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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-1R.

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:

e 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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e 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 mV 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 mV was estimated.

Table 1: Summary of water quality data.

Unit Injection water Well water

Binney | Griswold | Quebec St. |Wemlinger| Arapahoe A4|Denver DE-1R
pH - 8.10 8.20 8.20 8.10 7.30 7.05
ORP (vs. SHE) \'J 0.400 0.400 0.400 0.400 -0.100 -0.100
Temperature °C 17.0 17.0 17.0 17.0 25.3 17.7
Dissolved Oxygen [mg/L 2.5 2.5 2.5 2.5 0.0 0.0
Aluminum mg/L| <0.02 0.066 <0.02 0.470 <0.02 <0.02
Ammonia-N mg/L 0.32 0.32 NA 0.29] 0.14 <0.05
Barium mg/L] 0.033 0.050 0.120 0.036 0.150 0.110
Bicarbonate mg/L 120 92 130 76 100 130
Carbonate mg/L <2 <2 <2 <2 NA NA
Boron mg/L| 0.080 <0.05 <0.05 <0.05 <0.05 0.060
Calcium mg/L 34 45 23 30] 21 17
Chloride mg/L 66.0 43.0 3.4 27.0 <1 1.9
Copper mg/L| <0.002] <0.002 <0.002 <0.002 0.0025 <0.002
Fluoride mg/L 0.87 0.87 1.00 0.91 1.10 1.20
Iron mg/L] <0.02 <0.02 <0.02 <0.02 0.130 0.050
Lead mg/L] <0.0005| <0.0005 <0.0005 <0.0005 0.0008 <0.0005
|Magnesium mg/L 13.0 9.3 1.9 7.8 2.2 1.8
Manganese mg/L| <0.002| <0.002 <0.002 <0.002 0.046 0.022
Nitrate-N mg/L 1.10 0.31 <0.1 <0.1 <0.1 <0.1
Nitrite-N mg/L| <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Potassium mg/L 3.4 2.8 3.3 2.0 3.6 3.0
Silver mg/L| 0.0024] 0.0009 <0.005 <0.005 <0.005 <0.005
Sodium mg/L 30 31 27 19 30 52
Strontium mg/L 0.30 0.33 0.40 0.24 0.31 0.30
Sulfate mg/L 74 56 22 40] 18 21
Uranium mg/L| 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
WATEQA4F 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

e speciating the individual waters,

o 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,

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

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

5
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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.|Wemlinger| Arapahoe A-4|Denver DE-1R
Anilite Cu0.25Cu1.58 0.09 2.65
|Aragonite CaCO3 0.09
Barite BaS0O4 0.04 0.13 0.01 0.06
Basaluminite Al4(OH)10S04 0.08
Boehmite AIOOH 0.52 1.48
Calcite CaCO3 0.12 0.24 0.15
Chalcocite Cu2S 4.63
Copper Cu(0) 3.01
Cuprite Cu20 1.28
Cuprous ferrite CuFe02 10.19
Diaspore AlIOOH 2.30 3.25
Djurleite Cu0.066Cu1.868S 4.13
Dolomite CaMg(CO3)2 0.07 0.04
Fe(OH)2.7C10.3] Fe(OH)2.7Cl0.3
Gibbsite Al(OH)3 1.10 2.06
Goethite FeOOH 2.41 0.77,
Hematite Fe203 6.82 3.52
|Magnetite Fe304 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 mixing of Binney WTP water with
Arapahoe Formation Well A-4 water.

Phase Formuls Injection: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 Mn203 3.89 6.72 6.87
Cupric Ferrite CuFe02 13.40 12.96 11.95
Cuprous Ferrite CuFe02 5.33 3.53 2.59
Fe(OH)2.7C1.3 Fe(OH)2.7CI.3 6.56 6.61 6.40
Ferric Hydroxide Fe(OH)3am) 1.87 1.84 1.63
Goethite FeOOH 7.71 7.59 7.29]
Hausmannite Mn304 1.48 4.12 3.99|
Hematite Fe203 17.43 17.18 16.55
[Maghemite Fe203 7.14 7.08 6.65
|Magnetite Fe304 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-1R water.

Phase Formula Injection:Formation Water Ratio
20:80 50:50 80:20

Barite BaS0O4 0.14 0.16 0.08
Birnessite MnO2 5.68 6.02 6.21
Bixbyite Mn203 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 Mn304 1.51 1.99 2.24
Hematite Fe203 16.65 16.38 15.73
Maghemite Fe203 6.84 6.58 5.95
Magnetite Fe304 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 Formation 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 mixing of Griswold WTP water with

Arapahoe Formation Well A-4 water.

Phase Formula Injection:Formation Water Ratio
20:80 50:50 80:20

Barite BaS0O4 0.10 0.14 0.11
Birnessite MnO2 2.44 5.78 6.44
Bixbyite Mn203 3.71 6.64 6.83
Boehmite AIOOH 0.44 0.81 0.92
Cupric Ferrite 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)2.7Cl.3 6.51 6.56 6.35
Ferric Hydroxide Fe(OH)3(am) 1.87 1.83 1.62
Gibbsite AI(OH)3 0.93 1.34 1.48
Goethite FeOOH 7.71 7.59 7.28
Hausmannite Mn304 1.27 4.00 3.93
Hematite Fe203 17.42 17.16 16.54
{Maghemite Fe203 7.13 7.07 6.64
Magnetite Fe304 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-1R 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 mixing of Griswold WTP water with

Denver Formation Well DE-1R water.

Phase Formula Injection:Formation Water Ratio

20:80 50:50 80:20

Barite BaS0O4 0.11 0.13 0.09]
Basaluminite Al4(OH)10S 04 0.18
Birnessite MnO2 5.65 5.96 6.16
Bixbyite Mn203 5.14 5.47 5.69
Boehmite AIOOH 0.77 1.11 1.11
Diaspore AIOOH 2.54 2.88 2.89]
Fe(OH)2.7CI.3 Fe(OH)2.7CIl.3 6.44 6.36 6.04
Ferric Hydroxide Fe(OH)3(am) 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 Mn304 1.43 1.81 2.07
Hematite Fe203 16.64 16.35 15.71
[Maghemite Fe203 6.82 6.55 5.93
Magnetite Fe304 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).

10
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Table 7:

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

Positive saturation indices for mixing of Quebec Street WTP water with

Arapahoe Formation Well A-4 water.

Phase Formula Injection:Formation Water Ratio
20:80 50:50 80:20
Barite BaS0O4 0.03 0.07 0.10}
Birnessite MnQO2 2.68 6.42 7.17
Bixbyite Mn203 4.02 7.58 8.08
Cupric Ferrite CuFe02 13.42 13.05 12.08
Cuprous Ferrite CuFe02 5.32 3.43 2.58
Fe(OH)2.7C1.3 Fe(OH)2.7CI.3 6.18 6.21 5.97
Ferric Hydroxide Fe(OH)3am) 1.88 1.87 1.66
Goethite FeOOH 7.72 7.62 7.32
Hausmannite Mn304 1.66 5.24 5.69]
Hematite Fe203 17.44 17.23 16.61
Maghemite Fe203 7.15 7.13 6.71
Magnetite Fe304 10.50 8.46 7.28
Manganite MnOOH 1.99 3.98 4.44
Nsutite MnO2 3.72 7.46 8.21
Pyrolusite MnO2 4.68 8.02 8.36

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

11
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Table 8: Positive saturation indices for mixing of Quebec Street WTP water with
Denver Formation Well DE-1R water.

Phase o Injection:Formation Water Ratio
20:80 50:50 80:20
Barite BaS0O4 0.08 0.10 0.11
Birnessite MnQO2 5.94 6.39 6.80}
Bixbyite Mn203 5.51 6.14 6.80]
Fe(OH)2.7C1.3 Fe(OH)2.7Cl.3 6.25 6.09 5.70|
Ferric Hydroxide Fe(OH)3am) 1.73 1.62 1.32
Goethite FeOOH 7.35 7.23 6.92
Hausmannite Mn304 1.89 2.72 3.64
Hematite Fe203 16.68 16.44 15.81
Maghemite Fe203 6.86 6.64 6.03
Magnetite Fe304 7.44 6.97 5.96
Manganite MnOOH 3.25 3.58 3.93
Nsutite MnO2 6.97 7.43 7.84
Pyrolusite MnQO2 6.93 7.35 7.73

4.5 Injection of Wemlinger 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.

12
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Table 9:

Positive saturation indices for mixing of Wemlinger WTP water with
Arapahoe Formation Well A-4 water.

Injection:Formation Water Ratio

Phase Rorfmula 20:80 50:50 80:20
Barite BaS0O4 0.04 0.04
Basaluminite Al4(OH)10S0O4 1.10 2.16
Birnessite MnO2 2.32 5.77 6.35
Bixbyite Mn203 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 CuFe02 5.43 3.47 2.57
Diaspore AIOOH 3.03 3.45 3.62
Fe(OH)2.7CI1.3 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 Mn304 1.09 3.85 3.59
Hematite Fe203 17.41 17.14 16.51
Maghemite Fe203 7.12 7.04 6.61
Magnetite Fe304 10.58 8.47 7.22
Manganite 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-1R 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.

13
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Table 10: Positive saturation indices for mixing of Wemlinger WTP water with
Denver Formation Well DE-1R water.

Phase Fonviula Injection:Formation Water Ratio
20:80 50:50 80:20

Alunite KAI3(S04)2(0OH)6 0.60 0.22
Barite BaS0O4 0.06 0.02

Basaluminite Al4(OH)10S04 2.33 3.68 3.59
Birnessite MnO2 5.67 5.93 6.07
Bixbyite Mn203 5.14 5.39 5.49]
Boehmite AIOOH 1.63 1.99 2.04
Diaspore AIOOH 3.40 3.76 3.81
Fe(OH)2.7C1.3 Fe(OH)2.7CL.3 6.39 6.30 5.98
Ferric Hydroxide Fe(OH)3am) 1.71 1.57 1.25
Gibbsite AI(OH)3 2.21 2.57 2.62
Goethite FeOOH 7.33 7.18 6.85
Hausmannite Mn304 1.42 1.68 1.76
Hematite Fe203 16.63 16.33 15.68
Maghemite Fe203 6.81 6.53 5.89
Magnetite Fe304 7.45 6.88 5.84
Manganite MnOOH 3.06 3.21 3.27
Nsutite MnO2 6.70 6.97 7.1
Pyrolusite 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-1R 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.

14
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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 in

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 PbS04
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)4S504
Aragonite -0 .95 -9.28 -8.34 CaCo3
Artinite -9.19 0.39 9.58 MgCO3:Mg(OH)2:3H20
Azurite =15.77 =12 . 05 3.73 Cu3(0OH)2(C03)2
BaF?2 -8.87 -14.63 -5.76 BaF2

Barite 0.01 -9.96 -9.97 BaS04
Birnessite -24.04 19.56 43.60 MnO2
Bixbyite -22.46 -23.08 -0.62 Mn203
BlaubleiTl -3.07 -27.23 -24.16 Cu0.9Cu0.28
BlaubleiII -0.86 -28.14 -27.28 Cu0.6Cu0.83
Brochantite -22.78 -7.44 15.34 Cud (OH) 6504
Brucite -6.38 10.44 16.82 Mg(OH)2
Calcite -0.80 -9.28 -8.48 CaCo03
Celestite -2.80 -9.43 -6.63 SrsSo4
Cerussite =258 =15.71 =13.13 |EbCO3
Chalcanthite -13.07 =15, 71 -2.64 CuS04:5H20
Chalcocite 4.63 ~29.95 ~34.58 CuZs
Chalcopyrite -12.57 -47.82 -35.24 CuFeS2

CO02 (qg) -2.34 —&. 81 -1.47 €02
Covellite -4.68 -26.93 —22.25 Cus

Cu(OH) 2 -5.87 2.76 8.63 Cu(OH)2
Cu2s504 -16.78 -18.73 -1.95 Cu2s04

CuCo03 -8.10 -17.73 =9.,63 CuCo3

CuF -18.77 =11 70 7.07 CuF

CufF2 =19.75 -20.38 -0.63 CufF2
CuF2:2H20 -15.83 -20.38 -4.55 CuF2:2H20
CuMetal 3.01 -5, 74 -8.75 [Cud

CuOCuS04 -24.46 -12.95 11.50 CuO:CuS04
CupricFerrite -0.30 5. 58 5.85 CuFe204
Cuprite 1.28 -0.26 -1.55 Cu20
CuprousFerrite 1019 1.26 -8.92 CuFeO2

Cus04 -18.70 =154 71 3.00 CuSo4
Djurleite 4,13 -29.75 -33.88 Cu0.066Cul.B868S
Dolomite =9 25 -19.33 -=17.10 CaMg(C03)2
Dolomite (d) -2.78 -19.33 -16.55 CaMg(C03)2
Epsomite -5..89 -8.03 -2.14 MgS04:7H20
Fe (OH) 3 (a) -3.50 1.40 4.89 Fe(OH)3

Fe3 (OH) 8 -8.63 11.59 20.22 Fe3(0OH)S8

FeS (ppt) =16:97 -20.89 -3.92 FeS

Fluorite -1.34 -11.93 -10.60 CaF2

Galena -12.14 -24.91 -=12.77 PbSs

Goethite 2.41 1.40 -1.01 FeOOH
Greigite -62.12 -107.16 -45.03 Fe3S4

Gypsum -2.68 -7.26 -4.58 (CaS04:2H20
H2 (g) -11.22 -14:,.37 -3.15 HZ

H20 (q) -1.50 -0.00 1.50 H20
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H2S (g) -21.75 =22..75 -1.00 H2S

Hausmannite =24 . T1 36.24 60.96 Mn304

Hematite 6.82 279 -4.03 Fe203

Huntite -9.44 -39.43 -29.99 CaMg3(C03)4
Hydrocerussite -9.18 -26.64 -17.46 Pb(OH)2:2PbCO3
Hydromagnesite -20.95 -29.75 -8.80 Mg5(C03)4 (0OH)2:4H20
Jarosite(ss) -20.29 -30.12 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0H)6
Jarosite-K -20.27 -29.50 -9.23 KFe3(504)2 (OH)6
Jarosite~Na -23.05 -28.35 -5.31 NaFe3(S04)2(0OH)6
JarositeH =27+31 -32.74 -5.43 (H30)Fe3(S04)2(OH)®6
Langite -24.20 -7.44 16.76 Cu4d (OH) 6S04:H20
Larnakite -8.63 -8.91 -0.28 Pb0O:PbS0O4
Litharge -7 +93 4.78 12.71 PbO

Mackinawite -16.24 -20.89 -4.65 FeS

Maghemite -3.59 2.79 6.39 Fe203

Magnesite -2.01 -10.05 -8.03 MgCO3

Magnetite 7.89 11.59 3.70 Fe304

Malachite -9.78 -4.64 5.14 Cu2(0OH)2CO03
Manganite =11.39 13.95 25.34 MnOOH

Massicot -8.12 4.78 12.90 PbO

Melanterite -7.46 -9.67 -2.21 FeS04:7H20
Minium ~48.006 25.55 73.61 Pb304
Mirabilite -8.59 -9.69 -1.10 Na2504:10H20
Mn2 (S04) 3 -72.74 ~78.47 -5.74 Mn2(S04)3

MnS (Green) -25.14 —-21..35 3.80 MnS

MnSO4 -12.78 -10.12 2.66 MnS0O4

Nahcolite -5.22 -5.77 -0.55 ©NaHCO3

Natron -10.41 -11.71 -1.30 Na2C03:10H20
Nesqguehonite -4.42 =10:05 -5.63 MgCO03:3H20

NH3 (g) =873 -6.97 1.76 NH3

Nsutite =23 00 19.56 42.56 MnO2

02 (qg) -60.65 -63.54 -2.89 02

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

Pb20 (OH) 2 -16.65 9.55 26.20 PbO:Pb(0OH)2
Pb203 -40.27 20.77 61.04 Pb203

Pb20C03 -10.42 -10.93 -0.51 Pb0O:PbCO3
Pb302C03 -17.15 -6.15 11.00 PbC0O3:2Pb0O
Pb302504 -14.52 -4.13 10.38 PbS04:2Pb0O

Pb4 (OH) 6504 -20.46 0.64 21.10 Pb4(OH) 6504
Pb4033504 -21.43 0.64 22.07 PbS04:3Pb0O

PbF2 -10.92 -18.36 -7.44 PbLF2

PbMetal -10.71 -6.44 4.27 Pb

Pb0O:0.3H20 -8.20 4.78 12.98 Pb0:0.33H20
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 SrCO03

Sulfur -16.36 -31.38 -15.02 S8

Tenorite -4.85 2.76 7.61 CuO

Thenardite -9, 51 -9.69 -0.18 Na2504
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Thermonatrite -11.83 -11.71 0.12 Na2CO03:H20
Trona -16.67 -17.48 -0.81 NaHCO03:Na2C03:2H20
Witherite -3.42 -11.98 -8.56 BaCo03

Denver DE-1R Water

Phase SI** log IAP log K(290 K, 1 atm)
Anglesite -5.58 -13.41 -7.83 PbS0O4

Anhydrite -2.95 =729 -4.34 CaSo0o4

Aragonite -1.34 -9.63 -8.29 CaCo3

Artinite -10.67 -0.54 10.13 MgCO3:Mg{(OH)2:3H20
BaF2 -8.92 ~-14.70 -5.78 BaF2

Barite 0.06 -10.03 -10.09 BaS04

Birnessite -25.36 18.24 43.60 MnO2

Bixbyite -25.88 -26.21 -0.33 Mn203

Brucite -7.49 9.84 17.34 Mg (OH)2

Calcite -1.19 -9.63 -8.44 CaCo03

Celestite -2.76 -9.39 -6.62 SrS04

Cerussite -2, 53 -15.75 =-13.22 PbCO3

CO2 (q) -2.06 -3.44 -1.38 CO2

Cotunnite -13.34 -18.21 -4.87 PbCl2

Dolomite -3.10 -20.02 -16.92 CaMg(C03)2
Dolomite (d) -3.68 -20.02 -16.34 CaMg(C03)2
Epsomite ~-5.86 -8.05 ~-2.19 MgS04:7H20

Fe (OH)2.7C1.3 ~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)S8

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 =729 -4.58 CaS04:2H20

H2 (g) =10.72 -13.84 -3.12 H2

H20 (g) =1 . 70 -0.00 1.70 H20

H2S (qg) -18.01 -18.93 -0.91 H2S

Halite ~8.54 -6.97 1.57 NacCl

Hausmannite -29.60 33.28 62.88 Mn304

Hematite 3.52 0.08 -3.44 Fe203

Huntite -11.30 -40.79 -29.49 CaMg3(C03)14
Hydrocerussite -9.54 -27.00 -17.46 Pb(OH)2:2PbC03
Hydromagnesite -23.91 -31.71 -7.80 Mg5(C03)4(0OH)2:4H20
Jarosite(ss)-23.48 -33.31 -9.83 (KO.77Na0.03H0.2)Fe3(S04)2(0OH)6
Jarosite-K =24.14 =32.77 -8.63 KFe3(S04)2(CH)6
Jarosite-Na -26.69 -31.30 -4.61 NaFe3(504)2(0OH)6
JarositeH -31.30 -35.68 -4.38 (H30)Fe3(S04)2(0OH)6
Larnakite -8.76 -8.92 -0.16 PbO:PbSO4
Laurionite -7.48 -6.86 0.62 PbOHC1

Litharge -8.53 4.49 13.02 PbO

Mackinawite =13:45 ~-18.10 -4.65 FeS

Maghemite =6:31 0.08 6.39 Fe203

Magnesite -2.47 =10:39 -7.92 MgCO3

Magnetite 3:29 795 4.67 Fe304

Manganite -12.46 12.88 25.34 MnOOH
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Massicot -8
Matlockite -8
Melanterite -7
Minium -51
Mirabilite -7
Mn2 (S04)3 -74
MnCl2:4H20 —1.7
MnS (Green) =22
MnS0O4 —1.3
Nahcolite -4
Natron =9
Nesquehonite -4
Nsutite -24
02 (g) -64
Pb (BO2) 2 -13
Pb (OH) 2 -3
Pb2 (OH) 3C1 -11
Pb20 (OH) 2 -17
Pb203 -41
Pb20C0O3 ~-10
Pb302C03 -18
Pb302S504 ~15
Pb4 (OH) 6504 -21
Pb403304 ~22
PbF2 -10
PbMetal -10
Pb0O:0.3H20 -8
Phosgenite ~-14
Plattnerite —-35
Portlandite =12
Pyrite -14
Pyrochroite =7
Pyrolusite -24
Rhodochrosite -1
Rhodochrosite (d)

Siderite =1
Siderite (d) (3) -1
SrF2 —5
Strontianite -2
Sulfur -13
Thenardite -8
Thermonatrite -11.
Trona -16
Witherite =3

Binney WTP Injection Water

Phase

Acanthite ~-67.
Ag2CO0O3 =105
Ag20 =13
Ag2804 ~15.
AgF:4H20 =13

13
.5%
12
.40
.68
.90
.27
.36
.33
.84
.88
.87
: 32
<28
T8
: 92
L7
23
.35
.97
.28
22
.05
69
.65
« 510
.AG
.15
.39
77
.66
.68
.34
%l
=232
8]
.91
.49
.45
.22
.9

66

.47
.48

=12
-12.71
-2
-12.
-14.
=11 .
~-28.
=0
=10
=1 6=
-12.

.49
.14
.02
.18
.14
.89
.18
+45
-3
.46
.48
« 39
.24
«12
<03
<49
- 38
.97
.69
.26
77
.44
.05
= 05
« 07
o 23
.49
.96
.21
.60
.35
« 52
.24
71

36
36
015
72
39
14
48
94
37

SI** log IAP

08
54
36
08

.24

-104

=21

-0.
-20.
=12

.21
84
57
08
77

10k
10..
~ 8.

15.
=0.

—8is

log K(290 K,

37.
Ll
12.
=B

Qs

.22
.58
.30
.58
.46
=99
v 3
. 91
. 95
.62
.60
s 51
« 56
.84
« 12
.41
s 19
.20
.04
.28
.5l
.78
.10
+ 1D
.43
.26
.98
.81
.60
- 37
.69
.20
.58
«10
-1, 39

84
45
56

.27

17
17

.18
.46

58

13
26
79
01
46

PO

PbClF
FeS04:7H20
Pb304
Na2S04:10H20
Mn2 (S04) 3
MnCl2:4H20
MnS

MnS04
NaHCO3
Na2C03:10H20
MgCO3:3H20
MnO2

02

Pb (B0O2) 2

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203
PbO:PbCO3
PbCO3:2Pb0O
PbS04:2Pb0O
Pb4 (OH) 6504
PbS04:3Pb0O
PbF2

Pb
Pb0:0.33H20
PbC1l2:PbCO3
Pb0O2

Ca (OH) 2
FeS2
Mn (OH) 2
MnO2

MnCO3

MnCO3
FeCO3

FeCO3

SrF2

SrCO3

S

Na23804
Naz2C03:H20
NaHCO03:Na2C03:2H20
BaCO0O3

1 atm)

Ag2S
Ag2CO03
Ag20
Ag2S04
AgF:4H20
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AgMetal ~1.15 -15.17 -14.02 Ag

Anhydrite =2, 22 ~6.56 -4.34 CaSo04
Aragonite -0.03 =8 =32 -8.29 CaCo3
Artinite -5, 95 4.23 10.18 MgCO3:Mg(OH)2:3H20
B-UO2 (OH) 2 -5,01 0.81 5.82 UO2(OH)2
BaF2 -9.83 -15.61 -5.78 Bafr2

Rarite -0.04 -10.15 -10.11 BasSO4
Brucite -4.64 12.75 17.39 Mg(OH)2
Calcite 0:12 =832 -8.44 CaCo03
Celestite =2,33 =895 -6.62 SrSo4
Cerargyrite =1.09 =11.15 =-10.07 AgCl

CO2(qg) -3.09 -4.46 -1.37 cCo2

Dolomite 0.07 -16.83 -16.90 CaMg(C03)2
Dolomite (d) -0.52 -16.83 -16.32 CaMg(C03)2
Epsomite -4.56 -6.76 -2.20 MgS04:7H20
Fluorite -1.33 -12.03 -10.70 CaF2

Gummite -10.06 0.81 10.87 UO3

Gypsum -1.98 -6.56 -4.58 CaS04:2H20
H2 (g) -29.76 =32 BT =3:11 [H2

H20 (g) =1 ;72 -0.00 1.72 H20

H2S (g) -95.68 -96.58 -0.90 HZ2S

Halite -7.25 -5.69 1.56 NaCl

Huntite -4.42 -33.87 =-29.45 (CaMg3(C03)4
Hydromagnesite -13.61 =21 .82 -7.71 Mg5(C03)4(0H)2:4H20
Magnesite -0.61 ~-8.52 -7.90 MgCO3
Mirabilite -7.66 -9.15 -1.50 Na2S804:10H20
Na4U02 (C03) 3 -25.98 -42.27 -16.29 NadUO2(C03)3
Nahcolite ~-5.06 -5.68 -0.62 NaHCO3
Natron -9.28 -10.91 -1.63 Na2C03:10H20
Nesquehonite ~3,01 ~8.:52 -5.50 MgCO3:3H20
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 UO02CO3
Schoepite -4 .84 0.81 5.65 UO2(0OH)2:H20
SrEF2 =585 -14.42 -8.57 SrF2
Strontianite -1.44 =10:71 -9.27 SrCo3

Sulfur =71 85 -87.,04 ~=15.19 8§

Thenardite -8.99 ~9.15 -0.17 ©Na2S504
Thermonatrite -11.09 -10.91 0.18 Na2CO03:H20
Trona -16.16 -16.59 -0.43 NaHCO3:Na2C03:2H20
U (OH) 2504 -35.52 -38.72 -3.20 U(OH) 2S804
U308 (c) -20.99 1.88 22.87 U308

U408 (c) -45.75 -47.09 -1.34 U409

UF4 (c) -50.94 -69.16 -18.22 UF4
UF4:2.5H20 -41.60 =69.16 =27-56 UF4:2.5H20
U02 (a) =19.31 -19.21 0.10 U©o2

U03 (gamma) =7 80 081 8.1l WUO3
Uraninite (c) -14.79 -19.21 -4.42 UO2
Witherite -3 .32 —11.90 -8.59 BaC03
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Griswold WTP Injection Water

Phase SI** log IAP log K(290 K, 1 atm)
Acanthite -68.54 -105.66 =37:18 Ag2Ss

Ag2C03 -11.12 -22.39 -11.26 Ag2C03

Ag20 -13.70 -0.91 12.79 Ag20

Ag2S04 -15.73 -20.74 -5.01 Ag2S04
AgF:4H20 -13.50 -13.04 0.46 AgF:4H20
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 KA1l(S04)2:12H20
Alunite -6.24 -6.62 -0.38 KAl13(S04)2(0OH)6
Anhydrite =2.21 -6.55 -4.34 Cas04
Aragonite 0.09 -8.20 -8.29 CaCo03
Artinite -6.03 4.16 10.18 MgCO3:Mg (OH)2:3H20
B-UO2 (OH) 2 -4.52 1.30 5.82 UO2(0H)2
BaF2 -9.62 -15.40 -5.78 BaF2

