1.62 
	-5.51 1. 93 42.56 -2.83 7.73 8.43 8.79 26.20 61.04 -0.27 11. 54 10.81 21.10 22.80 -7.43 4.26 12.98 -19.81 50.70 23.42 -18.70 15.20 42.67 
	-11.10 -10.39 
	-14.42 5.64 
	-10.84 
	Na2CO3:10H2O MgCO3:3H2O NH3 MnO2 02 Pb(BO2)2 Pb(OH)2 Pb2(OH)3Cl PbO:Pb(OH)2 Pb2O3 PbO:PbCO3 PbCO3: 2PbO PbSO4:2PbO Pb4(OH)6SO4 PbSO4:3PbO PbF2 Pb PbO:0.33H2O PbC12:PbCO3 PbO2 Ca(OH)2 FeS2 Mn(OH)2 MnO2 MnCO3 
	MnCO3 UO2CO3 UO2(OH)2:H2O FeCO3 
	MnCO3 UO2CO3 UO2(OH)2:H2O FeCO3 
	Siderite (d) (3) SrF2 Strontianite Sulfur Thenardite Thermonatrite Trona O(OH)2SO4 O3O8(c) O4O9(c) OF4(c) OF4:2.5H2O OO2(a) OO3(gamma) Oraninite(c) Witherite 

	-11. 92 -5.77 -1.99 -107.78 -8.92 -11. 54 -16.55 -46.59 -32.69 -81.91 -60.67 -51.35 -31.44 -7.08 -26.91 -3.70 
	-22.37 -14.34 -11.27 -122. 96 -9.09 -11. 36 -16.98 -49.79 -9.86 -83.29 -78.91 -78.91 -31.34 1.02 -31.34 -12.29 
	-10.45 -8.56 -9.27 -15.18 -0.17 0.18 -0.44 -3.20 22.83 -1. 37 -18.23 -27.56 0.10 8.10 -4.43 -8.59 
	FeCO3 SrF2 SrCO3 
	s 
	Na2SO4 Na2CO3:H2O NaHCO3:Na2CO3:2H2O O(OH)2SO4 0308 0409 OF4 OF4:2.5H2O 002 003 002 BaCO3 
	20: 80 Mix of Griswold Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	log K(296 K, 1 atm) 

	Acanthite 
	Acanthite 
	-102.48 
	-138.71 
	-36.23 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-12.69 
	-23.79 
	-11.10 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-15.86 
	-3.25 
	12.62 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-16.71 
	-21.64 
	-4.93 
	Ag2SO4 

	AgF:4H2O 
	AgF:4H2O 
	-13.78 
	-13.25 
	0.54 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-6.90 
	-20.50 
	-13.59 
	Ag 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-1.77 
	9.12 
	10.89 
	Al(OH)3 

	AlumK 
	AlumK 
	-19.22 
	-24.42 
	-5.19 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-4.95 
	-6.18 
	-1.23 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-5.86 
	-13.66 
	-7.80 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.69 
	-7.05 
	-4.36 
	CaSO4 

	Anilite 
	Anilite 
	-117.38 
	-149.40 
	-32.02 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-9.04 
	-0.75 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.87 
	-9.19 
	-8.33 
	CaCO3 

	Artinite 
	Artinite 
	-8.82 
	0.88 
	9.70 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-6.62 
	0.79 
	7.40 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-6.61 
	-2.75 
	3.85 
	Cu3(OH)2(CO3)2 

	B-OO2(OH)2 
	B-OO2(OH)2 
	-4.81 
	0.78 
	5.59 
	OO2(OH)2 

	BaF2 
	BaF2 
	-8.99 
	-14.75 
	-5.76 
	BaF2 

	Barite 
	Barite 
	0.10 
	-9.90 
	-9.99 
	BaSO4 

	Basaluminite 
	Basaluminite 
	-4.61 
	18.09 
	22.70 
	Al4(OH)10SO4 

	Birnessite 
	Birnessite 
	2.44 
	46.04 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	3. 71 
	3.15 
	-0.56 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-108.06 
	-132.22 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-112. 87 
	-140.15 
	-27.28 
	Cu0.6Cu0.8S 

	Boehmite 
	Boehmite 
	0.44 
	9.12 
	8.68 
	AlOOH 

	Brochantite 
	Brochantite 
	-10.21 
	5.13 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-6.22 
	10.71 
	16.93 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0. 72 
	-9.19 
	-8.47 
	CaCO3 

	Celestite 
	Celestite 
	-2.67 
	-9.30 
	-6.63 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-2.80 
	-12.60 
	-9.80 
	AgCl 

	Cerussite 
	Cerussite 
	-2.66 
	-15.80 
	-13.15 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-127.38 
	-130.23 
	-2.85 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-9.87 
	-12.51 
	-2.64 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-121.22 
	-156.01 
	-34.78 
	Cu2S 


	Chalcopyrite 
	Chalcopyrite 
	Chalcopyrite 
	-228.71 
	-264.09 
	-35.39 
	CuFeS2 

	CO2(g) 
	CO2(g) 
	-2. 39 
	-3.84 
	-1. 45 
	CO2 

	Cotunnite 
	Cotunnite 
	-12.43 
	-17. 22 
	-4.79 
	PbC12 

	Covellite 
	Covellite 
	-107.23 
	-129.58 
	-22 . 35 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-2.81 
	5.88 
	8.69 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-9 .94 
	-0.64 
	9.30 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-37.01 
	-38.94 
	-1. 93 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5 .03 
	-14. 66 
	-9 . 63 
	CuCO3 

	CuF 
	CuF 
	-29 .02 
	-21.90 
	7.12 
	CuF 

	CuF2 
	CuF2 
	-1 6 .79 
	-17.36 
	-0.58 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-12.83 
	-17.36 
	-4 .54 
	CuF2:2H20 

	CuMetal 
	CuMetal 
	-20.33 
	-2 9.15 
	-8.82 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-1 8 .28 
	-6.63 
	11. 65 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	13 . 39 
	19 .4 0 
	6 .01 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-1 8 .98 
	-20.55 
	-1. 57 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	5 .39 
	-3.52 
	-8.91 
	CuFeO2 

	CuSO4 
	CuSO4 
	-15.58 
	-12.51 
	3.07 
	CuSO4 

	Diaspore 
	Diaspore 
	2 .1 6 
	9.12 
	6 . 96 
	AlOOH 

	Djurleite 
	Djurleite 
	-1 20.18 
	-1 54.26 
	-34.08 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1. 97 
	-1 9.03 
	-17.0 6 
	CaMg(C03)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.52 
	-1 9.03 
	-16.50 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5 .53 
	-7. 68 
	-2 .15 
	MgS04:7H2O 

	Fe (OH) 2 . 7Cl. 3 
	Fe (OH) 2 . 7Cl. 3 
	6 .51 
	3.47 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 87 
	6 .7 6 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-5.76 
	14.46 
	20 .22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-130.60 
	-134. 52 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 28 
	-11. 90 
	-10.62 
	CaF2 

	Galena 
	Galena 
	-117.88 
	-130. 72 
	-12.85 
	PbS 

	Gibbsite 
	Gibbsite 
	0.93 
	9 .12 
	8 .1 9 
	Al(OH)3 

	Goethite 
	Goethite 
	7 .71 
	6.76 
	-0. 95 
	FeOOH 

	Greigite 
	Greigite 
	-482 . 34 
	-527 . 37 
	-4 5 .03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.70 
	0.78 
	10.48 
	UO3 

	Gypsum 
	Gypsum 
	-2 .47 
	-7.05 
	-4. 58 
	CaSO4:2H20 

	H2 (g) 
	H2 (g) 
	-37 .7 4 
	-40. 89 
	-3.14 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 55 
	-0. 00 
	1. 55 
	H2O 

	H2S(g) 
	H2S(g) 
	-127.52 
	-128. 50 
	-0. 98 
	H2S 

	Halite 
	Halite 
	-8.13 
	-6. 55 
	1. 58 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 27 
	62.64 
	61. 37 
	Mn3O4 

	Hematite 
	Hematite 
	17.42 
	13.52 
	-3.90 
	Fe2O3 

	Huntite 
	Huntite 
	-8 . 81 
	-38 . 69 
	-29 . 88 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.41 
	-26.87 
	-17.4 6 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-20.03 
	-28.62 
	-8.59 
	Mg5(C03)4(OH)2:4H2O 


	Jarosite(ss) -4.04 -13. 87 -9. 83 (K0.77Na0.03H0.2)Fe3(S04)2(0H)6 
	Jarosite-K -4.15 -1 3 . 26 -9.10 KFe3(SO4)2(OH)6 
	Jarosite-Na -6. 93 -12 .08 -5.16 NaFe3(SO4)2(OH)6 
	JarositeH -11 . 30 -16. 51 -5.20 (H3O)Fe3( SO4)2 (OH)6 
	Jurbanite -6 .04 -9.27 -3 .23 AlOHSO4 
	Langite -11.79 5.13 16 .92 Cu4(OH)6SO4:H2O 
	Larnakite -8 .66 -8.92 -0.26 PbO:PbSO4 
	Laurionite -6 .86 -6. 24 0.62 PbOHCl 
	Litharge -8 .04 4.73 12.78 PbO 
	Mackinawite -129.87 -134. 52 -4. 65 FeS 
	Maghemite 7 .13 13.52 6.39 Fe2O3 
	Magnesite -1. 82 -9.83 -8.01 MgC03 
	Magnetite 10.55 14.46 3 .91 Fe304 
	Malachi te -3 . 65 1. 56 5 . 22 Cu2(OH)2CO3 
	Manganite 1. 83 27.17 25.34 MnOOH 
	Massicot 
	Massicot 
	Massicot 
	-8.23 
	4.73 
	12.97 
	PbO 

	Matlockite 
	Matlockite 
	-8.41 
	-17.86 
	-9.46 
	PbClF 

	Melanothallite 
	Melanothallite 
	-19.84 
	-16.07 
	3.77 
	CuC12 

	Melanterite 
	Melanterite 
	-15.23 
	-17.45 
	-2.23 
	FeSO4:7H2O 

	Minium 
	Minium 
	-22.09 
	51.95 
	74.04 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-8.37 
	-9.55 
	-1.18 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-46.45 
	-52.03 
	-5.58 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-16.30 
	-13.65 
	2.65 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-130. 98 
	-127.16 
	3.82 
	MnS 

	MnSO4 
	MnSO4 
	-12.81 
	-10.09 
	2. 72 
	MnSO4 

	N2 (g) 
	N2 (g) 
	-2.14 
	-5.40 
	-3.26 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-26.85 
	-43.14 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-5.21 
	-5.78 
	-0.56 
	NaHCO3 

	Nantokite 
	Nantokite 
	-14.46 
	-21.25 
	-6.79 
	CuCl 

	Natron 
	Natron 
	-10.33 
	-11. 69 
	-1.36 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.23 
	-9.83 
	-5.60 
	MgCO3:3H2O 

	NH3(g) 
	NH3(g) 
	-54.76 
	-52. 96 
	1. 80 
	NH3 

	Nsutite 
	Nsutite 
	3.48 
	46.04 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-8.17 
	-11. 05 
	-2.88 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3.46 
	4.73 
	8.20 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.30 
	-1.51 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-16.73 
	9.47 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-13.83 
	47.21 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10.61 
	-11. 07 
	-0.46 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-17.44 
	-6.34 
	11.11 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-14.66 
	-4.19 
	10.47 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-20.55 
	0.55 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-21.67 
	0.55 
	22.22 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11. 07 
	-18.51 
	-7.44 
	PbF2 

	PbMetal 
	PbMetal 
	-37.28 
	-33.01 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.25 
	4.73 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-13.21 
	-33.02 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-7.06 
	42.48 
	49.54 
	PbO2 

	Portlandite 
	Portlandite 
	-11.56 
	11. 34 
	22.90 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-213.72 
	-232.23 
	-18.52 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.90 
	8.30 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	4.44 
	46.04 
	41.60 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.11 
	-12.24 
	-11.13 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-1.85 
	-12.24 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.31 
	-19.75 
	-14.45 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.66 
	0.78 
	5.44 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-8.72 
	-19.60 
	-10.88 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-9 .15 
	-19.60 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.61 
	-14.15 
	-8.54 
	SrF2 

	Strontianite 
	Strontianite 
	-2.18 
	-11. 45 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-95.62 
	-110.67 
	-15.05 
	s 

	Tenorite 
	Tenorite 
	-1.79 
	5.88 
	7.67 
	CuO 

	Thenardite 
	Thenardite 
	-9.37 
	-9.55 
	-0.18 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 83 
	-11. 69 
	0 .13 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.73 
	-17.47 
	-0.73 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-42.99 
	-46.19 
	-3.20 
	U(OH)2SO4 

	U3O8 (c) 
	U3O8 (c) 
	-28.84 
	-7.92 
	20.92 
	U3O8 

	U4O9 (c) 
	U4O9 (c) 
	-70.42 
	-73.47 
	-3.04 
	U4O9 

	UF4 (c) 
	UF4 (c) 
	-55.75 
	-74.29 
	-18.54 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-4 6. 72 
	-74.29 
	-27.57 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-27.90 
	-27.80 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-7.00 
	0.78 
	7.78 
	UO3 


	Uraninite(c) -23.07 -27.80 -4.74 UO2 Witherite -3.48 -12.04 -8.56 BaCO3 
	50: 50 Mix of Griswold Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(294 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-114.51 
	-151. 07 
	-36.56 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-12.10 
	-23.26 
	-11.16 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-15.25 
	-2.57 
	12.68 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-16.09 
	-21.05 
	-4. 96 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-13.57 
	-13.06 
	0.51 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-8.07 
	-21.82 
	-13.75 
	Ag 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-1. 39 
	9.67 
	11.05 
	Al(OH)3 

	AlumK 
	AlumK 
	-18. 72 
	-23. 96 
	-5.24 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-3.71 
	-4.63 
	-0.92 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-5.99 
	-13.80 
	-7.81 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.47 
	-6.81 
	-4.35 
	CaSO4 

	Anilite 
	Anilite 
	-132.89 
	-165.18 
	-32.30 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-9.52 
	-1.23 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.70 
	-9.02 
	-8.31 
	CaCO3 

	Artinite 
	Artinite 
	-8.31 
	1. 56 
	9.88 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-6.72 
	0.80 
	7.52 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-7.44 
	-3.39 
	4.05 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.45 
	1. 23 
	5.68 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.18 
	-14.95 
	-5.77 
	BaF2 

	Barite 
	Barite 
	0.14 
	-9.89 
	-10.03 
	BaSO4 

	Basaluminite 
	Basaluminite 
	-2.50 
	20.20 
	22.70 
	Al4(OH)l0SO4 

	Birnessite 
	Birnessite 
	5.78 
	49.38 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6.64 
	6.17 
	-0.46 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-121. 57 
	-145.74 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-127.43 
	-154. 71 
	-27.28 
	Cu0.6Cu0.8S 

	Boehmite 
	Boehmite 
	0.81 
	9.67 
	8.85 
	AlOOH 

	Brochantite 
	Brochantite 
	-10.83 
	4.51 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-5.98 
	11.12 
	17.10 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.56 
	-9.02 
	-8.46 
	CaCO3 

	Celestite 
	Celestite 
	-2.54 
	-9.17 
	-6.62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-2.08 
	-11. 98 
	-9.90 
	AgCl 

	Cerussite 
	Cerussite 
	-2.83 
	-16.00 
	-13 .18 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-140.49 
	-143.32 
	-2.83 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10.08 
	-12.73 
	-2.65 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-137.57 
	-172.66 
	-35.09 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-256.33 
	-291.94 
	-35.61 
	CuFeS2 

	CO2 (g) 
	CO2 (g) 
	-2.52 
	-3.94 
	-1.42 
	CO2 

	Cotunnite 
	Cotunnite 
	-11.89 
	-16.71 
	-4.82 
	PbC12 

	Covellite 
	Covellite 
	-120.24 
	-142.75 
	-22.50 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3.04 
	5.75 
	8.79 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-9.95 
	-0.54 
	9.41 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-40.74 
	-42.65 
	-1.91 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.30 
	-14.93 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-31.05 
	-23.85 
	7.20 
	CuF 

	CuF2 
	CuF2 
	-17.30 
	-17.79 
	-0.49 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-13.28 
	-17.79 
	-4.52 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-23.70 
	-32.62 
	-8.92 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-18.85 
	-6.98 
	11. 87 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	12.95 
	19.20 
	6.25 
	CuFe2O4 


	Cuprite 
	Cuprite 
	Cuprite 
	-22.56 
	-24.17 
	-1.61 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	3.53 
	-5.36 
	-8.88 
	CuFeO2 

	CuSO4 
	CuSO4 
	-15.91 
	-12.73 
	3.18 
	CuSO4 

	Diaspore 
	Diaspore 
	2.55 
	9.67 
	7.12 
	AlOOH 

	Djurleite 
	Djurleite 
	-136. 31 
	-170.69 
	-34.38 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1.58 
	-18.58 
	-17.00 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.14 
	-18.58 
	-16.43 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.19 
	-7.36 
	-2.17 
	MgSO4: 7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.56 
	3.52 
	-3.04 
	Fe(OH)2.7C10.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 83 
	6.73 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-7.47 
	12.75 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-145.28 
	-149.19 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1.23 
	-11. 88 
	-10.65 
	CaF2 

	Galena 
	Galena 
	-130. 85 
	-143.81 
	-12.97 
	PbS 

	Gibbsite 
	Gibbsite 
	1. 34 
	9.67 
	8.33 
	Al(OH)3 

	Goethite 
	Goethite 
	7.59 
	6.73 
	-0.86 
	FeOOH 

	Greigite 
	Greigite 
	-536.19 
	-581.22 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.40 
	1. 23 
	10.62 
	UO3 

	Gypsum 
	Gypsum 
	-2.23 
	-6.81 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.07 
	-44.21 
	-3.13 
	H2 

	H2O(g) 
	H2O(g) 
	-1.61 
	-0.00 
	1. 61 
	H2O 

	H2S(g) 
	H2S(g) 
	-140.55 
	-141.50 
	-0.95 
	H2S 

	Halite 
	Halite 
	-7.73 
	-6.16 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	4.00 
	65.99 
	62.00 
	Mn3O4 

	Hematite 
	Hematite 
	17.16 
	13. 45 
	-3.71 
	Fe2O3 

	Huntite 
	Huntite 
	-7.97 
	-37.69 
	-29.72 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.87 
	-27.33 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-18.85 
	-27 .11 
	-8.26 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -4.25 -14.08 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.54 -13.45 -8.91 KFe3(SO4)2(OH)6 
	Jarosite-Na -7.31 -12.24 -4.93 NaFe3(SO4)2(OH)6 
	JarositeH -11. 92 -16.78 -4.86 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite -5.58 -8.81 -3.23 AlOHSO4 
	Langite -12.66 4.51 17.17 Cu4(OH)6SO4:H2O 
	Larnakite -8.90 -9.12 -0.22 PbO:PbSO4 
	Laurionite -6.64 -6.02 0.62 PbOHCl 
	Litharge -8.20 4.68 12.88 PbO 
	Mackinawite -144.54 -149.19 -4.65 FeS 
	Maghemite 7.07 13.45 6.39 Fe2O3 
	Magnesite -1. 59 -9.56 -7.97 MgCO3 
	Magnetite 8.53 12.75 4.22 Fe3O4 
	Malachite -4.16 1.18 5.34 Cu2(OH)2CO3 
	Manganite 3.50 28.84 25.34 MnOOH 
	Massicot -8.39 4.68 13.07 PbO 
	Matlockite -8.28 -17.79 -9.51 PbClF 
	Melanothallite -19.49 -15.64 3.85 CuC12 
	Melanterite -16.92 -19.18 -2.26 FeSO4: 7H2O 
	Minium -19.56 55 .11 74.68 Pb3O4 
	Mirabilite -8 .11 -9.40 -1. 30 Na2SO4:10H2O 
	Mn2(SO4)3 -43.93 -49.27 -5.34 Mn2(SO4)3 
	MnC12:4H2O -15.63 -13.09 2.54 MnC12:4H2O 
	MnS(Green) -144.04 -140.19 3.86 MnS 
	MnSO4 -12.99 -10.17 2.82 MnSO4 
	N2(g) -16.12 -19.37 -3.25 N2 
	Na4UO2(CO3)3 -26.38 -42.67 -16.29 Na4UO2(CO3)3 
	Nahcolite -5.20 -5.78 -0.58 NaHCO3 
	Nantokite -15.92 -22.78 -6.86 CuCl 
	-11.61 -9.56 -64.82 49.38 -5.23 4.68 -1. 34 9.36 50.43 -11. 32 -6.64 -4.44 0.24 0.24 -18.86 -36.39 4.68 -32.71 45.75 11. 67 -256.61 8.31 49.38 -12.38 
	-12.38 -19.45 
	1. 23 -21.38 -21.38 -14.23 -11. 37 -120.45 5.75 -9.40 -11. 61 -17. 39 -48.95 -9.28 -80.82 -77.56 -77.56 -30.47 1. 23 -30.47 -12.09 
	-1.46 
	-5.57 
	1.85 42.56 -2.86 
	8.28 
	8.79 26.20 61.04 -0.39 11. 27 10.60 21.10 22.44 -7.43 4.27 12.98 -19.81 49.98 23.10 -18.59 15.20 42.00 
	-11.12 -10.39 
	-14.44 5.52 -10.87 -10.45 -8.55 -9.27 -15.10 7.77 -0.17 0.15 -0.62 -3.20 21.64 -2.41 -18.42 -27.56 0.10 7.90 -4.62 -8.57 
	Na2CO3:10H2O MgCO3:3H20 NH3 MnO2 02 Pb(OH)2 Pb2(OH)3Cl Pb0:Pb(OH)2 Pb2O3 PbO:PbCO3 PbCO3:2PbO PbSO4:2PbO Pb4(0H)6S04 PbS04:3PbO PbF2 Pb PbO:0.33H2O PbC12:PbCO3 PbO2 Ca(OH)2 FeS2 Mn(OH)2 MnO2 MnC03 
	MnCO3 UO2CO3 UO2(OH)2:H2O FeCO3 FeC03 SrF2 SrCO3 
	s 
	CuO Na2SO4 Na2C03:H20 NaHCO3:Na2CO3:2H2O U(OH)2SO4 U3O8 U4O9 UF4 UF4:2.5H2O UO2 UO3 UO2 BaCO3 
	CuO Na2SO4 Na2C03:H20 NaHCO3:Na2CO3:2H2O U(OH)2SO4 U3O8 U4O9 UF4 UF4:2.5H2O UO2 UO3 UO2 BaCO3 
	Natron Nesquehonite NH3(g) Nsutite O2(g) Pb(OH)2 Pb2(OH)3Cl Pb20(OH)2 Pb2O3 Pb2OCO3 Pb3O2CO3 Pb3O2SO4 Pb4(0H)6S04 Pb403SO4 PbF2 PbMetal PbO:0.3H2O Phosgenite Plattnerite Portlandite Pyrite Pyrochroite Pyrolusite Rhodochrosite 