Barite 0.04 -10.07 -10.11 Baso04
Basaluminite -3.83 18.87 22.70 Al4(CH)10804
Boehmite 0.52 9.6 9.15 Al100H
Brucite =457 12.82 17.39 Mg(OH)2
Calcite 0.24 ~-8.20 -8.44 CaCo03
Celestite =240 -9.02 -6.62 SrS04
Cerargyrite -1.54 -11.60 -10.07 AgCl

CO2 (qg) -3.30 -4.67 -1..37 €2

Diaspore 230 9«67 7.38 AlOCH
Dolomite 0.04 -16.86 -16.90 CaMg(C03)2
Dolomite (d) -0.54 -16.86 -16.32 CaMg(C03)2
Epsomite -4.82 =7.01 -2.20 MgS04:7H20
Fluorite -1.19 -11.88 -10.70 CaF2
Gibbsite 1.10 9.67 8.57 Al(OH)3
Gummite =0y 57 1.30 10.87 U033

Gypsum -1.96 -6 .55 -4.58 CaS04:2H20
H2 (q) -29.96 =83 .07 -3.11 H2

H20 (g) ~1.72 -0.00 1.72 H20

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(C03)4
Hydromagnesite -14.13 -21.83 -7.71 Mg5 (C0O3)4 (OH)2:4H20
Jurbanite -6.93 -10.16 -3.23 AlOHSO4
Magnesite ~0:: 76 -8.66 -7.90 MgCO3
Mirabilite =775 -9.24 -1.50 Na2804:10H20
NadUO2 (C03) 3 -25.68 -41.97 -16.29 Na4U02(C03)3
Nahcolite -5, 16 -5.78 ~-0.62 NaHCO3
Natron -9.26 -10.89 -1.63 Na2C03:10H20
Nesguehonite -3, 16 -8.66 -5.50 MgCO3:3H20
NH3 (g) -7.93 -5.99 1.94 NH3

02 (qg) ~1.28 -4.11 -2.83 02
Portlandite -10.14 13.28 23.43 Ca(CH)2
Rutherfordine -5.76 -20.18 -14.42 UO2C03
Schoepite -4 .35 130 5.65 UO2(0OH)2:H20
SrF2 -5.79 =14 .35 -8.57 SrF2
Strontianite -1.40 -10.67 -9.27 8SrCO03

Sul fhr -72.78 -87.96 =15.19 S

Thenardite -9.08 -9.24 -0.17 Na2S504
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Thermonatrite =11 .
Trona -16.
U (OH) 2504 =35
U308 (c¢) -19.
U409 (c) -44,
UF4 (c) -51.
UF4:2.5H20 -41.
Uo2 (a) =19 .
UO3 (gamma) -6.
Uraninite (c) -14.
Witherite =3z

07
24
56
73
40
04
70
03
81
50
13

-~10..
64
-38.
.14
=45
-69.
-69.
~18.
<30
~1.8
=1

Quebec Street WTP Injection Water

Phase

Anhydrite -2
Aragonite -0
Artinite =7
BaF2 -9
Barite 0.
Brucite =5
Calcite 0.
Celestite =2
CO2 (g) =3
Dolomite -0
Dolomite (d) -1
Epsomite -5
Fluorite =
Gypsum -2
H2 (g) -29
H20 (g) -1
H2S (g) -97
Halite -8
Huntite -6
Hydromagnesite -16
Magnesite -1
Mirabilite -8
Nahcolite -5
Natron =9
Nesquehonite =3
02 (g) =1
Portlandite -10
S¥F2 =85
Strontianite 1,
Sulfur -3
Thenardite -9
Thermonatrite ~11
Trona =16
Witherite -2

89
67
76

74
26
26
93

93
72

SI** log IAP

« 81
.00
.17
.04

L3

.22

15

63
.14
« 55
<13
<82
«29
-7
.96
.72
<15
« 97
«31
i O
w28
.20
.05
«21
.65
.28
.40
« 52
« L1
12
«53
.02
.07
=53

-7
-8

-14

-8

=0
:B1
=17
1.7
i
i S
=T
—33.
=0.
-98.
.00
=85
-24.
-9,
-9,
—5..
=10
=9..
4
13
-14.
-10.
-88.
-9,
- LY.
~16.
=11

-4

=T

«+ 15
.29
3.
.82
-8
r2.
+29

01

98
16

25

44
44
02
99
15
07
00
05

75
45
15
70
67
84
15
11
03
09
39
34
70
83
51
12

log K(290 K,

-4.
s 29
10.
.78
10.
L7
=8
-6.
=1
16.
le.
.20
10.
-4.
=3
1.
=0
L
29 .
=
S
.50
.62
.63
.50
83
.43
9
27
a2
el
.18
.43
<29

-8

-5

-2

.18
.43
.20
.87
.34
s 22
.56
.10
11
.42
599

34

18

11
39
44
62
37
90
32

70
58
11
72
90
56
45
71
90

Na2CO3:H20
NaHCO3:Na2C03:2H20
U{(OH) 2504
U308

U409

UF4
UF4:2.5H20
Uo2

Uuo3

Uuo2

BaCO3

1 atm)

CasS04

CaCo03
MgCO3:Mg (OH) 2:3H20
Bar2

BasS04

Mg (OH) 2
CaCo03

Srso04

Cco2

CaMg (C03) 2
CaMg (C03) 2
MgS04:7H20
CaF2
CaS04:2H20
H2

H20

H2S

NaCl

CaMg3 (C03) 4
Mg5 (CO3) 4 (OH) 2:4H20
MgCO3
Na2804:10H20
NaHCO3
Na2C03:10H20
MgCO3:3H20
02

Ca (OH) 2

SrF2

SrCO03

S

Na2804
Na2C03:H20
NaHC03:Na2C03:2H20
BaCO03

22
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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 Al1(OH)3

AlumK -19.77 -25.08 ~-5.32 KAl (S04)2:12H20
Alunite -3.43 ~3.182 -0.38 KAl3(S04)2(0OH)®6
Anhydrite -2.48 -6.81 -4.34 CaS04
Aragonite -0.24 ~8.52 -8.29 CaCo3
Artinite -6.51 3.6% 10.18 MgCO3:Mg(OH)2:3H20
B-UO2 (OH) 2 -4.58 1.25 5.82 UO2(0OH)2

BaF2 -9.68 -15.46 -5.78 BaF2

Barite =0 19 -10.29 -10.11 BaS0O4
Basaluminite 0.08 22.78 22.70 Al4(OH)10S04
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 -9.25 -6.62 SrS8S04

CO2 (g) -3.28 ~4 .65 -1.37 CO2

Diaspore 3.25 10.63 7.38 AIOOH
Dolomite =0 .52 -17.42 -16.90 CaMg{(C03)2
Dolomite (d) -1.10 -17.42 -16.32 CaMg(C03)2
Epsomite -4.98 ~7.18 -2.20 MgS04:7H20
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 CaS04:2H20

H2 (g) -29.76 -32.87 -3.11 H2

H20 (g) -1.72 -0.00 1.72 H20

H2S (g) -95.91 -96.82 -0.90 H2S

Halite ~7.83 -6.26 1.56 NaCl

Huntite -5.75 -35.20 -29.45 CaMg3(C03)4
Hydromagnesite -15.29 -23.00 -7.71 Mg5(C03)4 (0OH)2:4H20
Jurbanite -5.88 ~9.11 -3.23 AlOHSO4
Magnesite =099 -8.89 -7.90 MgCO3
Mirabilite -8.28 -9.,77 -1.50 Na23504:10H20
NadUuQ2 (C03) 3 -26.89 -43.18 -16.29 Na4UO02(C03)3
Nahcolite -5.44 -6.06 -0.62 NaHCO3

Natron ~-9.86 -11.48 -1.63 Na2C03:10H20
Nesquehonite ~-3.39 -8.89 -5.50 MgCO03:3H20
NH3 (g) -8.06 -6.13 1.94 NH3

02 (qg) -1.28 -4.11 -2.83 02
Portlandite -10.49 12.93 23.43 Ca(OH)2
Rutherfordine -5.79 -20.21 -14.42 U02C03
Schoepite -4.40 1.25 5.65 UO2 (CH)2:H20
SrF2 -5.85 -14.42 -8.57 SrF2
Strontianite -1.69 ~-10.96 -9.27 SrC03

Sulfur -72.09 -87.28 -15.19 s

Thenardite -9.61 -9.77 -0.17 Na2S504
Thermonatrite -11.67 -11.48 0.18 Na2C03:H20
Trona -17.12 =17 ;55 -0.43 NaHCO3:Na2C03:2H20
U (OH) 2504 =35.32 -38.52 -3.20 U(OH)2S504

U308 (c) -19.69 3.18 22.87 U308

U409 (c) -44.02 -45.36 -1.34 U409

UF4 (c) -50.39 -68.61 -18.22 UF4
UF4:2.5H20 -41.05 -68.61 -27.56 UF4:2.5H20
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U02 (a) -18.88
U03 (gamma) ~-6.86
Uraninite (c) -14.36
Witherite -3.42

-18.

1.
-18.
~12.

78
25
78
01

0
8
-4
-8

.10
i
.42
+ 39

U02
Uuo3
uo2
BaCO03

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

Phase

Acanthite -10
Ag2CO3 -1
Ag20 -1
Ag2S04 -1
AgF:4H20 -1
AgMetal =
Anglesite =
Anhydrite =
Anilite -11
Antlerite -
Aragonite =
Artinite -
Atacamite -
Azurite -
B-UO2 (OH) 2 -
Bar2 =
Barite

Birnessite
Bixbyite

Blaubleil -10
BlaubleilI -11
Brochantite -1
Brucite -
Calcite =
Celestite =
Cerargyrite =
Cerussite o
CH4 (g) —1.2
Chalcanthite -
Chalcocite -1.2
Chalcopyrite -22
CO2 (qg) =
Cotunnite =1
Covellite -10
Cu (OH) 2 -
Cu2 (OH) 3NO3 -
Cu2S04 -
CuCo3 -
CuF -2
CuF2 -1
CuF2:2H20 -1
CuMetal =2
CuOCuS04 -1
CupricFerrite 1
Cuprite =i
CuprousFerrite

2

0
8

8

SI** log IAP

.24
%92
vk L
- 93
.42
SGLe
.84
.68
« 99
<02
«87
DY
.45
<59
.10
.00
«14
.60
«89
.59
.44
.19
.11
« 12
.63
« 25
.66
P
9,
1.
9.
25
2
e
2
9%
i
S
9.
6.
25

91
84
87
80
38
10
74
81
61
12
02
10
82
86

.47
.26
3
. 2
D

40

33

-138.
—~2.3%

—~Zin
~20.
~12.
=2 0.
=13
.03
.02
. T3
.20
.10
.95
.74
.49
¢ T
.86
.20
s I3
.75
« 12
.15
.82
20
.26
+ 05
.80
.76
.49
.66
.19
.83
«89
.09
.88
.31
-39,
-14.
-2:d..
.40
=17
=29 .
61
19.
-20.
.58

=130

=7

47
03
50
86
89
19
64

05
65
98

40
28

41
69

log K(296 K,

36
11
12
-4

0.
13
=
-4.
32.

8

-8.

s 23
.10

.62

.93
54
5.9
80
36
02
.29
33
.70
.40

.85
29

+ 716
« 99
.60
.56
16
.28
.34
93
.47
+163
.80
wdb
.85
.64
.78
i 9
.45
“19
«35
«69
.30

«93
.63
.12

=58
.54
.82

68
.01
D

- 91

1 atm)

Ag2S

Ag2CO03

Ag20

Ag2S804
AgF:4H20
Ag

PbS04

CasS04
Cu0.25Cul.58
Cu3 (OH) 4504
CaCo03
MgCO3:Mg (OH) 2:3H20
Cu2 (OH) 3C1
Cu3 (OH) 2 (C03) 2
UO2 (OH) 2
BaF2

BaS04

MnO2

Mn203
Cu0.9Cu0.28
Cu0.6Cu0.88
Cu4 (OH) 6S04
Mg (OH) 2
CaCo3

SrS04

AgCl

PbCO3

CH4
CuS04:5H20
Cu2s

CuFeS2

CcOo2

PbC12

CusS

Cu (OH) 2

CuZ (OH) 3NO3
Cu2804
CuCo03

CuF

CuF2
CuF2:2H20
Cu
Cu0:Cus04
CuFe204
Cu20

CuFeO2

24
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CuSo4
Djurleite
Dolomite
Dolomite (d)
Epsomite

Fe (OH)2.7C1.3
Fe (OH) 3 (a)

Fe3 (OH) 8

FeS (ppt)
Fluorite
Galena
Goethite
Greigite
Gummite
Gypsum

H2 (g)

H20 (9)

H2S (g)

Halite
Hausmannite
Hematite
Huntite
Hydrocerussite
Hydromagnesite
Jarosite (ss)
Jarosite-K
Jarosite-Na
JarositeH
Langite
Larnakite
Laurionite
Litharge
Mackinawite
Maghemite
Magnesite
Magnetite
Malachite
Manganite
Massicot
Matlockite
Melanothallite
Melanterite
Minium
Mirabilite
Mn2 (S04) 3
MnCl2:4H20
MnS (Green)
MnS04

N2 (g)

NadUu02 (C03) 3
Nahcolite
Nantokite
Natron
Nesquehonite
NH3 (g)
Nsutite

02 (g)

= 5.
-1381.

=1

=118

7

-484.
-9,
-2

-3
-
-128.

-3

1.

i)

-=8.

—Os
-19,
-3.986
-4,
-6.

=11

~1 1.
=85
6.
-8.

1.8 0
Ta

— Ly
10.
-3

1
-8
-8

=19

-15

=21

~ Bl
-46.
-15..
=1 8.

-12

—2.
=27.
=5
-14.,
=1 0,
—4.,
-54.

3.
-7.

.56 =212
.82 =154,
.85 =18,
.41 =18
.40 T
. 56 3.
.87 6.
82 14.
18 -135.
- 33 =11
40 ~1381
« 71 6
45 —=529 .
99 g
45 T T
88 —4l .
55 0.
03 -129.
.95 =6.
48 62.
.43 13
45 ~38
42 -26.
45 -28.
=13, 7Y
06 —i3.
85 =LZ.
.24 -16.
77 578
65 =8
70 =6 5
05 4.
45 =135,
14 1.3 .
71 9 .
50 14.
64 1
.92 27
.24 4.
.26 =1L
50 =155
« 26 =1%.
98 52 .
32 79,
19 ~5 .
94 ~i1.3
47 =127%.
.76 =10+
14 =3 s
06 =43
19 TH =
36 -21.
30 i
11 9 .
96 -53.
64 46.
90 =10

49
91
91
91
55
52
76
40
09
94

.24
.76

48
49
03
02
00
01
37
85
53
34
88
04

-9.83

17
01
44
15
91
08
73
09
53
a1
40

Y
2 8

3
72
73
49
06
50
g

<29

65
04
40
35
15
15
66
11
16
20
78

.07
.08
.06
.50
«15
.04
.89
.22
.92
.62
=85
« 95
<03
.48
.58
.14
.55
.98
.58
.37
.90
.88
.46
s 99

(KO.

.10
.16
.20
.92
.26
.62
.78
<65
« 39
« QL
.91
.22
.34
97
.46
77
5 23
.04
.18
. 58
.65
.82
.72
.26
« 9
- 56
« 19
.36
.60
.80
. 56
<88

Cus04
Cu0.066Cul.868S
CaMg (C03) 2

CaMg (C0O3) 2
MgS04:7H20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaF2

Pbs

FeOOH

Fe354

Uo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203
CaMg3(C03) 4

Pb (OH) 2:2PbC03
Mg5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04)2 (OH) 6
KFe3 (S04) 2 (OH) 6
NaFe3 (S04)2 (OH) 6
(H30)Fe3(S04)2 (OH) 6
Cud (OH) 6504 :H20
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PoC1F

CuCl2
FeS04:7H20
Pb304
Na2504:10H20
Mn2 (S04) 3
MnC1l2:4H20

MnS

MnS0O4

N2

Nad4UO02 (C03) 3
NaHCO3

CuCl
Na2C03:10H20
MgCO3:3H20

NH3

MnO2

02
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Pb (B0O2) 2

Pb (OH) 2

BB2 (OH) 3C1
Pb20 (OH) 2
Pb203
Pb20CO3
Pb302C0O3
Pb302504
Pb4 (OH) 6304
Pb403S04
PbF2
PbMetal
Pb0:0.3H20
Phosgenite
Plattnerite
Portlandite
Pyrite
Pyrochroite
Pyrolusite

Rhodochrosite
Rhodochrosite (d)
Rutherfordine

Schoepite
Siderite

Siderite (d) (3)

SrF2

Strontianite

Sulfur
Tenorite
Thenardite

Thermonatrite

Trona

U (OH) 2504
U308 (c)
U409 (c)
UF4 (c)
UF4:2.5H20
Uo2 (a)

UO3 (gamma)

Uraninite (c)

Witherite

-14.
~3
-10.

-16

-13.
-10.

=1%

=14.
=20
-21.
i
-37.

-8

~12.
-6.
=11
-214.
-6.
4,

=1

=5
-4,
-8+

=9

=5+

=2

-96.

~d

~9,

-11

=16.
=43.
=29
=71

-56
-47

~2.8 4

-7
-23
-3

57 -6.94
47 4.73
14 -1.,35
.74 9.46
71 47.33
61 -11.07
.46 -6.35
65 -4.18
56 0.54
67 0.54
11 -18., 55
42 —-33.15
.25 4,73
88 -32.. 69
93 42.60
57 1T..33
67 =238.19
88 8.32
60 46.20
.08 =12, 21
-1.82 ~1.2, 21
59 -20.03
95 0.49
77 -19.:65
.20 —~1 9,63
62 =14,:17%
+15 =11..42
00 =111.05
« 19 5.88
32 -9.50
.79 -11.66
68 ~17.41
39 ~46 .59
85 =8.93
99 =75:03
.24 -74.78
.21 -74.78
33 -28.23
.29 0.49
.49 -28.23
.46 -12.02

7.63 Pb(BO2)2
8.20 Pb{(OH)2
8.79 Pb2(0OH)3C1
26.20 PbO:Pb{(0OH) 2
61.04 Pb203
-0.46 PbO:PbCO3
11.11 PbCO3:2Pb0O
10.47 PbS04:2PbO
21.10 Pb4 (OH) 6S04
22.22 PbS04:3PbO
-7.44 PbLF2
4.27 Pb
12.98 Pb0:0.33H20
19.81 PbCl2:PbCO3
49.54 PbO2
22.90 Ca(OH)2
18.52 FeS2
15.20 Mn(OH) 2
41.60 MnO2
11.13 MnCO3
-10.39 MnCO3
14.45 UO02C03
5.44 UO2(OH)2:H20
10.88 FeCO3
10.45 FeCO3
-8.54 |SrF2
-9.27 SrCO03
-15.05 8
7.67 CuO
-0.18 Naz2s04
0.13 Na2C03:H20
-0.73 NaHC03:Na2C03:2H20
-3.20 U (OH)2504
20.92 U308
-3.04 U409
18.54 UF4
27.57 UF4:2.5H20
0.10 UO2
7.78 UO3
-4.74 UO2
~-8.56 BaCO03

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

Phase

Acanthite
Ag2CO3
Ag20
Ag2504
AQF:4H20
AgMetal
Anglesite
Anhydrite
Anilite
Antlerite

SI** log IAP

.79 -1.90.358
.38 -22.54
.57 -1.89
.38 -20.34
.26 =12:%5
13 -21.48
.98 =13:7%9
+46 -6.81
.87 -165.16
bl ~1.22

log K(294 K, 1 atm)
36.56 Ag2S
11.16 Ag2CO3
12.68 Ag20
-4.96 Ag2S04
0.51 AgF:4H20
13.75 Ag
-7.81 PbS0O4
-4.35 CaSo4
32.30 Cu0.25Cul.5s
8.29 Cu3(OH) 4504

26
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Aragonite -0
Artinite =7
Atacamite -6
Azurite =7
B-UO2 (OH) 2 -4
BaF2 =9
Barite 0.
Birnessite 5.
Bixbyite 6.
Blaubleil -121
BlaubleilII -127
Brochantite -10
Brucite =5
Calcite -0
Celestite -2
Cerargyrite =1
Cerussite -2
CH4 (g) -140.
Chalcanthite -10.
Chalcocite -1.37
Chalcopyrite -256 .
C02 (qg) -2.
Cotunnite =11.
Covellite =120
Cu (OH) 2 -3.
Cu2 (OH) 3NO3 -9,
Cu2504 -40.
CuCo03 -5
CuF -3,
CuF2 -17.
CuF2:2H20 -13.
CuMetal -23.
CuOCuS04 -18.
CupricFerrite 12.
Cuprite =22
CuprousFerrite 3.
CuS04 -15
Djurleite -136
Dolomite =l
Dolomite (d) -1
Epsomite -4
Fe(OH)2.7Cl1.3 6.
Fe (OH) 3 (a) 1
Fe3 (OH) 8 -7
FeS (ppt) -145
Fluorite -1
Galena -130.
Goethite 7.
Greigite -536.
Gummite -9
Gypsum -2
H2 (g) -41.
H20 (g) -1
H2S (q) -140.
Halite =7
Hausmannite 4,
Hematite L%,

.70
<93
.58
.40
.82
w2l

19
82
72

DD
.41
.82
.80
.55
.48
.59
.82

46
05

)

26
49
60

22

04
69
72

w28

09
37
35
70
83
96
57
53

.89
.29
w31
.93
.98

61
84

A5
.24
B2

84
59
04

e
.23

07

.61

51
55
12
18

-143

-12.
-172.
—291 .

T
=16.
=142 5
.74
.28

-0

~42
-14.
-2:3:.
17
—=17.
-82.

=B
<21

19

-24.
.36
-12.
=170
—~1.8 .
.37

-18

Tk
w51
« T3
12.
=149,
~11 .
-143.
.13
~581.
.85
=6 .
-44.
.00
-141.
9
66.
1.3 «

.01
.94
.94
. 35
.85
.01
« 85
.42
« 25
=145,
-154.
. 52
11.
.01
7 i
-11.
-16.
.29

71
69

30

10
49
00

71
64
87
91
43
72

63
91
89
86
87
63
96

18

71
67
37

15

71
15
97
81

07

81
21

47
98
12
46

.31
.88
.52
.05
.68
T
+ 03
.60
.46
.16
.28
.34
.10
.46
.62
.90
.18
.83
+65
.09
.61
.42
.82
:50
« 1.9
.41
.91
B3
.20
.49
.52
.92
.87
« 20
«61
.88
.18
« 38
.00
.43
.17
.04
.89
. &2
« 92
< 65
<87
.86
.03
.62
.58
+13
.61
+95
«07
.00
s T1

CaCo03
MgCO3:Mg (OH) 2:3H20
Cu2 (OH) 3C1

Cu3 (OH) 2 (C03) 2

UQO2 (OH) 2

BaF2

BaS04

MnO2

Mn203

Cu0.9Cul0.28

Cu0.6Cu0.8S8
Cud (OH) 6504
Mg (OH) 2
CaCo03

SrS04

AgCl

PbCO3

CH4
CuS04:5H20
Cu2S

CuFeS2

co2

PbC1l2

CuS

Cu (OH) 2

Cu2 (OH) 3NO3
Cu2804
CuCo03

CuF

CuF2
CuF2:2H20
Cu
CuO:CuS04
CuFe204
Cuz20

CuFeO2
CusSo4
Cu0.066Cul.868S
CaMg (C03) 2
CaMg (C0O3) 2
MgS04:7H20
Fe(OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8
FeS

CaF2

PbS

FeOOH

Fe3S4

Uo3
CaS04:2H20
H2

H20

H2S

NaCl

Mn304

Fe203
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Huntite =7 36 -37.08 =-29.72 CaMg3(C03)4
Hydrocerussite -9.88 -27.34 -17.46 Pb(0OH)2:2PbC0O3
Hydromagnesite -17.86 -26.12 -8.26 Mgb(C03)4(0OH)2:4H20
Jarosite(ss) -4.11 -13.94 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0OH) 6
Jarosite-K -4.39 -13.30 -8.91 KFe3(S04)2(0OH)6
Jarosite~Na -7 .20 -12.14 -4.,93 NaFe3(S04)2(0OH)06
JarositeH -11.84 -16.70 -4.86 (H30)Fe3(S04)2(0OH)6
Langite -12.65 4,52 17.17 Cu4d (OH) 6S04:H20
Larnakite -8.92 -9.14 -0.22 PbO:PbS0O4
Laurionite =6 51 ~-5.89 0.62 PbLOHC1

Litharge -8.22 4.65 12.88 PbO

Mackinawite -144.50 -149.15 -4.65 FeS

Maghemite 7.08 13.46 6.39 Fe203

Magnesite -1.39 -9,36 -7.97 MgCO3

Magnetite 8.55 12.77 4.22 Fe304

Malachite -4.14 1.19 5.34 CuZ2(OH)2C03
Manganite 3.54 28.88 25.34 MnOOH

Massicot -8.42 4.65 13.07 PbO

Matlockite -8.18 -17.69 -9.51 PbCIF
Melanothallite -19.19 -15.34 3.85 cCuCl2
Melanterite -16.88 -19.14 -2.26 FeS04:7H20
Minium -19.64 55.04 74.68 Pb304
Mirabilite -8.03 -9.33 -1.30 Na2S04:10H20
Mn2 (S04) 3 -43.75 -49.09 -5.34 Mn2(S04)3
MnC1l2:4H20 -15.28 -12.73 2.54 MnCl2:4H20

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

Na4UO02 (C03) 3 -26.57 -42.86 -16.29 NadU02(C03)3
Nahcolite -5.14 =5.73 -0.58 NaHCO03
Nantokite -15.78 -22.63 -6.86 CuCl

Natron -10.07 -11.53 -1.46 Na2C03:10H20
Nesquehonite -3.79 -9.36 -5.57 MgCO3:3H20

NH3 (g) -66.40 -64.55 1.85 NH3

Nsutite 6.86 49.42 42.56 MnO2

02 (qg) -2.36 -5.23 -2.86 02

Pb (BO2) 2 -13.89 -6.22 7.67 Pb(B02)2

Pb (OH) 2 -3.63 4.65 8.28 Pb(CH)2

Pb2 (OH) 3C1 -10.03 -1.23 8.79 Pb2(0OH)3C1l

Pb20 (OH) 2 -16.89 9.31 26.20 PbO:Pb(OH)2
Pb203 -10.66 50.38 61.04 Pb203

Pb20C0O3 -10.95 ~11.34 -0.39 PbO:PbCO3
Pb302C0O3 -17.96 -6.69 11.27 PbCO3:2PbO
Pb302304 -15.08 -4.48 10.60 PbS04:2Pb0O