	Rhodochrosite(d) -1.99 
	-10.14 -3.99 -66.67 6.82 -2.36 -3.60 -10.13 -16.84 -10.61 -10.93 -17.92 -15.04 -20.86 -22.20 -11. 43 -40.66 
	-8.30 -12.90 -4.23 
	-11.43 -238.03 -6.89 7.37 -1.26 
	Rutherfordine Schoepite Siderite Siderite (d) (3) SrF2 Strontianite Sulfur Tenorite Thenardite Thermonatrite Trana U(OH)2SO4 U3O8(c) U4O9 (c) UF4(c) UF4:2.5H2O UO2(a) UO3(gamma) Uraninite(c) Witherite 
	-5.02 -4.29 -10.51 -10.93 -5.68 -2.10 -105.35 -2.02 -9.23 -11. 76 -16.76 -45.75 -30.92 -78.41 -59.13 -49.99 -30.57 
	-6.68 -25.85 -3.52 
	80: 20 Mix of Griswold Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(291 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-116.40 
	-153.30 
	-36.90 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-11.74 
	-22.97 
	-11. 22 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-14.81 
	-2.07 
	12.75 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-15.84 
	-20.82 
	-4.99 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-13.51 
	-13.03 
	0.48 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-8.01 
	-21.92 
	-13.91 
	Ag 


	Al(OH)3(a) 
	Al(OH)3(a) 
	Al(OH)3(a) 
	-1.27 
	9. 96 
	11. 22 
	Al(OH)3 

	AlumK 
	AlumK 
	-18.79 
	-24.08 
	-5.28 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-3.57 
	-4.17 
	-0.60 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-6.42 
	-14.25 
	-7.82 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.30 
	-6.64 
	-4.34 
	CaSO4 

	Anilite 
	Anilite 
	-136.45 
	-169.02 
	-32.57 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-10.75 
	-2.46 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.49 
	-8.78 
	-8.30 
	CaCO3 

	Artinite 
	Artinite 
	-7.71 
	2.35 
	10.06 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-7.45 
	0.18 
	7.64 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-8.97 
	-4.72 
	4.24 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.32 
	1. 45 
	5.76 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.42 
	-15.20 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0 .11 
	-9. 96 
	-10.08 
	BaSO4 

	Basaluminite 
	Basaluminite 
	-1.64 
	21.06 
	22.70 
	Al4(OH)10SO4 

	Birnessite 
	Birnessite 
	6.44 
	50.04 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6.83 
	6.46 
	-0.37 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-124.73 
	-148.90 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-130. 91 
	-158.18 
	-27.28 
	Cu0.6Cu0.8S 

	Boehmite 
	Boehmite 
	0.92 
	9. 96 
	9.03 
	AlOOH 

	Brochantite 
	Brochantite 
	-12.36 
	2.98 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-5.64 
	11.63 
	17.27 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.34 
	-8.78 
	-8.45 
	CaCO3 

	Celestite 
	Celestite 
	-2.45 
	-9.07 
	-6.62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1. 72 
	-11. 72 
	-10.00 
	AgCl 

	Cerussite 
	Cerussite 
	-3.18 
	-16.39 
	-13.21 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-143.18 
	-145.99 
	-2.81 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10.66 
	-13. 32 
	-2.66 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-141. 36 
	-176.76 
	-35.40 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-262.40 
	-298.24 
	-35.84 
	CuFeS2 

	CO2 (g) 
	CO2 (g) 
	-2.73 
	-4.12 
	-1. 39 
	CO2 

	Cotunnite 
	Cotunnite 
	-12.00 
	-16.86 
	-4.86 
	PbC12 

	Covellite 
	Covellite 
	-123.15 
	-145.80 
	-22.65 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3.45 
	5.43 
	8.88 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-10.74 
	-1.22 
	9.52 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-42.41 
	-44.29 
	-1.88 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.84 
	-15.47 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-32.04 
	-24.76 
	7.28 
	CuF 

	CuF2 
	CuF2 
	-18.15 
	-18.56 
	-0.41 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-14.07 
	-18.56 
	-4.49 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-24.62 
	-33.66 
	-9.03 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-19.99 
	-7.89 
	12.10 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	11. 96 
	18.46 
	6.50 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-23.88 
	-25.53 
	-1.65 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	2.61 
	-6.25 
	-8.86 
	CuFeO2 

	CuSO4 
	CuSO4 
	-16.62 
	-13.32 
	3.30 
	CuSO4 

	Diaspore 
	Diaspore 
	2.68 
	9. 96 
	7.27 
	AlOOH 

	Djurleite 
	Djurleite 
	-140.04 
	-174.72 
	-34.68 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1.12 
	-18.06 
	-16.94 
	CaMg(CO3)2 

	Dolomite (d) 
	Dolomite (d) 
	-1.69 
	-18.06 
	-16.36 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4.95 
	-7 .13 
	-2.18 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.35 
	3.31 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 62 
	6.51 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.40 
	11. 82 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-148.52 
	-152.44 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 20 
	-11. 87 
	-10.68 
	CaF2 

	Galena 
	Galena 
	-133.64 
	-146.72 
	-13.09 
	PbS 


	Gibbsite 
	Gibbsite 
	Gibbsite 
	1. 48 
	9 . 96 
	8.47 
	Al(OH)3 

	Goethite 
	Goethite 
	7.28 
	6 .51 
	-0 . 77 
	FeOOH 

	Greigite 
	Greigite 
	-548 .08 
	-593 .11 
	-4 5 .03 
	Fe3S4 

	Gummite 
	Gummite 
	-9 .32 
	1. 45 
	10.77 
	UO3 

	Gypsum 
	Gypsum 
	-2.06 
	-6.64 
	-4. 58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.78 
	-44.91 
	-3 .12 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 68 
	-0.00 
	1. 68 
	H2O 

	H2S(g) 
	H2S(g) 
	-14 3 .28 
	-144.20 
	-0 . 92 
	H2S 

	Halite 
	Halite 
	-7.52 
	-5.95 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	3.93 
	66 .57 
	62 . 63 
	Mn3O4 

	Hematite 
	Hematite 
	16.54 
	13.03 
	-3.52 
	Fe203 

	Huntite 
	Huntite 
	-7.05 
	-36 . 61 
	-29 .56 
	CaMg3(C03)4 

	Hydrocerussite 
	Hydrocerussite 
	-1 0 . 82 
	-28.28 
	-17.4 6 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-17. 54 
	-2 5 .47 
	-7. 93 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -5. 32 -15.15 -9 . 83 (K0.77Na0.03H0.2)Fe3 (SO4)2(OH)6 Jarosite-K -5.78 -14.50 -8.71 KFe3(SO4)2(OH) 6 Jarosite-Na -8 .54 -13.25 -4.70 NaFe3(SO4)2(OH) 6 JarositeH -13.46 -17. 98 -4.51 (H3O)Fe3( SO4 )2(OH ) 6 Jurbanite -5.57 -8 . 80 -3.23 AlOHSO4 Langite -14. 45 2 . 98 17.42 Cu4 (OH ) 6SO4: H2O Larnakite -9.56 -9.74 -0.18 PbO:PbSO4 Laurionite -6.80 -6.17 0.62 PbOHCl Litharge -8 .47 4.51 12 . 98 PbO Mackinawite -14 7.79 -152.44 -4. 65 FeS Maghemite 6 . 64 13.03 6 . 39 Fe2O3 Magnesite -1. 34 -9.27 
	PbF2 
	PbF2 
	PbF2 
	-12.05 
	-19.48 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.54 
	-37.27 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.47 
	4.51 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-13. 44 
	-33.25 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.13 
	46. 29 
	50.43 
	PbO2 

	Portlandite 
	Portlandite 
	-11.18 
	12.12 
	23.29 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-243.23 
	-261. 89 
	-18.66 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.94 
	8.26 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	7.63 
	50.04 
	42.42 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1. 53 
	-12.64 
	-11.11 
	MnCO3 

	Rhodochrosite(d) -2.25 
	Rhodochrosite(d) -2.25 
	-12.64 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.03 
	-19.46 
	-14.43 
	OO2CO3 

	Schoepite 
	Schoepite 
	-4.15 
	1. 45 
	5.60 
	OO2(OH)2:H2O 

	Siderite 
	Siderite 
	-11. 25 
	-22 .11 
	-10.85 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11. 66 
	-22. 11 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.74 
	-14.30 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-1.94 
	-11.21 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107.41 
	-122.56 
	-15.15 
	s 

	Tenorite 
	Tenorite 
	-2.43 
	5.43 
	7.86 
	CuO 

	Thenardite 
	Thenardite 
	-9 .13 
	-9.30 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 61 
	-11. 44 
	0.17 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.72 
	-17.23 
	-0.51 
	NaHCO3:Na2CO3:2H2O 

	O(OH)2SO4 
	O(OH)2SO4 
	-46.31 
	-49.51 
	-3.20 
	O(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-31.06 
	-8.68 
	22.38 
	0308 

	O4O9(c) 
	O4O9(c) 
	-79.44 
	-81.21 
	-1.77 
	0409 

	OF4 (c) 
	OF4 (c) 
	-60.43 
	-78.73 
	-18.31 
	OF4 

	OF4:2.5H2O 
	OF4:2.5H2O 
	-51. 1 7 
	-78.73 
	-27. 56 
	OF4:2.5H2O 

	OO2(a) 
	OO2(a) 
	-30.85 
	-30.75 
	0.10 
	002 

	OO3(gamma) 
	OO3(gamma) 
	-6.58 
	1. 45 
	8.03 
	003 

	Oraninite(c) 
	Oraninite(c) 
	-26.25 
	-30.75 
	-4.50 
	002 

	Witherite 
	Witherite 
	-3.53 
	-12.11 
	-8.58 
	BaCO3 


	20: 80 Mix of Griswold Injection Water: Denver Formation Water 
	Phase SI** log IAP log K(290 K, 1 atm) 
	Acanthite -116. 62 -153.67 -37.05 Ag2S Ag2CO3 -12.83 -24.07 -11. 25 Ag2CO3 Ag2O -16.53 -3.76 12.78 Ag2O Ag2SO4 -16.67 -21.67 -5.00 Ag2SO4 AgF: 4H2O -13.72 -13.25 0.47 AgF: 4H2O AgMetal -8.75 -22.73 -13. 98 Ag Al(OH)3(a) -1.41 9.89 11. 30 Al(OH)3 AlumK -17.68 -22.98 -5.31 KAl(SO4)2:12H2O Alunite -2.76 -3.21 -0.46 KA13(SO4)2(OH)6 Anglesite -5.60 -13.43 -7.83 PbSO4 Anhydrite -2.73 -7.07 -4.34 CaSO4 Aragonite -1.18 -9.47 -8.29 CaCO3 Artinite -10.00 0.14 10.14 MgCO3:Mg(OH)2:3H2O B-OO2(OH)2 -4.97 0.83 5.80 OO2(OH
	Brucite 
	Brucite 
	Brucite 
	-7.12 
	10.23 
	17. 35 
	Mg(OH)2 

	Cal cite 
	Cal cite 
	-1.03 
	-9 .47 
	-8 .44 
	CaCO3 

	Celestite 
	Celestite 
	-2. 65 
	-9 . 27 
	-6 . 62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-2 .52 
	-12.57 
	-10.04 
	AgCl 

	Cerussite 
	Cerussite 
	-2.61 
	-15.83 
	-13. 22 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-14 2.12 
	-144.92 
	-2. 80 
	CH4 

	CO2(g) 
	CO2(g) 
	-2 .14 
	-3 . 52 
	-1. 38 
	CO2 

	Cotunnite 
	Cotunnite 
	-1 2 .02 
	-1 6.90 
	-4. 88 
	PbC12 

	Diaspore 
	Diaspore 
	2.54 
	9.89 
	7.34 
	AlOOH 

	Dolomite 
	Dolomite 
	-2.64 
	-1 9 . 55 
	-1 6.91 
	CaMg(C03)2 

	Dolomite(d) 
	Dolomite(d) 
	-3.22 
	-19.55 
	-1 6.33 
	CaMg(C03)2 

	Epsomite 
	Epsomite 
	-5.49 
	-7. 69 
	-2 .1 9 
	MgSO4:7H20 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6 .44 
	3 .40 
	-3 . 04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 71 
	6.60 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.06 
	12.16 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-147.04 
	-150. 96 
	-3 .92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 21 
	-11. 90 
	-10. 69 
	CaF2 

	Galena 
	Galena 
	-132.28 
	-145.43 
	-1 3 .14 
	PbS 

	Gibbsite 
	Gibbsite 
	1. 35 
	9.89 
	8 .54 
	Al(OH)3 

	Goethite 
	Goethite 
	7.33 
	6.60 
	-0.73 
	FeOOH 

	Greigite 
	Greigite 
	-542.44 
	-587.48 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-10.00 
	0.83 
	10.83 
	UO3 

	Gypsum 
	Gypsum 
	-2.49 
	-7.07 
	-4.58 
	CaSO4:2H2O 

	H2(g) 
	H2(g) 
	-41.70 
	-44.82 
	-3. 12 
	H2 

	H2O (g) 
	H2O (g) 
	-1.71 
	-0.00 
	1. 71 
	H2O 

	H2S(g) 
	H2S(g) 
	-141. 95 
	-142. 86 
	-0 . 91 
	H2S 

	Halite 
	Halite 
	-7.85 
	-6. 29 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 43 
	64.35 
	62 .92 
	Mn3O4 

	Hematite 
	Hematite 
	16.64 
	13 . 21 
	-3 .4 3 
	Fe2O3 

	Huntite 
	Huntite 
	-1 0 .24 
	-39 .73 
	-29 . 48 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9 .73 
	-27.19 
	-17.4 6 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-22 . 33 
	-30.12 
	-7.78 
	Mg5(C03)4(OH)2:4H20 


	Jarosite(ss) -3.78 -13.61 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(OH)6 
	Jarosite-K -4.44 -1 3 .06 -8 . 62 KFe3(SO4)2(0H)6 
	Jarosite-Na -7.02 -11. 62 -4. 60 NaFe3(SO4)2(OH)6 
	JarositeH -11. 67 -16.03 -4. 36 (H3O)Fe3(SO4 ) 2 (OH) 6 
	Jurbanite -4.80 -8.03 -3 .23 AlOHSO4 
	Larnakite -8.79 -8.95 -0.16 PbO:PbSO4 
	Laurionite -6 .83 -6.21 0 . 62 PbOHCl 
	Litharge -8 . 54 4.48 13.03 PbO 
	Mackinawite -14 6.31 -1 50. 96 -4. 65 FeS 
	Maghemite 6.82 13.21 6 . 39 Fe203 
	Magnesite -2.17 -10.09 -7.91 MgC03 
	Magnetite 7.47 12.16 4.68 Fe3O4 
	Manganite 3 .06 28.40 25.34 MnOOH 
	Massicot -8 .74 4.48 13 .22 PbO 
	Matlockite -8 .00 -17. 58 -9.58 PbClF 
	Melanterite -16.66 -18. 96 -2 . 30 FeSO4:7H2O 
	Minium -20 .47 55.15 75.62 Pb3O4 
	Mirabilite -7. 64 -9.11 -1. 4 7 Na2SO4:10H2O 
	Mn2(SO4)3 -4 3 . 96 -4 8 . 94 -4. 98 Mn2(SO4)3 
	MnC12:4H2O -16.22 -13. 83 2.38 MnC12 :4H2O 
	MnS(Green) -146. 27 -142.36 3.91 MnS 
	MnS04 -13.33 -10. 37 2 . 96 MnS04 
	N2(g) -16.74 -19.97 -3.23 N2 
	Na4UO2(CO3)3 -26 .22 -42.51 -1 6 .2 9 Na4UO2(CO3)3 
	Nahcolite -4. 89 -5.51 -0 .62 NaHCO3 
	Natron 
	Natron 
	Natron 
	-9.90 
	-11. 51 
	-1.61 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.57 
	-10.09 
	-5.51 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-67.83 
	-65.90 
	1. 92 
	NH3 

	Nsutite 
	Nsutite 
	6.69 
	49.25 
	42.56 
	MnO2 

	O2(g) 
	O2(g) 
	-2.37 
	-5.20 
	-2.83 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-13. 95 
	-6.23 
	7. 72 
	Pb(BO2)2 

	Pb(OH)2 
	Pb(OH)2 
	-3.93 
	4.48 
	8.41 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.52 
	-1.73 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.24 
	8. 96 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.37 
	50.67 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11. 07 
	-11. 35 
	-0.29 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.39 
	-6.87 
	11. 52 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-15.26 
	-4.47 
	10.79 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21.09 
	0.01 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-22.75 
	0.01 
	22.76 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-10.84 
	-18.27 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.48 
	-37.22 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.50 
	4.48 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-12.92 
	-32.73 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.44 
	46.19 
	50.63 
	PbO2 

	Portlandite 
	Portlandite 
	-12.53 
	10.85 
	23.38 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-240.47 
	-259.16 
	-18.69 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.65 
	7.55 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	6.65 
	49.25 
	42.60 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.67 
	-12.77 
	-11.10 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.38 
	-12.77 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.06 
	-19.49 
	-14.42 
	OO2CO3 

	Schoepite 
	Schoepite 
	-4.80 
	0.83 
	5.63 
	OO2(OH)2:H2O 

	Siderite 
	Siderite 
	-10.52 
	-21.36 
	-10.84 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-10.91 
	-21.36 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.55 
	-14 .11 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.40 
	-11. 68 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-106.18 
	-121.35 
	-15.17 
	S 

	Thenardite 
	Thenardite 
	-8.94 
	-9 .11 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 69 
	-11. 51 
	0.18 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.56 
	-17.02 
	-0.46 
	NaHCO3:Na2CO3:2H2O 

	O(OH)2SO4 
	O(OH)2SO4 
	-45.91 
	-49.11 
	-3.20 
	O(OH)2SO4 

	O3O8(c) 
	O3O8(c) 
	-32.86 
	-10.16 
	22. 71 
	0308 

	O4O9(c) 
	O4O9(c) 
	-81.56 
	-83.05 
	-1.48 
	0409 

	OF4(c) 
	OF4(c) 
	-58.44 
	-76.69 
	-18.25 
	OF4 

	OF4:2.5H2O 
	OF4:2.5H2O 
	-49.13 
	-76.69 
	-27.56 
	OF4:2.5H2O 

	OO2(a) 
	OO2(a) 
	-31.29 
	-31.19 
	0.10 
	002 

	OO3(gamma) 
	OO3(gamma) 
	-7.25 
	0.83 
	8.08 
	003 

	Oraninite(c) 
	Oraninite(c) 
	-26.74 
	-31.19 
	-4.45 
	002 

	Witherite 
	Witherite 
	-3.80 
	-12.38 
	-8.58 
	BaCO3 


	50: 50 Mix of Griswold Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-116.93 
	-154.00 
	-37.08 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-12.24 
	-23.49 
	-11.25 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-15.79 
	-3.01 
	12.78 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-16.08 
	-21.08 
	-5.00 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-13.53 
	-13.06 
	0.47 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-8.48 
	-22.47 
	-14.00 
	Ag 


	Al(OH ) 3(a) 
	Al(OH ) 3(a) 
	Al(OH ) 3(a) 
	-1. 07 
	10 . 24 
	11. 31 
	Al(OH) 3 

	AlumK 
	AlumK 
	-17.52 
	-22 . 82 
	-5.31 
	KAl(SO4) 2 :12H2O 

	Alunite 
	Alunite 
	-1 . 91 
	-2.34 
	-0.43 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-5 .78 
	-13. 62 
	-7.83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2 .49 
	-6. 82 
	-4 . 34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0 . 94 
	-9. 23 
	-8 . 29 
	CaCO3 

	Artinite 
	Artinite 
	-9 .1 9 
	0 . 96 
	10 .15 
	MgCO3:Mg(OH)2: 3H2O 

	B-UO2 (OH)2 
	B-UO2 (OH)2 
	-4. 55 
	1. 26 
	5 . 81 
	UO2 (OH) 2 

	BaF2 
	BaF2 
	-9 . 23 
	-1 5 . 01 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.13 
	-9.97 
	-10.10 
	BaSO4 

	Basaluminite 
	Basaluminite 
	0.18 
	22.88 
	22 .70 
	Al4(0H)l0SO4 

	Birnessite 
	Birnessite 
	5 . 96 
	49.56 
	43.60 
	Mn02 

	Bixbyite 
	Bixbyite 
	5.47 
	5 . 15 
	-0.32 
	Mn2O3 

	Boehmite 
	Boehmite 
	1.11 
	10.24 
	9 . 13 
	AlOOH 

	Brucite 
	Brucite 
	-6 . 64 
	10.73 
	17.36 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.79 
	-9. 23 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2 . 53 
	-9.16 
	-6.62 
	SrSO4 

	Cerargyrite 
	Cerargyrite 
	-1. 94 
	-11. 99 
	-10. 05 
	AgCl 

	Cerussi te 
	Cerussi te 
	-2 . 80 
	-1 6.02 
	-1 3 . 22 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-1 43 . 22 
	-14 6 .02 
	-2 . 79 
	CH4 

	C02(g) 
	C02(g) 
	-2.31 
	-3.68 
	-1. 37 
	CO2 

	Cotunnite 
	Cotunnite 
	-11. 63 
	-1 6.51 
	-4. 88 
	PbC12 

	Diaspore 
	Diaspore 
	2.88 
	10 . 24 
	7 . 36 
	AlOOH 

	Dolomi te 
	Dolomi te 
	-2.09 
	-1 8 . 99 
	-16 . 91 
	CaMg (CO3 ) 2 

	Dolomite(d) 
	Dolomite(d) 
	-2 . 67 
	-1 8 . 99 
	-1 6.33 
	CaMg(CO3) 2 

	Epsomite 
	Epsomite 
	-5 .16 
	-7. 35 
	-2.19 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6 . 36 
	3 . 32 
	-3.04 
	Fe(OH)2.7Cl 0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 58 
	6 .47 
	4.89 
	Fe(OH)3 

	Fe3 (OH) 8 
	Fe3 (OH) 8 
	-8 . 58 
	11 . 64 
	20 . 22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-148.38 
	-152 . 30 
	-3 . 92 
	FeS 

	Fluorite 
	Fluorite 
	-1.17 
	-11. 86 
	-10 . 69 
	CaF2 

	Ga l ena 
	Ga l ena 
	-133 . 38 
	-14 6.54 
	-13 .15 
	PbS 

	Gibbsi te 
	Gibbsi te 
	1. 69 
	10 . 24 
	8.55 
	Al(OH) 3 

	Goethite 
	Goethite 
	7.19 
	6 .47 
	-0. 72 
	FeOOH 

	Greigite 
	Greigite 
	-547.32 
	-592 . 36 
	-4 5 . 03 
	Fe3S4 

	Gummite 
	Gummite 
	-9 . 58 
	1.26 
	10.85 
	UO3 

	Gypsum 
	Gypsum 
	-2 . 24 
	-6 . 82 
	-4. 58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.94 
	-4 5 .0 6 
	-3 .12 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 71 
	-0. 00 
	1. 71 
	H2O 

	H2S(g) 
	H2S(g) 
	-14 3 . 04 
	-14 3.95 
	-0. 91 
	H2S 

	Hali te 
	Hali te 
	-7.57 
	-6.01 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 81 
	64 . 78 
	62 . 97 
	Mn304 

	Hematite 
	Hematite 
	1 6 . 35 
	12.94 
	-3.41 
	Fe203 

	Huntite 
	Huntite 
	-9.05 
	-38 . 52 
	-29 .47 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.12 
	-27. 58 
	-17.4 6 
	Pb(OH)2: 2PbC03 

	Hydromagnesite 
	Hydromagnesite 
	-20.57 
	-2 8 . 32 
	-7 .75 
	Mg5 (CO3)4(OH) 2 :4H2O 


	Jarosite(ss) -4.40 -14.23 -9. 83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -5 .05 -13. 66 -8 . 61 KFe3(SO4) 2(OH) 6 
	Jarosite-Na -7.69 -12.27 -4.58 NaFe3(SO4)2(OH)6 
	JarositeH -12.43 -16.75 -4.33 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite -4.61 -7.84 -3. 23 AlOHSO4 
	Larnakite -9 .00 -9. 15 -0 .16 PbO:PbSO4 
	Laurionite -6. 65 -6. 02 0.62 PbOHCl 
	Litharge -8 . 57 4.46 13. 04 PbO 
	Mackinawite -14 7 . 65 -152.30 -4. 65 FeS 
	Maghemite 6 . 55 12 . 94 6 . 39 Fe2O3 
	Magnesite -1.85 -9 .76 -7.91 MgCO3 
	Magnetite 
	Magnetite 
	Magnetite 
	6 . 93 
	11. 64 
	4.71 
	Fe3O4 

	Manganite 
	Manganite 
	3 .24 
	28 . 58 
	25 . 34 
	MnOOH 

	Massicot 
	Massicot 
	-8 .77 
	4.46 
	13.23 
	PbO 

	Matlockite 
	Matlockite 
	-8.00 
	-17.58 
	-9 . 58 
	PbClF 

	Melanterite 
	Melanterite 
	-17.07 
	-19.38 
	-2. 31 
	FeSO4:7H2O 

	Minium 
	Minium 
	-20.34 
	55.33 
	75.67 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-7.64 
	-9.12 
	-1. 48 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-44.13 
	-4 9 . 09 
	-4. 96 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-1 5 .74 
	-13 . 36 
	2 . 37 
	MnC12: 4H2O 

	MnS(Green) 
	MnS(Green) 
	-147.30 
	-143. 39 
	3 . 91 
	MnS 

	MnSO4 
	MnSO4 
	-13. 44 
	-10.47 
	2 . 97 
	MnSO4 

	N2(g) 
	N2(g) 
	-17. 26 
	-20. 4 9 
	-3.23 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-25 . 99 
	-42 . 28 
	-1 6 .2 9 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-4.98 
	-5.60 
	-0. 62 
	NaHCO3 

	Natron 
	Natron 
	-9.91 
	-11. 53 
	-1. 61 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.25 
	-9.76 
	-5 . 51 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-68 .44 
	-66.51 
	1. 93 
	NH3 

	Nsutite 
	Nsutite 
	6.99 
	49.56 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1 . 96 
	-4.79 
	-2 . 83 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-14. 38 
	-6.66 
	7. 72 
	Pb(B02)2 

	Pb(OH)2 
	Pb(OH)2 
	-3. 96 
	4.46 
	8.42 
	Pb(OH)2 

	Pb2(0H)3Cl 
	Pb2(0H)3Cl 
	-10. 35 
	-1.56 
	8. 79 
	Pb2(0H)3Cl 

	Pb20(OH)2 
	Pb20(OH)2 
	-17. 27 
	8 . 93 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.17 
	50.87 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11.28 
	-11.56 
	-0.28 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.63 
	-7.10 
	11. 53 
	PbCO3:2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-15.49 
	-4.69 
	10.80 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21 .33 
	-0.23 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-23.00 
	-0.23 
	22 .78 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11. 23 
	-18. 66 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.74 
	-37.48 
	4.26 
	Pb 

	Pb0:0.3H20 
	Pb0:0.3H20 
	-8.52 
	4.46 
	12. 98 
	Pb0:0.33H20 

	Phosgenite 
	Phosgenite 
	-12.72 
	-32 .53 
	-1 9.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.26 
	46.41 
	50.67 
	PbO2 

	Portlandite 
	Portlandite 
	-12. 14 
	11. 26 
	23.40 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-242.65 
	-261. 35 
	-18.70 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.59 
	7.61 
	15 .20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	6.92 
	49.56 
	42 .64 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.77 
	-12. 88 
	-11.10 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2 .49 
	-12. 88 
	-1 0 . 39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-4. 80 
	-19.22 
	-14.42 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4. 37 
	1. 26 
	5.64 
	U02(OH)2:H2O 

	Siderite 
	Siderite 
	-10. 94 
	-21.78 
	-10.84 
	FeC03 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11. 33 
	-21. 78 
	-10.45 
	FeC03 

	SrF2 
	SrF2 
	-5. 63 
	-14. 20 
	-8 .56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.29 
	-11.5 6 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107.03 
	-122. 21 
	-1 5 .18 
	s 

	Thenardite 
	Thenardite 
	-8.95 
	-9.12 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 70 
	-11.53 
	0 .18 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.68 
	-17.1 3 
	-0.45 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-4 5 .86 
	-49.0 6 
	-3.20 
	U(OH)2SO4 

	U3O8 (c) 
	U3O8 (c) 
	-31. 81 
	-9. 04 
	22.77 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-80 . 54 
	-81 .97 
	-1. 43 
	U4O9 

	UF4(c) 
	UF4(c) 
	-58.97 
	-77.22 
	-1 8.24 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-49. 66 
	-7 7 . 22 
	-27 .56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-31.08 
	-30 . 98 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-6 . 83 
	1. 26 
	8 . 09 
	UO3 


	Uraninite(c) -26 . 54 -30 . 98 -4.44 UO2 Witherite -3.79 -12 . 38 -8 . 59 BaCO3 
	80: 20 Mix of Griswold Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Acanthite 
	Acanthite 
	-117.18 
	-1 54 . 29 
	-37 .11 
	Ag2S 

	Ag2CO3 
	Ag2CO3 
	-11. 87 
	-23. 12 
	-11. 26 
	Ag2CO3 

	Ag2O 
	Ag2O 
	-1 5. 15 
	-2.37 
	12.79 
	Ag2O 

	Ag2SO4 
	Ag2SO4 
	-1 5.83 
	-20 . 84 
	-5.00 
	Ag2SO4 

	AgF: 4H2O 
	AgF: 4H2O 
	-1 3.49 
	-13. 03 
	0.47 
	AgF: 4H2O 

	AgMetal 
	AgMetal 
	-8 .21 
	-22. 23 
	-14. 01 
	Ag 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-1.07 
	10. 26 
	11. 33 
	Al(OH)3 

	AlumK 
	AlumK 
	-18.05 
	-23. 36 
	-5 . 31 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-2.45 
	-2. 85 
	-0.40 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-6.28 
	-14.11 
	-7. 83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2. 31 
	-6.64 
	-4. 34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0. 64 
	-8.93 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-8.24 
	1. 93 
	10.17 
	MgCO3:Mg(OH)2:3H20 

	B-U02(OH)2 
	B-U02(OH)2 
	-4 . 34 
	1. 48 
	5.82 
	UO2(0H)2 

	BaF2 
	BaF2 
	-9 .45 
	-1 5.23 
	-5 .78 
	BaF2 

	Barite 
	Barite 
	0 .09 
	-1 0.01 
	-1 0.10 
	BaSO4 

	Basaluminite 
	Basaluminite 
	-0 .15 
	22.55 
	22 .70 
	Al4(OH)l0SO4 

	Birnessite 
	Birnessite 
	6 .16 
	49.76 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	5 .69 
	5.39 
	-0.31 
	Mn2O3 

	Boehmite 
	Boehmite 
	1.11 
	10.26 
	9 .14 
	AlOOH 

	Brucite 
	Brucite 
	-6 .04 
	11. 34 
	17.38 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.49 
	-8.93 
	-8 .44 
	CaCO3 

	Celestite 
	Celestite 
	-2.45 
	-9 .07 
	-6 . 62 
	SrS04 

	Cerargyrite 
	Cerargyrite 
	-1.66 
	-11. 72 
	-10.06 
	AgCl 

	Cerussite 
	Cerussite 
	-3 .18 
	-1 6 .4 0 
	-1 3 .23 
	PbC03 

	CH4 (g) 
	CH4 (g) 
	-14 4 . 02 
	-1 46.81 
	-2. 79 
	CH4 

	CO2 (g) 
	CO2 (g) 
	-2 .58 
	-3 . 95 
	-1. 37 
	CO2 

	Cotunnite 
	Cotunnite 
	-11. 84 
	-1 6 .72 
	-4.88 
	PbC12 

	Diaspore 
	Diaspore 
	2 .89 
	10. 26 
	7.37 
	AlOOH 

	Dolomite 
	Dolomite 
	-1.44 
	-18. 35 
	-1 6 . 90 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2 .03 
	-18. 35 
	-1 6.32 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-4. 93 
	-7.13 
	-2.20 
	MgSO4: 7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.04 
	3 .00 
	-3 . 04 
	Fe(OH)2. 7Cl0 .3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 27 
	6 .1 6 
	4.89 
	Fe(OH)3 

	Fe3 (OH) 8 
	Fe3 (OH) 8 
	-9.58 
	10. 65 
	20 .22 
	Fe3(0H)8 

	FeS (ppt) 
	FeS (ppt) 
	-14 9.67 
	-153.59 
	-3 . 92 
	FeS 

	Fluorite 
	Fluorite 
	-1.17 
	-11. 86 
	-10.70 
	CaF2 

	Galena 
	Galena 
	-1 34.40 
	-147.56 
	-13.17 
	PbS 

	Gibbsite 
	Gibbsite 
	1. 69 
	10.26 
	8 .56 
	Al(OH)3 

	Goethite 
	Goethite 
	6 .87 
	6.16 
	-0 . 71 
	FeOOH 

	Greigite 
	Greigite 
	-551.99 
	-597.03 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9 . 38 
	1. 48 
	10.86 
	UO3 

	Gypsum 
	Gypsum 
	-2 . 06 
	-6.64 
	-4. 58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-4 2 . 08 
	-4 5 . 20 
	-3 .12 
	H2 

	H2O (g) 
	H2O (g) 
	-1. 72 
	-0.00 
	1. 72 
	H20 

	H2S (g) 
	H2S (g) 
	-143.96 
	-144. 87 
	-0. 91 
	H2S 

	Halite 
	Halite 
	-7. 46 
	-5.89 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	2.07 
	65.10 
	63 . 03 
	Mn3O4 

	Hematite 
	Hematite 
	15. 71 
	12.32 
	-3.40 
	Fe2O3 


	Huntite 
	Huntite 
	Huntite 
	-7.72 
	-37.18 
	-29.46 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.99 
	-28.45 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-18.60 
	-26.32 
	-7.73 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -5.94 -15.77 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K Jarosite-Na JarositeH Jurbanite Larnakite Laurionite Litharge Mackinawite Maghemite Magnesite Magnetite Manganite Massicot Matlockite Melanterite Minium Mirabilite Mn2(SO4)3 MnC12:4H2O MnS(Green) MnSO4 N2 (g) Na4UO2(CO3)3 Nahcolite Natron Nesquehonite NH3 (g) Nsutite O2(g) Pb(BO2)2 Pb(OH)2 Pb2(OH)3Cl Pb2O(OH)2 Pb2O3 Pb2OCO3 Pb3O2CO3 Pb3O2SO4 Pb4(OH)6SO4 Pb4O3SO4 PbF2 PbMetal PbO:0.3H2O Phosgenite Plattnerite Portlandite Pyrite Pyrochroite Pyrolusite Rhodochrosite 
	-6.55 -15.14 -8.59 -9.26 -13.82 -4.56 -14.17 -18.47 -4.30 -4.99 -8.22 -3.23 -9.61 -9.76 -0.15 -6.81 -6.18 0.62 -8.69 4.36 13.05 -148.94 -153.59 -4.65 5.93 12.32 6.39 -1. 51 -9.42 -7.91 5.91 10.65 4.74 3.37 28.71 25.34 -8.89 4.36 13. 24 -8.44 -18.03 -9.59 -17.83 -20.14 -2.31 -20.57 55.15 75.73 -7.69 -9.18 -1.49 -45.09 -50.03 -4.94 -15.77 -13.41 2.37 -148.16 -144.25 3.91 -13.78 -10.80 2.98 -17.86 -21.10 -3.23 -25.92 -42.21 -16.29 -5.08 -5.71 -0.62 -9.84 -11.46 -1.62 -3.91 -9.42 -5.51 -68.95 -67.02 1. 93 7.19 
	Rhodochrosite(d) -2.70 -13.09 -10.39 Rutherfordine -4.86 -19.28 -14.42 Schoepite -4.17 1. 48 5.64 Siderite -11. 59 -22.43 -10.84 
	KFe3(SO4)2(OH)6 NaFe3(SO4)2(OH)6 
	(H3O)Fe3(SO4)2(OH)6 AlOHSO4 PbO:PbSO4 PbOHCl PbO FeS Fe2O3 MgCO3 Fe3O4 MnOOH PbO PbClF FeSO4:7H2O Pb3O4 Na2SO4:10H2O Mn2(SO4)3 MnC12:4H2O MnS MnSO4 N2 Na4UO2(CO3)3 NaHCO3 Na2CO3:10H2O MgCO3:3H2O NH3 MnO2 02 Pb(BO2)2 Pb(OH)2 Pb2(OH)3Cl PbO:Pb(OH)2 Pb2O3 PbO:PbCO3 PbCO3:2PbO PbSO4:2PbO Pb4(OH)6SO4 PbSO4:3PbO PbF2 Pb PbO:0.33H2O PbC12:PbCO3 PbO2 Ca(OH)2 FeS2 Mn(OH)2 MnO2 MnCO3 
	MnCO3 UO2CO3 UO2(OH)2:H2O FeCO3 
	Siderite (d) (3) 
	Siderite (d) (3) 
	Siderite (d) (3) 
	-11. 98 
	-22.43 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.72 
	-14.29 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.08 
	-11.35 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107.81 
	-122.99 
	-15.18 
	s 

	Thenardite 
	Thenardite 
	-9.01 
	-9.18 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 64 
	-11. 46 
	0.18 
	Na2CO3:H2O 

	Trana 
	Trana 
	-16.73 
	-17.17 
	-0.44 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-46.16 
	-49.36 
	-3.20 
	U(OH)2SO4 

	U3O8 (c) 
	U3O8 (c) 
	-31. 32 
	-8.48 
	22.83 
	U3O8 

	U4O9 (c) 
	U4O9 (c) 
	-80.08 
	-81.45 
	-1. 37 
	U4O9 

	UF4 (c) 
	UF4 (c) 
	-60.04 
	-78.27 
	-18.23 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-50.71 
	-78.27 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-30.98 
	-30.88 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-6.63 
	1. 48 
	8.10 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-26.45 
	-30.88 
	-4.43 
	UO2 

	Witherite 
	Witherite 
	-3.71 
	-12.30 
	-8.59 
	BaCO3 


	20: 80 Mix of Quebec St. Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	log K(296 K, 1 atm) 

	Anglesite 
	Anglesite 
	-6.05 
	-13. 84 
	-7.80 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.88 
	-7.24 
	-4.36 
	CaSO4 

	Anilite 
	Anilite 
	-118. 34 
	-150.37 
	-32.02 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-9.21 
	-0.92 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.86 
	-9.19 
	-8.33 
	CaCO3 

	Artinite 
	Artinite 
	-9.11 
	0.59 
	9.70 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-7.74 
	-0.34 
	7.40 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-6.58 
	-2.73 
	3.85 
	Cu3(OH)2(CO3)2 

	BaF2 
	BaF2 
	-8.90 
	-14.66 
	-5.76 
	BaF2 

	Barite 
	Barite 
	0.03 
	-9. 96 
	-9.99 
	BaSO4 

	Birnessite 
	Birnessite 
	2.68 
	46.28 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	4.02 
	3.46 
	-0.56 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-108.92 
	-133. 08 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-113. 78 
	-141.06 
	-27.28 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-10.37 
	4.97 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-6.37 
	10.56 
	16.93 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0. 72 
	-9.19 
	-8.47 
	CaCO3 

	Celestite 
	Celestite 
	-2.76 
	-9.39 
	-6.63 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.65 
	-15.80 
	-13 .15 
	PbCO3 

	CH4(g) 
	CH4(g) 
	-128.04 
	-130.89 
	-2.85 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10.05 
	-12.70 
	-2.64 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-122.23 
	-157.01 
	-34.78 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-230.48 
	-265.87 
	-35.39 
	CuFeS2 

	CO2 (g) 
	CO2 (g) 
	-2.39 
	-3.84 
	-1. 45 
	CO2 

	Cotunnite 
	Cotunnite 
	-14.70 
	-19.49 
	-4.79 
	PbC12 

	Covellite 
	Covellite 
	-108.07 
	-130. 42 
	-22.35 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-2.80 
	5.89 
	8.69 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-10.05 
	-0.76 
	9.30 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-37.35 
	-39.29 
	-1.93 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.02 
	-14.65 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-29.12 
	-22.00 
	7.12 
	CuF 