Pb4 (OH) 6504 -20.93 B:17 21.10 Pb4(OH) 63504
Pb403504 -22.26 0.17 22.44 PbS04:3Pb0O

PbF2 -11.52 -18.95 -7.43 PbF2

PbMetal -40.68 -36.42 4.27 Pb

Pb0:0.3H20 -8.33 4.65 12.98 Pb0O:0.33H20
Phosgenite -12.62 -32.43 -19.81 PbC1l2:PbCO0O3
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 UO02C03
Schoepite -4.,.67 0.85 5.52 UO0O2(0OH)2:H20
Siderite -10.48 -21.34 -10.87 FeCO3
Siderite(d) (3) -10.89 -21.34 -10.45 FeCO3

SrF2 =B, T1 -14.26 -8.55 BSrF2
Strontianite -2.04 =11 .31 -9.27 SrCO3

Sulfur -105.32 -120.42 -15.10 S

Tenorite -2.02 5.74 7.77 CuO
Thenardite -9.15 -9.33 -0.17 Na2Ss04
Thermonatrite -11.68 —~11 .53 0.15 Na2C03:H20
Trona -16.64 -17.26 -0.62 NaHCO3:Na2C03:2H20
U (OH) 2504 -46.10 -49.30 -3.20 U(OH)2504
U308 (c) ~-32.05 =10.41 21.64 U308

U409 (c) -79.92 =82 .33 -2.41 U409

UF4 (c) -59.64 -78.06 -18.42 UF4
UF4:2.5H20 -50.50 -78.06 -27.56 UF4:2.5H20
U02 (a) -30.95 -30.85 0.10 UO2

UO3 (gamma) -7.05 0.85 7.90 UO3
Uraninite (c) -26.23 ~-30.85 -4.62 U02
Witherite -3.48 -12.05 -8.57 BaCO03

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

Ag2CO03 -11.07 -22.29 =11.22 Ag2CO03

Ag20 -14.20 -1.46 12.75 Ag20

Ag2S04 -15.16 -20.15 -4.99 RAg2s04
AgF:4H20 -13.23 ~-12.75 0.48 AgF:4H20
AgMetal -7.71 =21.62 =13.91 Ag

Anglesite -6.42 -14.25 -7.82 PbS0O4
Anhydrite =2+ 31 -6.65 -4.34 CaSo4
Anilite -136.41 ~168.99 -=32.57 Cu0.25Cul.5S
Antlerite -10.73 -2.44 8.29 Cu3(OH) 4504
Aragonite -0.49 ~-8.79 -8.30 CacCo3
Artinite -7.29 2.%7 10.06 MgCO3:Mg (OH)2:3H20
Atacamite -7.33 0.31 7.64 Cu2(0OH)3C1
Azurite -8.88 -4.63 4.24 Cu3(OH)2(C03)2
B-UO2 (OH) 2 =4.78 0.98 5.76 UO2(0OH)2
BaF2 -9.54 -15.31 -5.78 BaF2

Barite 0.11 -9.96 -10.08 BaS0O4
Birnessite 6.46 50.06 43.60 MnO2
Bixbyite 6.87 6.50 -0.37 Mn203
Blaubleil -124.69 -148.85 -24.16 Cu0.9Cu0.28
Blaubleill -130.86 -158.14 -27.28 Cu0.6Cu0.8S
Brochantite -12.37 2.97 15.34 Cu4 (OH) 6504
Brucite -5.47 11.80 17.27 Mg (OH) 2
Calcite -0.34 -8.79 -8.45 CaCo03
Celestite =2 = 38 -9.00 -6.62 SrS04
Cerargyrite -1.25 =11.25 =10.00 AgCl
Cerussite -3.18 -16.39 -=13.21 PbCO3

CH4 (g) -143.11 -145.92 -2.81 CH4
Chalcanthite -10.61 -13 .28 -2.66 CuS04:5H20
Chalcocite -141.33 -176.73 -35.40 CuZ2s

Chalcopyrite -262.28 -298.12 -35.84 CuFeS2
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C02 (qg) A
Cotunnite -11.
Covellite =123,
Cu (OH) 2 -3
Cu?2 (OH) 3NO3 -10.
Cu2sS04 -42
CuCo3 ~-5.
CuF =32,
Cur2 =1 8
CuF2:2H20 -14.
CuMetal =24
CuOCuS04 =19,
CupricFerrite 11
Cuprite ~2 8.
CuprousFerrite 2.
Cuso4 -16.
Djurleite =140
Dolomite -0
Dolomite (d) -1
Epsomite -4
Fe(OH)2.7Cl1.3 6.
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -8
FeS (ppt) -148
Fluorite -1
Galena -133
Goethite 7
Greigite -547
Gummite -9
Gypsum -2
H2 (g) -41
H20 (g) =
H2S (g) -143
Halite =1
Hausmannite 3
Hematite 16.
Huntite -6.
Hydrocerussite =10.
Hydromagnesite -16.
Jarosite(ss) =-5.11

Jarosite-K -5
Jarosite—-Na =8
JarositeH =13
Langite -14.
Larnakite -9.
Laurionite -6.
Litharge -8
Mackinawite -147.
Maghemite 6.
Magnesite ~1..
Magnetite 7
Malachite =B
Manganite 34
Massicot -8
Matlockite =8
Melanothallite -19.
Melanterite ~ LT

66
74
10

.47

46

.38

78
08
22
14
64
96

.95

91
59
57
00

.88
.45
.71

40
63

.39
.45
.32
.64
$ 2.9
.80
« 79
.06
.78
.68
.21
+35

99
55
32
87
38

55
39
32
45
63
70

« 54

72
65
10

<29

07
83
73
54
55
60

=4,
=186
-145.
5.
-0.
-44.
~15.
-24.
=18.
=185
=33
=T
18.
-25.
-6 .
=13.
-174.
=17
=17 .
—6
3 e
6.
11,
-152.
~1Z.
-146.
6.
-592.
0.
-6.
-44.
-0 .
-144.
=5l
66.
13.
=35
-28.
-24.
-14.94
~14,
=13,
=17
2
=9
-6
4.
—1952.
13.
~9.
i

29+
4.
=18,
-15.
-19,

«39
.86
.65
.88
D2
.88
.63
.28
.41
.49
+03
«10
.50
- 65
.86
<30
.68
.94
36
.18
.04
-89
22
. 92
.68
.09
a1
.03
s
.58
o 12
.68
.92
il
.63
=52
«56
.46
«93

(KO.

L
i O
w2l
.42
.18
.62
.98
«6D
-39
- 93
.54
.46
.34
.18
«26
+93
w29

Cco2

PbC12

CuS

Cu (OH) 2

Cu2 (OH) 3NO3
Cu2S04

CuCO03

CuF

CuF2

CuF2:2H20

Cu

CuO:CuS04
CuFe204

Cuz20

CuFe02

Cuso4
Cu0.066Cul.8688
CaMg (C03) 2
CaMg (C03) 2
MgS04:7H20
Fe(OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaF2

PbS

FeOOH

Fe3384

Uuo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203

CaMg3 (C03) 4

Pb (OH) 2 : 2PbCO3
Mg5 (CO3) 4 (OH) 2:4H20

77Na0.03H0.2)Fe3(S04)2 (CH) 6

KFe3 (S04) 2 (OH) 6
NaFe3 (S04)2 (OH) 6
(H30) Fe3 (S04) 2 (OH) 6
Cu4 (OH) 6504 :H20
PbO:PbS0O4

PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PbClF

CuClz

FeS04:7H20
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Minium -20.21 55.11 75.33 Pb304
Mirabilite -7.80 -9.21 -1.42 Na2S04:10H20
Mn2 (S04) 3 -44.49 -49.58 -5.09 Mn2(S04)3
MnCl2:4H20 -15.20 -12.77 2.43 MnCl2:4H20
MnS (Green) -146.78 -142.89 3.89 MnS

MnS0O4 -13.33 -10.41 2.92 MnS0O4

N2 (g) -17.18 -20.42 ~3.24 N2

Nadu02 (C03) 3 -26.27 -42.56 -16.29 Na4UO0O2(C03)3
Nahcolite -5.09 -5.70 -0.61 NaHCO3
Nantokite ~-16.38 -23.30 -6.92 CuCl

Natron -9.79 =11435 -1.56 Na2C03:10H20
Nesquehonite -3.50 +9: 03 -5.53 MgCO03:3H20
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 (B0O2) 2 -13.73 -6.03 7.70 Pb(B0O2)2

Pb (OH) 2 -3.93 4,44 8.37 Pb(OH)2

Pb2 (OH) 3C1 -10.43 -1.64 8.79 Pb2(0OH)3Cl
Pb20 (OH) 2 -17.31 8.89 26.20 PbO:Pb(0OH)2
Pb203 =10.37 50.67 61.04 Pb203
Pb20CO3 -11.63 -11.94 -0.32 PbO:PbCO3
Pb302C03 -18.94 -7.50 11.44 PbCO3:2Pb0O
Pb3023504 -16.09 -5.36 10.73 PbS04:2Pb0O
Pb4 (OH) 6504 -22.02 -0.92 21.10 Pb4(OH) 6504
Pb403504 -23.58 -0.92 22.66 PbS04:3Pb0O
PbF2 -12.17 -19.60 ~7.43 PbF2
PbMetal ~41.60 -37.34 4.26 Pb
Pb0O:0.3H20 -8.54 4.44 12.98 Pb0O:0.33H20
Phosgenite -13.18 -32.99 -19.81 PbCl2:PbC0O3
Plattnerite -4.20 46.23 50.43 Pb02
Portlandite =11 w25 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 UO2CO03
Schoepite -4.62 0.98 5.60 UO2(0OH)2:H20
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 o 1 A -9.27 SrC03
Sulfur -107.34 -122.50 -15.15 S

Tenorite -2.45 5,42 7.86 CuO
Thenardite -9.04 —9.21 -0.17 Na2S04
Thermonatrite -11.52 —1.1 .35 0.17 Na2C03:H20
Trona -16.55 -17.05 -0.51 NaHCO3:Na2C03:2H20
U (OH) 2504 -46.71 -49.91 -3.20 U (OH)2S04
U308 (c) -32.46 -10.08 22.38 U308

U409 (c) <8131 -83.08 -1.77 U409

UF4 (c) -61.00 -79.30 -18.31 UF4
UF4:2.5H20 -51.74 -79.30 =-27.56 UF4:2.5H20
Uo2 (a) -31.32 -31.22 0.10 TUoO2

U03 (gamma) -7.05 0.98 8.03 U033
Uraninite(c) -26.71 -31.22 -4.50 UO02
Witherite -3.52 -12.10 -8.58 BaCO03
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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 -115.84 -152.89 -37.05 Ag2S

Ag2CO03 -12.07 -23.32 -11.25 |Rg2C03

Ag20 -15.78 -3.00 12.78 Ag20

Ag2S504 -15.90 -20.90 -5.00 Ag2S504

AgF:4H20 -13.36 -12.89 0.47 AgF:4H20

AgMetal -8.37 -22.35 -13.98 Ag

Anglesite -5.59 -13.42 -7.83 Pbs0O4

Anhydrite -2.72 -7.06 -4.34 Caso4

Aragonite -1.19 -9.48 -8.29 CaCO03

Artinite -9.75 0.38 10.14 MgCO3:Mg(OH)2:3H20

B-UO2 (OH) 2 -5.25 0.55 5.80 UO2(CH)2

BaF2 -9.06 -14.84 -5.78 BaF2

Barite 0.14 -9.95 -10.10 BaS04

Birnessite 5.68 49.28 43.60 MnO2

Bixbyite 5.19 4.87 -0.33 Mn203

Brucite -7.00 1035 17.35 Mg(OH)2

Calcite -1.04 -9.48 -8.44 CaCo03

Celestite -2.61 -9.23 -6.62 Sr804
Cerargyrite -2.00 ~-12.05 -10.04 AgCl

Cerussite -2.61 -15.83 -13.22 PbCO3

CHA4 (g) ~142.12 -144.91 -2.80 CH4

CO02 (g) -2.14 -3.51 -1.38 CO02

Cotunnite =11.%3 -16.61 -4.88 PbCl2

Dolomite =2.53 -19.44 -16.91 CaMg(C03)2
Dolomite (d) -3.11 -19.44 -16.33 CaMg(C03)2

Epsomite -5.36 =7+ 55 -2.19 MgS04:7H20
e(OH)2.7C1.3 6.49 3.45 -3.04 Fe(OH)2.7C10.3
Fe (OH) 3 (a) 1.72 6.61 4,89 Fe(OH)3

Fe3 (OH) 8 -8.04 12.18 20.22 Fe3(OH)8

FeS (ppt) -147.02 -150.93 -3.92 FeS

Fluorite -1.26 -11.95 -10.69 CaF2

Galena -132.26 -145.41 -13.14 PbS

Goethite 7.34 6.61 -0.73 FeOOH

Greigite -542.35 -587.38 -45.03 Fe3S54

Gummite -10.29 0.55 10.83 UO3

Gypsum -2.48 -7.06 -4.58 (CaS04:2H20

H2 (g) -41.70 -44.,82 -3.12 H2

H20 (g) -1.71 -0.00 1.71 H20

H2S (g) -141.93 -142.84 -0.91 H2S

Halite -7.69 =8+ 13 1.56 NaCl

Hausmannite 1.51 64.43 62.92 Mn304

Hematite 16.65 13.22 -3.43 |Fe203

Huntite -9.88 -39.37 -29.48 CaMg3(C03)4

Hydrocerussite =972 -27.18 -17.46 Pb(OH)2:2PbCO3

Hydromagnesite =-21.73 -29.51 -7.78 Mg5(C03)4(OH)2:4H20
Jarosite(ss) -3.69 -1.3 .52 -9.83 (KO0.77Na0.03H0.2)Fe3(S04)2(0OH)6

Jarosite-K -4 .34 -12.97 -8.62 KFe3(504)2(0OH)®6

Jarosite-Na -6.95 -11.55 -4.60 NaFe3(S04)2(OH)6

JarositeH -11.01 -15.97 -4.36 (H30)Fe3(S04)2(OH)6

Larnakite -8.78 -8.94 ~0.16 PbO:PbS0O4

Laurionite -6.69 -6.06 0.62 PbOHC1

Litharge -8.55 4.48 1303 |[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 Fe304
Manganite 3.09 28.43 25.34 MnOOH
Massicot -8.74 4.48 13.22 PbO
Matlockite -7.88 -17.45 -9.58 PbC1F
Melanterite -16.64 -18.94 -2.30 FeS04:7H20
Minium -20.47 55.15 75.62 Pb304
Mirabilite -7.59 -9.06 ~1.47 Na2S04:10H20
Mn2 (S04) 3 -43.85 -48.83 -4.98 Mn2(S04)3
MnCl2:4H20 -15.90 =1.3.51 2.38 MnCl2:4H20
MnS (Green) -146.22 -142.32 3.91 MnS

MnS0O4 -13.28 -10.32 2.96 MnSo4

N2 (q) -16.06 -19.30 -3.23 N2

Nad4UO02 (C03) 3 -26.42 -42.71 -16.29 Na4U02(C03)3
Nahcolite -4.88 -5.49 -0.62 NaHCO3
Natron =9.87%7 ~11.48 -1.61 Na2C03:10H20
Nesquehonite -4.45 =9 96 -5.51 MgCO3:3H20
NH3 (g) -67.49 -65.57 1.92 NH3

Nsutite 6.72 49.28 42 .56 MnO2

02 (g) -2.37 =520 -2.83 02

Pb (BO2) 2 -13.70 -5.98 7.72 Pb(BO2)2

Pb (OH) 2 -3.93 4,48 8.41 Pb(OH)2

Pb2 (OH) 3C1 -10.37 -1.58 8.79 Pb2(0H)3Cl
Pb20 (OH) 2 -17.24 8.96 26.20 PbO:Pb(0OH)?2
Pb203 -10.37 50.67 61.04 Pb203
Pb20CO0O3 -11.06 -11.35 -0.29 PbO:PbCO3
Pb302C03 -18.38 -6.87 11.52 PbCO3:2PbO
Pb302504 -15.24 =4,45 10.79 PbS04:2Pb0O
Pb4 (OH) 6S04 -21.07 0.03 21.10 Pbd4 (OH) 6S04
Pb403504 -22.73 0.03 22.76 PbS04:3Pb0O
PbF2 -10.87 -18.30 -7.43 PbLF2
PbMetal -41.49 —-37.22 4.26 Pb
Pb0O:0.3H20 -8.50 4.48 12.98 Pb0:0.33H20
Phosgenite ~-12.63 -32.44 -19.81 PbCl2:PbCO3
Plattnerite -4.44 46.19 50.63 PbO2
Portlandite -12.55 10.83 23.38 Ca(OH)2
Pyrite -240.43 -259.12 -18.69 FeS2
Pyrochroite =-7.62 7x58 15.20 Mn (OH)2
Pyrolusite 6.68 49.28 42 .60 MnO2
Rhodochrosite -1.63 -12.74 -11.10 MnCO3
Rhodochrosite (d) -2.35 -12.74 -10.39 MnCO3
Rutherfordine -5.34 -19.76 -14.42 U02CO03
Schoepite -5.08 0.55 5.63 UO02(0OH)2:H20
Siderite -10.51 -21.35 -10.84 FeCO3
Siderite(d) (3) -10.90 -21.35 -10.45 FeCO3

SrF2 -5.56 -14.12 -8.56 SrF2
Strontianite =2 .38 =11.65 -9.27 Srcg3
Sulfur -106.16 -121.33 =-=15.17 S
Thenardite -8.89 -9.06 -0.17 ©Na23804
Thermonatrite -11.65 -11.48 0.18 Na2C03:H20
Trona -16.51 -16.97 -0.46 NaHCO3:Na2C03:2H20
U (OH) 2504 -46.17 -49 .37 -3.20 U (OH)2504
U308 (c) -33.71 -11.00 22.71 U308

U409 (c) -82.69 -84.18 -1.48 U409

UF4 (c) -58.78 -77.04 -18.25 ©UF4
UF4:2.5H20 -49.48 =77.04 =27.56 UF4:2.5H20
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Uo2 (a) =-31:57 -31.47 0.10 UO2
UO3 (gamma) ~7,53 0.5b 8.08 UO3
Uraninite(c) -27.02 -31.47 -4.45 UO2
Witherite -3.78 -12.37 -8.58 BaCO03

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

Ag20 -15.09 -2.31 12.78 Ag20

Ag2804 -15.37 -20.37 -5.00 Ag2s504
AgF:4H20 -13.22 =12 s T5 0.47 AgF:4H20
AgMetal =8 w13 -22.13 -14.00 Ag

Anglesite -5.78 ~13.61 -7.83 PbS04
Anhydrite -2.49 ~64 83 -4.34 CaS04
Aragonite -0.94 -9.23 -8.29 CaCo3

Artinite -8 .79 1.37 10.15 MgCO3:Mg(OH)2:3H20
B-UO2 (OH) 2 -4.91 0.90 5.81 UO2(OH)2

BaF2 -9.30 -15.07 -5.78 BaFr2

Barite 0.16 -9.94 -10.10 BasS0O4
Birnessite 6.02 49.62 43.60 MnO2

Bixbyite 559 527 -0.32 Mn203

Brucite -6.44 10:.92 17.36 Mg (OH)2
Calcite -0.79 =923 -8.44 CaCo3
Celestite -2.47 -9.09 -6.62 SrsSo4
Cerargyrite -1.45 -11.50 -10.05 AgCl

Cerussite -2.79 -16.02 -13.22 PbCO3

CH4 (q) ~143.21 -146.00 -2.79 CH4

CO2 (9) -2.29 -3.67 -1.37 CO2

Cotunnite -11.36 -16.24 -4.88 PbCl2

Dolomite =1:87 -18.78 -16.91 CaMg(C03)2
Dolomite (d) -2.46 -18.78 -16.33 CaMg(C03)2
Epsomite -4.95 =7:18 -2.19 MgS04:7H20

Fe (OH)2.7C1.3 6.42 3.38 -3.04 Fe(OH)2.7C10.3
Fe (OH) 3 (a) 1.59 6.48 4.89 Fe(OH)3

Fe3 (OH) 8 -8.54 11.68 20.22 Fe3(0OH)8

FeS (ppt) -148.35 -152 .27 -3.92 FeS

Fluorite -1.26 -11.96 -10.69 CaFz

Galena =133 38 -146.53 -13.15 PbS

Goethite 7.20 6.48 -0.72 FeOOQOH

Greigite -547.22 -592.26 -45.03 Fe354

Gummite -G, 95 0.90 1085 |U@3

Gypsum ~2.24 -6.83 -4.58 (CaS04:2H20

H2 (g) -41.94 -45.06 -3.12 H2

H20 (g} -1.71 -0.00 1.71 H20

H2S (g) -143.03 -143.94 -0.91 |H2S

Halite -7.40 -5.83 1.56 NaCl
Hausmannite 1.99 64.96 62.97 Mn304

Hematite 16.38 12.97 =3:41 |Fe203

Huntite -8.41 -37.88 -29.47 CaMg3(C03)4
Hydrocerussite ~10.12 -27.58 -17.46 Pb(OH)2:2PbCO3
Hydromagnesite -19.53 —27 .28 -7.75 Mg5(C03)4 (OH)2:4H20
Jarosite(ss) -4.27 -14.10 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0OH)6
Jarosite-K -4.90 -13.51 -8.61 KFe3(S04)2(OH)6

34



Blotevogel Environmental Consulting

Meridian Metropolitan District Geochemistry

Jarosite-Na
JarositeH
Larnakite
Laurionite
Litharge
Mackinawite
Maghemite
Magnesite
Magnetite
Manganite
Massicot
Matlockite
Melanterite
Minium
Mirabilite
Mn2 (S04) 3
MnCl2:4H20
MnS (Green)
MnS0O4

N2 (g)
Nad4UO02 (C03) 3
Nahcolite
Natron
Nesquehonite
NH3 (g)
Nsutite

02 (g)

Pb (B0O2) 2

Pb (OH) 2

Pb2 (OH) 3C1
Pb20 (OH) 2
Pb203
Pb20CO0O3
Pb302C03
Pb302504
Pb4 (OH) 6S04
Pb403304
PbF2
PbMetal
Pb0O:0.3H20
Phosgenite
Plattnerite
Portlandite
Pyrite
Pyrochroite
Pyrolusite
Rhodochrosite

Rhodochrosite (d)

Rutherfordine
Schoepite
Siderite

Siderite(d) (3)

SrF2
Strontianite
Sulfur
Thenardite
Thermonatrite

=1,

-2

-107.
.87

~8

-11.

.59
.36
.00
52
.58
.62
.58
.64
.94
.30
.78
.91
.04
37
.56
97
.40
.23
.36
.63
. 7
.93
83
.04
sA.3
.05
.96
.65
<9
23
.29
<19
.28
.64
.50
.35
.03
.82
4 e
.53
.45
s 2
w1 6
.61
D3
.98
.70

-2.41
=5
=5
-10.
=11,
-8,
.23

15
74
91
30
66

01

62

=12
.68
.16
T8
.45
-152.
.97
.55
.68
.64
+45
.49
« 35
s L
.04
.92
.02
-143.
. 39
.87
.46
« 55
.45
+ 9D
.20
.62
. TY
.93
.45
.44
5 91
.85
« 56
okl
.70
.25
.25
.74
.49
« 45
.26
.40
.24
-261.
.67
49.
=12.
+12.80
=19
.90
-21.
=24 .
w23

-16

=14

-11.
-122.
.04
~-11.