	CuF2 
	CuF2 
	-16.83 
	-17.40 
	-0.58 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-12.86 
	-17.40 
	-4.54 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-20.49 
	-29.31 
	-8.82 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-18.46 
	-6.81 
	11.65 
	CuO:CuSO4 


	CupricFerrite 
	CupricFerrite 
	CupricFerrite 
	13.42 
	19.43 
	6.01 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-19.13 
	-20.70 
	-1. 57 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	5.32 
	-3.58 
	-8.91 
	CuFeO2 

	CuSO4 
	CuSO4 
	-15.77 
	-12.70 
	3.07 
	CuSO4 

	Djurleite 
	Djurleite 
	-121.18 
	-155.26 
	-34.08 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-2 .11 
	-19.17 
	-17.06 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.66 
	-19.17 
	-16.50 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.87 
	-8.02 
	-2.15 
	MgSO4: 7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.18 
	3.14 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1.88 
	6.77 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-5.82 
	14.41 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-131.53 
	-135. 44 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 33 
	-11. 94 
	-10.62 
	CaF2 

	Galena 
	Galena 
	-118.73 
	-131. 57 
	-12.85 
	PbS 

	Goethite 
	Goethite 
	7. 72 
	6.77 
	-0.95 
	FeOOH 

	Greigite 
	Greigite 
	-485.81 
	-530.84 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.66 
	-7.24 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-37.91 
	-41.05 
	-3.14 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 55 
	-0.00 
	1. 55 
	H2O 

	H2S(g) 
	H2S(g) 
	-128.37 
	-129.35 
	-0.98 
	H2S 

	Halite 
	Halite 
	-9.24 
	-7.66 
	1. 58 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 66 
	63.02 
	61. 37 
	Mn3O4 

	Hematite 
	Hematite 
	17.44 
	13.54 
	-3.90 
	Fe2O3 

	Huntite 
	Huntite 
	-9.24 
	-39.12 
	-29.88 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.40 
	-26.86 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-20.75 
	-29.34 
	-8.59 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -4.36 -14.19 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.46 -13.56 -9.10 KFe3(SO4)2(OH)6 
	Jarosite-Na -7.25 -12.41 -5.16 NaFe3(SO4)2(OH)6 
	JarositeH -11. 66 -16.86 -5.20 (H3O)Fe3(SO4)2(OH)6 
	Langite -11. 96 4.97 16.92 Cu4(OH)6SO4:H2O 
	Larnakite -8.85 -9.11 -0.26 PbO:PbSO4 
	Laurionite -8.00 -7.37 0.62 PbOHCl 
	Litharge -8.04 4.74 12.78 PbO 
	Mackinawite -130. 80 -135.44 -4.65 FeS 
	Maghemite 7.15 13. 54 6.39 Fe2O3 
	Magnesite -1.97 -9.98 -8.01 MgCO3 
	Magnetite 10.50 14.41 3.91 Fe3O4 
	Malachite -3.64 1. 58 5.22 Cu2(OH)2CO3 
	Manganite 1. 99 27.33 25.34 MnOOH 
	Massicot -8.23 4.74 12.97 PbO 
	Matlockite -9.56 -19.02 -9.46 PbClF 
	Melanothallite -22 .11 -18.34 3.77 CuC12 
	Melanterite -15.49 -17.72 -2.23 FeSO4:7H2O 
	Minium -21.91 52 .13 74.04 Pb3O4 
	Mirabilite -8.51 -9.69 -1.18 Na2SO4:10H2O 
	Mn2(SO4)3 -46.71 -52.29 -5.58 Mn2(SO4)3 
	MnC12:4H2O -18.51 -15.85 2.65 MnC12:4H2O 
	MnS(Green) -131.76 -127.94 3.82 MnS 
	MnSO4 -12.93 -10.21 2. 72 MnSO4 
	N2 (g) -3.22 -6.47 -3.26 N2 
	Nahcolite -5.19 -5.75 -0.56 NaHCO3 
	Nantokite -15.67 -22.46 -6.79 CuCl 
	Natron -10.28 -11. 64 -1.36 Na2CO3:10H2O 
	Nesquehonite -4.37 -9.98 -5.60 MgCO3:3H2O 
	NH3 (g) -55.54 -53.74 1. 80 NH3 
	Nsutite 3. 72 46.28 42.56 MnO2 
	02 (g) 
	02 (g) 
	02 (g) 
	-7. 83 
	-10.72 
	-2. 88 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3.46 
	4.74 
	8.20 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-11. 43 
	-2. 63 
	8 .79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-16 .72 
	9.48 
	26 .20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-13. 65 
	47.39 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10.60 
	-11.0 6 
	-0.46 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-17.43 
	-6. 32 
	11.11 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-14. 84 
	-4. 37 
	10.47 
	PbSO4:2PbO 

	Pb4(OH)6S04 
	Pb4(OH)6S04 
	-20 .73 
	0.37 
	21. 10 
	Pb4(OH)6SO4 

	Pb403SO4 
	Pb403SO4 
	-21.84 
	0.37 
	22.22 
	PbS04:3PbO 

	PbF2 
	PbF2 
	-11.11 
	-18 .55 
	-7.44 
	PbF2 

	PbMetal 
	PbMetal 
	-37.44 
	-33.17 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8 . 24 
	4.74 
	12 . 98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-1 5 .47 
	-35 . 28 
	-19. 81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-6.89 
	42. 65 
	49.54 
	PbO2 

	Portlandite 
	Portlandite 
	-11. 56 
	11. 35 
	22.90 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-215 .33 
	-233.85 
	-1 8 .52 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6 .83 
	8.37 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	4.68 
	46.28 
	41.60 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1. 04 
	-12.17 
	-11.13 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-1.78 
	-12.17 
	-10.39 
	MnCO3 

	Siderite 
	Siderite 
	-8. 79 
	-1 9 . 67 
	-10.88 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-9 . 22 
	-1 9 . 67 
	-10.45 
	FeC03 

	SrF2 
	SrF2 
	-5 . 55 
	-14.10 
	-8 . 54 
	SrF2 

	Strontianite 
	Strontianite 
	-2 .08 
	-11. 35 
	-9 .27 
	SrCO3 

	Sulfur 
	Sulfur 
	-96 . 31 
	-111. 36 
	-1 5.05 
	s 

	Tenorite 
	Tenorite 
	-1.78 
	5.89 
	7.67 
	CuO 

	Thenardite 
	Thenardite 
	-9 . 51 
	-9.69 
	-0.18 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11.77 
	-11. 64 
	0.13 
	Na2CO3:H2O 

	Trona 
	Trona 
	-1 6.65 
	-17. 39 
	-0.73 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-3 . 35 
	-11.91 
	-8.56 
	BaCO3 


	50 : 50 Mix of Quebec St. Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	l og K(294 K, 1 atm) 

	Anglesite 
	Anglesite 
	-6 .46 
	-14.27 
	-7.81 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.86 
	-7.20 
	-4. 35 
	CaSO4 

	Anilite 
	Anilite 
	-135.00 
	-167. 30 
	-32 .30 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-9 . 96 
	-1.67 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0. 61 
	-8.92 
	-8. 31 
	CaC03 

	Artinite 
	Artinite 
	-8.60 
	1. 28 
	9.88 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-7. 90 
	-0. 38 
	7.52 
	Cu2(0H)3Cl 

	Azurite 
	Azurite 
	-7.45 
	-3 .41 
	4.05 
	Cu3(OH)2(CO3)2 

	BaF2 
	BaF2 
	-8 .95 
	-14.72 
	-5.77 
	BaF2 

	Barite 
	Barite 
	0.07 
	-9. 96 
	-10.03 
	BaSO4 

	Birnessite 
	Birnessite 
	6.42 
	50.02 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	7.58 
	7.12 
	-0.46 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-123 .49 
	-147.65 
	-24 .1 6 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-129.44 
	-15 6 .72 
	-27 . 28 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-11. 22 
	4.12 
	15 . 34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-6 .09 
	11.01 
	17.10 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0. 46 
	-8 .92 
	-8 .4 6 
	CaC03 

	Celestite 
	Celestite 
	-2 .71 
	-9.33 
	-6. 62 
	SrS04 

	Cerussite 
	Cerussite 
	-2 . 81 
	-15. 99 
	-13 .18 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-141.93 
	-144.7 6 
	-2. 83 
	CH4 


	Chalcanthite 
	Chalcanthite 
	Chalcanthite 
	-10.59 
	-13.24 
	-2.65 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-139.76 
	-174.85 
	-35.09 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-260.27 
	-295.88 
	-35.61 
	CuFeS2 

	CO2(g) 
	CO2(g) 
	-2.59 
	-4.01 
	-1. 42 
	CO2 

	Cotunnite 
	Cotunnite 
	-14.32 
	-19.14 
	-4.82 
	PbC12 

	Covellite 
	Covellite 
	-122.13 
	-144.63 
	-22.50 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3.00 
	5.79 
	8.79 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-10.77 
	-1. 36 
	9.41 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-41.56 
	-43.46 
	-1.91 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.33 
	-14. 96 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-31.31 
	-24. 11 
	7.20 
	CuF 

	CuF2 
	CuF2 
	-17.51 
	-18.00 
	-0.49 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-13.49 
	-18.00 
	-4.52 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-24.00 
	-32.92 
	-8.92 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-19.33 
	-7.46 
	11. 87 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	13.05 
	19.30 
	6.25 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-22.82 
	-24.43 
	-1.61 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	3.43 
	-5.46 
	-8.88 
	CuFeO2 

	CuSO4 
	CuSO4 
	-16.43 
	-13. 24 
	3.18 
	CuSO4 

	Djurleite 
	Djurleite 
	-138. 48 
	-172.86 
	-34.38 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1.65 
	-18.65 
	-17.00 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.22 
	-18.65 
	-16.43 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.85 
	-8.02 
	-2.17 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.21 
	3.17 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 87 
	6.76 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-7.54 
	12.68 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-147.34 
	-151. 25 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 31 
	-11. 96 
	-10.65 
	CaF2 

	Galena 
	Galena 
	-132.69 
	-145.66 
	-12.97 
	PbS 

	Goethite 
	Goethite 
	7.62 
	6.76 
	-0.86 
	FeOOH 

	Greigite 
	Greigite 
	-543.95 
	-588.99 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.62 
	-7.20 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.42 
	-44.55 
	-3.13 
	H2 

	H2O(g) 
	H2O(g) 
	-1.61 
	-0.00 
	1. 61 
	H2O 

	H2S(g) 
	H2S(g) 
	-142.47 
	-143.42 
	-0.95 
	H2S 

	Halite 
	Halite 
	-8.85 
	-7.28 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	5.24 
	67.24 
	62.00 
	Mn3O4 

	Hematite 
	Hematite 
	17.23 
	13.52 
	-3.71 
	Fe2O3 

	Huntite 
	Huntite 
	-8.40 
	-38.12 
	-2 9. 72 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.76 
	-27.22 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-19.66 
	-27.92 
	-8.26 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -5.10 -14.93 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -5.35 -14.26 -8.91 KFe3(SO4)2(OH)6 
	Jarosite-Na -8.18 -13 .12 -4.93 NaFe3(SO4)2(OH)6 
	JarositeH -12.93 -17.79 -4.86 (H3O)Fe3(SO4)2(OH)6 
	Langite -13.05 4.12 17.17 Cu4(OH)6SO4:H2O 
	Larnakite -9. 29 -9.51 -0.22 PbO:PbSO4 
	Laurionite -7.81 -7.19 0.62 PbOHCl 
	Litharge -8.12 4.76 12.88 PbO 
	Mackinawite -146.61 -151.25 -4.65 FeS 
	Maghemite 7 .13 13.52 6.39 Fe2O3 
	Magnesite -1.76 -9.73 -7.97 MgCO3 
	Magnetite 8.46 12.68 4.22 Fe3O4 
	Malachite -4.15 1.19 5.34 Cu2(OH)2CO3 
	Manganite 3.98 29. 32 25.34 MnOOH 
	Massicot -8.31 4.76 13. 07 PbO 
	Matlockite -9.58 -19.09 -9.51 PbClF 
	Melanothallite 
	Melanothallite 
	Melanothallite 
	-21 . 96 
	-1 8 .12 
	3.85 
	CuC12 

	Melanterite 
	Melanterite 
	-17. 61 
	-1 9.87 
	-2.26 
	FeS04:7H2O 

	Minium 
	Minium 
	-1 8 . 98 
	55.70 
	74.68 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-8.39 
	-9.69 
	-1. 30 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-44. 64 
	-4 9.98 
	-5. 34 
	Mn2{SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-17. 84 
	-15.30 
	2.54 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-14 5 . 67 
	-141. 81 
	3 . 86 
	MnS 

	MnS04 
	MnS04 
	-1 3.24 
	-10.42 
	2.82 
	MnS04 

	N2 (g) 
	N2 (g) 
	-19.63 
	-22.88 
	-3 . 25 
	N2 

	Nahcolite 
	Nahcolite 
	-5 .13 
	-5. 71 
	-0. 58 
	NaHCO3 

	Nantokite 
	Nantokite 
	-17. 31 
	-24.17 
	-6. 86 
	CuCl 

	Natron 
	Natron 
	-9 . 94 
	-11.40 
	-1. 46 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.17 
	-9.73 
	-5.57 
	MgC03:3H20 

	NH3 (g) 
	NH3 (g) 
	-68.94 
	-67.09 
	1. 85 
	NH3 

	Nsutite 
	Nsutite 
	7.46 
	50.02 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1. 68 
	-4.54 
	-2. 86 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3 .52 
	4.76 
	8.28 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-11. 22 
	-2.43 
	8 .7 9 
	Pb2{OH)3Cl 

	Pb2O{0H)2 
	Pb2O{0H)2 
	-1 6 .68 
	9 .52 
	26 .20 
	Pb0:Pb{OH)2 

	Pb2O3 
	Pb2O3 
	-10 .10 
	50.94 
	61 . 04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10. 84 
	-11. 23 
	-0. 39 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-17.74 
	-6.47 
	11. 27 
	PbCO3:2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-1 5 . 35 
	-4.75 
	10.60 
	PbSO4:2PbO 

	Pb4(0H)6SO4 
	Pb4(0H)6SO4 
	-21 . 09 
	0.01 
	21.10 
	Pb4(OH)6S04 

	Pb4O3SO4 
	Pb4O3SO4 
	-22.4 3 
	0.01 
	22 .44 
	PbSO4: 3Pb0 

	PbF2 
	PbF2 
	-11. 59 
	-1 9 .03 
	-7. 43 
	PbF2 

	PbMetal 
	PbMetal 
	-4 0 . 92 
	-36.66 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8 .22 
	4.76 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-15.32 
	-35 .13 
	-1 9 . 81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-3.80 
	46.18 
	49.98 
	PbO2 

	Portlandite 
	Portlandite 
	-11. 27 
	11. 83 
	23.10 
	Ca {OH) 2 

	Pyrite 
	Pyrite 
	-24 1 . 67 
	-260.2 6 
	-18.59 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6 .59 
	8.61 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	8 . 02 
	50.02 
	42.00 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.02 
	-12. 14 
	-11.12 
	MnC03 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-1.75 
	-12.14 
	-10.39 
	MnCO3 

	Siderite 
	Siderite 
	-10.72 
	-21.59 
	-10. 87 
	FeCO3 

	Siderite {d) (3) 
	Siderite {d) (3) 
	-11.14 
	-21.59 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5. 54 
	-14. 09 
	-8.55 
	SrF2 

	Strontianite 
	Strontianite 
	-1.78 
	-11.05 
	-9.27 
	SrC03 

	Sulfur 
	Sulfur 
	-10 6.93 
	-122 .04 
	-15.10 
	S 

	Tenorite 
	Tenorite 
	-1.98 
	5 .7 9 
	7.77 
	CuO 

	Thenardite 
	Thenardite 
	-9.51 
	-9.69 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 56 
	-11. 40 
	0.15 
	Na2CO3:H2O 

	Trana 
	Trana 
	-16.49 
	-1 7 .12 
	-0 . 62 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-3 .11 
	-11. 68 
	-8 .57 
	BaC03 


	80: 20 Mix of Quebec St. Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	l og 
	IAP 
	log K{291 
	K, 
	1 
	atm) 

	Anglesite 
	Anglesite 
	-7.15 
	-14. 98 
	-7. 82 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.83 
	-7.17 
	-4. 34 
	CaSO4 

	Anilite 
	Anilite 
	-138. 28 
	-17 0 . 85 
	-32. 57 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-11. 50 
	-3 .21 
	8 . 29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.28 
	-8 .57 
	-8.30 
	CaC03 


	Artinite 
	Artinite 
	Artinite 
	-7.84 
	2.21 
	10.06 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-8.75 
	-1.11 
	7.64 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-9.13 
	-4.89 
	4.24 
	Cu3(OH)2(CO3)2 

	BaF2 
	BaF2 
	-9.00 
	-14.78 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.10 
	-9.97 
	-10.08 
	BaSO4 

	Birnessite 
	Birnessite 
	7.17 
	50.77 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	8.08 
	7.71 
	-0.37 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-126.45 
	-150.61 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-132. 67 
	-159.95 
	-27.28 
	Cu0.6Cu0.8S 

	Brochantite 
	Brochantite 
	-13.07 
	2.27 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-5.64 
	11. 63 
	17.27 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.13 
	-8.57 
	-8.45 
	CaCO3 

	Celestite 
	Celestite 
	-2.66 
	-9.28 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-3.17 
	-16.38 
	-13. 21 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-144.19 
	-146.99 
	-2.81 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-11.51 
	-14.17 
	-2.66 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-143.22 
	-178.63 
	-35.40 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-265.92 
	-301.75 
	-35.84 
	CuFeS2 

	CO2(g) 
	CO2(g) 
	-2.88 
	-4.27 
	-1. 39 
	CO2 

	Cotunnite 
	Cotunnite 
	-14.61 
	-19.46 
	-4.86 
	PbC12 

	Covellite 
	Covellite 
	-124.85 
	-147.50 
	-22.65 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3.40 
	5.48 
	8.88 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-12.21 
	-2.70 
	9.52 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-43.42 
	-45.30 
	-1.88 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.94 
	-15.57 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-32.33 
	-25.05 
	7.28 
	CuF 

	CuF2 
	CuF2 
	-18.57 
	-18.97 
	-0.41 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-14.48 
	-18.97 
	-4.49 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-24.79 
	-33.82 
	-9.03 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-20.79 
	-8.69 
	12.10 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	12.08 
	18.57 
	6.50 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-24.00 
	-25.65 
	-1.65 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	2.58 
	-6.28 
	-8.86 
	CuFeO2 

	CuSO4 
	CuSO4 
	-17.47 
	-14.17 
	3.30 
	CuSO4 

	Djurleite 
	Djurleite 
	-141. 89 
	-176.57 
	-34.68 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1.05 
	-17.99 
	-16.94 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-1.63 
	-17.99 
	-16.36 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.83 
	-8.02 
	-2.18 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	5.97 
	2.93 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 66 
	6.55 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.41 
	11. 82 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-150.34 
	-154.25 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 30 
	-11.98 
	-10.68 
	CaF2 

	Galena 
	Galena 
	-135.22 
	-148.31 
	-13.09 
	PbS 

	Goethite 
	Goethite 
	7.32 
	6.55 
	-0.77 
	FeOOH 

	Greigite 
	Greigite 
	-555.06 
	-600.09 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.59 
	-7.17 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-42.00 
	-45.12 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1.68 
	-0.00 
	1. 68 
	H2O 

	H2S(g) 
	H2S(g) 
	-145.02 
	-145.95 
	-0.92 
	H2S 

	Halite 
	Halite 
	-8.66 
	-7.09 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	5.69 
	68.33 
	62.63 
	Mn3O4 

	Hematite 
	Hematite 
	16.61 
	13.09 
	-3.52 
	Fe2O3 

	Huntite 
	Huntite 
	-7.27 
	-36.83 
	-29.56 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.63 
	-28.09 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-18 .11 
	-26.04 
	-7.93 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite (ss) -6. 72 -16.55 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K 
	Jarosite-K 
	Jarosite-K 
	-7 .11 
	-1 5.82 
	-8 .71 
	KFe3(SO4)2(0H)6 

	Jarosite-Na 
	Jarosite-Na 
	-9.97 
	-14. 68 
	-4.70 
	NaFe3(SO4)2(OH)6 

	JarositeH 
	JarositeH 
	-15.14 
	-19. 65 
	-4.51 
	(H3O)Fe3( SO4 )2(OH)6 

	Langite 
	Langite 
	-15.15 
	2.27 
	17.42 
	Cu4(OH)6SO4:H2O 

	Larnakite 
	Larnakite 
	-10.13 
	-10.30 
	-0.18 
	PbO:PbSO4 

	Laurionite 
	Laurionite 
	-8.02 
	-7.40 
	0.62 
	PbOHCl 

	Litharge 
	Litharge 
	-8.31 
	4.67 
	12 . 98 
	PbO 

	Mackinawite 
	Mackinawite 
	-14 9.61 
	-154.25 
	-4. 65 
	FeS 

	Maghemite 
	Maghemite 
	6. 71 
	13 .09 
	6.39 
	Fe2O3 

	Magnesite 
	Magnesite 
	-1.49 
	-9.42 
	-7. 93 
	MgC03 

	Magnetite 
	Magnetite 
	7.28 
	11. 82 
	4.54 
	Fe304 

	Malachite 
	Malachite 
	-5 .17 
	0.30 
	5. 46 
	Cu2(OH)2CO3 

	Manganite 
	Manganite 
	4.44 
	29.78 
	25.34 
	MnOOH 

	Massicot 
	Massicot 
	-8 .51 
	4.67 
	13.18 
	PbO 

	Matlockite 
	Matlockite 
	-10.07 
	-19.62 
	-9.56 
	PbClF 

	Melanothallite 
	Melanothallite 
	-22.58 
	-18.66 
	3 .93 
	CuC12 

	Melanterite 
	Melanterite 
	-1 8 .64 
	-20.93 
	-2.29 
	FeSO4:7H2O 

	Minium 
	Minium 
	-19.31 
	56.01 
	75.33 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-8 . 28 
	-9.69 
	-1.42 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-4 6 .14 
	-51. 23 
	-5 .09 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-17 .79 
	-15. 36 
	2.43 
	MnC12: 4H2O 

	MnS(Green) 
	MnS(Green) 
	-14 8 . 09 
	-144.20 
	3 . 89 
	MnS 

	MnS04 
	MnS04 
	-1 3.79 
	-10. 87 
	2 . 92 
	MnSO4 

	N2 (g) 
	N2 (g) 
	-22.00 
	-25 . 24 
	-3.24 
	N2 

	Nahcolite 
	Nahcolite 
	-5 .08 
	-5 . 68 
	-0. 61 
	NaHCO3 

	Nantokite 
	Nantokite 
	-17.98 
	-24. 89 
	-6.92 
	CuCl 

	Natron 
	Natron 
	-9.53 
	-11.10 
	-1. 56 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-3 .89 
	-9.42 
	-5.53 
	MgCO3:3H2O 

	NH3(g) 
	NH3(g) 
	-70. 93 
	-69.03 
	1. 90 
	NH3 

	Nsutite 
	Nsutite 
	8 . 21 
	50 .77 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1.39 
	-4.23 
	-2 . 84 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3.70 
	4.67 
	8.37 
	Pb(OH)2 

	Pb2(0H)3Cl 
	Pb2(0H)3Cl 
	-11. 52 
	-2.72 
	8.79 
	Pb2(0H)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-1 6 . 86 
	9 . 34 
	26 . 20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-9 .70 
	51 . 34 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11.39 
	-11. 71 
	-0.32 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.48 
	-7.03 
	11. 44 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-16.36 
	-5.63 
	10.73 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-22.06 
	-0. 96 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-23 .62 
	-0. 96 
	22 . 66 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-1 2 . 35 
	-19.78 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.59 
	-37.32 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.31 
	4.67 
	12.98 
	Pb0:0.33H2O 

	Phosgenite 
	Phosgenite 
	-16.03 
	-35.84 
	-1 9 . 81 
	PbC12:PbC03 

	Plattnerite 
	Plattnerite 
	-3.76 
	46.67 
	50.43 
	PbO2 

	Portlandite 
	Portlandite 
	-10.82 
	12.48 
	23 .2 9 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-24 6 .58 
	-265. 23 
	-18.66 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6 .42 
	8.78 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	8.36 
	50.77 
	42.42 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.17 
	-12.27 
	-11.11 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-1.88 
	-12. 27 
	-10.39 
	MnCO3 

	Siderite 
	Siderite 
	-11. 48 
	-22. 33 
	-1 0.85 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11. 88 
	-22.33 
	-10.45 
	FeC03 

	SrF2 
	SrF2 
	-5.53 
	-14.09 
	-8 .56 
	SrF2 

	Strontianite 
	Strontianite 
	-1. 41 
	-10. 68 
	-9 .27 
	SrCO3 

	Sulfur 
	Sulfur 
	-1 08.94 
	-124 . 09 
	-15.15 
	s 

	Tenorite 
	Tenorite 
	-2. 38 
	5.48 
	7.86 
	CuO 


	Thenardite 
	Thenardite 
	Thenardite 
	-9.52 
	-9.69 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11.26 
	-11.10 
	0.17 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.27 
	-16.78 
	-0.51 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-2.79 
	-11. 37 
	-8.58 
	BaCO3 


	20: 80 Mix of Quebec St. Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	log K(290 K, 1 atm) 

	Anglesite 
	Anglesite 
	-5.78 
	-13.61 
	-7.83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.92 
	-7.26 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	-1.18 
	-9.47 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-10.33 
	-0.19 
	10.14 
	MgCO3:Mg(OH)2:3H2O 

	BaF2 
	BaF2 
	-8.94 
	-14.72 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.08 
	-10.02 
	-10.10 
	BaSO4 

	Birnessite 
	Birnessite 
	5.94 
	49.54 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	5.51 
	5.19 
	-0.33 
	Mn2O3 

	Brucite 
	Brucite 
	-7.28 
	10.07 
	17.35 
	Mg(OH)2 

	Calcite 
	Calcite 
	-1.03 
	-9.47 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.73 
	-9.35 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.60 
	-15.82 
	-13. 22 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-142.91 
	-145. 71 
	-2.80 
	CH4 

	CO2 (g) 
	CO2 (g) 
	-2.15 
	-3.53 
	-1.38 
	CO2 

	Cotunnite 
	Cotunnite 
	-13.41 
	-18.29 
	-4.88 
	PbC12 

	Dolomite 
	Dolomite 
	-2.82 
	-19.73 
	-16.91 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-3.40 
	-19.73 
	-16.33 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.85 
	-8.04 
	-2.19 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.25 
	3.21 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 73 
	6.62 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.10 
	12.12 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-148.09 
	-152.01 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 27 
	-11. 96 
	-10.69 
	CaF2 

	Galena 
	Galena 
	-133. 24 
	-146.38 
	-13.14 
	PbS 

	Goethite 
	Goethite 
	7.35 
	6.62 
	-0.73 
	FeOOH 

	Greigite 
	Greigite 
	-546.37 
	-591.41 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.68 
	-7.26 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.90 
	-45.02 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 71 
	-0.00 
	1.71 
	H2O 

	H2S(g) 
	H2S(g) 
	-142.93 
	-143.84 
	-0.91 
	H2S 

	Halite 
	Halite 
	-8.52 
	-6.95 
	1.56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 89 
	64.81 
	62.92 
	Mn3O4 

	Hematite 
	Hematite 
	16.68 
	13.25 
	-3.43 
	Fe2O3 

	Huntite 
	Huntite 
	-10.76 
	-40.25 
	-29.48 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.69 
	-27.15 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-23.18 
	-30.96 
	-7.78 
	Mg5(CO3)4(OH)2:4H2O 

	Maghemite 6.86 13 .25 6.39 Fe2O3 
	Maghemite 6.86 13 .25 6.39 Fe2O3 


	Jarosite(ss) -4.06 -13.89 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.71 -13.33 -8.62 KFe3(SO4)2(OH)6 
	Jarosite-Na -7.31 -11.91 -4.60 NaFe3(SO4)2(OH)6 
	JarositeH -12.00 -16.35 -4.36 (H3O)Fe3(SO4)2(OH)6 
	Larnakite -8.95 -9.11 -0.16 PbO:PbSO4 
	Laurionite -7.52 -6.89 0.62 PbOHCl 
	Litharge -8.52 4.50 13. 03 PbO 
	Mackinawite -147.36 -152.01 -4.65 FeS 
	Magnesite -2.34 -10.26 -7.91 MgCO3 
	Magnetite 7.44 12.12 4.68 Fe3O4 
	Manganite 
	Manganite 
	Manganite 
	3 .25 
	28 .59 
	25.34 
	MnOOH 

	Massicot 
	Massicot 
	-8 . 72 
	4.50 
	13 .22 
	PbO 

	Matlockite 
	Matlockite 
	-8 . 72 
	-18. 30 
	-9.58 
	PbClF 

	Melanterite 
	Melanterite 
	-16.93 
	-19.24 
	-2.30 
	FeSO4:7H2O 

	Minium 
	Minium 
	-20.21 
	55.41 
	75.62 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-7.76 
	-9.23 
	-1. 47 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-44.17 
	-49.15 
	-4.98 
	Mn2(SO4)3 

	MnC12: 4H2O 
	MnC12: 4H2O 
	-17. 54 
	-15.15 
	2 . 38 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-147.15 
	-14 3 .25 
	3.91 
	MnS 

	MnSO4 
	MnSO4 
	-13. 43 
	-10.4 8 
	2. 96 
	MnS04 

	Nahcolite 
	Nahcolite 
	-4.87 
	-5.48 
	-0.62 
	NaHCO3 

	Natron 
	Natron 
	-9. 84 
	-11. 44 
	-1.61 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.75 
	-10. 26 
	-5.51 
	MgCO3:3H2O 

	Nsutite 
	Nsutite 
	6.97 
	49.54 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1.98 
	-4.81 
	-2.83 
	02 

	Pb(BO2)2 
	Pb(BO2)2 
	-13.93 
	-6.21 
	7.72 
	Pb(BO2)2 

	Pb(OH)2 
	Pb(OH)2 
	-3 .91 
	4.50 
	8.41 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-11.18 
	-2.39 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.19 
	9.01 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.14 
	50.90 
	61. 04 
	Pb2O3 

	Pb20C03 
	Pb20C03 
	-11. 04 
	-11. 32 
	-0.29 
	PbO:PbC03 

	Pb302CO3 
	Pb302CO3 
	-1 8 .33 
	-6.82 
	11. 52 
	PbCO3: 2Pb0 

	Pb3O2SO4 
	Pb3O2SO4 
	-1 5 . 39 
	-4.60 
	10.79 
	PbSO4: 2PbO 

	Pb4(OH) 6SO4 
	Pb4(OH) 6SO4 
	-21.20 
	-0.10 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-22.86 
	-0.10 
	22.76 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-10.88 
	-18.31 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.66 
	-37.40 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8 .48 
	4.50 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-14.30 
	-34. 11 
	-19. 81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4. 23 
	46 .4 0 
	50.63 
	PbO2 

	Portlandite 
	Portlandite 
	-12 .53 
	10. 85 
	23.38 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-242.30 
	-260.99 
	-18.69 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.56 
	7.64 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	6 .93 
	49.54 
	42.60 
	Mn02 

	Rhodochrosite 
	Rhodochrosite 
	-1.59 
	-12. 69 
	-11.10 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.30 
	-12. 69 
	-10.39 
	MnCO3 

	Siderite 
	Siderite 
	-10.61 
	-21.45 
	-10.84 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11. 00 
	-21.45 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5 .49 
	-14.05 
	-8 .56 
	SrF2 

	Strontianite 
	Strontianite 
	-2 . 30 
	-11. 57 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-10 6.95 
	-122 .13 
	-1 5 .17 
	S 

	Thenardite 
	Thenardite 
	-9 .0 6 
	-9.23 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 62 
	-11.44 
	0.1 8 
	Na2C03:H2O 

	Trana 
	Trana 
	-1 6 .47 
	-1 6 . 93 
	-0.46 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-3 .65 
	-12 . 23 
	-8.58 
	BaCO3 


	50: 50 Mix of Quebec St. Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(290 
	K, 
	1 
	atm) 

	Anglesite 
	Anglesite 
	-6 .19 
	-14.03 
	-7. 83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2. 88 
	-7.22 
	-4.34 
	CaS04 

	Aragonite 
	Aragonite 
	-0.90 
	-9.19 
	-8.29 
	CaC03 

	Artinite 
	Artinite 
	-9.65 
	0.50 
	10.15 
	MgCO3:Mg(
	OH)2:3H20 

	BaF2 
	BaF2 
	-8 .97 
	-14.75 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.10 
	-10.00 
	-10.10 
	BaSO4 


	Birnessite 
	Birnessite 
	Birnessite 
	6.39 
	49.99 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6.14 
	5.83 
	-0.32 
	Mn2O3 

	Brucite 
	Brucite 
	-6.85 
	10.51 
	17.36 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.75 
	-9.19 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.69 
	-9.31 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.78 
	-16.00 
	-13. 22 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-144.03 
	-146.82 
	-2.79 
	CH4 

	CO2 (g) 
	CO2 (g) 
	-2.35 
	-3.72 
	-1. 37 
	CO2 

	Cotunnite 
	Cotunnite 
	-13.67 
	-18.55 
	-4.88 
	PbC12 

	Dolomite 
	Dolomite 
	-2.30 
	-19.20 
	-16.91 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.88 
	-19.20 
	-16.33 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.84 
	-8.03 
	-2.19 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.09 
	3.05 
	-3.04 
	Fe(OH)2.7C10.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 62 
	6.51 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.54 
	11. 68 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-149.67 
	-153.58 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1.27 
	-11. 96 
	-10.69 
	CaF2 

	Galena 
	Galena 
	-134.56 
	-147.71 
	-13 .15 
	PbS 

	Goethite 
	Goethite 
	7.23 
	6.51 
	-0.72 
	FeOOH 

	Greigite 
	Greigite 
	-552.22 
	-597.25 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.63 
	-7.22 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-42.14 
	-45.25 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1.71 
	-0.00 
	1. 71 
	H2O 

	H2S(g) 
	H2S(g) 
	-144.28 
	-145.18 
	-0.91 
	H2S 

	Halite 
	Halite 
	-8.51 
	-6.95 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	2. 72 
	65.69 
	62.97 
	Mn3O4 

	Hematite 
	Hematite 
	16.44 
	13.03 
	-3.41 
	Fe2O3 

	Huntite 
	Huntite 
	-9.75 
	-39.22 
	-29.47 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.03 
	-27.49 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-21.77 
	-29.53 
	-7.75 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite (ss) -5.08 -14.91 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -5.69 -14.30 -8.61 KFe3(SO4)2(OH)6 
	Jarosite-Na -8.38 -12.97 -4.58 NaFe3(SO4)2(OH)6 
	JarositeH -13.23 -17.55 -4.33 (H3O)Fe3(SO4)2(OH)6 
	Larnakite -9.35 -9.50 -0.16 PbO:PbSO4 
	Laurionite -7.64 -7.01 0.62 PbOHCl 
	Litharge -8.52 4.52 13. 04 PbO 
	Mackinawite -148.93 -153.58 -4.65 FeS 
	Maghemite 6.64 13.03 6.39 Fe2O3 
	Magnesite -2.10 -10.01 -7.91 MgCO3 
	Magnetite 6.97 11. 68 4.71 Fe3O4 
	Manganite 3.58 28.92 25.34 MnOOH 
	Massicot -8. 71 4.52 13.23 PbO 
	Matlockite -9.08 -18.66 -9.58 PbClF 
	Melanterite -17.59 -19.89 -2.31 FeSO4:7H2O 
	Minium -19.97 55.70 75.67 Pb3O4 
	Mirabilite -7.89 -9.37 -1. 48 Na2SO4:10H2O 
	Mn2(SO4)3 -44.86 -49.81 -4. 96 Mn2(SO4)3 
	MnC12:4H2O -17.59 -15.21 2.37 MnC12:4H2O 
	MnS(Green) -148.29 -144.38 3.91 MnS 
	MnSO4 -13.66 -10.69 2.97 MnSO4 
	Nahcolite -4.92 -5.53 -0.62 NaHCO3 
	Natron -9.74 -11. 35 -1.61 Na2CO3:10H2O 
	Nesquehonite -4.50 -10.01 -5.51 MgCO3:3H2O 
	Nsutite 7.43 49.99 42.56 MnO2 
	02 (g) -1. 58 -4.41 -2.83 02 
	Pb(BO2)2 -14.32 -6.60 7. 72 Pb(BO2)2 
	Pb(OH)2 
	Pb(OH)2 
	Pb(OH)2 
	-3.90 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-11.28 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17 .16 

	Pb2O3 
	Pb2O3 
	-9.86 

	Pb2OCO3 
	Pb2OCO3 
	-11.20 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.49 

	Pb3O2SO4 
	Pb3O2SO4 
	-15.78 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21.56 

	Pb403SO4 
	Pb403SO4 
	-23.24 

	PbF2 
	PbF2 
	-11.35 

	PbMetal 
	PbMetal 
	-41.88 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.46 

	Phosgenite 
	Phosgenite 
	-14.74 

	Plattnerite 
	Plattnerite 
	-4.01 

	Portlandite 
	Portlandite 
	-12.07 

	Pyrite 
	Pyrite 
	-244.98 

	Pyrochroite 
	Pyrochroite 
	-7.35 

	Pyrolusite 
	Pyrolusite 
	7.35 

	Rhodochrosite 
	Rhodochrosite 
	-1.57 


	Rhodochrosite(d) -2.28 Siderite -11.03 Siderite (d) (3) -11. 42 SrF2 -5.50 Strontianite -2.02 Sulfur -108.07 Thenardite -9.21 Thermonatrite -11.53 Trana -16.44 Witherite -3. 40 
	4.52 -2.49 9.04 
	51.18 -11.48 -6. 96 -4.98 -0.46 -0.46 -18.77 -37.62 4.52 -34.55 46.66 11. 33 -263.68 7.85 49.99 -12.67 
	-12.67 -21.87 -21.87 -14.06 -11. 29 
	-123.25 -9.37 -11. 35 -16.89 -11. 98 
	8.42 
	8.79 26.20 61.04 -0.28 11. 53 10.80 21.10 22.78 -7.43 4.26 12.98 -19.81 50.67 23.40 -18.70 15.20 42.64 -11.10 
	-10.39 
	-10.84 -10.45 -8.56 -9.27 -15.18 -0.17 0.18 -0.45 -8.59 
	Pb(OH)2 Pb2(OH)3Cl PbO:Pb(OH)2 Pb2O3 
	PbO:PbCO3 PbCO3:2PbO PbSO4:2PbO Pb4(OH)6SO4 PbSO4:3PbO 
	PbF2 Pb PbO:0.33H20 PbC12:PbCO3 PbO2 Ca(OH)2 FeS2 Mn(OH)2 MnO2 MnCO3 
	MnCO3 FeC03 FeC03 SrF2 SrCO3 
	s 
	Na2SO4 Na2CO3:H2O NaHCO3:Na2CO3:2H2O BaCO3 
	80: 20 Mix of Quebec St. Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	log K(290 K, l atm) 

	Anglesite 
	Anglesite 
	-6.95 
	-14.78 
	-7.83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.84 
	-7.17 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0.48 
	-8.77 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-8.55 
	1. 62 
	10.17 
	MgCO3:Mg(OH)2:3H2O 

	BaF2 
	BaF2 
	-9.01 
	-14.79 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0 .11 
	-9.99 
	-10.10 
	BaSO4 

	Birnessite 
	Birnessite 
	6.80 
	50.40 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6.80 
	6.49 
	-0.31 
	Mn2O3 

	Brucite 
	Brucite 
	-6.13 
	11. 25 
	17.38 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.34 
	-8.77 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2.65 
	-9.27 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-3.16 
	-16.38 
	-13.23 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-144.89 
	-147.69 
	-2.79 
	CH4 

	CO2 (g) 
	CO2 (g) 
	-2.69 
	-4.06 
	-1. 37 
	CO2 

	Cotunnite 
	Cotunnite 
	-14.29 
	-19.17 
	-4.88 
	PbC12 

	Dolomite 
	Dolomite 
	-1. 49 
	-18.40 
	-16.90 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.08 
	-18.40 
	-16.32 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.83 
	-8.02 
	-2.20 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 5.70 
	Fe (OH) 2. 7Cl. 3 5.70 
	2.66 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 32 
	6.21 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-9.52 
	10.70 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-151.28 
	-155.20 
	-3.92 
	FeS 


	Fluorite 
	Fluorite 
	Fluorite 
	-1. 28 
	-11.98 
	-10.70 
	CaF2 

	Galena 
	Galena 
	-135.83 
	-148.99 
	-13.17 
	PbS 

	Goethite 
	Goethite 
	6.92 
	6.21 
	-0. 71 
	FeOOH 

	Greigite 
	Greigite 
	-558.18 
	-603.22 
	-45.03 
	Fe3S4 

	Gypsum 
	Gypsum 
	-2.59 
	-7.17 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-42.28 
	-45.39 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 72 
	-0.00 
	1. 72 
	H2O 

	H2S(g) 
	H2S(g) 
	-145.52 
	-146.43 
	-0.91 
	H2S 

	Halite 
	Halite 
	-8.53 
	-6.97 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	3.64 
	66.66 
	63.03 
	Mn3O4 