17

89

27

31

3L

62
80

57

75
75

50
19

44

+58
+33
.16
.62
.04
.65
.39
.91
71
.34
« 2.3
.58
2ol
.67
.48
.90
.37
.91
.97
.23
s 29
.62
<61
.51
<93
.56
.83
. T2
.42
: 79
< 20
.04
.28
+ 53
.80
.10
.78
.43
: 26
.98
.81
.67
.40
.70
.20
.64
.10
=10 39
42
.64
.84
.45
.56
.27
.18
.17
+18

NaFe3 (S04) 2 (OH) 6
(H30)Fe3(S04)2 (OH) 6
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304
MnOOH

PbO

PbC1F
FeS04:7H20
Pb304
Na2504:10H20
Mn2 (S04) 3
MnCl2:4H20
MnS
MnS04

N2

NadU02 (C03) 3
NaHCO3
Na2C03:10H20
MgCO3:3H20
NH3
MnO2

02

Pb (BO2) 2

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203
PbO:PbCO3
PbC0O3:2Pb0O
PbS04:2Pb0O
Pb4 (OH) 6504
PbS0O4 : 3PbO
PbF2

Pb
Pb0O:0.33H20
PbC12:PbCO0O3
Pb0O2

Ca(OH) 2

FeS2
Mn (OH) 2
MnO2
MnCO3

MnCO3
U02C03

UO2 (OH) 2:H20
FeCO3

FeCO3

SrF2

SrCO3

S

Na2sS04
Na2C03:H20




Blotevogel Environmental Consulting Meridian Metropolitan District Geochemistry

Trona -16.55 -17.00 -0.45 NaHCO03:Na2C03:2H20
U(OH) 2304 -46.21 -49.41 -3.20 U(OH)2804

U308 (c) -32.90 -10.13 22.77 U308

U409 (¢) -81.99 -83.42 -1.43 U409

UF4 (c) ~59.49 -77.74 -18.24 UF4

UF4:2.5H20 -50.18 -77.74 -=-27.56 UF4:2.5H20

U02 (a) ~31.44 -31.34 0.10 UO2

UO3 (gamma) -7 .19 0.90 8.09 UO3

Uraninite(c) -26.90 ~31.34 -4.44 U002

Witherite -3.76 ~12.35 -8.59 BaCo03

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

Phase SI** log IAP log K(290 K, 1 atm)
Acanthite -116 .50 -153.61 -37.11 Ag2S
Ag2C03 -11.17 -22.43 -11.26 Ag2CO03
Ag20 -14.51 -1.72 12.79 Ag20
Ag2S04 -15.16 -20.16 -5.00 Ag2S804
AgF:4H20 =13 .22 =12: 75 0.47 AgF:4H20
AgMetal -7.89 -21.90 -14.01 Ag
Anglesite -6.30 -14.13 ~7.83 PbS0O4
Anhydrite =2 .31 ~B 65 -4.34 Caso4
Aragonite -0.63 -8.,92 -8.29 CaCo3
Artinite =7.77 2.40 10.17 MgCO3:Mg(OH) 2:3H20
B-UO2 (OH) 2 -4,80 1.02 5.82 UO2(0OH)2
BaF2 -9.58 -15.36 -5.78 BaF2
Barite 0.08 -10.03 -10.10 BaS0O4
Birnessite 6.21 49.81 43.60 MnO2
Bixbyite 5.81 5. 50 -0.31 Mn203
Brucite -5.82 11 .55 17.38 Mg{OH)2
Calcite -0.48 =892 -8.44 |CaCo03
Celestite -2 .38 -9.00 -6.62 SrSo4
Cerargyrite -1.20 -11.26 -10.06 AgCl
Cerussite -3.17 -16.32 -13.23 |BbCO3

CH4 (g) -143.97 -146.77 -2.79 CH4

C02 (g) -2.53 -3.90 =1.37 [CO2
Cotunnite -11.60 -16.48 -4.88 PbCl2
Dolomite -1.17 -18.07 =-16.90 CaMg(C03)2
Dolomite (d) -1.75 -18.07 -16.32 CaMg(C03)2
Epsomite -4.69 -6.89 -2.20 MgS04:7H20
Fe (OH)2.7Cl1.3 6.09 3.05 -3.04 Fe(OH)2.7Cl10.3
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) -149.064 -153.55 -3.92 FeS
Fluorite -1.29 -11.99 -10.70 cCaFz2
Galena -134.41 -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 U033

Gypsum -2.07 -6.65 -4.58 CaS04:2H20
H2 (g) -42.08 -45.20 -3.12 H2

H20 (g) =1.72 -0.00 1.72 |H20

H2S (q) -143.93 -144.84 -0.91 H2S

Halite -7.28 -5.72 1.56 NaCl
Hausmannite 2.24 65.27 63.03 Mn304
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Hematite 15.73 12.34 -3.40 Fe203

Huntite -6.93 -36.39 -29.46 CaMg3(C03)4
Hydrocerussite -11.01 -28.47 =-17.46 Pb(OH)2:2PbCO3
Hydromagnesite -17.34 -25.07 -7.73 Mg5(C03)4(0OH)2:4H20
Jarosite(ss) -5.77 ~-15.60 -9.83 (KO.77Na0.03H0.2)Fe3(S04)2 (OH) 6
Jarosite-K -6.36 -14.95 -8.59 KFe3(504)2(0OH)6
Jarosite-Na -9.14 -13.70 -4.56 NaFe3(S04)2(0H)6
JarositeH -14.09 -18.38 -4.30 (H30)Fe3(S04)2(0OH)6
Larnakite -9.66 =9.81 -0.15 PbO:PbS0O4
Laurionite -6.71 -6.08 0.62 PbOHCI1
Litharge -8.73 4.32 13.05 PboO
Mackinawite -148.90 -1.53.55 -4.65 FeS

Maghemite 5.95 12.34 6.39 Fe203
Magnesite -1.25 —9.,16 -7.91 MgCO3
Magnetite 5.94 10.68 4.74 Fe304
Manganite 3.43 28.77 25.34 MnOOH

Massicot -8.93 4,32 13.24 PbO

Matlockite =8 .39 -17.97 -9.59 PbLCIF
Melanterite -17.80 -20.11 -2.31 FeS04:7H20
Minium -20.70 55.:03 75.73 Pb304
Mirabilite =760 -9.09 -1.49 Na2S04:10H20
Mn2 (S04) 3 -44.90 -49.83 -4.94 Mn2(S04)3
MnCl2:4H20 -15.43 -13.07 2.37 MnCl2:4H20

MnS (Green) -148.08 -144.16 3.91 MnS

MnSO4 -13.69 -10.72 2.98 MnS0O4

N2 (g) -17.25 -20.48 -3.23 N2

Nad4U02 (C03) 3 -26.11 -42.40 -16.29 ©Na4UO02(C03)3
Nahcolite =5.01 =5.63 -0.62 NaHCO3

Natron -9.73 -11.36 -1.62 Na2C03:10H20
Nesquehonite =34 65 -9.16 -5.51 MgCO3:3H20

NH3 (g) -68.64 -66.71 1.93 NH3

Nsutite 1«25 49.81 42.56 MnO2

02 (g) -1.76 -4.59 -2.83 02

Pb (B0O2) 2 -1.3,.73 -6.00 7.73 Pb(B0O2)2

Pb (OH) 2 -4.11 4.32 8.43 Pb(OH)2

Pb2 (OH) 3C1 -10.56 Sl T 8.79 Pb2(0OH)3C1l
Pb20 (OH) 2 -17.57 8.63 26.20 PbO:Pb(0OH)2
Pb203 =10+32 50.72 61.04 Pb203

Pbh20C03 =11.81 -12.08 -0.27 PbO:PbCO3
Pb302C03 -19.31 -7.76 11.54 PbCO3:2Pb0O
Pb302S04 -16.31 -5.50 10.81 PbS04:2Pb0O

Pb4 (OH) 6304 —2.2 .98 -1.18 21.10 Pb4 (OH)6S04
Pb403S04 -23.98 -1.18 22.80 PbS04:3PbO
PbF2 -12.04 -19.47 -7.43 PbF2

PbMetal -42.03 -37.77 4.26 Pb

Pb0:0.3H20 -8.66 4.32 12.98 Pb0O:0.33H20
Phosgenite -13.06 -32.87 =19.81 PbCl2:PbCO3
Plattnerite -4.30 46.40 50.70 PbO2
Portlandite -11.62 11.79 23.42 Ca(OH)2

Pyrite -244.66 -263.36 -18.70 FeS2
Pyrochroite =-7.47 7.73 15.20 Mn (OH)2
Pyrolusite 7.14 49.81 42.67 MnO2
Rhodochrosite -1.88 -12.98 -11.10 MnCO3
Rhodochrosite (d) -2.59 -12.98 -10.39 MnCO3
Rutherfordine -5.27 -19.69 -14.42 U02C03
Schoepite -4.62 1.02 5.64 UO2(OH)2:H20
Siderite =11.53 -22.37 -10.84 FeCO3
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Siderite(d) (3) -11.92 -22.37 -10.45 FeCO3

SrF2 =5.77 -14.34 -8.56 SrF2
Strontianite -1.99 =1 =27 -9.27 8rCO03
Sulfur -107.78 -122.96 -15.18 S
Thenardite -8.92 -9.09 -0.17 Na2304
Thermonatrite -11.54 -11.36 0.18 Na2C03:H20
Trona =16 .55 -16.98 -0.44 NaHCO3:Na2C03:2H20
U (OH) 2504 -46.59 -49.79 -3.20 U(OH)2504
U308 (c) -32.69 -9.86 22.83 U308

U409 (c) -81.91 -83.29 -1.37 U409

UF4 (c) -60.67 -78.91 -18.23 UF4
UF4:2.5H20 ~51 .35 -78.91 -27.56 UF4:2.5H20
Uo2 (a) -31.44 -31.34 0.10 UO2

UO3 (gamma) -7.08 1.02 8.10 UO3
Uraninite (c) -26.91 -31.34 -4.43 UO2
Witherite -3.70 -12.29 -8.59 BaCO03

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 AgZzS

Ag2C03 -12.69 -23.79 =11.10 |Ag2C0O3

Ag20 -15.86 -3.25 12.62 Ag20

Ag2504 -16.71 ~21.64 -4.93 Ag2S04
AgF:4H20 -13.78 -13.25 0.54 AgF:4H20
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 KA1(S04)2:12H20
Alunite -4.95 -6.18 -1.23 KAl13(S04)2(0OH)6
Anglesite -5.86 -13.66 -7.80 Pbs0O4
Anhydrite -2.69 -7. 05 -4.36 CaS04

Anilite -117.38 -149.40 -32.02 Cu0.25Cul.5s
Antlerite -9.04 -0.75 8.29 Cu3(OH)4s04
Aragonite -0.87 =9.18 -8.33 CaCo3

Artinite -8.82 0.88 9.70 MgCO3:Mg(OH)2:3H20
Atacamite -6.62 0.79 7.40 CuZ2(OH)3C1l
Azurite -6.61 —2s 1D 3.85 Cu3(0OH)2(C03)2
B-UO2 (OH) 2 -4.81 0.78 5.59 UOZ2(OH)2

BaF2 -8.99 ~14.75 -5.76 BaF2

Barite 0.10 -9.90 -9.99 BaS04
Basaluminite -4.61 18.09 22.70 Al4 (OH)10S04
Birnessite 2.44 46.04 43.60 MnO2

Bixbyite 3.71 %:15 -0.56 Mn203
Blaubleil -108.06 -132.22 -24.16 Cu0.9Cu0.28
BlaubleilIl -112.87 -140.15 -27.28 Cu0.6Cu0.8S
Boehmite 0.44 9.12 8.68 AlOCH
Brochantite -10.21 5.13 15.34 Cu4d (OH) 6504
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 SrS04
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 CuS04:5H20
Chalcocite -121.22 -156.01 -=-34.78 Cu2s
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Chalcopyrite -228.
C02 (qg) -2
Cotunnite -12
Covellite -107
Cu (OH) 2 -2
Cu2 (OH) 3NO3 -9
Cu2s04 -37
CuC03 -5
CuF ~29
CuF2 -16
CuF2:2H20 =12
CuMetal -20
CuOCuS04 =18
CupricFerrite 13
Cuprite -18
CuprousFerrite 5
CuSo4 -15
Diaspore Zie
Djurleite -120
Dolomite —q
Dolomite (d) -2
Epsomite =5
Fe (OH)2.7C1.3 6.
Fe (OH) 3 (a) [
Fe3 (OH) 8 =5
FeS (ppt) -130.
Fluorite —1.
Galena -117.
Gibbsite 0.
Goethite 7.
Greigite -482.
Gummite -9.
Gypsum =2k
H2 (g) -37.
H20 (g) -1.
H2S (g) -127.
Halite -8.
Hausmannite i
Hematite 17.
Huntite -8.
Hydrocerussite =9 .
Hydromagnesite =-20.
Jarosite(ss) -4.04

Jarosite-K -4,
Jarosite-Na -6.
JarositeH -11.
Jurbanite -6
Langite -11.
Larnakite -8.
Laurionite =B
Litharge =8,
Mackinawite -129.
Maghemite T
Magnesite S
Magnetite 10,
Malachite -3.
Manganite 1.

.09
.84
w22
#5358
.88
.64
.94
.66
.90
.36
-36
.15
+63
.40
«D5
w2
9 1
w2
26
.10.3
.03
.68
.47
.76
.46
B2
.90
.72
.12
.16
.37
.78
+05
.89
.00
.50
55
.64
52
+ 69
.87
.62

=9.83

26
.08
Dl
.27
-18
.92
.24
213
=52
.52
.83
.46
.56
AL

.39
.45
.79
.35
.69
.30
« 93
.03
.12
.58
.54
.82
.65
.01
« 57
.91
.07
.96
.08
.06
=010
«15
.04
.89
il
« 92
.62
.85
.19
.95
.03
.48
.58
.14
« 55
.98
.58
. 37
.90
.88
.46
«B9

(KO.

.10
.16
.20
.23
.92
26
.62
.78
<65
<39
.01
.91
.22
.34

CuFeS2

CcOo2

PbC1l2

Cus

Cu (OH) 2

Cu2 (OH) 3NO3
Cu2304

CuCo3

CuF

CuF2

CuF2:2H20

Cu

Cu0:CusS04
CuFe204

Cu20

CuFe02

CuS04

A100H
Cu0.066Cul.868S
CaMg (C03) 2

CaMg (C0O3) 2
MgS04 : TH20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaF2

PbS

Al (OH) 3

FeOOH

Fe3S4

Uo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203
CaMg3(C03) 4

Pb (OH) 2 : 2PbC0O3
Mg5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04)2(OH) 6
KFe3 (S04)2 (OH) 6
NaFe3 (S04) 2 (OH) 6
(H30)Fe3 (S04)2 (OH) 6
A10HSO4

Cud (OH) 6504 :H20
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH
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Massicot -8.23 4.73 12.97 PbO
Matlockite -8.41 -17.86 -9.46 PbC1F
Melanothallite -19.84 -16.07 3.77 |Cuciz
Melanterite =15,23 -17.45 -2.23 FeS04:7H20
Minium -22.09 51.95 74.04 Pb304
Mirabilite -8.37 -9.55 -1.18 Na2S04:10H20
Mn2 (S04) 3 -46.45 -52.03 -5.58 Mn2(S04)3
MnC1l2:4H20 -16.30 -13.65 2.65 MnCl1l2:4H20
MnS (Green) -130.98 -127.16 3.82 MnS

MnS0O4 -12.81 -10.09 2.72 MnS04

N2 (qg) -2.14 -5.40 -3.26 N2

Na4UO02 (C03) 3 -26.85 -43.14 -16.29 ©NadU02(C03)3
Nahcolite =521 -5.78 -0.56 NaHCO03
Nantokite -14.46 -21.25 -6.79 CuCl

Natron -10.33 -11.69 -1.36 Na2C03:10H20
Nesquehonite -4.23 -9.83 -5.60 MgCO3:3H20
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) 3C1 -10.30 =1 .51 8.79 Pb2{(0OH)3Cl1
Pb20 (OH) 2 -16.73 9.47 26.20 PbO:Pb(0OH)2
Pb203 -13.83 47.21 61.04 Pb203
Pb20C0O3 -10.61 -11.07 -0.46 PbO:PbCO3
Pb302C03 -17.44 -6.34 11.11 PbCO3:2PbO
Pb302504 -14.66 -4.,19 10.47 PbS04:2Pb0O
Pb4 (OH) 6504 -20.55 0.55 21.10 Pb4(OH)6S04
Pb403504 -21.67 0:55 22.22 PbS04:3Pb0O
PbF2 -11.07 =18:51 -7.44 PbF2
PbMetal -37.28 =33 ,01 4.27 Pb
Pb0O:0.3H20 -8.25 4,73 12.98 Pb0:0.33H20
Phosgenite 1.8 . 2.1 -33.02 -19.81 PbCl2:PbCO3
Plattnerite -7.00 42 .48 49.54 PbO2
Portlandite -11.56 11.34 22.90 Ca{(0OH)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 =1411 -12.24 -11.13 MnCO3
Rhodochrosite(d) -1.85 -12.24 -10.39 MnCO3
Rutherfordine -5.31 -19.75 -14.45 U02C03
Schoepite ~-4.66 0.78 5.44 UO2(OH)Z2:H20
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 |8rCco3
Sulfur -95.62 -110.67 -=15.05 S

Tenorite -1.79 5.88 7.67 CuO
Thenardite -9.37 -9.55 -0.18 Na2s04
Thermonatrite -11.83 -11.69 0.13 Na2CO03:H20
Trona -16.73 -17.47 -0.73 NaHCO03:Na2C03:2H20
U (OH) 2504 -42.99 -46.19 -3.20 U(OH)2504
U308 (c) -28.84 ~7.92 20.92 U308

U409 (c) ~70.42 -73.47 -3.04 U409

UF4 (c) =55:75 -74.29 -18.54 UF4
UF4:2.5H20 -46.72 -74.29 -=-27.57 UF4:2.5H20
Uuo2 (a) -27.90 -27.80 0.10 UO2

UO3 (gamma) -7.00 0.78 7.78 U033
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Uraninite(c)
Witherite

-23.
-3.

07
48

-27.
-12.

80
04

-4.
~8.

74
56

Uo2
BaC03

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

Phase

Acanthite -114
Ag2C03 -12
Ag20 -15
Ag2S504 -16
AgF:4H20 =13
AgMetal -8
Al (OH) 3 (a) =1
AlumK -18
Alunite =3
Anglesite -5
Anhydrite -2
Anilite —1.32
Antlerite -9
Aragonite -0
Artinite -8
Atacamite -6
Azurite -7
B-UO2 (OH) 2 -4
BaF2 -9
Barite 0.
Basaluminite -2
Birnessite 5 s
Bixbyite 6.
Blaubleil -121
BlaubleilII =127
Boehmite 0.
Brochantite -10
Brucite =5
Calcite -0
Celestite -2
Cerargyrite -2
Cerussite -2
CH4 (q) -140
Chalcanthite -10
Chalcocite =137
Chalcopyrite -256
C02 (g) -2
Cotunnite -11
Covellite -120
Cu(OH) 2 =3
Cu2 (OH) 3NOC3 -9
Cu2804 -40
CuCo3 -5
CuF -31
CuF2 -17
CuF2:2H20 =13
CuMetal -23
CuOCuS04 -18
CupricFerrite 12.

SI** log IAP
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57
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log K(294 K,
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.34
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.42
.82
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.41
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.63
24
549
«D.2
«+92
.87
3125

30

31

1 atm)

Ag2S

Ag2CO3

Ag20

Ag2s04

AgF:4H20

Ag

Al (OH) 3

KAl (S04)2:12H20
KA13(S04)2 (CH) 6
PbS0O4

CasSo04
Cu0.25Cul.58s
Cu3 (OH) 4504

CaCo03
MgCO3:Mg (OH) 2: 3H20
Cu2 (OH) 3C1

Cu3 (OH) 2 (C03) 2

U02 (OH) 2

BaF2

BaS04

Al4 (OH) 10804

MnO2

Mn203

Cu0.9Cul.28
Cu0.6Cul.88
A10OO0H

Cud (OH) 6304
Mg (OH) 2
CaCo3

Sr504

AgCl

PbCO3

CH4
CuS04:5H20
Cuz2s

CuFeS2

CO2

PbC12

CusS

Cu (OH) 2

Cu2 (OH) 3NO3
Cu2804
CuCo03

CuF

CufkF2
CuF2:2H20
Cu
Cu0:CusS04
CuFe204
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Cuprite ~-22
CuprousFerrite 3.
CuS04 =15
Diaspore 2.
Djurleite -136
Dolomite =,
Dolomite (d) -2
Epsomite -5
Fe (OH)2.7C1.3 6.
Fe (OH) 3 (a) 1L
Fe3 (OH) 8 -7.
FeS (ppt) =145
Fluorite -1
Galena =130,
Gibbsite 1
Goethite 7.
Greigite -536.
Gummite -9,
Gypsum -2
H2 (g) -41.
H20 (qg) 1
H2S (qg) -140.
Halite -7
Hausmannite 4.,
Hematite 17
Huntite =T,
Hydrocerussite -9.
Hydromagnesite -18.
Jarosite(ss) -4.25

Jarosite-K =l
Jarosite-Na =7
JarositeH =-11.
Jurbanite =3
Langite -12,
Larnakite -8.
Laurionite -6.
Litharge -8
Mackinawite -144
Maghemite 7
Magnesite =1
Magnetite 8.
Malachite -4,
Manganite 3
Massicot -8
Matlockite -8
Melanothallite -19
Melanterite -16
Minium -19
Mirabilite -8
Mn2 (S04) 3 -43
MnCl1l2:4H20 -15
MnS (Green) -144
MnS04 -12
N2 (g) -16
Nad4uo02 (C03) 3 -26
Nahcolite =5
Nantokite =15

.56 -24.
53 =5
91 =12
55 9
:31 -170.
.58 -18
.14 -18.
+ 19 -7
56 3
83 6.
47 12.
.28 =149
23 =11 s
85 -143.
.34 9w
59 6
19 —5&1
40 1
.23 ~i6
07 ~4.4
61 = »
55 -141
<73 -6
00 65,
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87 -2 .
85 -27.
—-14:.08
54 =13s
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92 -16
58 -8
66 4.
90 -9
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.20 4.
.54 ~149..
07 18
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53 12
16 1.
50 28,
.39 4.
.28 =17
.49 ~15
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.56 55
L =9
.93 =49
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.04 -140
.99 ~-10.
.12 -19.
.38 -42
.20 =5k
92 =02

17

.36

13
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69

.58
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~36
.52
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75
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13
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w23
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.16
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69
33
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—1
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=3
.61
-0.
.57
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=3
2 9l
N
.26

-8

-9.83
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.24
.78
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12

.02
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19
45
56
75
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84
68
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18
11

.40
.27

09

« 19

17
37

.67

78
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=8.
=4y
-4,
< 23
17
.22
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12.
—4..
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=] &
. 22
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25,
1.8:.
~ 4.
.85
—2.s
74.
=1
=B
.54
.86
.82
~ B
16.
=0
=B

=3

-0

.61
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.18
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34.
17.
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—2 .
-3
. &9
20.
=3
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12.
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-0.
45,
10.
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00
43
17
04

22
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65
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03
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13
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00
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46

(KO.
91
93
86

17

88
65

97

34
07
51

26
68
30
34

25
29
58
86

Cuz20

CuFe02

CuSo4

A10CH
Cu0.066Cul.868S
CaMg (C03) 2
CaMg (C03) 2
MgS04 : 7TH20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaFkF2

PbS

Al (OH) 3

FeOOH

Fe384

Uuo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203

CaMg3 (C03) 4

Pb (OH) 2: 2PbCO3
Mg5 (C03) 4 (OH) 2:4H20

77Na0.03H0.2)Fe3(504)2 (OH) 6

KFe3(S04)2 (OH) 6
NaFe3 (S04) 2 (CH) 6
(H30) Fe3 (S04)2 (0OH) 6
A10HSO4

Cud (OH) 6S04:H20
Pb0O:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PbClF

CuCl2
FeS04:7H20
Pb304
Na23504:10H20
Mn2 (S04) 3
MnC12:4H20

MnS

MnS04

N2

NadUO2 (C03) 3
NaHCO3

CuCl
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Natron -10.14 -11.61 -1.46 Na2C03:10H20
Nesquehonite -3.99 =9.56 -5.57 MgCO03:3H20
NH3 (g) -66.67 -64.82 1.85 NH3

Nsutite 6.82 49.38 42.56 MnO2

02 (g) -2.36 ~5.23 -2.86 02

Pb (OH) 2 -3.60 4.68 8.28 Pb(OH)2

Pb2 (OH) 3C1 -10.13 -1.34 8.79 Pb2(0OH)3Cl
Pb20 (OH) 2 -16.84 9.36 26.20 PbO:Pb(0OH)2
Pb203 -10.61 50.43 61.04 Pb203
Pb20C0O3 -10.93 =1 . 32 -0.39 PbO:PbCO3
Pb302C03 ~17.92 -6.64 11.27 PbCO0O3:2Pb0O
Pb302504 -15.04 -4.,44 10.60 PbS04:2Pb0O
Pb4 (OH) 6504 -20.86 0.24 21.10 ©Pb4 (OH) 6S04
Pb403S04 -22.20 0.24 22.44 PbS04:3Pb0O
PbF2 =11.43 -18.86 -7.43 PbF2
PbMetal -40.66 -36.39 4.27 Pb
Pb0O:0.3H20 -8.30 4.68 12.98 Pb0O:0.33H20
Phosgenite -12.90 -32.71 -19.81 PbCl2:PbCO3
Plattnerite -4.23 45.75 49.98 PbO2
Portlandite -11.43 11.67 23.10 Ca{(OH)2
Pyrite -238.03 -256.61 -18.59 FeS2
Pyrochroite -6.89 8.31 15.20 Mn(OH)2
Pyrolusite 7.37 49.38 42.00 MnO2
Rhodochrosite -1.26 -12.38 -11.12 MnCO3
Rhodochrosite(d) =1.99 -12.38 -10.39 MnCO3
Rutherfordine =5.02 -19.45 -14.44 U02CO03
Schoepite =4,29 1223 5.52 UO2(0H)2:H20
Siderite -10.51 -21.38 -10.87 FeCO3
Siderite(d) (3) -10.93 -21.38 -10.45 FeCO3

SrF2 -5.68 -14.23 -8.55 SrF2
Strontianite -2 .10 -11.37 -9.27 SrCO03
Sulfur -105.35 -120.45 -15.10 S

Tenorite -2.02 5.75 7.77 CuO
Thenardite -9.23 -9.40 -0.17 Na2S804
Thermonatrite -11.76 =11.61 0.15 Na2CO03:H20
Trona =16:76 =17.39 -0.62 NaHCO03:Na2C03:2H20
U (OH) 2504 =45,75 -48,95 ~3.20 TU(OH)2s04
U308 (c) -30.92 -9.28 21.64 U308

U409 (c) -78.41 -80.82 -2.41 U409

UF4 (c) -59.13 -77.56 -18.42 UF4
UF4:2.5H20 -49.99 -77.56 =-27.56 UF4:2.5H20
U02 (a) ~30 .57 -30.47 0.10 UO2

UO3 (gamma) -6.68 1.23 7.90 UO3
Uraninite (c) -25.85 -30.47 -4.62 U002
Witherite ~3.52 =12.09 -8.57 BaCo03

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

Ag20 ~-14.81 =207 12.75 Ag20

Ag2304 -15.84 -20.82 -4.99 Ag2S04
AgF:4H20 =13: 51 =13.03 0.48 AgF:4H20
AgMetal -8.01 =21.92 =13.91 &Ag

43



Blotevogel Environmental Consulting

Meridian Metropolitan District Geochemistry

Al (OH) 3 (a) -1
AlumK -18.
Alunite -3.
Anglesite -6.
Anhydrite ~2
Anilite -136.
Antlerite -10
Aragonite -0
Artinite -7
Atacamite =7
Azurite -8
B-UO2 (OH) 2 -4
BaF2 -9
Barite 0.
Basaluminite -1
Birnessite 6
Bixbyite 6.
Blaubleil -124
BlaubleiII -130
Boehmite 0.
Brochantite -12
Brucite =5
Calcite -0
Celestite -2
Cerargyrite —1
Cerussite =3,
CHA (g) =148,
Chalcanthite -10.
Chalcocite -141
Chalcopyrite -262.
C02 (g) -2
Cotunnite -12.
Covellite -123.
Cu (OH) 2 =3,
Cu2 (OH) 3NO3 =10,
Cu23804 -42,
CuCo03 -5,
CuF —32:.
CuF2 -18.
CuF2:2H20 -14.
CuMetal -24.
CuOCuS04 =19 ;
CupricFerrite 11
Cuprite =23
CuprousFerrite 2.
CusS0o4 -16.
Diaspore 2.
Djurleite -140
Dolomite -1
Dolomite (d) -1
Epsomite -4
Fe (OH)2.7C1.3 6.
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -8
FeS (ppt) ~148
Fluorite -1
Galena —133

27

79
57
42

.30

45

« 19
+4.9
5 1L,
.45
+ 97
.32
.42
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44
83

2 19
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.45
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00
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02
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.78
38
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.45
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-158,
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11.
-8
.07
=115
=16
-145.
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-176.
.24
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=146
=145 5
=43
.22
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46
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44
87
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.82
.34
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.64
.24
16
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37
.16
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.34
.27
.45
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.21
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.38
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.28
.41
.49
.03
.10
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.86
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.27
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.94
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.18
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.22
.92
.68
.09