	Hematite 
	Hematite 
	15.81 
	12.42 
	-3.40 
	Fe2O3 

	Huntite 
	Huntite 
	-8.18 
	-37.64 
	-29.46 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.82 
	-28.28 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-19.52 
	-27.24 
	-7. 73 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -7.14 -16.97 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 Jarosite-K -7.69 -16.28 -8.59 KFe3(SO4)2(OH)6 Jarosite-Na -10.49 -15.05 -4.56 NaFe3(SO4)2(OH)6 JarositeH -15.61 -19.91 -4.30 (H3O)Fe3(SO4)2(OH)6 Larnakite -10.14 -10.30 -0.15 PbO:PbSO4 Laurionite -7.97 -7.34 0.62 PbOHCl Litharge -8.56 4.49 13. 05 PbO Mackinawite -150.55 -155.20 -4.65 FeS Maghemite 6.03 12.42 6.39 Fe2O3 Magnesite -1.72 -9.62 -7.91 MgCO3 Magnetite 5. 96 10.70 4.74 Fe3O4 Manganite 3.93 29.27 25.34 MnOOH Massicot -8.76 4.49 13 .24 
	Pyrochroite 
	Pyrochroite 
	Pyrochroite 
	-7.07 
	8 .13 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	7.73 
	50.40 
	42.67 
	Mn02 

	Rhodochrosite 
	Rhodochrosite 
	-1. 64 
	-12.74 
	-11.10 
	MnC03 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2 . 35 
	-12.74 
	-10. 39 
	MnCO3 

	Siderite 
	Siderite 
	-11.74 
	-22 .59 
	-10.84 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-12 .14 
	-22.59 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5. 51 
	-14.07 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-1.60 
	-10.87 
	-9 . 27 
	SrCO3 

	Sulfur 
	Sulfur 
	-10 9 .18 
	-124.36 
	-15.18 
	S 

	Thenardite 
	Thenardite 
	-9.38 
	-9.55 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11.33 
	-11.15 
	0.18 
	Na2CO3:H2O 

	Trana 
	Trana 
	-1 6 . 32 
	-16.76 
	-0.44 
	NaHCO3:Na2CO3:2H2O 

	Witherite 
	Witherite 
	-3.00 
	-11. 59 
	-8 .59 
	BaC03 


	20 : 80 Mix ofWemlinger Injection Water: Arapahoe Formation Water 
	Phase SI** l og IAP l og K(296 K, 1 atm) 
	Al(OH)3(a) -0. 90 9 .99 10.89 Al(OH)3 AlumK -1 8.41 -23.61 -5.19 KAl(SO4)2:12H2O Alunite -2. 39 -3 . 62 -1. 23 KA13(SO4)2(OH)6 Anglesite -5.88 -1 3 . 68 -7. 80 PbSO4 Anhydrite -2.79 -7.14 -4. 36 CaSO4 Anilite -116.96 -148.98 -32 .02 Antlerite -9 .0 6 -0.77 8.29 Cu3(OH)4SO4 Aragonite -0.95 -9.28 -8. 33 CaCO3 Artinite -8.95 0.74 9.70 MgCO3:Mg(OH)2:3H2O Atacamite -6 . 81 0.59 7.40 Cu2(0H)3Cl Azurite -6 .61 -2.76 3 . 85 Cu3(0H)2(CO3)2 B-UO2(OH)2 -5.12 0 .47 5.59 UO2(OH)2 BaF2 -8.98 -14.74 -5.7 6 BaF2 Barite 0.0
	Cu0.25Cul.5S 
	Cu0.9Cu0.2S 
	Cu0.6Cu0.8S 

	CuF2:2H2O 
	CuF2:2H2O 
	CuF2:2H2O 
	-12.78 
	-17.32 
	-4.54 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-20.24 
	-29.06 
	-8.82 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-18.30 
	-6.65 
	11. 65 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	13. 37 
	19.38 
	6.01 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-18.90 
	-20.47 
	-1. 57 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	5.43 
	-3.48 
	-8.91 
	CuFeO2 

	CuSO4 
	CuSO4 
	-15.60 
	-12.53 
	3.07 
	CuSO4 

	Diaspore 
	Diaspore 
	3.03 
	9.99 
	6. 96 
	AlOOH 

	Djurleite 
	Djurleite 
	-119.75 
	-153.83 
	-34.08 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-2 .11 
	-19.17 
	-17.06 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.67 
	-19.17 
	-16.50 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.62 
	-7.77 
	-2.15 
	MgSO4:7H2O 

	Fe(OH)2.7Cl.3 
	Fe(OH)2.7Cl.3 
	6.45 
	3.41 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 86 
	6.75 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-5.73 
	14.49 
	20.22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-130.21 
	-134 .12 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1.32 
	-11. 94 
	-10.62 
	CaF2 

	Galena 
	Galena 
	-117.53 
	-130. 37 
	-12.85 
	PbS 

	Gibbsite 
	Gibbsite 
	1. 80 
	9.99 
	8.19 
	Al(OH)3 

	Goethite 
	Goethite 
	7. 71 
	6.75 
	-0.95 
	FeOOH 

	Greigite 
	Greigite 
	-480.88 
	-525.92 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-10.01 
	0.47 
	10.48 
	UO3 

	Gypsum 
	Gypsum 
	-2.56 
	-7.14 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-37.65 
	-40.79 
	-3.14 
	H2 

	H2O(g) 
	H2O(g) 
	-1. 55 
	-0.00 
	1. 55 
	H2O 

	H2S (g) 
	H2S (g) 
	-127.16 
	-128.14 
	-0.98 
	H2S 

	Halite 
	Halite 
	-8.37 
	-6.79 
	1. 58 
	NaCl 

	Hausmannite 
	Hausmannite 
	1.09 
	62.46 
	61. 37 
	Mn3O4 

	Hematite 
	Hematite 
	17.41 
	13.51 
	-3.90 
	Fe2O3 

	Huntite 
	Huntite 
	-9.08 
	-38. 96 
	-29.88 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.43 
	-26.89 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-20.36 
	-28.95 
	-8.59 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite (ss) -4 .11 -13.94 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.23 -13.33 -9.10 KFe3(SO4)2(OH)6 
	Jarosite-Na -7.02 -12.18 -5.16 NaFe3(SO4)2(OH)6 
	JarositeH -11. 34 -16.54 -5.20 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite -5.18 -8.41 -3.23 AlOHSO4 
	Langite -11.82 5.10 16.92 Cu4(OH)6SO4:H2O 
	Larnakite -8.69 -8.95 -0.26 PbO:PbSO4 
	Laurionite -7.05 -6.43 0.62 PbOHCl 
	Litharge -8.05 4.73 12.78 PbO 
	Mackinawite -129.47 -134 .12 -4.65 FeS 
	Maghemite 7.12 13.51 6.39 Fe2O3 
	Magnesite -1.89 -9.90 -8.01 MgCO3 
	Magnetite 10.58 14.49 3.91 Fe3O4 
	Malachite -3.66 1. 56 5.22 Cu2(OH)2CO3 
	Manganite 1. 76 27.10 25.34 MnOOH 
	Massicot -8.24 4.73 12.97 PbO 
	Matlockite -8.57 -18.03 -9.46 PbClF 
	Melanothallite -20.21 -16.44 3.77 CuC12 
	Melanterite -15.20 -17.42 -2.23 FeSO4:7H2O 
	Minium -22.20 51. 83 74.04 Pb3O4 
	Mirabilite -8.49 -9.67 -1.18 Na2SO4:10H2O 
	Mn2(SO4)3 -46.63 -52.21 -5.58 Mn2(SO4)3 
	MnC12:4H2O -16.70 -14.05 2.65 MnC12:4H2O 
	MnS(Green) -130.65 -126.83 3.82 MnS 
	MnSO4 -12.85 -10.13 2. 72 MnSO4 
	N2 (g) 
	N2 (g) 
	N2 (g) 
	-2.18 
	-5.44 
	-3.26 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-27.37 
	-43.66 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-5.26 
	-5.82 
	-0.56 
	NaHCO3 

	Nantokite 
	Nantokite 
	-14.60 
	-21.39 
	-6.79 
	CuCl 

	Natron 
	Natron 
	-10.43 
	-11. 80 
	-1. 36 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-4.29 
	-9.90 
	-5.60 
	MgCO3:3H2O 

	NH3(g) 
	NH3(g) 
	-54.64 
	-52.84 
	1. 80 
	NH3 

	Nsutite 
	Nsutite 
	3.36 
	45.92 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-8.35 
	-11. 23 
	-2.88 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3.47 
	4.73 
	8.20 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.50 
	-1.70 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-16.74 
	9.46 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-13.93 
	47 .11 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-10.62 
	-11.08 
	-0.46 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-17.46 
	-6.35 
	11.11 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-14.69 
	-4.22 
	10.47 
	PbSO4: 2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-20.59 
	0.51 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-21.71 
	0.51 
	22.22 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11. 03 
	-18.47 
	-7.44 
	PbF2 

	PbMetal 
	PbMetal 
	-37.19 
	-32.92 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.25 
	4.73 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-13.59 
	-33.40 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-7.16 
	42.38 
	49.54 
	PbO2 

	Portlandite 
	Portlandite 
	-11. 65 
	11. 26 
	22.90 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-213. 05 
	-231.57 
	-18.52 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.93 
	8.27 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	4.32 
	45.92 
	41.60 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.14 
	-12.26 
	-11.13 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-1. 87 
	-12.26 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.62 
	-20.07 
	-14.45 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.98 
	0.47 
	5.44 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-8.67 
	-19.55 
	-10.88 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-9.10 
	-19.55 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.62 
	-14.16 
	-8.54 
	SrF2 

	Strontianite 
	Strontianite 
	-2.23 
	-11.50 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-95.36 
	-110.41 
	-15.05 
	s 

	Tenorite 
	Tenorite 
	-1.79 
	5.88 
	7.67 
	CuO 

	Thenardite 
	Thenardite 
	-9.49 
	-9.67 
	-0.18 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-11. 93 
	-11. 80 
	0 .13 
	Na2CO3:H2O 

	Trona 
	Trona 
	-16.89 
	-17.62 
	-0.73 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-43.23 
	-46.43 
	-3.20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-29.71 
	-8.79 
	20.92 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-71. 42 
	-74.47 
	-3.04 
	U4O9 

	UF4(c) 
	UF4(c) 
	-55.88 
	-74.42 
	-18.54 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-46.86 
	-74.42 
	-27.57 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-28.13 
	-28.03 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-7.32 
	0.47 
	7.78 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-23.29 
	-28.03 
	-4.74 
	UO2 

	Witherite 
	Witherite 
	-3.51 
	-12.08 
	-8.56 
	BaCO3 


	50: 50 Mix ofWemlinger Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(294 
	K, 
	1 
	atm) 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-0.49 
	10.57 
	11. 05 
	Al(OH)3 

	AlumK 
	AlumK 
	-17.92 
	-23.16 
	-5.24 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-1.10 
	-2.02 
	-0.92 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-6.00 
	-13.81 
	-7.81 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.65 
	-7.00 
	-4.35 
	CaSO4 

	Anilite 
	Anilite 
	-133. 21 
	-165.51 
	-32.30 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-9.55 
	-1. 26 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.89 
	-9.20 
	-8.31 
	CaCO3 

	Artinite 
	Artinite 
	-8.58 
	l. 29 
	9.88 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-6.89 
	0.63 
	7.52 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-7.45 
	-3.40 
	4.05 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.70 
	0.97 
	5.68 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.17 
	-14.94 
	-5.77 
	BaF2 

	Barite 
	Barite 
	0.04 
	-9.99 
	-10.03 
	BaSO4 

	Basaluminite 
	Basaluminite 
	1.10 
	23.80 
	22.70 
	Al4(OH)10SO4 

	Birnessite 
	Birnessite 
	5.77 
	49.37 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6.56 
	6.09 
	-0.46 
	Mn2O3 

	BlaubleiI 
	BlaubleiI 
	-121.85 
	-146.02 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-127.73 
	-155.01 
	-27.28 
	Cu0.6Cu0.8S 

	Boehmite 
	Boehmite 
	l. 71 
	10.57 
	8.85 
	AlOOH 

	Brochantite 
	Brochantite 
	-10.86 
	4.48 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-6 .12 
	10.98 
	17.10 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.74 
	-9.20 
	-8.46 
	CaCO3 

	Celestite 
	Celestite 
	-2.68 
	-9.31 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.83 
	-16.01 
	-13.18 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-140.75 
	-143.58 
	-2.83 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10.08 
	-12.74 
	-2.65 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-137.92 
	-173.01 
	-35.09 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-256.91 
	-292.52 
	-35.61 
	CuFeS2 

	CO2 (g) 
	CO2 (g) 
	-2.51 
	-3.94 
	-1.42 
	CO2 

	Cotunnite 
	Cotunnite 
	-12.21 
	-17.03 
	-4.82 
	PbC12 

	Covellite 
	Covellite 
	-120.52 
	-143.02 
	-22.50 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3.05 
	5.74 
	8.79 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-10.17 
	-0.76 
	9.41 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-40.82 
	-42.73 
	-1.91 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.30 
	-14.93 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-31.04 
	-23.84 
	7.20 
	CuF 

	CuF2 
	CuF2 
	-17.19 
	-17.69 
	-0.49 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-13 .17 
	-17.69 
	-4.52 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-23.77 
	-32.70 
	-8.92 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-18.87 
	-7.00 
	11. 87 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	12.92 
	19.17 
	6.25 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-22.64 
	-24.25 
	-1.61 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	3.47 
	-5.41 
	-8.88 
	CuFeO2 

	CuSO4 
	CuSO4 
	-15.92 
	-12.74 
	3.18 
	CuSO4 

	Diaspore 
	Diaspore 
	3.45 
	10.57 
	7.12 
	AlOOH 

	Djurleite 
	Djurleite 
	-136.65 
	-171.03 
	-34.38 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1.89 
	-18.89 
	-17.00 
	CaMg(CO3)2 

	Dolomite (d) 
	Dolomite (d) 
	-2.45 
	-18.89 
	-16.43 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.32 
	-7.49 
	-2.17 
	MgSO4: 7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.50 
	3.46 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	l. 82 
	6.71 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-7.53 
	12.69 
	20.22 
	Fe3(OH)8 


	FeS(ppt) 
	FeS(ppt) 
	FeS(ppt) 
	-145.58 
	-149.50 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 30 
	-11. 95 
	-10.65 
	CaF2 

	Galena 
	Galena 
	-131.12 
	-144.09 
	-12.97 
	PbS 

	Gibbsite 
	Gibbsite 
	2.24 
	10.57 
	8.33 
	Al(OH)3 

	Goethite 
	Goethite 
	7.58 
	6. 71 
	-0.86 
	FeOOH 

	Greigite 
	Greigite 
	-537.30 
	-582.34 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.65 
	0.97 
	10.62 
	UO3 

	Gypsum 
	Gypsum 
	-2.42 
	-7.00 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.14 
	-44.27 
	-3.13 
	H2 

	H2O(g) 
	H2O(g) 
	-1.61 
	-0.00 
	1. 61 
	H2O 

	H2S (g) 
	H2S (g) 
	-140.81 
	-141.76 
	-0.95 
	H2S 

	Halite 
	Halite 
	-8.02 
	-6.45 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	3.85 
	65.84 
	62.00 
	Mn3O4 

	Hematite 
	Hematite 
	17.14 
	13. 43 
	-3.71 
	Fe2O3 

	Huntite 
	Huntite 
	-8.55 
	-38.27 
	-29.72 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.89 
	-27.35 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-19.51 
	-27. 77 
	-8.26 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -4.36 -14.19 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.67 -13.58 -8.91 KFe3(SO4)2(OH)6 
	Jarosite-Na -7.47 -12.41 -4.93 NaFe3(SO4)2(OH)6 
	JarositeH -11.94 -16.81 -4.86 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite -4.68 -7.91 -3.23 AlOHSO4 
	Langite -12.69 4.48 17.17 Cu4(OH)6SO4:H2O 
	Larnakite -8.92 -9.14 -0.22 PbO:PbSO4 
	Laurionite -6.81 -6.18 0.62 PbOHCl 
	Litharge -8.21 4.67 12.88 PbO 
	Mackinawite -144.85 -149.50 -4.65 FeS 
	Maghemite 7.04 13. 43 6.39 Fe2O3 
	Magnesite -1. 72 -9.69 -7.97 MgCO3 
	Magnetite 8.47 12.69 4.22 Fe3O4 
	Malachite -4.17 1.17 5.34 Cu2(OH)2CO3 
	Manganite 3.46 28.80 25.34 MnOOH 
	Massicot -8.40 4.67 13. 07 PbO 
	Matlockite -8.39 -17.90 -9.51 PbClF 
	Melanothallite -19.81 -15. 96 3.85 CuC12 
	Melanterite -16.96 -19.22 -2.26 FeSO4:7H2O 
	Minium -19.54 55.14 74.68 Pb3O4 
	Mirabilite -8.38 -9.68 -1. 30 Na2SO4:10H2O 
	Mn2(SO4)3 -43.99 -49.33 -5.34 Mn2(SO4)3 
	MnC12:4H2O -16.01 -13.46 2.54 MnC12:4H2O 
	MnS(Green) -144.38 -140.52 3.86 MnS 
	MnSO4 -13.06 -10.24 2.82 MnSO4 
	N2 (g) -16.87 -20 .11 -3.25 N2 
	Na4UO2(CO3)3 -27.16 -43.45 -16.29 Na4UO2(CO3)3 
	Nahcolite -5.33 -5.91 -0.58 NaHCO3 
	Nantokite -16.12 -22.97 -6.86 CuCl 
	Natron -10.41 -11. 87 -1. 46 Na2CO3:10H2O 
	Nesquehonite -4.12 -9.69 -5.57 MgCO3:3H2O 
	NH3(g) -67.14 -65.30 1.85 NH3 
	Nsutite 6.81 49.37 42.56 MnO2 
	02 (g) -2.23 -5.09 -2.86 02 
	Pb(OH)2 -3.62 4.67 8.28 Pb(OH)2 
	Pb2(OH)3Cl -10.31 -1. 52 8.79 Pb2(OH)3Cl 
	Pb2O(OH)2 -16.87 9.33 26.20 PbO:Pb(OH)2 
	Pb2O3 -10.57 50.47 61.04 Pb2O3 
	Pb2OCO3 -10.95 -11. 34 -0.39 PbO:PbCO3 
	Pb3O2CO3 -17.95 -6.68 11. 27 PbCO3:2PbO 
	Pb3O2SO4 
	Pb3O2SO4 
	Pb3O2SO4 
	-15.07 
	-4.48 
	10.60 
	PbSO4:2PbO 

	Pb4 (OH) 6SO4 
	Pb4 (OH) 6SO4 
	-20.91 
	0.19 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-22.25 
	0.19 
	22.44 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11.33 
	-18.76 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-40.74 
	-36.47 
	4.27 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.31 
	4.67 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-13. 23 
	-33.04 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.17 
	45.81 
	49.98 
	PbO2 

	Portlandite 
	Portlandite 
	-11. 62 
	11. 48 
	23.10 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-238.53 
	-257.12 
	-18.59 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-6.97 
	8.23 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	7.37 
	49.37 
	42.00 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.32 
	-12.44 
	-11.12 
	MnCO3 

	Rhodochrosite (d) 
	Rhodochrosite (d) 
	-2.05 
	-12.44 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.26 
	-19.70 
	-14.44 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.54 
	0.97 
	5.52 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-10.55 
	-21.42 
	-10.87 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-10. 97 
	-21.42 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.70 
	-14.26 
	-8.55 
	SrF2 

	Strontianite 
	Strontianite 
	-2.24 
	-11. 50 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-105.55 
	-120.65 
	-15.10 
	S 

	Tenorite 
	Tenorite 
	-2.03 
	5.74 
	7.77 
	CuO 

	Thenardite 
	Thenardite 
	-9.50 
	-9.67 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-12.03 
	-11. 87 
	0.15 
	Na2CO3:H2O 

	Trona 
	Trona 
	-17.16 
	-17.78 
	-0.62 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-46.07 
	-49.27 
	-3.20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-31.75 
	-10.10 
	21.64 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-79.63 
	-82.04 
	-2.41 
	U4O9 

	UF4(c) 
	UF4(c) 
	-59.22 
	-77.65 
	-18.42 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-50.08 
	-77.65 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-30.89 
	-30.79 
	0.10 
	UO2 

	UO3(gamma) 
	UO3(gamma) 
	-6.93 
	0.97 
	7.90 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-26.17 
	-30.79 
	-4.62 
	UO2 

	Witherite 
	Witherite 
	-3.62 
	-12.19 
	-8.57 
	BaCO3 


	80: 20 Mix ofWemlinger Injection Water: Arapahoe Formation Water 
	Phase 
	Phase 
	Phase 
	SI** 
	log 
	IAP 
	log K(291 
	K, 
	1 
	atm) 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-0.33 
	10.89 
	11.22 
	Al(OH)3 

	AlumK 
	AlumK 
	-17.93 
	-23.22 
	-5.28 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	-0.84 
	-1.44 
	-0.60 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-6.40 
	-14.22 
	-7.82 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.54 
	-6.88 
	-4.34 
	CaSO4 

	Anilite 
	Anilite 
	-136.57 
	-169.14 
	-32.57 
	Cu0.25Cul.5S 

	Antlerite 
	Antlerite 
	-10.73 
	-2.44 
	8.29 
	Cu3(OH)4SO4 

	Aragonite 
	Aragonite 
	-0.76 
	-9.06 
	-8.30 
	CaCO3 

	Artinite 
	Artinite 
	-8 .11 
	1.95 
	10.06 
	MgCO3:Mg(OH)2:3H2O 

	Atacamite 
	Atacamite 
	-7.59 
	0.04 
	7.64 
	Cu2(OH)3Cl 

	Azurite 
	Azurite 
	-8. 96 
	-4.72 
	4.24 
	Cu3(OH)2(CO3)2 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4.49 
	1.28 
	5.76 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9.43 
	-15.21 
	-5.78 
	BaF2 

	Barite 
	Barite 
	-0.04 
	-10.12 
	-10.08 
	BaSO4 

	Basaluminite 
	Basaluminite 
	2.16 
	24.86 
	22.70 
	Al4(OH)l0SO4 

	Birnessite 
	Birnessite 
	6.35 
	49.95 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	6.61 
	6.24 
	-0.37 
	Mn2O3 


	BlaubleiI 
	BlaubleiI 
	BlaubleiI 
	-124.82 
	-148.98 
	-24.16 
	Cu0.9Cu0.2S 

	BlaubleiII 
	BlaubleiII 
	-131. 01 
	-158.28 
	-27.28 
	Cu0.6Cu0.8S 

	Boehmite 
	Boehmite 
	1. 86 
	10.89 
	9.03 
	AlOOH 

	Brochantite 
	Brochantite 
	-12.35 
	2.99 
	15.34 
	Cu4(OH)6SO4 

	Brucite 
	Brucite 
	-5.86 
	11. 41 
	17.27 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.61 
	-9.06 
	-8.45 
	CaCO3 

	Celestite 
	Celestite 
	-2.64 
	-9.26 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-3.19 
	-16.40 
	-13.21 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-143.29 
	-146.10 
	-2.81 
	CH4 

	Chalcanthite 
	Chalcanthite 
	-10.62 
	-13.28 
	-2.66 
	CuSO4:5H2O 

	Chalcocite 
	Chalcocite 
	-141. 48 
	-176.89 
	-35.40 
	Cu2S 

	Chalcopyrite 
	Chalcopyrite 
	-262.59 
	-298.42 
	-35.84 
	CuFeS2 

	CO2 (g) 
	CO2 (g) 
	-2. 71 
	-4.10 
	-1. 39 
	CO2 

	Cotunnite 
	Cotunnite 
	-12.26 
	-17.12 
	-4.86 
	PbC12 

	Covellite 
	Covellite 
	-123.23 
	-145.88 
	-22.65 
	CuS 

	Cu(OH)2 
	Cu(OH)2 
	-3.46 
	5.42 
	8.88 
	Cu(OH)2 

	Cu2(OH)3NO3 
	Cu2(OH)3NO3 
	-10.99 
	-1.47 
	9.52 
	Cu2(OH)3NO3 

	Cu2SO4 
	Cu2SO4 
	-42.41 
	-44.29 
	-1.88 
	Cu2SO4 

	CuCO3 
	CuCO3 
	-5.83 
	-15.46 
	-9.63 
	CuCO3 

	CuF 
	CuF 
	-31. 96 
	-24.69 
	7.28 
	CuF 

	CuF2 
	CuF2 
	-17. 96 
	-18.37 
	-0.41 
	CuF2 

	CuF2:2H2O 
	CuF2:2H2O 
	-13.88 
	-18.37 
	-4.49 
	CuF2:2H2O 

	CuMetal 
	CuMetal 
	-24.67 
	-33.70 
	-9.03 
	Cu 

	CuOCuSO4 
	CuOCuSO4 
	-19.95 
	-7.86 
	12.10 
	CuO:CuSO4 

	CupricFerrite 
	CupricFerrite 
	11. 92 
	18.42 
	6.50 
	CuFe2O4 

	Cuprite 
	Cuprite 
	-23.93 
	-25.58 
	-1.65 
	Cu2O 

	CuprousFerrite 
	CuprousFerrite 
	2.57 
	-6. 29 
	-8.86 
	CuFeO2 

	CuSO4 
	CuSO4 
	-16.58 
	-13. 28 
	3.30 
	CuSO4 

	Diaspore 
	Diaspore 
	3.62 
	10.89 
	7.27 
	AlOOH 

	Djurleite 
	Djurleite 
	-140.16 
	-174.84 
	-34.68 
	Cu0.066Cul.868S 

	Dolomite 
	Dolomite 
	-1. 59 
	-18.53 
	-16.94 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.17 
	-18.53 
	-16.36 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5.10 
	-7.29 
	-2.18 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6.30 
	3.26 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1. 61 
	6.50 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-8.46 
	11. 76 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-148.63 
	-152.54 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1. 29 
	-11. 97 
	-10.68 
	CaF2 

	Galena 
	Galena 
	-133.73 
	-146.82 
	-13.09 
	PbS 

	Gibbsite 
	Gibbsite 
	2.42 
	10.89 
	8.47 
	Al(OH)3 

	Goethite 
	Goethite 
	7.27 
	6.50 
	-0.77 
	FeOOH 

	Greigite 
	Greigite 
	-548.43 
	-593.46 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.49 
	1. 28 
	10.77 
	UO3 

	Gypsum 
	Gypsum 
	-2.30 
	-6.88 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-41.81 
	-44.94 
	-3.12 
	H2 

	H2O (g) 
	H2O (g) 
	-1.68 
	-0.00 
	1. 68 
	H2O 

	H2S(g) 
	H2S(g) 
	-143.35 
	-144.28 
	-0.92 
	H2S 

	Halite 
	Halite 
	-7.88 
	-6.31 
	1. 57 
	NaCl 

	Hausmannite 
	Hausmannite 
	3.59 
	66.22 
	62.63 
	Mn3O4 

	Hematite 
	Hematite 
	16.51 
	13.00 
	-3.52 
	Fe2O3 

	Huntite 
	Huntite 
	-7.91 
	-37.47 
	-29.56 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.85 
	-28.31 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-18.53 
	-26.46 
	-7.93 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -5.41 -15.24 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 Jarosite-K -5.90 -14.61 -8.71 KFe3(SO4)2(OH)6 Jarosite-Na -8.72 -13.42 -4.70 NaFe3(SO4)2(OH)6 JarositeH -13.40 -17.91 -4.51 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite 
	Jurbanite 
	Jurbanite 
	-4.58 
	-7.81 
	-3.23 
	AlOHSO4 

	Langite 
	Langite 
	-14.43 
	2.99 
	17.42 
	Cu4(OH)6SO4:H2O 

	Larnakite 
	Larnakite 
	-9.56 
	-9.73 
	-0.18 
	PbO:PbSO4 

	Laurionite 
	Laurionite 
	-6.94 
	-6.32 
	0.62 
	PbOHCl 

	Litharge 
	Litharge 
	-8.50 
	4.48 
	12.98 
	PbO 

	Mackinawite 
	Mackinawite 
	-147.89 
	-152.54 
	-4.65 
	FeS 

	Maghemite 
	Maghemite 
	6.61 
	13. 00 
	6.39 
	Fe2O3 

	Magnesite 
	Magnesite 
	-1. 54 
	-9.47 
	-7.93 
	MgCO3 

	Magnetite 
	Magnetite 
	7.22 
	11.76 
	4.54 
	Fe3O4 

	Malachite 
	Malachite 
	-5 .11 
	0.35 
	5.46 
	Cu2(OH)2CO3 

	Manganite 
	Manganite 
	3.70 
	29.04 
	25.34 
	MnOOH 

	Massicot 
	Massicot 
	-8.69 
	4.48 
	13 .18 
	PbO 

	Matlockite 
	Matlockite 
	-8.65 
	-18.21 
	-9.56 
	PbClF 

	Melanothallite 
	Melanothallite 
	-20 .11 
	-16.18 
	3.93 
	CuC12 

	Melanterite 
	Melanterite 
	-17.65 
	-19.94 
	-2.29 
	FeSO4:7H2O 

	Minium 
	Minium 
	-20.06 
	55.27 
	75.33 
	Pb3O4 

	Mirabilite 
	Mirabilite 
	-8.31 
	-9. 72 
	-1.42 
	Na2SO4:10H2O 

	Mn2(SO4)3 
	Mn2(SO4)3 
	-44.78 
	-49.87 
	-5.09 
	Mn2(SO4)3 

	MnC12:4H2O 
	MnC12:4H2O 
	-15.90 
	-13.47 
	2.43 
	MnC12:4H2O 

	MnS(Green) 
	MnS(Green) 
	-147.06 
	-143.17 
	3.89 
	MnS 

	MnSO4 
	MnSO4 
	-13. 48 
	-10.57 
	2.92 
	MnSO4 

	N2 (g) 
	N2 (g) 
	-18.42 
	-21.66 
	-3.24 
	N2 

	Na4UO2(CO3)3 
	Na4UO2(CO3)3 
	-27.12 
	-43.41 
	-16.29 
	Na4UO2(CO3)3 

	Nahcolite 
	Nahcolite 
	-5.40 
	-6.00 
	-0.61 
	NaHCO3 

	Nantokite 
	Nantokite 
	-16.67 
	-23.59 
	-6.92 
	CuCl 

	Natron 
	Natron 
	-10.34 
	-11. 90 
	-1. 56 
	Na2CO3:10H2O 

	Nesquehonite 
	Nesquehonite 
	-3.94 
	-9.47 
	-5.53 
	MgCO3:3H2O 

	NH3 (g) 
	NH3 (g) 
	-68.86 
	-66. 96 
	1. 90 
	NH3 

	Nsutite 
	Nsutite 
	7.39 
	49.95 
	42.56 
	MnO2 

	02 (g) 
	02 (g) 
	-1.75 
	-4.60 
	-2.84 
	02 

	Pb(OH)2 
	Pb(OH)2 
	-3.89 
	4.48 
	8.37 
	Pb(OH)2 

	Pb2(OH)3Cl 
	Pb2(OH)3Cl 
	-10.62 
	-1.83 
	8.79 
	Pb2(OH)3Cl 

	Pb2O(OH)2 
	Pb2O(OH)2 
	-17.23 
	8.97 
	26.20 
	PbO:Pb(OH)2 

	Pb2O3 
	Pb2O3 
	-10.26 
	50.78 
	61.04 
	Pb2O3 

	Pb2OCO3 
	Pb2OCO3 
	-11. 60 
	-11. 91 
	-0.32 
	PbO:PbCO3 

	Pb3O2CO3 
	Pb3O2CO3 
	-18.87 
	-7.43 
	11. 44 
	PbCO3: 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-15.98 
	-5.25 
	10.73 
	PbSO4: 2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-21.87 
	-0.77 
	21.10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-23.42 
	-0.77 
	22.66 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11. 88 
	-19.31 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-41.59 
	-37.33 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.50 
	4.48 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-13.71 
	-33.52 
	-19.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4.13 
	46.30 
	50.43 
	PbO2 

	Portlandite 
	Portlandite 
	-11.47 
	11. 82 
	23.29 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-243.37 
	-262.03 
	-18.66 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7.06 
	8.14 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	7.53 
	49.95 
	42.42 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-1.64 
	-12.75 
	-11.11 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.36 
	-12.75 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.18 
	-19.61 
	-14.43 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.32 
	1. 28 
	5.60 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-11. 27 
	-22.12 
	-10.85 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-11. 67 
	-22.12 
	-10.45 
	FeCO3 

	SrF2 
	SrF2 
	-5.79 
	-14.35 
	-8.56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.17 
	-11. 44 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107.45 
	-122.60 
	-15.15 
	s 


	Tenorite 
	Tenorite 
	Tenorite 
	-2.44 
	5.42 
	7.86 
	CuO 

	Thenardite 
	Thenardite 
	-9.55 
	-9. 72 
	-0.17 
	Na2SO4 

	Thermonatrite 
	Thermonatrite 
	-12.07 
	-11. 90 
	0.17 
	Na2CO3:H2O 

	Trona 
	Trona 
	-17.40 
	-17.91 
	-0.51 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-46.45 
	-49.65 
	-3.20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-31.60 
	-9.22 
	22.38 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-80.22 
	-81.99 
	-1.77 
	U4O9 

	UF4 (c) 
	UF4 (c) 
	-60.23 
	-78.53 
	-18.31 
	UF4 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-50.97 
	-78.53 
	-27.56 
	UF4:2.5H2O 

	UO2(a) 
	UO2(a) 
	-31.05 
	-30.95 
	0.10 
	UO2 

	UO3 (gamma) 
	UO3 (gamma) 
	-6.75 
	1.28 
	8.03 
	UO3 

	Uraninite(c) 
	Uraninite(c) 
	-26.45 
	-30.95 
	-4.50 
	UO2 

	Witherite 
	Witherite 
	-3. 72 
	-12.30 
	-8.58 
	BaCO3 


	20: 80 Mix of Wemlinger Injection Water: Denver Formation Water 
	Phase SI** log IAP log K(290 K, 1 atm) 
	Al(OH)3(a) -0.55 10.74 11. 30 Al(OH)3 
	AlumK -16.90 -22.21 -5.31 KAl(SO4)2:12H2O 
	Alunite -0.27 -0.72 -0.46 KA13(SO4)2(OH)6 
	Anglesite -5.63 -13.46 -7.83 PbSO4 
	Anhydrite -2.83 -7.17 -4.34 CaSO4 
	Aragonite -1. 25 -9.55 -8.29 CaCO3 
	Artinite -10.11 0.03 10.14 MgCO3:Mg(OH)2:3H2O 
	B-UO2(OH)2 -5.30 0.50 5.80 UO2(OH)2 
	BaF2 -9.05 -14.83 -5.78 BaF2 
	Barite 0.06 -10.03 -10.10 BaSO4 
	Basaluminite 2.33 25.03 22.70 Al4(OH)10SO4 
	Birnessite 5.67 49.27 43.60 MnO2 
	Bixbyite 5.14 4.81 -0.33 Mn2O3 
	Boehmite 1. 63 10.74 9.11 AlOOH 
	Brucite -7.17 10.18 17.35 Mg(OH)2 
	Calcite -1.10 -9.55 -8.44 CaCO3 
	Celestite -2. 72 -9.34 -6.62 SrSO4 
	Cerussite -2.62 -15.84 -13.22 PbCO3 
	CH4 (g) -142.23 -145.03 -2.80 CH4 
	CO2 (g) -2.14 -3.52 -1.38 CO2 
	Cotunnite -12.33 -17.21 -4.88 PbC12 
	Diaspore 3.40 10.74 7.34 AlOOH 
	Dolomite -2.78 -19.69 -16.91 CaMg(CO3)2 
	Dolomite(d) -3.36 -19.69 -16.33 CaMg(CO3)2 
	Epsomite -5.57 -7.77 -2.19 MgSO4:7H2O 
	Fe (OH) 2. 7Cl. 3 6.39 3.35 -3.04 Fe(OH)2.7Cl0.3 
	Fe(OH)3(a) 1. 71 6.60 4.89 Fe(OH)3 
	Fe3(OH)8 -8.09 12.13 20.22 Fe3(OH)8 
	FeS (ppt) -147.19 -151.11 -3.92 FeS 
	Fluorite -1. 28 -11. 97 -10.69 CaF2 
	Galena -132.42 -145.56 -13 .14 PbS 
	Gibbsite 2.21 10.74 8.54 Al(OH)3 
	Goethite 7.33 6.60 -0.73 FeOOH 
	Greigite -543.01 -588.05 -45.03 Fe3S4 
	Gummite -10.33 0.50 10.83 UO3 
	Gypsum -2.59 -7.17 -4.58 CaSO4:2H2O 
	H2 (g) -41.73 -44.85 -3.12 H2 
	H2O(g) -1.71 -0.00 1. 71 H2O 
	H2S(g) 
	H2S(g) 
	H2S(g) 
	-142.09 
	-143.00 
	-0.91 
	H2S 

	Halite 
	Halite 
	-8.04 
	-6.47 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 42 
	64.34 
	62.92 
	Mn3O4 

	Hematite 
	Hematite 
	16.63 
	13 .20 
	-3.43 
	Fe2O3 

	Huntite 
	Huntite 
	-10.49 
	-39.98 
	-29.48 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-9.73 
	-27.19 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-22.62 
	-30.40 
	-7.78 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -3.87 -13. 70 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -4.53 -13.16 -8.62 KFe3(SO4)2(OH)6 
	Jarosite-Na -7 .11 -11. 71 -4.60 NaFe3(SO4)2(OH)6 
	JarositeH -11.73 -16.09 -4.36 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite -3.97 -7.20 -3.23 AlOHSO4 
	Larnakite -8.82 -8.98 -0.16 PbO:PbSO4 
	Laurionite -6.98 -6.36 0.62 PbOHCl 
	Litharge -8.54 4.48 13.03 PbO 
	Mackinawite -146.46 -151.11 -4.65 FeS 
	Maghemite 6.81 13.20 6.39 Fe2O3 
	Magnesite -2.23 -10.14 -7.91 MgCO3 
	Magnetite 7.45 12 .13 4.68 Fe3O4 
	Manganite 3.06 28.40 25.34 MnOOH 
	Massicot -8.74 4.48 13. 22 PbO 
	Matlockite -8.15 -17.73 -9.58 PbClF 
	Melanterite -16.70 -19.01 -2.30 FeSO4:7H2O 
	Minium -20.44 55.18 75.62 Pb3O4 
	Mirabilite -7.73 -9.20 -1. 47 Na2SO4:10H2O 
	Mn2(SO4)3 -44.03 -49.01 -4.98 Mn2(SO4)3 
	MnC12:4H2O -16.54 -14.15 2.38 MnC12:4H2O 
	MnS(Green) -146.42 -142.51 3.91 MnS 
	MnSO4 -13. 37 -10.41 2. 96 MnSO4 
	N2(g) -17.53 -20.76 -3.23 N2 
	Na4UO2(CO3)3 -26.67 -42. 96 -16.29 Na4UO2(CO3)3 
	Nahcolite -4.93 -5.55 -0.62 NaHCO3 
	Natron -9.97 -11. 57 -1.61 Na2CO3:10H2O 
	Nesquehonite -4.63 -10.14 -5.51 MgCO3:3H2O 
	NH3 (g) -68.26 -66.34 1. 92 NH3 
	Nsutite 6.70 49.27 42.56 MnO2 
	02 (g) -2.31 -5.14 -2.83 02 
	Pb(BO2)2 -13. 95 -6.23 7.72 Pb(BO2)2 
	Pb(OH)2 -3.93 4.48 8.41 Pb(OH)2 
	Pb2(OH)3Cl -10.67 -1.88 8.79 Pb2(OH)3Cl 
	Pb2O(OH)2 -17.24 8. 96 26.20 PbO:Pb(OH)2 
	Pb2O3 -10.34 50.70 61.04 Pb2O3 
	Pb2OCO3 -11. 07 -11. 35 -0.29 PbO:PbCO3 
	Pb3O2CO3 -18.39 -6.87 11. 52 PbCO3: 2PbO 
	Pb3O2SO4 -15.28 -4.50 10.79 PbSO4:2PbO 
	Pb4(OH)6SO4 -21.11 -0.01 21.10 Pb4(OH)6SO4 
	Pb4O3SO4 -22.77 -0.01 22.76 PbSO4:3PbO 
	PbF2 -10.83 -18.26 -7.43 PbF2 
	PbMetal -41. 51 -37.25 4.26 Pb 
	PbO:0.3H2O -8.50 4.48 12.98 PbO:0.33H2O 
	Phosgenite -13. 23 -33.04 -19.81 PbC12:PbCO3 
	Plattnerite -4.41 46.21 50.63 PbO2 
	Portlandite -12.61 10.77 23.38 Ca(OH)2 
	Pyrite -240.73 -259.42 -18.69 FeS2 
	Pyrochroite -7.66 7.54 15.20 Mn(OH)2 
	Pyrolusite 6.67 49.27 42.60 MnO2 
	Rhodochrosite -1.68 -12.78 -11.10 MnCO3 
	Rhodochrosite -1.68 -12.78 -11.10 MnCO3 
	Rhodochrosite(d) -2 . 39 

	Rutherfordine 
	Rutherfordine 
	Rutherfordine 
	-5.39 

	Schoepite 
	Schoepite 
	-5 .13 

	Siderite 
	Siderite 
	-10.54 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-10.93 