Al (OH) 3

KA1 (S04)2:12H20
KA13(504)2(0OH) 6
PbS0O4

CasoO4
Cu0.25Cul.5s
Cu3 (OH) 4504

CaCo03
MgCO3:Mg (OH) 2:3H20
Cu2 (OH) 3C1

Cu3 (OH) 2 (C03) 2

UO2 (OH) 2

BaFkF2

BaS04

Al14 (OH)10S04

MnO2

Mn203

Cu0.9Cu0.28S
Cu0.6Cu0.85
A1OCH

Cu4 (OH) 6504
Mg (OH) 2
CaCo03

Sr504

AgCl

PbCO3

CH4
CuS04:5H20
Ci2s

CuFeS2

Cco2

PbC12

CuS

Cu (OH) 2

CuZ2 (OH) 3NO3
Cu2504
CuCo03

CuF

CufF2
CuF2:2H20
Cu
Cu0:CuS04
CuFe204
Cu20

CuFe02
Cus04

A10OOH
Cu0.066Cul.868S
CaMg (C03) 2
CaMg (C03) 2
MgS04:7H20
Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8
FeS

CaF2

PbS




Blotevogel Environmental Consulting
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Gibbsite oz
Goethite 7
Greigite -548.
Gummite ~9 .
Gypsum =2
H2 (g) -41
H20 (g) -1
H2S (g) -143.
Halite -7
Hausmannite 3.
Hematite 16.
Huntite =7
Hydrocerussite -10
Hydromagnesite -17.
Jarosite(ss) -5.32

Jarosite-K =5
Jarosite-Na -8.
JarositeH -13.
Jurbanite -5
Langite -14.
Larnakite -9
Laurionite =6
Litharge =8 =
Mackinawite -147.
Maghemite 6
Magnesite =
Magnetite 7
Malachite -9
Manganite 3.
Massicot -8
Matlockite -8
Melanothallite -19
Melanterite =17
Minium -20
Mirabilite =7
Mn2 (S04) 3 -44
MnCl12:4H20 -15
MnS (Green) -146
MnSO4 -1.3
N2 (g) -17
Na4U02 (C03) 3 -26
Nahcolite =5
Nantokite -16
Natron -9
Nesquehonite =3
NH3 (g) -68
Nsutite 7
02 (g) =
Pb (OH) 2 -3
Pb2 (OH) 3C1 -10
Pb20 (OH) 2 -17
Pb203 -10
Pb20CO03 -11
Pb302C03 -18
Pb302304 -15
Pb4 (OH) 6504 =21
Pb403504 -23

48 9.,
.28 6:.
08 -583.
32 L.
06 =6
.78 -44.
.68 gil®
28 -144
«D2 5
93 66.
54 13.
05 ~36.
.82 -28
54 =25
=15 .18
78 -14.
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47 4.
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.28 1l,
« L1 0.
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51 13
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93 3s
96 -2
31 75
30 =1
81 =5
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45 -6
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217 -5
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04 42
66 -2
51 8.
67 8.
02 26
80 61
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- 11
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.16
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Al (OH) 3

FeOOH

Fe354

Uuo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203

CaMg3 (CO3) 4

Pb (OH) 2:2PbCO3
Mg5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04) 2 (OH) 6
KFe3 (S04)2 (OH) 6
NaFe3 (S04)2 (OH) 6
(H30)Fe3 (S04)2 (0OH) 6
A1OHSO4

Cu4 (OH) 6S04:H20
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PbC1F

CuCl2
FeS04:7H20
Pb304
Na2504:10H20
Mn2 (S04) 3
MnCl2:4H20

MnS

MnS0O4

N2

Na4U02 (C03) 3
NaHCO3

el
Na2C03:10H20
MgCO3:3H20

NH3

MnO2

02

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203

PbO:PbCO3
PbC0O3:2Pb0O
PbS04: 2Pb0O

Pb4d (OH) 6504
PbS04 : 3Pb0O
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PbF2 -12.05 -19.48 -7.43 PbF2
PbMetal -41.54 =37 . 27 4.26 Pb
Pb0:0.3H20 -8.47 4.51 12.98 Pb0O:0.33H20
Phosgenite -13.44 -33.25 -19.81 PbCl2: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 =153 -12.64 -11.11 MnCO3
Rhodochrosite(d) =-2.25 -12.64 -10.39 MnCO3
Rutherfordine =5 . 03 -19.46 ~14.43 UO02C03
Schoepite =4 ,15 1.45 5.60 UO2(OH)2:H20
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 |8xCO03
Sulfur -107.41 -122.56 =15.15 |8

Tenorite -2.43 5.43 7.86 CuO
Thenardite -9.13 =9,30 -0.17 Na2s04
Thermonatrite -11.61 ~-11.44 0.17 Na2C03:H20
Trona -16.72 -17.23 -0.51 NaHCO03:Na2C03:2H20
U (OH) 25804 -46.31 -49.51 -3.20 U(0OB)2504
U308 (c) ~31.06 -8.68 22.38 U308

U409 (c) -79.44 -81.21 -1.77 U409

UF4 (c) -60.43 -78.73 -18.31 UF4
UF4:2.5H20 =51 %17 -78.73 -27.56 UF4:2.5H20
U02 (a) -30.85 -30.75 0.10 UO2

UO3 (gamma) =658 1.45 8.03 UO3
Uraninite (c) =26+ 25 =30.%75 =4 .50 |UQ2
Witherite -3.53 -12.11 -8.58 BaCo03

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

Phase Slx* log ILAP log K(290 K, 1 atm)
Acanthite -116.62 -153.67 -37.05 Ag2s

Ag2C03 -12.83 -24.07 -11.25 Ag2CO3

Ag20 -16.53 -3.76 12.78 Ag20

Ag2504 -16.67 -21.67 -5.00 Ag2304

AgF:4H20 -13.72 -13.25 0.47 AgF:4H20
AgMetal -8.75 -22.73 -13.98 |Ag

Al (CH) 3 (a) -1.41 9.89 11.30 Al(OH)3

AlumK -17.68 -22.98 -5.31 KA1(S04)2:12H20
Alunite =2:786 =3.21 -0.46 KAl3(SO4)2(0OH)6
Anglesite =5 60 =13.:43 -7.83 Pbs04

Anhydrite 2w 1D -7.07 -4.34 CaS04

Aragonite -1.,18 -9.47 -8.29 CacCo3

Artinite -10.00 0.14 10.14 MgCO3:Mg{(OH)2:3H20
B-UO2 (OH) 2 -4.97 0.83 5.80 UO2(COH)2

BaF2 -9.04 -14.82 -5.78 BaFfF2

Barite 0.11 -9.98 -10.10 BaS04
Basaluminite -1.08 21.62 22.70 Al4(OH)10S04
Birnessite 5,65 49.25 43.60 MnO2

Bixbyite 5+14 4.81 -0.33 Mn203

Boehmite 0.77 9.89 9.11 AlOOH
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Brucite ~7.12 10.23 17.35 Mg(OH)2
Calcite -1.03 -9.47 -8.44 CaCo03
Celestite -2.65 —9.27 -6.62 SrS04
Cerargyrite =252 -12.57 -10.04 AgCl

Cerussite =2 .61 -15.83 -13.22 PbCO3

CH4 (q) -142.12 -144.92 -2.80 CH4

CO2 (g) -2.14 3. 52 -1.38 CO2

Cotunnite -12 .02 -16.90 -4.88 PbCl2

Diaspore 2.54 9.89 7.34 AlOOH

Dolomite -2.64 -19.55 =-16.91 CaMg(C03)2
Dolomite (d) =322 -19.55 -16.33 CaMg(C03)2
Epsomite -5.49 =7.,69 -2.19 MgS04:7H20
Fe(OH)2.7Cl1.3 6.44 3.40 -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 12.16 20.22 Fe3(0OH)8

FeS (ppt) -147.04 -150.96 -3.92 FeS

Fluorite ~-1.21 -11.90 -10.69 CaFr2

Galena -132.28 -145.43 -13.14 PbSs

Gibbsite 1.35 9.89 8.54 Al1(OH)3
Goethite 7+33 6.60 -0.73 FeOOH

Greigite -542 .44 -587.48 -45.03 Fe3S4

Gummite -10.00 0.83 10.83 UO03

Gypsum -2.49 -7.07 -4.58 CaS04:2H20

H2 (g) -41.70 -44,82 -3.12 82

H20 (g) -1.71 -0.00 1.71 H20

H2S (g) -141.95 -142.86 -0.91 H2S

Halite -7.85 -6.29 1.56 NaCl
Hausmannite 1.43 64.35 62.92 Mn304

Hematite 16.64 13.21 -3.43 Fe203

Huntite -10.24 -39.73 -29.48 CaMg3(C03)4
Hydrocerussite -9.73 -27.19 -17.46 Pb(OH)2:2PbCO03
Hydromagnesite =22.33 -30.12 -7.78 Mg5(C03)4 (0OH)2:4H20
Jarosite(ss) -3.78 -13.61 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0OH)6
Jarosite-K -4.44 -13.06 -8.62 KFe3(S04)2(OH)6
Jarosite-Na -7.02 -11.62 -4.60 NaFe3(S04)2(0H)6
JarositeH -11.67 -16.03 -4.36 (H30)Fe3(S04)2(0OH)6
Jurbanite -4.80 -8.03 -3.23 Al1O0OHS0O4
Larnakite -8.79 -8.95 -0.16 PbO:PbS0O4
Laurionite -6.83 -6.21 0.62 PbOHC1
Litharge -8.54 4.48 13.03 PbO
Mackinawite -146.31 -150.96 -4.65 FeS

Maghemite 6.82 13.21 6.39 Fe203
Magnesite -2.17 -10.09 -7.91 MgCO3
Magnetite 7.47 12.16 4.68 Fe304
Manganite 3.06 28.40 25.34 MnOOH

Massicot -8.74 4.48 13.22 PbO

Matlockite -8.00 -17.58 -9.58 PbLCIF
Melanterite -16.66 -18.96 -2.30 FeS04:7H20
Minium -20.47 55.15 75.62 Pb304
Mirabilite -7.64 -9.11 -1.47 Na2S804:10H20
Mn2 (S04) 3 -43.96 -48.94 -4.98 Mn2(S04)3
MnCl2:4H20 -16.22 -13.83 2.38 MnCl2:4H20

MnS (Green) -146.27 -142.36 3.91 MnS

MnS04 -13.33 -10.37 2.96 MnSO4

N2 (g) -16.74 -19.97 -3.23 N2

Na4U02 (C03) 3 -26.22 -42.51 -16.29 NaduU02(C03)3
Nahcolite -4.89 +5,51 -0.62 NaHCO3
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Natron -9.90 -11.51 -1.61 Na2C03:10H20
Nesquehonite -4.57 -10.09 -5.51 MgCO03:3H20
NH3 (g) -67.83 -65.90 1.92 NH3

Nsutite 6.69 49.25 42 .56 MnO2

02 (g) ~2.37 -5.20 -2.83 02

Pb (B0O2) 2 -13.95 -6.23 7.72 Pb(B0O2)2

Pb (OH) 2 -3.93 4.48 8.41 Pb{(OH)2

Pb2 (OH) 3C1 -10.52 -1.73 8.79 Pb2(0OH)3C1l
Pb20 (OH) 2 -17.24 8.96 26.20 PbO:Pb(OH)2
Pb203 -10.37 50.67 61.04 Pb203
Pb20C03 -11.07 -11.35 -0.29 PbO:PbCO3
Pb302C0O3 -18.39 -6.87 11.52 PbCO3:2PbO
Pb302504 -15.26 -4.47 10.79 PbS04:2Pb0O
Pb4 (OH) 6504 -21.09 0.01 21.10 Pbd (OH) 6504
Pb403504 -22.75 0.01 22.76 PbS04:3Pb0O
PbF2 -10.84 -18.27 -7.43 PbF2
PbMetal -41.48 =37 .22 4.26 Pb
Pb0O:0.3H20 -8.50 4.48 12.98 Pb0:0.33H20
Phosgenite =12 92 -32.73 =-19.81 PbCl2:PbCO3
Plattnerite -4.44 46.19 50.63 PbOZ2
Portlandite =1.2.53 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 ~-10.3% MnCO3
Rutherfordine -5.06 -19.49 -14.42 U02C03
Schoepite -4.80 0.83 5.63 UO2(0H)2:H20
Siderite =1 052 -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 SrCo03
Sulfur -106.18 -121.35 =15.17 8
Thenardite -8.94 -9.11 -0.17 Na2s04
Thermonatrite -11.69 -11.51 0.18 Na2C0O3:H20
Trona -16.56 ~17.02 -0.46 NaHCO3:Na2C03:2H20
U (OH) 2504 -45.91 -49.11 -3.20 TU(OH)2504
U308 (c) -32.86 -10.16 22.71 U308

U409 (c) -81.56 -83.05 -1.48 U409

UF4 (c) -58.44 -76.69 =-18.25 UFr4
UF4:2.5H20 -49.13 -76.69 -27.56 UF4:2.5H20
U2 (a) -31.29 ~31.19 0.10 UO2

U03 (gamma) =725 0.83 8.08 UO3
Uraninite (c) -26.74 =31:19 -4.45 UO2
Witherite -3.80 -12.38 -8.58 BaCo03

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

Ag2CO03 -12.24 -23.49 -11.25 Ag2CO03

RAg20 ~-15.79 -3.01 12.78 Ag20

Ag2S04 -16.08 -21.08 -5.00 Ag2s04
AgF:4H20 =13.53 -13.06 0.47 AgF:4H20
AgMetal -8.48 -22.47 -14.00 Ag
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Al (OH) 3 (a) =1 5
AlumK =17 &
Alunite T
Anglesite -5.
Anhydrite -2
Aragonite -0.
Artinite =9
B-UO2 (OH) 2 -4,
BaF2 =9
Barite 0.
Basaluminite 0.
Birnessite 5
Bixbyite 5.
Boehmite .
Brucite -G
Calcite -0.
Celestite =P
Cerargyrite =1
Cerussite =2 4
CH4 (g) -143.
CO02 (q) -2
Cotunnite =4,
Diaspore 2.
Dolomite -2.
Dolomite (d) -2.
Epsonite -5,
Fe (OH)2.7Cl1.3 6.
Fe (OH) 3 (a) g™
Fe3(OH) 8 -8.
FeS (ppt) -148.
Fluorite -1.
Galena ~1.33.
Gibbsite 1
Goethite i
Greigite -547.
Gummite -9.
Gypsum =2%
H2 (qg) -41.
H20 (g) ~-1.
H2S (g) -143.
Halite T
Hausmannite 1.,
Hematite 16.
Huntite -9.

Hydrocerussite -10.
Hydromagnesite -20.

Jarosite(ss) -4.40

Jarosite-K =5
Jarosite-Na —
JarositeH -12.
Jurbanite -4,
Larnakite -9
Laurionite -6.
Litharge =8
Mackinawite =147.
Maghemite 6.

Magnesite =1.

.24
.82
.34
.62
.82
.23
.96
.26
.01
.97
.88
.56
« 15
.24
.38
.23
16
+99
02
02
~68
Bl
.24
.99
.99
.35
.32
.47
.64
.30
.86
.54
.24
.47
.36
.26
.82
.06
.00
95
+01
.78
.94
.52
.58
“32

.66
o279
w15
.84
15
.02
.46
.30
.94
246

w31
w31
.43
83
.34
<29
<15
.81
.78
.10
.70
.60
w32
13
.36
.44
.62
.05
«22
wib9
.37
.88
=36
- 91
.33
.19
.04
«89
w22
.92
.69
.15
DD
w12
.03
.85
» 58
w2
w1 L
« 9.
.56
.97
.41
.47
.46
sl D

(KO.
« 61
+58
.33
23
.16
.62
.04
.65
«39
w91

Al (OH) 3

KAl (S04)2:12H20
KA13(S04)2 (OH) 6
PbS04

CaS04

CaCo03
MgCO3:Mg (OH) 2:3H20
UO2 (OH) 2

BaF2

BasS04

Al4 (OH) 10504
MnO2

Mn203

A1OCH

Mg (OH) 2

CaCo03

Srso4

AgCl

PbCO3

CH4

C02

PbC12

A1OOH

CaMg (C0O3) 2

CaMg (C03) 2
MgS0O4:7H20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaFr2

PbS

Al (OH) 3

FeOOH

Fe354

uo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203

CaMg3 (C03) 4

Pb (OH) 2:2PbCO3
Mg5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04)2 (0OH) 6
KFe3 (S04)2 (OH) 6
NaFe3(S04)2 (OH) 6
(H30)Fe3 (S04)2 (0OH) 6
A1OHSO4
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3
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Magnetite 6.93 11.64 4.71 Fe304
Manganite 3.24 28.58 25.34 MnOOH
Massicot -8.77 4.46 13.23 |PbO
Matlockite -8.00 -17.58 -9.58 PbCI1F
Melanterite =-17.07 -19.38 -2.31 FeS04:7H20
Minium -20.34 55«33 75.67 Pb304
Mirabilite -7.64 =9 1.2 -1.48 Na2S04:10H20
Mn2 (S04) 3 -44.13 -49.09 -4.96 Mn2(S04)3
MnCl2:4H20 -15.74 -1.3 .36 2.37 MnCl2:4H20
MnS (Green) -147.30 -143.39 3.91 MnS

MnS0O4 -13.44 -10.47 2.97 MnS0O4

N2 (g) -17.26 -20.49 -3.23 N2

Na4U02 (C03) 3 -25.99 -42.28 -16.29 Nad4UO02(CO03)3
Nahcolite -4.98 -5.60 -0.62 NaHCO3
Natron -9.91 =11 +53 -1.61 Na2C03:10H20
Nesquehonite -4.25 -9.76 -5.51 MgCO03:3H20
NH3 (qg) -68.44 -66.51 1.93 NH3

Nsutite 6.99 49.50 42.56 MnO2

02 (q) -1.96 -4.79 -2.83 02

Pb (BO2) 2 -14.38 -6.606 7.72 Pb{(B0O2)2

Pb (OH) 2 ~-3.96 4.46 8.42 Pb(OH)2

Pb2 (OH) 3C1 =10.:35 =1.56 8.79 Pb2(0OH)3C1l
Pb20 (OH) 2 -17.27 8.93 26.20 PbO:Pb(OH)2
Pb203 -10.17 5087 61.04 Pb203
Pb20CO3 -11.28 -11.56 -0.28 PbO:PbCO3
Pb302C03 -18.63 =7:10 11.53 |PbCO3:2Pb0O
Pb302504 -15.49 -4.69 10.80 PbS04:2Pb0O
Pb4 (OH) 6504 -21.33 -0.23 21.10 Pb4(0OH)6S04
Pb403504 -23.00 -0.23 22.78 PbS04:3Pb0O
PbF2 -11.23 ~-18.66 -7.43 PbF2
PbMetal -41.74 ~37.48 4.26 Pb
Pb0O:0.3H20 -8.52 4.46 12.98 Pb0:0.33H20
Phosgenite =12 s T2 -32.53 -19.81 PbCl2:PbCO3
Plattnerite -4.26 46.41 50.67 PbO2
Portlandite -12.14 11.26 23.40 |Ca{OH)2
Pyrite -242.65 -261.35 -18.70 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 <=10.39| MnCO3
Rutherfordine -4.80 =-19.22 =14.42 |002C03
Schoepite -4.37 1.26 5.04 UO2(0OH)2:H20
Siderite -10.94 -21.78 -10.84 FeCO3
Siderite(d) (3) -11.33 -21.78 -10.45 FeCO3

SrF2 -5.63 -14.20 -8.56 SrF2
Strontianite -2.29 ~11.56 -9.27 |Srco3
Sulfur -107.03 -122.21 -15.18 S
Thenardite -8.95 -9.12 -0.17 Na2S04
Thermonatrite -11.70 =11 53 0.18 Na2CO3:H20
Trona -16.68 =1 7x13 -0.45 NaHCO03:Na2C03:2H20
U (OH) 2504 -45.86 -49.06 -3.20 U(OH) 2504
U308 (c) -31.81 -9.04 22.77 U308

U409 (c) -80.54 -81.97 -1.43 U409

UF4 (c) -58.97 -77.22 -18.24 UF4
UF4:2.5H20 -49.66 -77.22 -27.56 UF4:2.5H20
Uo2 (a) -31.08 -30.98 0.10 UO2

UO03 (gamma) -6.83 1.26 8.09 UO3
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Uraninite(c) -26.54 -30.98 -4.44 U02
Witherite -3.79 =12.38 -8.59 BaCO03

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

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

Acanthite -117.18 -154.29 -37.11 Ag2s

Ag2C03 -11.87 -23.12 -11.26 Ag2CO03

Ag20 -15.15 T2 .37 12.79 Ag20

Ag23504 =15.83 -20.84 -5.00 Ag2504

AgF:4H20 -13.49 =13 03 0.47 AgF:4H20

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 KAl1(S04)2:12H20

Alunite -2.45 +~2 585 -0.40 KAl3(S04)2(OH)6

Anglesite -6.28 -14.11 -7.83 Pbs04

Anhydrite -2.31 -6.64 -4.34 Caso4

Aragonite -0.64 78.93 -8.29 CaCo03

Artinite -8.24 1.93 10.17 MgCO3:Mg(OH)2:3H20

B-UO2 (OH) 2 -4.34 1.48 5.82 UO2(OH)2

BaF2 -9.45 =155 23 -5.78 BaF2

Barite 0.09 -10.01 -10.10 BaSO4

Basaluminite -0.15 2255 22.70 Al4(OH)10S04

Birnessite 6.16 49.76 43.60 MnO2

Bixbyite 5.69 5. 39 -0.31 Mn203

Boehmite 1,41 10.26 9.14 AlO0H

Brucite -6.04 11.34 17.38 Mg (OH)?2
Calcite ~0.49 T8.93 -8.44 CaCo3

Celestite -2.45 =9, 07 -6.62 SrSo4

Cerargyrite -1.66 -11.72 -10.06 AgCl

Cerussite =3:18 -16.40 -13.23 PbCO3

CH4 (g) -144.02 -146.81 -2.79 CH4

C02 (g) ~2:58 =3., 95 -1..37 €02

Cotunnite -11.84 -16.72 -4.88 PbCl2
Diaspore 2,89 10.26 7.37 AlOCH
Dolomite -1.44 -18.35 -16.90 CaMg(C03)2
Dolomite (d) -2.03 -18.35 -16.32 CaMg(C03)2

Epsomite -4.93 +7.13 -2.20 MgS04:7H20
e(OH)2.7C1.3 6.04 3.00 -3.04 Fe(OH)2.7C10.3
Fe (OH) 3 (a) 1.27 6.16 4.89 Fe(OH)3

Fe3 (OH) 8 =0 .58 1.0+ 65 20.22 Fe3(OH)8

FeS (ppt) -149.67 -153.59 -3.92 FeS

Fluorite =117 -11.86 -10.70 CaFr2

Galena -134.40 -147.56 =-13.17 PbS

Gibbsite 1.69 10.26 8.56 Al(OH)3

Goethite 6.87 6.16 -0.71 FeOOH

Greigite -551.99 -597.03 -45.03 Fe3s4

Gummite -9.38 1.48 10.86 UO3

Gypsum =2.06 -6.64 -4.58 CaS04:2H20

H2 (g) -42.08 -45.20 -3.12 H2

H20 (qg) =1 .72 -0.00 1.72 H20

H2S (9) -143.96 -144.87 -0.91 H2S

Halite -7.46 5., 89 1.56 NaCi

Hausmannite 2.07 65.10 63.03 Mn304

Hematite 15,71 12.32 -3.40 Fe203
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Huntite -7.72 -37.18 -29.46 CaMg3(C03)4
Hydrocerussite =-10.99 -28.45 ~-17.46 Pb(QH)2:2PbCO3
Hydromagnesite -18.60 -26.32 -7.73 Mgh(C03)4 (OH)2:4H20
Jarosite(ss) -5.94 -15.77 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0CH)6
Jarosite-K -6.55 -15.14 -8.59 KFe3(S04)2(CH)6
Jarosite-Na -9.26 -13.82 -4.56 NaFe3(S04)2(OH)6
JarositeH -14.17 -18.47 -4.30 (H30)Fe3(S04)2(0OH) 6
Jurbanite -4.99 -8.22 -3.23 AlOHSO4
Larnakite -9.61 -9.76 -0.15 PbO:PbS0O4
Laurionite -6.81 -6.18 0.62 PbOHC1
Litharge -8.69 4,36 13.05 PbO
Mackinawite -148.94 -153.59 -4.65 FeS

Maghemite 593 12.32 6.39 Fe203
Magnesite -1.51 -9.42 -7.91 MgCO3
Magnetite 5.91 10.65 4.74 Fe304
Manganite 3.37 28.71 25.34 MnOOH

Massicot -8.89 4.36 13.24 PbO

Matlockite -8.44 -18.03 -9.59 PbCI1F
Melanterite =17.83 -20.14 -2.31 FeS04:7H20
Minium -20.57 55,15 75.73 Pb304
Mirabilite -7.69 -9.18 -1.49 Na2S04:10H20
Mn2 (S04) 3 -45.09 -50.03 -4.94 Mn2(S04)3
MnC12:4H20 -15.77 -13.41 2.37 MnCl2:4H20

MnS (Green) -148.16 -144.25 3.91 MnS

MnSO4 -13.78 -10.80 2.98 MnS04

N2 (g) -17.86 -21.10 -3.23 N2

Na4UO02 (C03) 3 -25.92 -42.21 -16.29 ©Nad4U02{(C03)3
Nahcolite -5.08 =B 71 -0.62 NaHCO3

Natron -9.84 -11.46 -1.62 Na2C03:10H20
Nesquehonite =3:91 -9.42 -5.51 MgCO03:3H20

NH3 (g) -68.95 -67.02 1.93 NH3

Nsutite 7.19 49,76 42.56 MnO2

02 (qg) -1.76 -4.59 -2.83 02

Pb (B0O2) 2 -15.29 -7.57 7.73 Pb(B0O2)2

Pb (OH) 2 -4.07 4.36 8.43 Pb(CH)2

Pb2 (OH) 3C1 -10.62 -1.83 8.79 Pb2(0OH)3C1l
Pb20 (OH) 2 -17.49 8.71 26.20 PbO:Pb(OH)2
Pb203 -10.24 50.80 61.04 Pb203

Pb20C03 -11.77 -12.04 -0.27 PbO:PbCO3
Pb302C0O3 -19.23 -7.69 11.54 PbCO3:2Pb0O
Pb302504 -16.21 -5.40 10.81 PbS04:2PbO

Pb4 (OH) 6504 -22.14 -1.04 21.10 Pb4 (OH)6S04
Pb403504 -23.84 -1.04 22.80 PbS04:3PbO
PbF2 -11.91 -19.34 ~7.43 PbF2

PbMetal -41.,99 -37.73 4.26 Pb

Pb0O:0.3H20 -8.62 4.36 12.98 Pb0:0.33H20
Phosgenite -13.31 -33.12 -19.81 PbCl2:PbCO3
Plattnerite -4.26 46.44 50.70 PbO2
Portlandite -11.59 11.83 23.42 Ca(OH)Z2

Pyrite -244.72 -263.42 -18.70 FeS2
Pyrochroite ~ .53 7.67 15.20 Mn (OH)2
Pyrolusite 7.08 49.76 42,67 MnO2
Rhodochrosite -1.98 -13.09 -11.10 MnCO3
Rhodochrosite (d) -2.70 -13.09 -10.3% MnCO3
Rutherfordine -4.86 -19.28 -14.42 U02C03
Schoepite -4.,17 1.48 5.64 UO2(0OH)2:H20
Siderite -11.59 -22.43 -10.84 FeCO3
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Siderite(d) (3) -11
SrF2 -5
Strontianite —2
Sulfur -107
Thenardite -9
Thermonatrite ~-11.
Trona -16.
U (OH) 2504 -46.
U308 (c) -31
U409 (c) -80.
UF4 (c) -60.
UF4:2.5H20 -50.
U02 (a) -30.
UO03 (gamma) — Bty
Uraninite (c) -26.
Witherite -3

20 : 80 Mix of Quebec St.