	SrF2 
	SrF2 
	-5 .58 

	Strontianite 
	Strontianite 
	-2.45 

	Sulfur 
	Sulfur 
	-1 06 . 28 

	Thenardite 
	Thenardite 
	-9 .03 

	Thermonatrite 
	Thermonatrite 
	-11.75 

	Trona 
	Trona 
	-1 6 .66 

	U(OH)2SO4 
	U(OH)2SO4 
	-46. 28 

	U3O8 (c) 
	U3O8 (c) 
	-33 . 87 

	U4O9 (c) 
	U4O9 (c) 
	-82 .95 

	UF4(c) 
	UF4(c) 
	-58 .77 

	UF4:2.5H2O 
	UF4:2.5H2O 
	-49.47 

	UO2 (a) 
	UO2 (a) 
	-31.64 

	UO3 (gamma) 
	UO3 (gamma) 
	-7.58 

	Uraninite(c) 
	Uraninite(c) 
	-27 .09 

	Witherite 
	Witherite 
	-3.83 


	-12.78 -19. 82 
	0.50 -21. 38 -21. 38 -14.14 -11. 72 -121. 46 -9 .20 -11.57 -17.12 -4 9.4 8 -11.1 6 -84.44 -77.02 -77.03 -31.54 0.50 -31. 54 -1 2 .41 
	-10. 39 -14.42 
	5.63 -10. 84 -10.45 
	-8 .56 
	-9. 27 -15.17 -0.17 
	0.18 -0. 46 -3.20 22. 71 -1. 48 -18.25 -27 .56 0.10 8.08 -4.45 -8.58 
	MnCO3 UO2CO3 UO2(OH)2:H2O FeCO3 FeCO3 SrF2 SrCO3 
	s 
	Na2SO4 Na2CO3:H2O NaHCO3:Na2CO3:2H2O U(OH)2SO4 U3O8 U4O9 UF4 UF4:2.5H2O UO2 UO3 UO2 BaCO3 
	50: 50 Mix ofWemlinger Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** log IAP 
	log K(290 K, 1 atm) 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-0.19 
	11.12 
	11. 31 
	Al(OH)3 

	AlumK 
	AlumK 
	-1 6 .76 
	-22.07 
	-5.31 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	0.60 
	0.17 
	-0.43 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-5 .81 
	-13. 64 
	-7. 83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.68 
	-7.01 
	-4. 34 
	CaSO4 

	Aragonite 
	Aragonite 
	-1.12 
	-9.41 
	-8.29 
	CaCO3 

	Artinite 
	Artinite 
	-9 .43 
	0.73 
	10 .15 
	MgCO3:Mg(OH)2:3H2O 

	B-UO2(OH) 2 
	B-UO2(OH) 2 
	-4. 81 
	1.00 
	5 . 81 
	UO2(OH)2 

	BaF2 
	BaF2 
	-9 .25 
	-15.03 
	-5.78 
	BaF2 

	Barite 
	Barite 
	0.02 
	-10.08 
	-10.10 
	BaSO4 

	Basaluminite 
	Basaluminite 
	3 .68 
	26.38 
	22 .70 
	Al4(OH)10SO4 

	Birnessite 
	Birnessite 
	5.93 
	49.53 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	5 .39 
	5 .08 
	-0. 32 
	Mn2O3 

	Boehmite 
	Boehmite 
	l. 99 
	11.12 
	9.13 
	AlOOH 

	Brucite 
	Brucite 
	-6 .7 6 
	10. 61 
	17.36 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0. 97 
	-9.41 
	-8 .44 
	CaCO3 

	Celestite 
	Celestite 
	-2 . 67 
	-9. 29 
	-6 . 62 
	SrSO4 

	Cerussite 
	Cerussite 
	-2.81 
	-16.03 
	-13. 22 
	PbCO3 

	CH4 (g) 
	CH4 (g) 
	-14 3.33 
	-14 6 .12 
	-2.79 
	CH4 

	CO2 (g) 
	CO2 (g) 
	-2. 31 
	-3 . 68 
	-1. 37 
	CO2 

	Cotunnite 
	Cotunnite 
	-11. 95 
	-16. 83 
	-4. 88 
	PbC12 

	Diaspore 
	Diaspore 
	3 .76 
	11.12 
	7.36 
	AlOOH 

	Dolomite 
	Dolomite 
	-2 .38 
	-19.2 9 
	-1 6 . 91 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2 . 96 
	-19. 29 
	-16 . 33 
	CaMg(CO3)2 

	Epsomite 
	Epsomite 
	-5 . 29 
	-7.4 9 
	-2 .1 9 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	6 . 30 
	3 . 26 
	-3 . 04 
	Fe(OH)2.7Cl0.3 

	Fe(OH) 3(a) 
	Fe(OH) 3(a) 
	l. 57 
	6 .4 6 
	4. 89 
	Fe(OH)3 

	Fe3 (OH) 8 
	Fe3 (OH) 8 
	-8.63 
	11. 59 
	20 . 22 
	Fe3(OH)8 

	FeS (ppt) 
	FeS (ppt) 
	-14 8 . 53 
	-152 .44 
	-3 . 92 
	FeS 

	Fluorite 
	Fluorite 
	-1.27 
	-11. 97 
	-1 0 .69 
	CaF2 

	Galena 
	Galena 
	-1 33 .51 
	-146. 67 
	-1 3 .15 
	PbS 


	Gibbsite 
	Gibbsite 
	Gibbsite 
	2.57 
	11.12 
	8.55 
	Al(OH)3 

	Goethite 
	Goethite 
	7.18 
	6.46 
	-0.72 
	FeOOH 

	Greigite 
	Greigite 
	-547.86 
	-592.90 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.85 
	1.00 
	10.85 
	UO3 

	Gypsum 
	Gypsum 
	-2.43 
	-7.01 
	-4.58 
	CaSO4:2H2O 

	H2(g) 
	H2(g) 
	-41.97 
	-45.09 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1.71 
	-0.00 
	1. 71 
	H2O 

	H2S (g) 
	H2S (g) 
	-143.16 
	-144.07 
	-0.91 
	H2S 

	Halite 
	Halite 
	-7.82 
	-6.26 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 68 
	64.65 
	62.97 
	Mn3O4 

	Hematite 
	Hematite 
	16.33 
	12.91 
	-3.41 
	Fe2O3 

	Huntite 
	Huntite 
	-9.57 
	-39.04 
	-29.47 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-10.14 
	-27.60 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-21.16 
	-28.91 
	-7.75 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -4.55 -14.38 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 Jarosite-K -5.21 -13. 82 -8.61 KFe3(SO4)2(OH)6 Jarosite-Na -7.85 -12.44 -4.58 NaFe3(SO4)2(OH)6 JarositeH -12.49 -16.82 -4.33 (H3O)Fe3(SO4)2(OH)6 Jurbanite -3.74 -6.97 -3.23 AlOHSO4 Larnakite -9.02 -9.18 -0.16 PbO:PbSO4 Laurionite -6.81 -6.18 0.62 PbOHCl Litharge -8.58 4.46 13. 04 PbO Mackinawite -147.80 -152.44 -4.65 FeS Maghemite 6.53 12.91 6.39 Fe2O3 Magnesite -1.97 -9.88 -7.91 MgCO3 Magnetite 6.88 11. 59 4.71 Fe3O4 Manganite 3.21 28.55 25.34
	-32 . 86 46 . 43 11.08 -261 . 59 7. 56 49. 53 -12. 93 
	-12. 93 -1 9.4 9 
	1.00 -21.81 -21 .81 -14. 24 -11. 68 -122. 30 -9. 33 -11. 72 -17.4 3 -4 9 . 37 -9.87 -83.12 -77.36 -77.36 -31 .27 1.00 -31.27 -12.47 
	-1 9.81 50.67 23 .40 
	-1 8 .70 15.20 42.64 
	-11.10 -10. 39 -14.42 
	5.64 
	-10.84 
	-10 .45 -8 .56 
	-9.27 -15.1 8 -0.17 
	0 .18 -0.45 -3 . 20 22.77 -1.43 -18. 24 -27 .56 0.10 8 .09 -4.44 -8. 59 
	PbC12:PbCO3 PbO2 Ca(OH)2 FeS2 Mn(OH)2 MnO2 MnCO3 
	MnCO3 U02CO3 UO2(0H)2:H20 FeCO3 FeC03 SrF2 SrCO3 
	s 
	Na2SO4 Na2CO3:H2O NaHCO3:Na2CO3 : 2H2O U(OH)2SO4 U3O8 U409 UF4 UF4: 2 . 5H20 UO2 UO3 UO2 BaCO3 
	Phosgenite Plattnerite Portlandite Pyrite Pyrochroite Pyrolusite Rhodochrosite 
	Rhodochrosite(d) -2 . 54 
	Rhodochrosite(d) -2 . 54 
	-13. 05 -4. 24 -12 . 32 

	-242.90 -7.64 6 .90 -1. 82 
	Rutherfordine Schoepite Siderite Siderite (d) (3) SrF2 Strontianite Sulfur Thenardite Thermonatrite Trona U(OH)2SO4 U3O8(c) U4O9(c) UF4 (c) UF4:2.5H20 UO2 (a) UO3 (gamma ) Uraninite(c ) Witherite 
	-5.07 -4. 64 -10. 97 -11. 36 -5.68 -2.41 -107.12 -9 .16 -11.90 -16. 98 -4 6 .17 -32 . 64 -81. 69 -59. 12 -4 9.80 -31 .37 
	-7.10 -26.83 -3.88 
	80: 20 Mix ofWemlinger Injection Water: Denver Formation Water 
	Phase 
	Phase 
	Phase 
	SI** l og IAP 
	l og K(290 K, 1 atm) 

	Al(OH)3(a) 
	Al(OH)3(a) 
	-0.15 
	11.18 
	11. 33 
	Al(OH)3 

	AlumK 
	AlumK 
	-17. 23 
	-22 . 54 
	-5 . 31 
	KAl(SO4)2:12H2O 

	Alunite 
	Alunite 
	0.22 
	-0.18 
	-0.40 
	KA13(SO4)2(OH)6 

	Anglesite 
	Anglesite 
	-6.26 
	-14.10 
	-7.83 
	PbSO4 

	Anhydrite 
	Anhydrite 
	-2.55 
	-6. 89 
	-4.34 
	CaSO4 

	Aragonite 
	Aragonite 
	-0.91 
	-9.20 
	-8 . 29 
	CaCO3 

	Artinite 
	Artinite 
	-8.63 
	1. 54 
	10.17 
	MgCO3:Mg(OH)2:3H2O 

	B-UO2(OH)2 
	B-UO2(OH)2 
	-4. 52 
	1. 29 
	5 . 82 
	UO2 (OH ) 2 

	BaF2 
	BaF2 
	-9.48 
	-1 5.26 
	-5.78 
	BaF2 

	Barite 
	Barite 
	-0.07 
	-10.18 
	-10.10 
	BaSO4 

	Basaluminite 
	Basaluminite 
	3 .59 
	26 . 29 
	22 .70 
	Al4(0H)l0SO4 

	Birnessite 
	Birnessite 
	6.07 
	49.67 
	43.60 
	MnO2 

	Bixbyite 
	Bixbyite 
	5.49 
	5.18 
	-0 . 31 
	Mn2O3 

	Boehmite 
	Boehmite 
	2 .04 
	11.18 
	9.14 
	AlOOH 

	Brucite 
	Brucite 
	-6.23 
	11.14 
	17.38 
	Mg(OH)2 

	Calcite 
	Calcite 
	-0.76 
	-9. 20 
	-8.44 
	CaCO3 

	Celestite 
	Celestite 
	-2 . 64 
	-9.26 
	-6.62 
	SrSO4 

	Cerussite 
	Cerussite 
	-3.18 
	-1 6 .41 
	-1 3 . 23 
	PbCO3 

	CH4 (g} 
	CH4 (g} 
	-1 44 .12 
	-14 6 . 91 
	-2 .7 9 
	CH4 

	CO2(g) 
	CO2(g) 
	-2.57 
	-3 .94 
	-1. 37 
	CO2 

	Cotunnite 
	Cotunnite 
	-12 .11 
	-1 6 . 99 
	-4. 88 
	PbC12 

	Diaspore 
	Diaspore 
	3 . 81 
	11.18 
	7.37 
	AlOOH 

	Dolomite 
	Dolomite 
	-1. 90 
	-1 8 . 80 
	-1 6 . 90 
	CaMg(CO3)2 

	Dolomite(d) 
	Dolomite(d) 
	-2.48 
	-18. 80 
	-1 6.32 
	CaMg(CO3)2 


	Epsomite 
	Epsomite 
	Epsomite 
	-5.09 
	-7.29 
	-2.20 
	MgSO4:7H2O 

	Fe (OH) 2. 7Cl. 3 
	Fe (OH) 2. 7Cl. 3 
	5.98 
	2.94 
	-3.04 
	Fe(OH)2.7Cl0.3 

	Fe(OH)3(a) 
	Fe(OH)3(a) 
	1.25 
	6.14 
	4.89 
	Fe(OH)3 

	Fe3(OH)8 
	Fe3(OH)8 
	-9.64 
	10.58 
	20.22 
	Fe3(OH)8 

	FeS(ppt) 
	FeS(ppt) 
	-149.77 
	-153.69 
	-3.92 
	FeS 

	Fluorite 
	Fluorite 
	-1.27 
	-11. 97 
	-10.70 
	CaF2 

	Galena 
	Galena 
	-134.49 
	-147.65 
	-13.17 
	PbS 

	Gibbsite 
	Gibbsite 
	2.62 
	11.18 
	8.56 
	Al(OH)3 

	Goethite 
	Goethite 
	6.85 
	6.14 
	-0. 71 
	FeOOH 

	Greigite 
	Greigite 
	-552.33 
	-597.37 
	-45.03 
	Fe3S4 

	Gummite 
	Gummite 
	-9.57 
	1. 29 
	10.86 
	003 

	Gypsum 
	Gypsum 
	-2.30 
	-6.89 
	-4.58 
	CaSO4:2H2O 

	H2 (g) 
	H2 (g) 
	-42 .11 
	-45.23 
	-3.12 
	H2 

	H2O(g) 
	H2O(g) 
	-1.72 
	-0.00 
	1. 72 
	H2O 

	H2S(g) 
	H2S(g) 
	-144.03 
	-144.93 
	-0.91 
	H2S 

	Halite 
	Halite 
	-7.78 
	-6.22 
	1. 56 
	NaCl 

	Hausmannite 
	Hausmannite 
	1. 76 
	64.79 
	63.03 
	Mn3O4 

	Hematite 
	Hematite 
	15.68 
	12.28 
	-3.40 
	Fe2O3 

	Huntite 
	Huntite 
	-8.55 
	-38.00 
	-29.46 
	CaMg3(CO3)4 

	Hydrocerussite 
	Hydrocerussite 
	-11. 02 
	-28.48 
	-17.46 
	Pb(OH)2:2PbCO3 

	Hydromagnesite 
	Hydromagnesite 
	-19.54 
	-27.26 
	-7.73 
	Mg5(CO3)4(OH)2:4H2O 


	Jarosite(ss) -6.06 -15.89 -9.83 (K0.77Na0.03H0.2)Fe3(SO4)2(OH)6 
	Jarosite-K -6.71 -15.30 -8.59 KFe3(SO4)2(OH)6 
	Jarosite-Na -9.44 -14.00 -4.56 NaFe3(SO4)2(OH)6 
	JarositeH -14.15 -18.44 -4.30 (H3O)Fe3(SO4)2(OH)6 
	Jurbanite -4.02 -7.25 -3.23 AlOHSO4 
	Larnakite -9.61 -9.76 -0.15 PbO:PbSO4 
	Laurionite -6.95 -6.33 0.62 PbOHCl 
	Litharge -8. 71 4.34 13.05 PbO 
	Mackinawite -149.04 -153.69 -4.65 FeS 
	Maghemite 5.89 12.28 6.39 Fe2O3 
	Magnesite -1.69 -9.60 -7.91 MgCO3 
	Magnetite 5.84 10.58 4.74 Fe3O4 
	Manganite 3.27 28.61 25.34 MnOOH 
	Massicot -8.91 4.34 13 .24 PbO 
	Matlockite -8.49 -18.08 -9.59 PbClF 
	Melanterite -17.83 -20 .13 -2.31 FeSO4: 7H2O 
	Minium -20.61 55.12 75.73 Pb3O4 
	Mirabilite -8.06 -9.55 -1.49 Na2SO4:10H2O 
	Mn2(SO4)3 -45.17 -50 .11 -4.94 Mn2(SO4)3 
	MnC12:4H2O -16.13 -13.76 2.37 MnC12:4H2O 
	MnS(Green) -148.34 -144.43 3.91 MnS 
	MnSO4 -13.85 -10.87 2.98 MnSO4 
	N2(g) -18.52 -21.75 -3.23 N2 
	Na4UO2(CO3)3 -26.89 -43.18 -16.29 Na4UO2(CO3)3 
	Nahcolite -5.28 -5.90 -0.62 NaHCO3 
	Natron -10.24 -11. 87 -1.62 Na2CO3:10H2O 
	Nesquehonite -4.10 -9.60 -5.51 MgCO3:3H2O 
	NH3 (g) -69.32 -67.38 1. 93 NH3 
	Nsutite 7 .11 49.67 42.56 MnO2 
	02 (g) -1.70 -4.53 -2.83 02 
	Pb(BO2)2 -15.31 -7.58 7.73 Pb(BO2)2 
	Pb(OH)2 -4.09 4.34 8.43 Pb(OH)2 
	Pb2(OH)3Cl -10.78 -1.99 8.79 Pb2(OH)3Cl 
	Pb2O(OH)2 -17.53 8.67 26.20 PbO:Pb(OH)2 
	Pb2O3 -10.26 50.78 61.04 Pb2O3 
	Pb2OCO3 -11.80 -12.07 -0.27 PbO:PbCO3 
	Pb3O2C03 
	Pb3O2C03 
	Pb3O2C03 
	-1 9 . 28 
	-7.74 
	11. 54 
	PbC03 : 2PbO 

	Pb3O2SO4 
	Pb3O2SO4 
	-16.24 
	-5 .42 
	10. 81 
	PbSO4:2PbO 

	Pb4(OH)6SO4 
	Pb4(OH)6SO4 
	-22.19 
	-1.09 
	21 .10 
	Pb4(OH)6SO4 

	Pb4O3SO4 
	Pb4O3SO4 
	-23 .88 
	-1.09 
	22 . 80 
	PbSO4:3PbO 

	PbF2 
	PbF2 
	-11.75 
	-19.18 
	-7.43 
	PbF2 

	PbMetal 
	PbMetal 
	-42.04 
	-37.78 
	4.26 
	Pb 

	PbO:0.3H2O 
	PbO:0.3H2O 
	-8.64 
	4.34 
	12.98 
	PbO:0.33H2O 

	Phosgenite 
	Phosgenite 
	-1 3 . 59 
	-33.40 
	-1 9.81 
	PbC12:PbCO3 

	Plattnerite 
	Plattnerite 
	-4. 26 
	46.45 
	50 .70 
	PbO2 

	Portlandite 
	Portlandite 
	-11. 87 
	11. 55 
	23 .42 
	Ca(OH)2 

	Pyrite 
	Pyrite 
	-244 . 86 
	-263 . 56 
	-1 8 .70 
	FeS2 

	Pyrochroite 
	Pyrochroite 
	-7. 64 
	7.56 
	15.20 
	Mn(OH)2 

	Pyrolusite 
	Pyrolusite 
	7.00 
	49.67 
	42.67 
	MnO2 

	Rhodochrosite 
	Rhodochrosite 
	-2.09 
	-13.1 9 
	-11.10 
	MnCO3 

	Rhodochrosite(d) 
	Rhodochrosite(d) 
	-2.80 
	-13.1 9 
	-10.39 
	MnCO3 

	Rutherfordine 
	Rutherfordine 
	-5.03 
	-19.45 
	-14.42 
	UO2CO3 

	Schoepite 
	Schoepite 
	-4.35 
	1. 29 
	5 . 64 
	UO2(OH)2:H2O 

	Siderite 
	Siderite 
	-11.61 
	-22.45 
	-10. 84 
	FeCO3 

	Siderite (d) (3) 
	Siderite (d) (3) 
	-12.00 
	-22.4 5 
	-1 0 .45 
	FeCO3 

	SrF2 
	SrF2 
	-5 .78 
	-14. 34 
	-8 . 56 
	SrF2 

	Strontianite 
	Strontianite 
	-2.30 
	-11. 57 
	-9.27 
	SrCO3 

	Sulfur 
	Sulfur 
	-107. 85 
	-123.03 
	-15.18 
	s 

	Thenardite 
	Thenardite 
	-9.38 
	-9 .55 
	-0.17 
	Na2S04 

	Thermonatrite 
	Thermonatrite 
	-12.05 
	-11. 87 
	0.18 
	Na2CO3:H2O 

	Trona 
	Trona 
	-17. 33 
	-17.77 
	-0.44 
	NaHCO3:Na2CO3:2H2O 

	U(OH)2SO4 
	U(OH)2SO4 
	-46.33 
	-49.53 
	-3 .20 
	U(OH)2SO4 

	U3O8(c) 
	U3O8(c) 
	-31 .90 
	-9.06 
	22.83 
	U3O8 

	U4O9(c) 
	U4O9(c) 
	-80 .90 
	-82.27 
	-1. 37 
	U4O9 

	UF4 (c) 
	UF4 (c) 
	-59 .89 
	-78.12 
	-18.23 
	UF4 

	UF4 :2. 5H2O 
	UF4 :2. 5H2O 
	-50.5 6 
	-78 .12 
	-27 . 56 
	UF4:2.5H2O 

	U02(a) 
	U02(a) 
	-31 . 20 
	-31 .10 
	0.10 
	U02 

	U03(gamma) 
	U03(gamma) 
	-6 . 81 
	1.29 
	8.10 
	U03 

	Uraninite(c) 
	Uraninite(c) 
	-26.66 
	-31.10 
	-4.43 
	UO2 

	Witherite 
	Witherite 
	-3.90 
	-12 .4 9 
	-8.59 
	BaCO3 
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