Phase

Anglesite -6
Anhydrite -2
Anilite -118
Antlerite -9
Aragonite -
Artinite -9
Atacamite -7
Azurite -6
BaFkF2 -8
Barite 0.
Birnessite 2
Bixbyite 4.
Blaubleil -108
BlaubleiIl -113
Brochantite -10
Brucite -6
Calcite -0
Celestite -2
Cerussite -2
CH4 (g) -128
Chalcanthite —1.0
Chalcocite -122
Chalcopyrite -230
C02 (g) -2
Cotunnite -14
Covellite -108
Cu (OH) 2 -2
Cu2 (OH) 3NO3 -10
Cu2804 =37
CuCo03 -5
CuF -29
CuflF2 -16
CuF2:2H20 -12
CuMetal -20
CuOCusS04 -18

<98
o V2
.08
.81
« UL
64
73
16
.32
08
04
71
98
63
45
.71

=22
w29
=39

-14
-11

-122.
«k8
.46

-11

=17,
=49,

-8.
=81
.27

=78

-78.
-30.
.48
—30.
=12,

43

99

17
36
48
45

27
88

88
30

<45
.56
a2l
.18
k7
.18
.44
.20
.83
+ 37
w23
.56
.10
.10
.43
.59

FeCO0O3

SrF2

SrCo3

S

Na2s04
Na2CO3:H20
NaHCO3:Na2C03:2H20
U (OH) 2804
U308

U409

UF4
UF4:2.5H20
Uuo2

Uo3

Uuo2

BaCO3

Injection Water : Arapahoe Formation Water

SI** log IAP

<05
.88
.34
.21
.86
sl
.74
+ 58
.90
03
68
02
.92
.78
.37
.37
: T2
.76
65
.04
05
<23
.48
.39
.70
07
.80
05
+ 35
.2
.12
.83
.86
.49
.46

.84
.24
-3
.92
=18
o)
.34
43
.66
»96
<28
.46
.08
.06
.97
56
#19
w39
.80
.89
.70
.01
.87
.84
.49
.42
<89
.76
.29
.65
.00
.40
.40
31
.81

log K(296 K,

~T s
« 36
.02
8.
=8 .
.70
.40
« 85
.76
« 99
.60
.56
.16
.28
.34
.93
.47
« 63
<15
.85
.64
.78
.39
.45
: 179
+ 35
.69
.30
« 93
s 63
.12
.58
.54
.82
.65

-4
32

80

29
33

1 atm)

PbS0O4

CaS04
Cu0.25Cul.5s
Cu3 (OH) 4504
CaCo03
MgCO3:Mg (OH) 2:3H20
Cu2 (OH) 3C1
Cu3 (OH) 2 (C03) 2
BaF2

BaS04

MnO2

Mn203
Cu0.9Cul0.28
Cu0.6Cu0.88
Cud (OH) 6504
Mg (OH) 2
CaCo03

Sr804

PbCO3

CH4
CuS04:5H20
Cuz2s

CuFeS2

C02

PbC1l2

CuS

Cu(OH) 2

Cu2 (OH) 3NO3
Cu2s804
CuCo03

CuF

CuF2
CuF2:2H20
Cu
Cu0:CuS04

53
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CupricFerrite 13.
Cuprite -19.
CuprousFerrite 5.
Cus04 -15.
Dijurleite -121.
Dolomite =2 .
Dolomite (d) =2,
Epsomite =5,
Fe(OH)2.7Cl.3 6
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 =5,
FeS (ppt) -3.31
Fluorite -1.
Galena -118.
Goethite 7.
Greigite -485.
Gypsum =2
H2 (g) =37
H20 (g) =
H2S (g) -128.
Halite -9,
Hausmannite 1.
Hematite 17.
Huntite =9.
Hydrocerussite =9 ¢

Hydromagnesite =20.

Jarosite(ss) -4.36

Jarosite-K -4,
Jarosite-Na =7,
JarositeH =il
Langite -1L.
Larnakite -8.
Laurionite -8.
Litharge =8+
Mackinawite -130.
Maghemite T
Magnesite =L
Magnetite 10,
Malachite -3.
Manganite 1.
Massicot -8.
Matlockite -9.
Melanothallite -22.
Melanterite =185,
Minium =21
Mirabilite -8.
Mn2 (S04) 3 ~46.
MnC12:4H20 —18.
MnS (Green) —-1.31.
MnS0O4 -12.
N2 (g) =3,
Nahcolite =5
Nantokite =15,
Natron =10,
Nesquehonite -4,
NH3 (g) -55.

Nsutite 3.

CuFe204

Cu20

CuFe02

Cuso4
Cu0.066Cul.8688S
CaMg (C0O3) 2
CaMg (C03) 2
MgS04:7H20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

Car2

PbS

FeOOH

Fe3S84
CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203
CaMg3(C03)4

Pb (OH) 2 : 2PbCO3
Mg5 (C0O3) 4 (OH) 2:4H20

77Na0.03H0.2)Fe3(S04)2(OH) 6

KFe3(S04)2 (OH) 6
NaFe3 (S04)2 (CH) 6
(H30)Fe3(S04)2 (OH) 6
Cud (OH) 6504 :H20
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PRClF

CuCl2
FeS04:7H20
Pb304
Na2S04:10H20
Mn2 (S04) 3
MnC12:4H20

MnS

MnS0O4

N2

NaHCO3

CuCl
Na2C03:10H20
MgCO3:3H20

NH3

MnO2
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02 (g) -7
Pb (OH) 2 -3
Pb2 (OH) 3C1 -11
Pb20 (OH) 2 -16
Pb203 -13
Pb20CO03 -10
Pb302C0O3 -17
Pb302S04 -14
Pb4 (OH) 6S04 -20
Pb403504 -21
PbF2 -11
PbMetal =37
Pb0O:0.3H20 -8
Phosgenite =15
Plattnerite -6
Portlandite =11
Pyrite =215
Pyrochroite T
Pyrolusite
Rhodochrosite -1
Rhodochrosite (d)
Siderite -8
Siderite (d) (3) -9
SrF2 =5
Strontianite -2
Sulfur -96
Tenorite -1
Thenardite -9
Thermonatrite -11.
Trona -16
Witherite =3

50 : 50 Mix of Quebec St.

Phase

Anglesite -6
Anhydrite -2
Anilite -135
Antlerite -9
Aragonite -0
Artinite -8
Atacamite =7
Azurite -7
BaF2 -8
Barite 0
Birnessite 6
Bixbyite 74
Blaubleil -123
Blaubleill -129
Brochantite -11
Brucite -6
Calcite -0
Celestite -2
Cerussite -2
CHA4 (qg) -141

4.

.83 ~10.. 72
.46 4.74
.43 =263
«12 9.48
.65 47.39
.60 =11.06
<43 6,32
.84 -4.37
« 13 0.37
.84 0.37
.11 -18.55
.44 =33 :17
.24 4.74
.47 =35 : 28
« 89 42.65
.56 11.35
« 33 -233.85
83 8.37
68 46.28
.04 ~£2 A7
=1.78 =12 .1%
« 19 =19;67
« 22 =19.67
+ b5 -14.10
.08 =11.35
.31 -1.11.36
« 78 5,89
.51 -9.69
77 -11.64
.65 ~17.39
« 39 =119

Injection Water :

SI** log IAP

.46 -14 .27
.86 -7.20
.00 -167..30
.96 =1:67
.61 =8 92
.60 1.28
.90 -0.38
.45 -3.41
« 95 -14.72
.07 -9.9¢6
.42 50.02
.58 7.12
.49 -147.65
.44 =156.72
« 22 4 ;12
09 11 .01
.46 7892
< 171 9.338
.81 ~1.5..99
.93 -144.76

-2.88 02

8.20 Pb(OH)2

8.79 Pb2(0OH)3Cl
26.20 PbO:Pb (OH)2
61.04 Pb203

-0.46 PbO:PbCO3
11.11 PbCO3:2Pb0O
10.47 PbS04:2Pb0O
21.10 Pb4 (OH)6S04
22.22 PbS04:3Pb0O
-7.44 PbF2

4.27 Pb

12.98 Pb0O:0.33H20
-19.81 PbCl2:PbC0O3
49.54 PbO2

22.90 Ca(OH)2
-18.52 FeS2

15.20 Mn(OH)2
41.60 MnO2
-11.13 MnCO3
-10.39 MnCO3
-10.88 FeCO3
-10.45 FeCO3

-8.54 SrF2

-9.27 SrCO03
-15.0% 8

7.67 CuO

-0.18 Na2s04

0.13 Na2CO03:H20
-0.73 NaHCO03:Na2C03:2H20
-8.56 BaCO03

Arapahoe Formation Water

log K(294 K, 1 atm)
-7.81 PbS0O4

-4.35 CaS04

-32.30 Cu0.25Cul.5s

8.29 Cu3(0OH)4S04
-8.31 CaCo03
9.88 MgCO3:Mg(OH)2:3H20

7.52 CuZ2(0OH)3Cl

4.05 Cu3(0OH)2(C03)2
-5.77 BaF2
-10.03 BaS04

43.60 MnO2

-0.46 Mn203

-24.16 Cu0.9Cu0.2S8
-27.28 Cu0.6Cu0.8S
15.34 Cu4d (OH) 6504
17.10 Mg (OH)2

-8.46 CaCo03

-6.62 SrsS04
-13.18 PbCO3

-2.83 CH4
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Chalcanthite -10.
Chalcocite =139,
Chalcopyrite -260
CO2 (qg) —2 5
Cotunnite -14.
Covellite ~122 .
Cu (OH) 2 =3,
Cu2 (OH) 3N0O3 =105
Cu2804 -41.
CuCo03 =5 5
CuF -31
CuF2 -17.
CuF2:2H20 ~1.3 ,
CuMetal =24
CuOCus04 -19.
CupricFerrite 13.
Cuprite -22
CuprousFerrite 3«
CusS0o4 -16.
Djurleite =138 .
Dolomite .
Dolomite (d) -2
Epsomite 5.
Fe(OH)2.7Cl1.3 6
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -7
FeS (ppt) -147
Fluorite =1,
Galena -132
Goethite 7.
Greigite -543
Gypsum -2
HZ (g) -41
H20 (g) =1,
H2S (g) -142
Halite -8
Hausmannite 5
Hematite 17
Huntite -8
Hydrocerussite -9,
Hydromagnesite -19.
Jarosite(ss) -5.10

Jarosite-K =54
Jarosite-~Na -8.
JarositeH =12
Langite =13 ;
Larnakite -9
Laurionite -7.
Litharge -8
Mackinawite ~-146
Maghemite T
Magnesite -1
Magnetite 8.
Malachite -4
Manganite 3
Massicot -8
Matlockite -9

58 =13
76 -174.
wd 1 —295;
59 —4
32 —-19.
13 -144.
00 Bke
) -1
56 =4 3
33 =14.
=31 -24.,
51 -18.
49 -18.
-0 -32.
33 =7
05 19.
.82 =24,
43 =5
43 =13
48 =172,
65 -18.
.22 -18.
85 -8B
.21 3.
87 6.
.54 12.
.34 -151
=31 =17
.69 -145.
62 6.
.95 -588.
.62 =2
.42 -44
.61 -0.
.47 -143
.85 =T s
.24 67
28 13
.40 -38.
76 ~21
66 -27.
-14.93
35 -14.
18 =134
93 =17.
05 4,
=29 -9,
81 -7
.12 .
.61 ~151
13 13.
wd 6 = O
46 12
wl B 1.
o8 29,
«381 4.
58 ~1. 95,

24
85
88
01
14
63
79

.36

46
96
il B
00
00
92

.46

30
43
46

.24

86
65
65
02
17
76
68

.25
= 96

66
76
99
20

.55

00

.42

28

- 24
+ 52

12

.22

92

20

=3
10.
12,
-4,
45.
.b8
.3
.61
:85
+57
.00
« Tl
72
.46
.26

-9.83

26
12
79
12
51
19
76

.25

52
73

.68

19
32
76
09

.65
35
35,
=L
.82
22.

8.

9
.91
:63
.20
.49
.52
.92
.87
.25
=L
=8
.18
34.
L7,
16
-2.
.04
4.

09
61
42

50
79
41

61
88

38
00
43
17

89

22

92
65
97
86
03

(KO.

.91
:93
.86
.17
.22
.62
.88
.65
.39
.97
.22
.34
.34
<07
.51

CuS04:5H20

Cu2s

CuFeS2

C0o2

PbCl2

CusS

Cu{(OH) 2

CuZ2 (OH) 3NO3
Cu2804

CuCo03

CuF

CuF2

CuF2:2H20

Cu

Cu0:CusS04
CufFe204

Cu20

CuFeO2

Cuso4
Cu0.066Cul.868S
CaMg (C03) 2

CaMg (C03) 2
MgS04: 7H20

Fe (OH)2.7C10.3
Fe (OH) 3
Fe3(OH) 8

FeS

CaF2

PbS

FeOOH

Fe354
CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203
CaMg3(C03)4

Pb (OH) 2:2PbCO3
Mg5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04)2 (OH) 6
KFe3 (S04)2 (OH) 6
NaFe3 (S04)2 (OH) 6
(H30)Fe3(S04)2 (OH) 6
Cud (OH) 6304 :H20
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

CuZ2 (OH) 2C03
MnOOH

PbO

PbC1F
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Melanothallite -21.
Melanterite =17 =
Minium -18.
Mirabilite -8
Mn2 (S04) 3 -44,
MnCl2:4H20 =17.
MnS (Green) -145.
MnS0O4 -13
N2 (g) -19
Nahcolite -5
Nantokite -17
Natron -9
Nesquehonite -4
NH3 (g) -68
Nsutite 7
02 (g) =1
Pb (OH) 2 -3
Pb2 (OH) 3C1 -11
Pb20 (OH) 2 -16
Pb203 -10
Pb20CO0O3 -10
Pb302C03 =17
Pb302504 -15
Pb4 (OH) 6S04 =27
Pb403504 -22
PbF2 -11
PbMetal -40
Pb0O:0.3H20 -8
Phosgenite -15
Plattnerite -3
Portlandite i
Pyrite -241
Pyrochroite =6
Pyrolusite
Rhodochrosite =1
Rhodochrosite (d)
Siderite -10
Siderite(d) (3) -11.
SrF2 ~5.
Strontianite -1
Sulfur -106
Tenorite =7
Thenardite =9,
Thermonatrite =11 &
Trona ~16.
Witherite -3.
80 : 20 Mix of Quebec St.
Phase
Anglesite =
Anhydrite =2
Anilite -138
Antlerite -11.
Aragonite -0

8.

96 -18.12
61 =19.87
98 9570
.39 -9.69
64 -49.98
84 -15.30
67 -141..81
.24 -10.42
.63 -22.88
.13 -5.71
.31 -24.17
.94 -11.40
.17 9. 73
.94 -67.09
.46 50.02
.68 -4.54
« 52 4.76
22 -2.43
.68 9.52
.10 50.94
.84 ~11:23
.74 76.47
+35 =4.:T5
.09 0.01
.43 0.01
o D59 =-19,03
v 92 -36.66
«22 4.76
.82 -35.13
.80 46.18
- 27 11.83
.67 -260.26
59 8.61
02 50.02
.02 =iL2,14
-1.75 rl2.14
« 12 -21.59
14 -21,59
54 -14.09
.78 -11.05
=93 -122.04
.98 5:.79
51 =9.69
56 -11.40
49 -17.12
11 -11.68
Injection Water :

SI** log IAP

«15 ~1.4.98
« 83 il
« 28 -170.85
50 =3, 21,
.28 -8.57

3.85 CuCl2
-2.26 FeS04:7H20
74.68 Pb304
-1.30 Na2S04:10H20
-5.34 Mn2(S04)3
2.54 MnCl2:4H20
3.86 MnS
2.82 MnS04
-3.25 N2
-0.58 NaHCO3
-6.86 CuCl
-1.46 Na2C03:10H20
-5.57 MgCO3:3H20
1.85 NH3
42.56 MnO2
-2.86 02
8.28 Pb(OH)2
8.79 Pb2(0H)3Cl
26.20 PbO:Pb(OH)2
61.04 Pb203
-0.39 PbO:PbCO3
11.27 PbCO3:2Pb0O
10.60 PbS04:2Pb0O
21.10 Pb4 (OH) 6S04
22.44 PbS04:3Pb0O
-7.43 PbF2
4.27 Pb
12.98 Pb0O:0.33H20
-19.81 PbCl2:PbCO3
49,98 PbO02
23.10 Ca(OH)2
-18.59 FeS2
15.20 Mn(OH)2
42.00 MnO2
-11.12 MnCO3
-10.39 MnCO3
-10.87 FeCO3
-10.45 FeCO3
-8.55 SrF2
-9.27 SrCco3
=15.10 8
7.77 Cul
-0.17 Na2S504
0.15 Na2CO03:H20
~0.62 NaHCO3:Na2C03:2H20
-8.57 BaC03

Arapahoe Formation Water

log K(291 K, 1 atm)
-7.82 PbS0O4
-4.34 CaS04
=32 .57 Cnl.25CHl .58
8.29 Cu3(0OH)4S04
-8.30 CaCo03

517
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Artinite -7
Atacamite -8
Azurite -9
BaF2 -9
Barite 0.
Birnessite 7.
Bixbyite 8.
Blaubleil -126
BlaubleiII ~132
Brochantite -13
Brucite -5
Calcite -0
Celestite -2
Cerussite =3
CHA4 (g) -144
Chalcanthite =11
Chalcocite -143
Chalcopyrite -265
CO2 (g) -2
Cotunnite -14
Covellite -124
Cu (OH) 2 -3
Cu2 (OH) 3NO3 -12
Cu2804 -43
CuCo03 =5
CuF -32
CuF2 -18
CuF2:2H20 -14
CuMetal -24
CuOCusS04 -20
CupricFerrite 12
Cuprite -24
CuprousFerrite 2
CusSo4 -17
Djurleite -141
Dolomite =
Dolomite (d) =1
Epsomite -5
Fe(OH)2.7Cl.3 5.
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -8
FeS (ppt) -150
Fluorite -1
Galena =135
Goethite T s
Greigite =555
Gypsum -2
H2 (g) ~42
H20 (g) -1
H2S (g) -145
Halite -8 .
Hausmannite Fs
Hematite 16.
Huntite -7
Hydrocerussite -10.
Hydromagnesite -18.
Jarosite(ss) -6.72

.84
«715
«13
.00

10
17
08

.45
« 61
.07
.64
k3
.66
i
.19
w0 1
22
«92
.88
.61
-85
.40
.21
B2
.94
«33
57
.48
wd 9
e
.08
.00
.58
.47
.89
.05
« 63
.83

97
66

.41
.34
.30
w22

32

« 06
« 29
.00
.68
.02

66
69
61

.27

63
11

=154

=11
.31
6.
-600.
-7.
-45,
-0.
-145.
=7.
.33

-148

68

13.
-36.
-28.
—26 .

-16.55

.21
=1
=4,

~1.4 .,

.97

50.

71

=150%

=159.

.27

11,

-8.

.28
~1 6.

-146.
-14.

-178.

=301

—8 5
=19,

-147.

.48

.70

+.30

.57

+ 05

« 97

.97

.82

.69

.57

.65

.28

.17

=176.

+99
=99

.02

.93

.55

11.

.25

11
89
78

77

61
95

63
57

38
99
17
63
75
27
46
50

57

82

98

55
09
17
12
00
95
09

09
83
09
04

29

-9.83

.06
.64
.24
.78
.08
.60
37
.16
«28
.34
27
.45
.62
.21
.81
.66
.40
.84
39
.86
.65
.88
.52
.88
.63
.28
.41
.49
.03
.10
.50
.65
.86
.30
.68
.94
36
.18
.04
.89
.22
.92
.68
.09
7
.03
+ 98
.12
.68
.92
.57
62.
#3

63
52

.56
17,
=T

46
93

(KO.77Na0.03H0.2)Fe3(S04)2 (OH) 6

MgCO3:Mg (OH) 2:3H20
Cu?2 (OH) 3C1

Cu3 (OH) 2 (C03) 2
BaF2

BaS04

MnO2

Mn203
Cu0.9Cu0.28
Cu0.6Cu0.83
Cud (OH) 6504

Mg (OH) 2

CaCo03

Srs04

PbCO3

CH4

CuS04:5H20
Cu2s

CuFeS2

CO2

PbC12

CusS

Cu (OH) 2

Cu2 (OH) 3NO3
Cu2504

CuCo03

CuF

CuflF2

CuF2:2H20

Cu

Cu0:CusS04
CuFe204

Cuz0

CuFeO2

CuS0o4
Cu0.066Cul.868S
CaMg (C03) 2
CaMg (C03) 2
MgS04 : 7TH20

Fe (OH)2.7C10.3
Fe (OH) 3
Fe3(OH) 8

FeS

CaF2

PbS

FeOOH

Fe354
CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203
CaMg3(C03)4

Pb (OH) 2:2PbCO3
Mg5 (C0O3) 4 (OH) 2:4H20

58
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Jarosite-K -7
Jarosite-Na =9,
JarositeH =15.
Langite =15,
Larnakite -10.
Laurionite =8y
Litharge =8
Mackinawite -149.
Maghemite 6.
Magnesite -1
Magnetite 7
Malachite =5
Manganite 4.
Massicot -8
Matlockite =10k
Melanothallite -22.
Melanterite -18.
Minium -19.
Mirabilite -8
Mn2 (S04) 3 -46.
MnC12:4H20 -17.
MnS (Green) -148.
MnSO4 =13
N2 (g) =22
Nahcolite -5
Nantokite -17
Natron -9
Nesquehonite -3
NH3 (g) -70
Nsutite 8
02 (g) -1
Pb (OH) 2 =3
Pb2 (OH) 3C1 -11
Pb20 (OH) 2 -16
Pb203 -9
Pb20C03 -11
Pb302C03 -18
Pb302504 -16
Pb4 (OH) 6304 -22
Pb403S04 -23
PbF2 -12
PbMetal -41
Pb0:0.3H20 -8
Phosgenite -16
Plattnerite =3
Portlandite -10
Pyrite -246
Pyrochroite -6
Pyrolusite 8.
Rhodochrosite -1.
Rhodochrosite (d)

Siderite -11
Siderite(d) (3) -11.
SrEF2 =5,
Strontianite -1.
Sulfur -108.
Tenorite -2,

bl

97
14
15
13
02
31
61
T,

.49
.28
.17

44

.51

07
58
64
31

.28

14
79
09

s 79
.00
.08
.98
53
.89
93
21
.39
. 70
92
.86
.70
29
.48
.36
.06
.62
+ 358
:59
s 30
-03
<16
.82
.58
.42

36
17

~1.88
.48

88
53
41
94
38

-26b

50
-12

-14

.82
.68
.65
w21
w30
.40
.67
w25
09
.42
.82
.30
.78
<617
«62
.66
+ 93
.01
.69
.23
.36
+20
+87
.24
.68
.89
.10
.42
.03
.77
.23
.67
il 2
.34
.34
w11
.03
.63
.96
.96
.78
<32
.67
.84
.67
.48
o 2ids
.78
w17
= 207
#1227
=225
—-22.

33
33

.09
—1:0L,
—1.24 .
.48

68
09

.71
.70
.51
.42
.18
.62
.98
+ 05
. 39
.93
.54
.46
.34
.18
.56
«93
« 29
<33
.42
.09
.43
+89
« 92
.24
.61
« 92
« 96
.53
.80
.56
.84
« 37
5 19
« 20
.04
. 32
.44
.73
.10
.66
.43
.26
.98
.81
.43
.29
.66
.20
.42
.11
=10.39
.85
.45
+ D6
27
vl
.86

KFe3 (S04) 2 (OH) 6
NaFe3 (S04)2 (OH) 6
(H30)Fe3 (504) 2 (OH) 6
Cu4 (OH) 6S04:H20
PbO:PbS0O4
PbOHC1

PbO

FeS

Fe203

MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PbC1F

CuCl2
FeS04:7H20
Pb304
Na2304:10H20
Mn2 (S04) 3
MnC12:4H20
MnS

MnS0O4

N2

NaHCO3

Gagl
Na2C03:10H20
MgCO3:3H20
NH3

MnO2

02

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203

PbO: PbCO3
PbCO03:2Pb0O
PbS04 : 2Pb0O
Pb4 (OH) 6504
PbS04 : 3Pb0O
PbF2

Pb
Pb0:0.33H20
PbC1l2:PbCO3
Pb02

Ca (OH) 2

FeS2

Mn (OH) 2

MnO2

MnCO3

MnCO3

FeCO3

FeCO3

SrF2

Srco3

S

CuO
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Thenardite =9.52 -9.69 -0.17 Na2504
Thermonatrite -11.26 -11.10 0.17 Na2C03:H20

Trona -16.27 -16.78 -0.51 NaHCO03:Na2C03:2H20
Witherite -2.79 -11.37 -8.58 BaCo03

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 PbS04

Anhydrite -2.92 -7.26 -4.34 CaSO4

Aragonite -1.18 -9.47 -8.29 CaCo03

Artinite -10.33 -0.19 10.14 MgCO3:Mg (OH)2:3H20
BaF2 -8.94 -14.72 -5.78 BaF2

Barite 0.08 -10.02 -10.10 BasoO4

Birnessite 5.94 49,54 43.60 MnO2

Bixbyite 5.51 5.19 -0.33 Mn203

Brucite -7.28 10.07 17.35 Mg(OH)2

Calcite -1.03 -9.47 -8.44 CaCo03

Celestite -2.73 ~9. 35 -6.62 SrS04

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 (€02

Cotunnite -13.41 -18.29 -4.88 PbCl2

Dolomite -2.82 -19.73 =16.91 CaMg(C03)2
Dolomite (d) -3.40 -19.73 -16.33 CaMg(C03)2
Epsomite ~-5.85 -8.04 -2.19 MgS04:7H20

Fe (OH)2.7Cl1.3 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 | P A ~-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 .0 26 ~4.58 CaS04:2H20

H2 (qg) -41.90 -45.02 =3.12 |H2

H20 (g) -1.71 -0.00 1.71 H20

H2S (g) -142.93 -143.84 -0.91 H2S

Halite -8.52 -6.95 1.56 NaCl

Hausmannite 1.89 64.81 62.92 Mn304

Hematite 16.68 138,25 -3.43 Fe203

Huntite -10.76 -40.25 =29.48 CaMg3(C03)4
Hydrocerussite -9.69 -27.15 -17.46 Pb(OH)2:2PbC0O3
Hydromagnesite -23.18 -30.96 -7.78 Mg5(C03)4(0OH)2:4H20
Jarosite(ss) -4.06 -13.89 -9.83 (KO0.77Na0.03H0.2)Fe3(S04)2(0OH)6
Jarosite-K -4.71 -13.33 -8.62 KFe3(S04)2(0OH)6
Jarosite-Na ~-7.31 -11.91 -4.60 NaFe3(S04)2(0OH)6
JarositeH -12.00 -16.35 -4.36 (H30)Fe3(S04)2(0OH)6
Larnakite -8.95 -9.11 -0.16 PbO:PbS0O4
Laurionite -1 .52 -6.89 0.62 PbLOHC1

Litharge ~8.52 4.50 13.03 PbO

Mackinawite -147.36 -152.01 -4.65 FeS

Maghemite 6.86 £3.:25 6.39 Fe203

Magnesite =234 =10.26 -7.91 MgCO3

Magnetite 7.44 12.12 4.68 Fe304
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Manganite 3
Massicot -8
Matlockite -8
Melanterite -16
Minium -20
Mirabilite =7
Mn2 (S04) 3 -44
MnCl12:4H20 -17
MnS (Green) -147
MnS0O4 -13
Nahcolite -4
Natron -9
Nesquehonite -4
Nsutite 6.
02 (g) el
Pb (BO2) 2 -13
Pb (OH) 2 -3
Pb2 (OH) 3C1 =11
Pb20 (OH) 2 -17
Pb203 -10
Pb20CO03 =11
Pb302C03 -18
Pb302504 -15
Pb4 (OH) 6504 -21
Pb403504 -22
PbF2 -10
PbMetal -41
Pb0O:0.3H20 -8
Phosgenite -14
Plattnerite -4
Portlandite =12
Pyrite -242
Pyrochroite =1
Pyrolusite 6.
Rhodochrosite s
Rhodochrosite (d)

Siderite -10.
Siderite(d) (3) -11.
SrF2 —5s
Strontianite -2
Sulfur -106
Thenardite =i
Thermonatrite =101
Trona -16
Witherite -3

50 : 50 Mix of Quebec St.

Phase

Anglesite -6
Anhydrite =P
Aragonite -0
Artinite -9
BaF2 -8
Barite 0.

25 28.59
i 12 4.50
: 12 =18.30
«93 -19.24
e 2, 55.41
.76 +9 .23
e L7 ~49 .15
.54 =165.15
.15 -143.25
.43 -10.48
.87 -5.48
.84 -11.44
.75 -10.26
97 49.54
.98 -4.81
« 3 -6.21
«91 4.50
.18 T2 .39
.19 9..01
.14 50.90
.04 =11..32
+33 64182
« 39 -4.60
+ 20 =010
.86 =0.10
.88 -18.31
.66 -37.40
.48 4.50
.30 -34.11
.23 46.40
Rk 10.85
.30 =260.99
+ 56 7.64
93 49.54
59 =12.69
=230 T12.69
61 —21 .45
00 -21.45
49 -14.05
.30 =1.1.57
+95 =122 .13
.06 T9.23
.62 -11.44
47 -1693
« 65 -12 .23

Injection Water :

SI** log IAP

=19 -14.03
.88 =722
«'90 =919
+ 65 050
+ 97 -14.75
10 -10.00

MnOOH

PbO

PbClF
FeS04:7H20
Pb304
Na2S04:10H20
Mn2 (S04) 3
MnCl2:4H20
MnS

MnS0O4
NaHCO3
Na2C03:10H20
MgCO3:3H20
MnO2

02

Pb (BO2) 2

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203
PbO:PbCO3
PbCO3:2Pb0O
PbS04:2Pb0O
Pb4 (OH) 6504
PbS04:3Pb0O
PbF2

Pb

Pb0O:0.33H20
PbC12:PbCO3
Pb02

Ca (OH) 2
FeS2
Mn (OH) 2
MnO2

MnCO3

MnCO3
FeCO3

FeCO3

SrF2

SrCoO3

3

Na2S04
Na2C03:H20
NaHCO03:Na2C03:2H20
BaCO03

Denver Formation Water

log K(290 K,

=T
-4.
i
10.
.78
-10.

-8

-5

83
34

15

10

1 atm)

PbS0O4

CasSo4

CaCo3
MgCO3:Mg (OH) 2:3H20
BaF2

BasS04
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Birnessite 6.
Bixbyite 6.
Brucite -6
Calcite -0
Celestite -2
Cerussite -2
CH4 (g) -144
CO2 (q) -2
Cotunnite -13
Dolomite -2
Dolomite (d) -2
Epsomite =5
Fe (OH)2.7Cl1.3 6
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -8.
FeS (ppt) -149
Fluorite -1
Galena -134.
Goethite 7
Greigite ~552
Gypsum =2
H2 (qg) -42.
H20(g) -1.
H2S (g) -144
Halite -8.
Hausmannite 2
Hematite 16.
Huntite =9,
Hydrocerussite -10.
Hydromagnesite -21.
Jarosite(ss) -5.08

Jarosite-K -5,
Jarosite-Na -8.
JarositeH =13
Larnakite -9
Laurionite =7
Litharge -8
Mackinawite -148
Maghemite 6
Magnesite -2
Magnetite 6.
Manganite 3.
Massicot -8
Matlockite -9
Melanterite -17
Minium -19
Mirabilite -7
Mn2 (S04) 3 -44
MnC12:4H20 -17
MnS (Green) ~-148
MnS0O4 -1.3
Nahcolite -4
Natron ~9
Nesquehonite -4
Nsutite T
02 (g9) -1
Pb (B0O2) 2 -14

39 49.
14 B
< 85 10.
« 18 =05
.69 -9
.78 -lb.
.03 —-14%.
.35 =3
.67 =18.
.30 -19.
.88 =18
.84 =8 s
.09 3 s
62 6.
54 11,
.67 ~153 .
.27 =11
56 -147.
.23 6
s 22 =597
63 =7
14 -45
71 =10 4
.28 -145,
51 ~6 .
.12 65.
44 13.
75 =39
03 =27
77 =29
-14.91
69 -4,
38 ~12
.23 -17
.35 ~9.
.64 =
52 4.
<83 =153x
64 13-
«30 =10,
97 11,
58 28.
71 4.
.08 =-18.
: 59 =19
<97 55.
89 =9
.86 -49.
.89 ~-1.5.
.29 -144.
.66 ~10.
.92 ~8 .
.74 =11.
.50 =1:@
43 49,
;58 =4
+ 32 -6.

99
83
51
19
31
00
82
72
55
20
20
03
05
51
68
58
96
71

+ 51
«25
w22
=25

00
18
g5
69
03
22
49
53

30

« 97
- 55

50

.01

52
58
03
01
68
92
52
66
89
70
37
81
21
38
69
53
35
01
99
41
60

.60
.32
« 36
.44
.62
.22
.79
. 87
.88
<91
« 33
+ 1.9
.04
-89
. 22
. 92
.69
o 13
« 12
.03
< 58
. 1.2
v 11
.91
.56
.97
.41
.47
.46
<15

(KO.

.61
.58
.33
.16
.62
.04
.65
.39
« 91
<71
.34
.23
.58
.31
< 67
.48
.96
.37
.91
.97
.62
.61
Pisil
«:56
.83
=12

MnO2

Mn203

Mg (OH) 2

Caeos

SrS04

PbCO3

CH4

Co2

PbC1l2

CaMg (C03) 2
CaMg (C03) 2
MgS04:7H20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaF2

PbS

FeOOH

Fe3S4
CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203
CaMg3(C03)4

Pb (OH) 2 : 2PbCO3
Mg5 (CO3) 4 (OH) 2:4H20

77Na0.03H0.2)Fe3 (S04)2 (0OH) 6

KEe3 (S04)2 (OH) 6
NaFe3 (S04)2 (OH) 6
(H30) Fe3 (S04) 2 (OH) 6
PbO:PbS0O4

PbOHC1

PbO
FeS
Fe203
MgCO3
Fe304
MnOOH
PbO
PbClF
FeS04
Pb304
Na2804:10H20
Mn2 (S04) 3
MnCl12:4H20
MnS

MnSO4

NaHCO3
Na2C03:10H20
MgCO3:3H20
MnO2

02

Pb (B0O2) 2

:7H20
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Pb (OH) 2 -3
Pb2 (OH) 3C1 -11
Pb20 (OH) 2 -17
Pb203 -9
Pb20CO3 -11
Pb302C03 -18
Pb302504 -15
Pb4 (OH) 6504 -21
Pb403504 -2.3
PbF2 -11
PbMetal -41
Pb0O:0.3H20 -8
Phosgenite -14
Plattnerite -4
Portlandite -12
Pyrite ~-244
Pyrochroite =5
Pyrolusite T
Rhodochrosite -1
Rhodochrosite (d)

Siderite ~11.
Siderite(d) (3) -11.
SrF2 =5k
Strontianite =24
Sulfur =108
Thenardite -9,
Thermonatrite -11.
Trona -16.
Witherite -3.

80 : 20 Mix of Quebec St.

Phase

Anglesite -6
Anhydrite =2
Aragonite -0
Artinite -8
BaF2 -9
Barite 0.
Birnessite 6.
Bixbyite 6.
Brucite -6
Calcite -0
Celestite -2
Cerussite =3
CHA4 (q) -144
CO2 (g) -2
Cotunnite -14
Dolomite -1
Dolomite (d) =2
Epsomite =5
Fe(OH)2.7C1.3 5.
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -9
FeS (ppt) -151

.90 4.52
.28 -2.49
.16 9.04
.86 51.18
.20 -11.48
49 =696
.78 -4.98
56 -0.46
.24 70.46
35 -18.77
.88 -37.62
.46 4.52
.74 -34.55
«01 46.66
.07 11388
+ 98 -263.68
.35 785
35 49 .99
< 5 -12.67
-2.28 712.67
03 -21.87
42 =21 .87
50 =14 .06
02 =11 29
07 =123.:25
21 <9 87
S =11.35
44 -16.89
40 -11.98

Injection Water :

SI** log IAP

95 -14.78
.84 +Fx17
.48 “8.77
.95 1.62
<01 -14.79
11 +9.99
80 50.40
80 6.49
ad3 11 .25
.34 =877
+ 65 =927
.16 -16.38
.89 -147.69
.69 -4.06
.28 ~1.9.37
.49 -18.40
.08 -18.40
83 =802
70 2.66
32 6+21
52 1.0.70
.28 -1556.20

26

-0

15

.42
.79
.20
61
«2:8
11
10.
23
22,
.43
.26
12
=19,
50.
23x
-18.
.20
42.
-11.
—10.,39
~110 ..
=1:0.
=8.
« 27
=185
=0y
.18
.45
—8.

04

53
80
10
78

98
81
67
40
70

64
10

84
45
56
18
17

58

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203
PbO:PbCO3
PbCO3:2Pb0O
PbS04:2Pb0O
Pb4 (OH) 6S04
PbS04:3Pb0O
PbF2

Pb
Pb0:0.33H20
PbC1l2:PbCO3
Pb0O2

Ca (OH) 2
FeS2

Mn (OH) 2
MnO2

MnCO3

MnCO3
FeCO3

FeCO3

SrF2

SrCO3

S

Na2s04
Na2CO03:H20
NaHCO3:Na2C03:2H20
BaCo0O3

Denver Formation Water

log K(290 K,

~T

-4
-8

=2

20

=B

83

.34
.29
10.
-5
-10.
43.
=0
17.
=8
-6.
1.3
—2
—-1.
-4.
—1 B
=1 6
.20
=3
4.
» 22

17
78
10
60
31
38
44
62
23
79
37
88
90
32

04
89

92

1 atm)

PbS0O4
Cas04
CaCo03
MgCO3
BaF2
BasS0O4
MnO2
Mn203
Mg (OH) 2

CaCo03

SrS04

PbCO3

CHA4

C0O2

PbC12

CaMg (C03) 2
CaMg (C03) 2
MgS04: 7TH20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

:Mg (OH) 2:3H20
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Fluorite =] .28 -11.98 -10.70 CaF2

Galena -135.83 -148.99 -13.17 PbSs

Goethite 6.92 6.21 -0.71 FeOOH

Greigite -558.18 -603.22 =-45.03 Fe3s54

Gypsum -2.59 =4 .17 -4.58 CaS04:2H20

H2 (qg) -42.28 -45.39 -3.12 H2

H20(q) =1.72 -0.00 1.72 H20

H2S (g) -145.52 -146.43 -0.91 H2S

Halite =8.53 -6.97 1.56 NaCl
Hausmannite 3.64 66.66 63.03 Mn304

Hematite 15.81 12.42 -3.40 Fe2203

Huntite -8.18 -37.64 -29.46 CaMg3(C03)4
Hydrocerussite -10.82 -28.28 =-17.46 Pb(OH)2:2PbCO3
Hydromagnesite ~19.52 -27.24 -7.73 Mg5(C03)4 (0OH)2:4H20
Jarosite(ss) -7.14 -16.97 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0H)6
Jarosite-K -7.69 -16.28 -8.59 KFe3(S04)2(0OH)6
Jarosite-Na -10.49 -15.05 -4.56 NaFe3(S04)2(0OH)6
JarositeH -15.61 =19.91 -4.30 (H30)Fe3(S04)2(0OH) o6
Larnakite -10.14 -10.30 -0.15 PbO:PbS0O4
Laurionite -7.97 -7.34 0.62 PbOHC1
Litharge -8.56 4.49 13.05 PbO
Mackinawite -150.55 -155.20 -4.65 FeS

Maghemnite 6.03 12.42 6.39 Fe203
Magnesite -1 .42 ~-9.62 -7.91 MgCO3
Magnetite 5.96 10.70 4.74 Fe304
Manganite 3.93 29.27 25.34 MnOOH
Massicot -8.76 4.49 13.24 PbO

Matlockite -9.79 -19.38 -9.59 PbC1F
Melanterite -18.68 -20.99 -2.31 FeS04:7H20
Minium -20.00 55,73 75.73 Pb304
Mirabilite -8.06 -9.55 -1.49 Na2S04:10H20
Mn2 (S04) 3 -46.38 -51.31 -4.94 Mn2(3504)3
MnC12:4H20 -17.89 -15.53 2.37 MnCl2:4H20

MnS (Green) -149.26 -145.35 3.91 MnS

MnS04 =14 .11 =11.14 2.98 MnS04
Nahcolite -4.98 =54 60 -0.62 NaHCO3

Natron =9 .53 =11.15 -1.62 Na2C03:10H20
Nesquehonite =d 12 -9.62 -5.51 MgCO03:3H20
Nsutite 7.84 50.40 42.56 MnO2

02 (g) -1.37 -4.,20 -2.83 02

Pb (B0O2) 2 -15.17 -7.45 7.73 Pb(BO2)2

Pb (OH) 2 -3.94 4.49 8.43 Pb(OH)2

Pb2 (OH) 3C1 -11.65 -2.86 8.72 Pb2(0OH)3Cl
Pb20 (OH) 2 -17.23 8.97 26.20 PbO:Pb(CH)?2
Pb203 -9.79 51+ 25 61.04 Pb203

Pb20CO0O3 -11.62 -11.90 -0.27 PbO:PbCO3
Pb302C03 -18.95 -7.41 11.54 PbC0O3:2PbO
Pb302504 -16.62 -5.81 10.81 PbS04:2PbO

Pb4 (OH) 6S04 -22.42 -1.32 21.10 ©Pb4(OH)6S04
Pb403304 -24.12 -1.32 22.80 PbS04:3Pb0O
PbF2 -12.16 -19.58 -7.43 PbF2

PbMetal =42 .05 -37.79 4.26 Pb

Pb0:0.3H20 -8.49 4.49 12.98 Pb0:0.33H20
Phosgenite -15.74 -35.55 -19.81 PbCl2: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
Pyrolusite 7.73
Rhodochrosite -1.64
Rhodochrosite (d) -2.35
Siderite =11.74
Siderite(d) (3) -12.14
SrF2 =5.51
Strontianite =1 .60
Sulfur -109.18
Thenardite -9.38
Thermonatrite -11.33
Trona ~16.32
Witherite -3.00

8.
50.
~12..
-12.74
=20
=225

-14

-11

13
40
74

59
59

.07
=10
-124.
795

87
36
55

s 10
~1 6.
=11

76
59

15.20 Mn(OH)2
42.67 MnO2
-11.10 MnCO3
-10.39 MnCO3
-10.84 FeCO3
-10.45 FeCO3

-8.56 SrF2
=9.,27 BrCo3
-15,18 S

-0.17 Na2s504

0.18 Na2CO03:H20

-0.44 NaHCO03:Na2C03:2H20
-8.59 BaCO03

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

Phase

Al (OH) 3 (a) -0.
AlumK -18.
Alunite -2.
Anglesite -5.
Anhydrite =2
Anilite -116.
Antlerite -9,
Aragonite =0
Artinite -8.
Atacamite -6 4
Azurite -6.
B-UO2 (OH) 2 ~-5.
BaF2 -8.
Barite 0.
Basaluminite -1.
Birnessite 2%
Bixbyite 3
Blaubleil -107.
BlaubleilII =112,
Boehmite 1.
Brochantite -10
Brucite -6.
Calcite -0.
Celestite -2.
Cerussite =2
CH4 (g) =127,
Chalcanthite -9.
Chalcocite -120.
Chalcopyrite —227 +
Co2 (g) -2.
Cotunnite —-12.
Covellite -106.
Cu (OH) 2 -2.
Cu?2 (OH) 3NO3 =10
Cu2504 =36
CuCo03 -5,
CuF -28.
CufF2 =16,

SI** log IAP

90
41
39
88

«719

96
06
95
95
81
61
12
98
04
14
32
56
70
48
31

.24

29
80
74
66
01
88
79
96
38
80
87
81

.20

94
03
95
75

-21

«99
.61
.62
.68
.14
.98
w171
.28
.74
« 59
+ 16
.47
.74
.95
.56
<92
.00
.86
.76
.99
.10
.64
.28
«37
.81
.86
.53
« 57
«35
.83
.59
-129.
.88
90
=88
-14.

23

87
66

.83
=4 s

32

log K(296 K, 1 atm)

10.89 Al1(OH)3
-5.19 KAl(S04)2:12H20
-1.23 KA13(S04)2(OH)6
-7.80 PbS0O4
-4.36 CaSo04
-32.02 Cul:25Cul.58
8.29 Cu3(OH)4504
=8:33 €alo3
9.70 MgCO3:Mg(OH)2:3H20
7.40 Cu2(0OH)3Cl
3.85 Cu3(OH)2(C03)2
5.59 UO2(OH)?2
-5.76 BaF2
-9.99 BaS04
22.70 Al4(OH)10S04
43.60 MnO2
-0.56 Mn203
~24.16 Cu0.9Cu0.28
-27.28 Cu0.6Cu0.88S
8.68 AlOOH
15.34 Cu4 (OH) 6504
16.93 Mg(OH)?2
-8.47 CaCoO3

-6.63 SrS04
-13.15 PbCO3
-2.85 CH4

-2.64 CuS04:5H20
-34.78 Cu2S
-35.39 CuFeS2

-1.45 cCoO2
-4.79 PbCl2
-22.35 CuS

8.69 Cu(OH)2
9.30 CuZ(OH) 3NO3
-1.93 Cu2804

-9.63 CuCo03
7.12 CuF
-0.58 CuF2
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CuF2:2H20 -12.78 =17:32 -4.54 CuF2:2H20
CuMetal -20.24 -29.06 -8.82 Cu

CuOCus04 -18.30 -6.65 11.65 Cu0:CuS04
CupricFerrite 13.37 19.38 6.01 CuFe204

Cuprite -18.90 -20.47 -1.57 Cu20
CuprousFerrite 5.43 -3.48 -8.91 CuFeO2

Cus04 -15.60 =12.53 3.07 CuS04

Diaspore 3.03 9.99 6.96 AlOOH

Djurleite -119.75 -153.83 -34.08 Cu0.066Cul.868S
Dolomite =2 w11 -19.17 -17.06 CaMg(C03)2
Dolomite (d) -2.67 -19.17 -16.50 CaMg(C03)2
Epsomite -5.62 i -2.15 MgS04:7H20

Fe (OH)2.7C1.3 6.45 3.41 -3.04 Fe(OH)2.7C10.3
Fe (OH) 3 (a) 1.86 6.75 4.89 Fe(OH)3

Fe3 (OH) 8 =5.73 14.49 20.22 Fe3(0H)S8

FeS (ppt) =130.21 -134.12 -3.92 FesS

Fluorite =1 32 -11.94 -10.62 CafF2

Galena =11753 =130+37 =12.85 |PbS

Gibbsite 1.80 9.99 8.19 Al1(OH)3
Goethite 7.71 6s 75 -0.95 FeOOH

Greigite -480.88 -525.92 -45.03 Fe3S84

Gummite -10.01 0.47 10.48 UO3

Gypsum -2.56 -7.14 -4.58 CaS04:2H20

H2 (g) -37.65 -40.79 -3.14 H2

H20(g) 1 555 -0.00 1.55 H20

H2S (g) -127.16 -128.14 -0.98 H2S

Halite =8.37 <=6 T9 1.58 NaCl
Hausmannite 1.09 62.46 61.37 Mn304

Hematite 17 .41 13.51 -3.90 Fe203

Huntite -9.08 -38.96 -29.88 CaMg3(Cc03)4
Hydrocerussite -9.43 -26.89 -17.46 Pb(OH)Z2:2PbC0O3
Hydromagnesite -20.36 -28.95 -8.59 Mg5(C03)4(0H)2:4H20
Jarosite(ss) -4.11 -13.94 ~-9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0H)6
Jarosite-K =423 -13.33 -9.10 KFe3(S04)2(OH)6
Jarosite-Na =7.02 -12.18 ~-5.16 NaFe3(S04)2(0OH)6
JarositeH =11+34 =1 6. 54 -5.20 (H30)Fe3(S04)2 (CH)®6
Jurbanite 5,18 -8.41 -3.23 AlOHSO4

Langite -11.82 5.10 16.92 Cu4d (OH) 6S04:H20
Larnakite -8.69 —8..95 ~-0.26 PbO:PbS0O4
Laurionite -7.05 -6.43 0.62 PbLOHC1

Litharge -8.05 4.73 12.78 PbO

Mackinawite -129.47 -134.12 -4.65 FeS

Maghemite F=l2 13.51 6.39 Fe203

Magnesite =1.89 -9.90 -8.01 MgCO3

Magnetite 10.58 14.49 3.91 Fe304

Malachite ~-3.66 1.56 5.22 Cu2(OH)2CO03
Manganite 1.76 27.10 25.34 MnOOCH

Massicot -8.24 4.73 12.97 PbO

Matlockite -8.57 -18.03 -9.46 PbClF
Melanothallite -20.21 ~-16.44 3.77 CuCl2
Melanterite -15.20 -17.42 -2.23 FeS04:7H20
Minium -22.20 51..83 74.04 Pb304
Mirabilite -8.49 =9, 67 -1.18 Na2S04:10H20
Mn2 (S04) 3 -46.63 =52.21 -5.58 Mn2(S04)3
MnC12:4H20 -16.70 ~-14.05 2.65 MnCl12:4H20

MnS (Green) -130.65 -126.83 3.82 MnS

MnS04 -12.85 -10.13 2.72 MnSo04
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N2 (g) -2.18 -5.44 -3.26 N2

Nad4U02 (C03) 3 =27.37 -43,.66 =~16.29 NadU0O2(C03)3
Nahcolite =5.26 =5, 82 -0.56 NaHCO3
Nantokite -14.60 -21.39 -6.79 CuCl

Natron -10.43 -11.80 -1.36 Na2C03:10H20
Nesquehonite -4.29 -9.90 -5.60 MgCO3:3H20
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) 3C1 =10.50 -1.70 8.79 Pb2 (0OH)3C1
Pb20 (OH) 2 -16.74 9.46 26.20 PbO:Pb(OH)2
Pb203 -13.93 47.11 61.04 Pb203
Pb20C0O3 -10.62 ~-11.08 ~-0.46 PbO:PbCO3
Pb302C03 -17.46 -6.35 11.11 PbCO3:2PbO
Pb302S504 -14.69 -4.22 10.47 PbS04:2PbO
Pb4 (OH) 6504 -20.59 0.51 21.10 ©Pb4(OH) 6804
Pb403S04 -21.71 0.51 22.22 PbS04:3Pb0O
PbF2 -11.03 -18.47 -7.44 PbF2
PbMetal -37.19 ~32.92 4,27 Pb
Pb0O:0.3H20 -8.25 4.73 12.98 Pb0O:0.33H20
Phosgenite =13.59 -33.40 -19.81 PbCl2:PbCO3
Plattnerite -7 .16 42 .38 49.54 Pb02
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 U02CO03
Schoepite -4.98 Q.47 5.44 UO2(OH)2:H20
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 S¥Co3
Sulfur -95.36 -110.41 -15.05 S

Tenorite -1.79 5.88 7.67 CuO
Thenardite -9.49 -9.67 -0.18 Na2s04
Thermonatrite -11.93 -11.80 0.13 Na2C03:H20
Trona -16.89 -17.62 -0.73 NaHCO3:Na2C03:2H20
U (OH) 2504 -43.23 -46.43 -3.20 U(OH)2804
U308 (c) ~-29.71 -8.79 20.92 U308

U409 (c) -71.42 -74.47 -3.04 U409

UF4 (c) -55.88 -74.42 -18.54 UF4
UF4:2.5H20 -46.86 -74.42 -27.57 UF4:2.5H20
Uo2 (a) -28.13 -28.03 0.10 UO2

U03 (gamma) -7.32 0.47 7.78 UO3
Uraninite (c) -23.29 -28.03 -4.74 U02
Witherite -3.51 =12 .08 -8.56 BaCo03
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50 : 50 Mix of Wemlinger Injection Water : Arapahoe Formation Water

Phase SI** log IAP log K(294 K, 1 atm)
Al (OH) 3 (a) -0.49 10.87 11.05 Al1(OH)3

AlumK -17.92 -23.16 -5.24 KA1 (S04)2:12H20
Alunite -1.10 -2.02 -0.92 [KAl3(S04)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 =94 55 =1:.26 8.29 Cu3(OH)4S04
Aragonite -0.89 =9.20 -8.31 CaCo03

Artinite -8.58 1.29 9.88 MgCO3:Mg(OH)2:3H20
Atacamite -6.89 0.63 7.52 |Cu2{0ORH)3Cl
Azurite -7.45 -3.40 4.05 Cu3(0H)2(C03)2
B-UO2 (OH) 2 -4.70 0,97 5.68 UO2(0OH)2

BaF2 -9 1.7 -14.94 -5.77 BaF2

Barite 0.04 -9.99 -10.03 BaS04
Basaluminite 1.10 23.80 22.70 Al4(OH)10S04
Birnessite 5 TT 49.37 43.60 MnO2

Bixbyite 656 6.09 -0.46 Mn203
Blaubleil =121.85 -146.02 -24.16 Cu0.9Cu0.28
BlaubleilI -127.73 -155.01 -27.28 Cu0.6Cu0.88
Boehmite 1.71 10.57 8.85 AlOOH
Brochantite -10.86 4.48 15.34 Cud (OH) 6504
Brucite -6.12 10.98 17.10 Mg (OH)2
Calcite -0.74 -8 20 ~-8.46 CaCo03
Celestite -2.68 =9 .81 -6.62 SrS304
Cerussite -2.83 -16.01 -13.18 PbCO3

CH4 (g) -140.75 -143.58 -2.83 CH4
Chalcanthite -10.08 =12 .74 -2.65 CuS04:5H20
Chalcocite -137.92 -173.01 =35.09 |Cu2s
Chalcopyrite -256.91 -292.52 -35.61 |CuFeS2

CO02 (g) -2.. 5L -3.94 -1.42 CO2

Cotunnite -12.21 -17.03 -4.82 PbCl2
Covellite -120.52 -143.02 -22.50 CuS

Cu (OH) 2 -3. 05 5.74 8.79 Cu(OH)?2

CuZ2 (OH) 3NO3 -10.17 -0.76 9.41 Cu2 (OH)3NO3
Cu2s504 -40.82 =42 .13 -1.91 Cu2S04

CuCO03 -5.30 -14.93 =9.63 |CuCo3

CuF -31.04 -23.84 7.20 |CuF

CufF2 -17.19 ~17.69 -0.49 Cuf2

CuF2:2H20 -1, 17 -17.69 -4.52 CuF2:2H20
CuMetal -23.77 ~32.%0 -8.92 Cu

CuOCuso4 -18.87 -7.00 11.87 CuO:CuS04
CupricFerrite 12..92 19.17 6.25 CuFe204
Cuprite -22.64 -24.25 ~1.61 Cu20
CuprousFerrite 3.47 =5 41 -8.88 CuFeO02

CuS04 ~15.92 =12.74 3.18 CuS04

Diaspore 3.45 10.57 7.12 AlOOCH
Djurleite -136.65 -171.03 -34.38 Cu0.066Cul.868S
Dolomite -1.89 -18.89 -17.00 CaMg(C03)2
Dolomite (d) -2.45 -18.89 -16.43 CaMg(C03)2
Epsomite ~5.. 32 ~7 .49 -2.17 MgS04:7H20
Fe(OH)2.7C1.3 6.50 3.46 -3.04 Fe(OH)2.7C10.3
Fe (OH) 3 (a) 1:82 6.71 4.89 Fe(OH)3

Fe3 (OH) 8 =T7%53 12.69 20.22 Fe3(OH)S8
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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 Al1(OH)3
Goethite 7.58 6.71 -0.86 FeOOH

Greigite -537.30 ~582.34 -45.03 Fe3S54

Gummite -9.65 0.97 10.62 UO3

Gypsum -2.42 ~7.:00 -4.58 CaS04:2H20

H2 (q) -41.14 -44 .27 -3.13 H2

H20 (g) ~-1.61 -0.00 1.61 H20

H2S (g) -140.81 -141.76 -0.95 H2S

Halite -8.02 -6.45 1.57 NaCl
Hausmannite 3.85 65.84 62.00 Mn304

Hematite 17.14 13.43 -3.71 Fe203

Huntite -8.55 -38.27 -29.72 CaMg3(C03)4
Hydrocerussite -9.89 -27.35 -17.46 Pb(OH)2:2PbCO3
Hydromagnesite -19.51 -27.77 ~-8.26 Mgb5(C03)4 (0OH)2:4H20
Jarosite(ss) -4.36 -14.19 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0CH)6
Jarosite~-K -4.67 -13.58 -8.91 KFe3(S04)2(0OH)6
Jarosite-Na =747 -12.41 -4,93 NaFe3(504)2(0OH)6
JarositeH -11.94 -16.81 -4.86 (H30)Fe3(S04)2 (OH)®6
Jurbanite -4.68 -7.91 -3.23 Al1OHS0O4

Langite -12.69 4.48 17.17 Cu4 (OH) 63804:H20
Larnakite -8.92 -9.14 -0.22 PbO:PbSO4
Laurionite -6.81 -6.18 0.62 PbLOHC1

Litharge -8.21 4.67 12.88 PbO

Mackinawite -144.85 -149.50 -4.65 FeS

Maghemite 7.04 13:43 6.39 Fe203

Magnesite -1.72 79 .69 =7:97 MgCo3

Magnetite 8.47 12.69 4.22 Fe304

Malachite -4.17 1.17 5.34 Cu2(OH)2C03
Manganite 3.46 28.80 25.34 MnOOH

Massicot -8.40 4,67 13.07 PbO

Matlockite -8.39 -17.90 -9.51 PbLCI1F
Melanothallite -19.81 -15.96 3.85 CuCl2
Melanterite -16.96 =19.22 -2.26 FeS04:7H20
Minium -19.54 55.14 74.68 Pb304
Mirabilite =8 438 -9.68 -1.30 Na2S04:10H20
Mn2 (S04) 3 -43.99 -49,.33 -5.34 Mn2(S04)3
MnCl2:4H20 -16.01 -13.46 2.54 MnCl2:4H20

MnS (Green) -144.38 -140.52 3.86 MnS

MnS04 -13.06 -10.24 2.82 MnS04

N2 (g) -16.87 -20.11 -3.25 N2

Nad4Uu02 (C03) 3 -27.16 -43.45 -16.29 ©Na4UO02(C03)3
Nahcolite ~5 .33 -5.91 -0.58 NaHCO3
Nantokite -16.12 -22.97 ~6.86 CuCl

Natron -10.41 -11.87 -1.46 Na2C03:10H20
Nesquehonite -4.12 ~9.69 -5.57 MgCO03:3H20

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) 3C1 -10.31 -1.52 8.79 Pb2 (OH)3C1l

Pb20 (OH) 2 -16.87 9:.33 26.20 PbO:Pb(OH)2
Pb203 -10.57 50.47 61.04 Pb203

Pb20C03 -10.95 -11.34 -0.39 PbO:PbCO3
Pb302C03 -17.95 -6.68 11.27 PbCO3:2Pb0O
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Pb302504 ~15.07 ~4.48 10.60 PbS04:2Pb0O
Pb4 (OH) 6S04 -20.91 0.19 21.10 ©Pb4 (OH)6S04
Pb403504 -22.25 0.19 22.44 PbS0O4:3PbO
PbF2 -11.33 -18.76 -7.43 PbF2
PbMetal -40.74 -36.47 4.27 Pb
Pb0O:0.3H20 -8.31 4.67 12.98 Pb0:0.33H20
Phosgenite =13.23 -33.04 -19.81 PbCl2: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 U02C03
Schoepite -4.54 0.97 5.52 UO2(OH)2:H20
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 SrCO03
Sulfur -105.55 -120.65 -15.10 8

Tenorite -2.03 5.74 7.77 |Cu0
Thenardite -9.50 -9.67 -0.17 Na2s04
Thermonatrite -12.03 -11.87 0.15 |Na2cCo3;H20
Trona -17.16 -17.78 -0.62 NaHCO03:Na2C03:2H20
U (OH) 2804 -46.07 -49.,27 -3.20 U (OH)2S04
U308 (c) -31.75 -10.10 21.64 U308

U409 (c¢) -79.63 -82.04 -2.41 U409

UF4 (c) -59.22 -77.65 -18.42 TUFr4
UF4:2.5H20 -50.08 -77.65 -27.56 UF4:2.5H20
Uo2 (a) -30.89 -30.79 0.10 UO02

UO03 (gamma) -6.93 0.97 7.90 U033
Uraninite (c¢) -26.17 =30.79 -4.62 UO2
Witherite — 5 62 -12.19 ~8.57 BaCO3

80 : 20 Mix of Wemlinger 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 Al1(OH)3

AlumK -17.93 =23 22 -5.28 KAl (S04)2:12H20
Alunite -0.84 -1.44 -0.60 KAl13(S04)2(OH)®6
Anglesite -6.40 -14.22 -7.82 PbS04

Anhydrite —2.. 54 -6.88 ~-4.34 CasSo04

Anilite -136.57 -169.14 -32.57 Cu0.25Cul.5S
Antlerite -10.73 -2.44 8.29 Cu3(CH) 4504
Aragonite -0.76 -9.06 ~-8.30 CaCo3

Artinite ~8.:11 1.95 10.06 MgCO3:Mg(OH)2:3H20
Atacamite -7.59 0.04 7.64 Cu2(OH)3Cl
Azurite -8.96 =4 7.2 4.24 Cu3(OH)2(C03)2
B-UO2 (OH) 2 -4.49 1.28 5.76 UO2(CH) 2

BaF2 -9.43 =15:21 -5.78 BaF2

Barite -0.04 -10.12 -10.08 BaS04
Basaluminite 2.16 24.86 22.70 Al4(OH)10S04
Birnessite 6.35 49.95 43.60 MnoO2

Bixbyite 6.61 6.24 -0.37 Mn203
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Meridian Metropolitan District Geochemistry

BlaubleilI -124
Blaubleill -131
Boehmite 1
Brochantite -12
Brucite =5
Calcite -0
Celestite =2
Cerussite -3
CH4 (g) -143
Chalcanthite -10
Chalcocite -141
Chalcopyrite -262
CO2 (qg) -2
Cotunnite -12
Covellite =123
Cu (OH) 2 -3
Cu2 (OH) 3NO3 ~10
Cu2504 -42
CuCo03 =5
CuF =31
CuF2 -17
CuF2:2H20 —1.3
CuMetal -24
CuOCuS04 -19
CupricFerrite 11
Cuprite =23
CuprousFerrite 2
CusSo4 -16
Diaspore 3
Djurleite ~140.
Dolomite -1
Dolomite (d) -2
Epsomite -5
Fe(OH)2.7C1.3 6
Fe (OH) 3 (a) 1
Fe3 (OH) 8 -8
FeS (ppt) -148
Fluorite -1
Galena =133
Gibbsite 2
Goethite 7
Greigite -548
Gummite -9
Gypsum ~2
H2 (g) -41
H20 (g) =]
H2S (g) -143
Halite =7
Hausmannite
Hematite 16.
Huntite —-7.
Hydrocerussite =10.
Hydromagnesite -18.
Jarosite{ss) -5.41
Jarosite-K =5,
Jarosite-Na -8.
JarositeH =13

3.

.82 -148.
.01 -158
.86 10.
.35 2.
.86 11.
.61 9.
.64 9 5
+ 19 -16.
29 -146.
.62 -13
.48 -176.
.59 -298.
.71 -4 .
.28 -17.
.23 -145.
.46 S5
.99 =1
.41 -44.
.83 =15
.96 -24.
.96 ~18.,
.88 =18.
.67 -38.
.85 T
.92 18.
.83 =25
s =6
;58 =13
.62 10.
16 =174,
.59 =18
i 7 —18.
.14 <7
.30 3
.61 G
.46 10
.63 =152+
29 -11.
13 ~-146.
.42 10.
27 6.
.43 -593.
.49 1
.30 T6.
.81 -44.
.68 05
38 -144
88 T 6
59 66.
51 1.3
91 —87 .
85 -28.
53 -26.
-15.24
90 =14
72 =1 B
40 =17

98 -24
o 28 =27
89 9
99 15
41 17
06 -8
26 -6
40 =13
10 =2
28 -2
89 =35
42 -35
10 —,
12 -4
88 ~22
42 8
47 9
29 =1
46 =9
69 7
37 -0
37 -4
70 —9
86 12
42 6
58 =1
.29 -8
.28 3
89 7
84 -34
53 ~16
53 -16
28 —2,
.26 =3
50 4
76 20
54 =3
97 =10
g2 =18
89 8
50 -0
46 -45
.28 10
88 -4
94 ~3
00 1
=218 -0
31 1
22 62
00 -3
47 -29
31 =17
46 =7
=9.83
6l =8.
42 =4
91 -4.

.16
« 28
.03
.34
.27
.45
.62
21
.81
.66
.40
.84
.38
.86
.65
.88
« D2
.88
<63
.28
.41
.49
- 03
.10
.50
.65
.86
.30
« 27
.68
.94
.36
.18
.04
.89
22
92
.68
.09
.47
.77
.03
77
.58
v 12
.68
.92
57
.63
.52
.56
.46
.93

(KO.
71
70
51

Cu0.9Cul.28
Cu0.6Cu0.88

Al1OCH

Cu4 (OH) 6504

Mg (OH) 2

CaCo03

Sr304

PbCO3

CH4

CuS04:5H20

Cu2Ss

CuFeS2

CO2

PbC1l2

cus

Cu (OH) 2

CuZ2 (OH) 3NO3

Cu2804

CuCo3

CuF

CuF2

CuF2:2H20

Cu

Cu0:CusS04

CuFe204

Cuz20

CuFe02

Cuso4

A100H

Cu0.066Cul.868S

CaMg (C0O3) 2

CaMg (C0O3) 2

MgS04:7H20
e(OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaF2

PbS

Al (CH)3

FeOOH

Fe384

Uuo3

CaS04:2H20

H2

H20

H2S

NaCl

Mn304

Fe203

CaMg3 (C03)4

Pb (OH) 2:2PbC0O3

Mg5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04)2 (OH) 6

KFe3 (S04)2 (OH) 6

NaFe3 (S04)2 (OH) o
(H30)Fe3 (S04)2 (0OH) 6
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Jurbanite -4
Langite -14
Larnakite =0
Laurionite -6
Litharge -8
Mackinawite -147
Maghemite G
Magnesite -1
Magnetite 7
Malachite -5
Manganite 3
Massicot -8
Matlockite -8
Melanothallite =20
Melanterite -17
Minium -20
Mirabilite -8
Mn2 (S04) 3 -44
MnCl2:4H20 =15
MnS (Green) -147
MnS04 =13
N2 (g) -18
Nad4U02 (C03) 3 -27
Nahcolite -5
Nantokite -16
Natron -10
Nesquehonite -3
NH3 (g) ~-68
Nsutite 7
02 (g) -1
Pb (OH) 2 =3
Pb2 (OH) 3C1 -10
Pb20 (OH) 2 -17
Pb203 -10
Pb20C0O3 =11
Pb302C03 -18
Pb302504 -15
Pb4 (OH) 6504 -21
Pb403504 -23
PbF2 -11
PbMetal -41
Pb0:0.3H20 -8
Phosgenite -13
Plattnerite -4
Portlandite -11
Pyrite -243
Pyrochroite =7
Pyrolusite 7
Rhodochrosite -1
Rhodochrosite (d)

Rutherfordine ~5.
Schoepite -4
Siderite -11
Siderite(d) (3) -11.
SrF2 =5
Strontianite -2
Sulfur -107

« 58
.43
.56
.94
.50
. 89

61

.54
.22
.11

70

+ 69
+ 65
i
.65
.06
.31
.78
.90
.06
.48
.42
.12
.40
.67
.34
.94
.86
i 39
.75
89
.62
.23
.26
.60
87
.98
.87
.42
.88
.59
.50
.71
.13
.47
2.3
.06
+53
.64
-2 .36

18

.32
.27

67

w7 9
«l7
«+45

~12

1

=22.
=22
=14
.44

=11

=122,

.81
190
« 43
D2
.48
.54
.00
.47
.76
.35
.04
.48
21
18
~94
.27
72
.87
w7
«17
=57
.66
A 1
.00
58
.90
.47
.96
+ 95
.60
.48
+83
-
.78
.91
.43
.25
all
<717
« 31
. 33
.48
.52
.30

11.
=262

8

49.
« 15
-12..75
—-19.
.28

82
03
14
95

61
12
12

35

60

61.
~-0.
1.1
10.
21.
22
=

4

12.

19
50
23
18
15
42
11

-1.0. 39
14.
b
10.
I8
=8
=9
15.

w23
.42
=18
.62
.98
.65
.39
- 93
.54
.46
.34
=18
.56
o 3
w29
o33
.42
.09
«43
«89
.92
.24
« 29
.6l
.92
.56
- 53
« 90
« 56
.84
« 57
« 19
.20
04
32
44
73
10
66
43
.26
98
.81
- 43
.29
.66
.20
.42
«

43
60
85
45
56
27
15

A1OHSO4

Cud (OH) 6S04:H20
PbO:PbS04
PbOHC1

PbO

FeS

Fe203
MgCO3

Fe304

Cu2 (OH) 2C03
MnOOH

PbO

PoClF

CuCl2
FeS04:7H20
Pb304
Na2304:10H20
Mn2 (S04) 3
MnC12:4H20
MnS

MnS0O4

N2
NaduO02 (C03) 3
NaHCO3

CuCl
Na2C03:10H20
MgCO3:3H20
NH3
MnO2

02

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203
PbO:PbCO3
PbCO3:2Pb0O
PbS04 : 2Pb0O
Pb4 (OH) 6504
PbS04:3Pb0O
PbF2

Pb
Pb0O:0.33H20
PbCl2:PbCO3
Pb02

Ca (OH) 2
FeS2
Mn (OH) 2
MnO2

MnCO3

MnCO3
U02C0o3

UO2 (OH) 2:H20
FeCO3

FeCO3

SrF2

SrC03

S

72



Blotevogel Environmental Consulting

Meridian Metropolitan District Geochemistry

Tenorite -2.
Thenardite -9.
Thermonatrite -12.
Trona =17 .
U (OH) 2504 -46.
U308 (c) =31
U409 (c) -80
UF4 (c) -60
UF4:2.5H20 -50.
U02 (a) -31
UO3 (gamma) -6
Uraninite{c) -26
Witherite -3

44
55
07
40
45
60

.22
=23

97

+ 05
.75
.45
.72

-9

=81.
=78
-78.
~30.
.28
-30.
-12.

.42

9.
-11.
=L7.
=49,
.22

72
90
91
65

99
53
53
95

95
30

.86
.17
.17
ol
.20
.38
17
=31
=56
wik @
.03
.50
.58

CuO

Na2504
Na2C0O3:H20
NaHCO3:Na2C03:2H20
U (OH) 2504
U308

U409

UF4
UF4:2.5H20
Uo2

Uo3

uo2

BaCo03

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

Phase

Al (OH) 3 (a) -0
AlumK -16
Alunite -0
Anglesite -5
Anhydrite -2
Aragonite -1
Artinite -10
B-U0O2 (OH) 2 =5
BaF2 -9
Barite 0.
Basaluminite 2.
Birnessite 5.
Bixbyite 5.
Boehmite 1.
Brucite =7
Calcite =1!
Celestite =2
Cerussite =2
CH4 (g) -142
CO2 (g) -2
Cotunnite -12
Diaspore 3.
Dolomite -2
Dolomite {(d) -3
Epsomite -5
Fe(OH)2.7Cl1.3 6.
Fe (OH) 3 (a) 1.
Fe3 (OH) 8 -8
FeS (ppt) -147
Fluorite =1
Galena =132
Gibbsite 2.
Goethite 7.
Greigite ~543
Gummite =10
Gypsum -2
H2 (g) -41
H20(g) =1

SI** log IAP

« 55
.90
.27
.63
. 83
.25
« 1.1
s 30
« 05

06
33
67
14
63

ol 7
.10
72
« 62
v 23
.14
s 33

40

.78
.36
.57

39
71

.09
.19
< 218
.42

21
33

.01
.33
= g
« 713
.71

10.
21
70,
-13.
7.
=9
0.

0.
-14.
-10.
25
49,
4.
10.
10.
9.
79
=15
=145 .
=3,
-17.
. 14

-22

10

-19.
=19.
wid
.35
6.
12.
=151.
S
-145,
.74
6.
-588.
0.
7«
-44,
70

=7
3

10

74

72
46
14
55
03
50
83
03
03
27
81
74
18
55
34
84
03
52
21

69
69

60
13
11
97
56

60
05
50
17
85
00

log K(290 K,

«30
s
.46
.83
.34
29
.14
.80
w8
«10
.70
.60
.33
il
.35
.44
.62
222
=80
.38
.88
w4
.91
.33
ige
.04
.89
.22
.92
.69
.14
.54
3
.83
.83
« 58
.12
wd 1

1 atm)

Al (OH) 3

KAl (S0O4)2:12H20
KA13(S04)2 (OH) 6
PbS04

CasSo04

CaCo03
MgCO3:Mg (OH) 2:3H20
UO2 (OH) 2

BaF2

BasS0O4

Al4 (OH)10S04
MnO2

Mn203

A100H

Mg (OH) 2

CaCo03

SrS04

PbCO3

CHA4

CcOo2

PbC12

A100H

CaMg (C03) 2
CaMg (C03) 2
MgS04:7H20

Fe (OH)2.7C10.3
Fe (OH) 3

Fe3 (OH) 8

FeS

CaF2

PbS

Al (OH) 3

FeOOH

Fe384

Uuo3

CaS04:2H20

H2

H20
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H2S (g) -142.
Halite =8 u
Hausmannite 1.
Hematite 16.
Huntite -10.
Hydrocerussite -9.
Hydromagnesite -22.
Jarosite(ss) ~3.87

Jarosite-K -4
Jarosite-Na =7
JarositeH =11
Jurbanite =3
Larnakite -8
Laurionite -6
Litharge -8
Mackinawite -146
Maghemite 6.
Magnesite =2
Magnetite T
Manganite 3
Massicot -8
Matlockite -8
Melanterite -16
Minium -20
Mirabilite =7
Mn2 (S04) 3 -44
MnCl2:4H20 -16
MnS (Green) -146
MnS04 = e
N2 (g) -17
Nad4UO02 (C03) 3 -26
Nahcolite -4
Natron -9
Nesquehonite -4
NH3 (g) -68
Nsutite 6
02 (g) -2
Pb (B0O2) 2 -13
Pb (OH) 2 -3
Pb2 (OH) 3C1 -10
Pb20 (OH) 2 -17
Pb203 -10
Pb20C03 -11
Pb302C03 -18
Pb302504 -15
Pb4 (OH) 6504 -21
Pb403504 -22
PbF2 -10
PbMetal -41
Pb0:0.3H20 -8
Phosgenite ~13
Plattnerite -4
Portlandite -12
Pyrite -240
Pyrochroite =7
Pyrolusite 6
Rhodochrosite s

09 =143.
04 =6
42 64.
63 13
49 -39.
73 =27
62 -30.
-13.70
33 -13.
11 =11
13 =16
.97 =T=
582 -8
.98 -6.
.54 4.
.46 -151.
81 13.
223 =10.
45 12
06 28.
w4 4,
15 -17.
.70 —1 9,
.44 B,
.73 ~8h.
.03 —49.
.54 ~14.
.42 -142.
.37 -10.
2 53 =20
.67 =42,
« 93 .
« 97 —1.L,
.63 -10.
.26 -66.
.70 48.
#31 =5
« 98 =6
« 93 4.
67 =L,
.24 8,
e 50.
.07 —1 1.
.39 -6.
.28 -4
il L =0
.77 =0,
.83 -18.
« 5l =87
.50 4
.23 - B3,
.41 46.
.61 10.
.73 =259
.66 T
=07 49,
.68 -12.

00 =
47 1
34 62.
.20 =8l
98 =29,
LA =17
40 A,
-9.83
16 -8B
71 -4
09 =i
20 -3
.98 -0
36 0.
48 13
A -4
20 6.
14 =17
¢ 13 4
40 25
48 13
73 -9
01 -2
18 75
20 =,
01 ~4
15 2.
51 3.
41 2
76 =3
96 -16.
55 =0
57 -1
14 -5
34 1.
27 42
14 =2
23 Ts
48 g
88 B
96 26
70 61
35 —{
87 el
.50 10
01 21
01 22
26 =7
25 4
.48 12
04 -19
21 50.
77 23.
42 -18.
54 15
27 42.
78 -11

91

56

92
43
48

.46

78
(KO.

.62
.60
.36
23
.16

62

.03
.65

39

«91

68

.34
22
.58
.30
.62
.47
.98

38
91
96

23

29

.62
.61
-5l

92

.56
<83

72
41
79

.20
.04
.29
.52
.48
1@
« 76
43
.26
.98
.81

63
38
69

.20

60

.10

H2S

NaCl

Mn304

Fe203

CaMg3 (C03) 4

Pb (OH) 2: 2PbC0O3

Mgb5 (CO3) 4 (OH) 2:4H20
77Na0.03H0.2)Fe3(S04)2 (OH) 6

KFe3(S04)2 (OH) 6

NaFe3 (S04)2 (OH) 6
(H30)Fe3 (S04)2(0H) 6

A10HSO4
PbO:PbS0O4
PbOHC1
PbO
FeS
Fe203
MgCO3
Fe304
MnOOH
PbO
PbC1F
FeS0O4
Pb304
Na23504:10H20
Mn2 (S04) 3
MnCl12:4H20
MnS

MnS04

N2

NadU02 (C03) 3
NaHCO3
Na2C03:10H20
MgCO3:3H20
NH3

MnO?2

02

Pb (BO2) 2

Pb (OH) 2

Pb2 (OH) 3C1
PbO:Pb (OH) 2
Pb203
PbO:PbCO3
PbCO3:2Pb0O
PbS04 : 2Pb0O
Pb4 (OH) 6504
PbS04 : 3PbO
PbF2

Pb
Pb0O:0.33H20
PbC12:PbCO3
Pb0O2

Ca (OH) 2

FeS2

Mn (OH) 2

MnO2

MnCO3

:7H20
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Rhodochrosite(d) -2.39 -12.78 -10.39 MnCO3
Rutherfordine -5.39 -19.82 -14.42 U02C03
Schoepite -5,183 0.50 5.63 UO2 (0OH)2:H20
Siderite -10.54 -21.38 -10.84 FeCO3
Siderite(d) (3) -10.93 -21.38 -10.45 FeCO3

SrF2 -5.58 -14.14 -8.56 SrF2
Strontianite -2.45 -11.72 -9.27 SrCo03

Sulfur -106.28 -121.46 -15.17 S

Thenardite -9.03 -9.20 -0.17 Na2S04
Thermonatrite =11.:75 =11.57 0.18 Na2C03:H20
Trona -16.66 =1l -0.46 NaHCO03:Na2C03:2H20
U (OH) 2504 -46.28 -49.48 -3.20 U(OH)2504
U308 (c) -33.87 -11.16 22.71 U308

U409 (c) -82.95 ~-84.44 -1.48 U409

UF4 (c) -58.77 -77.02 -18.25 UF4
UF4:2.5H20 -49.47 -77.03 -27.56 UF4:2.5H20
Uo2 (a) -31.64 =31 »54 0.10 UO2

U03 (gamma) -7.58 0.50 8.08 UO3
Uraninite(c) -27.09 -31.54 -4.45 UO2
Witherite =3.83 -12.41 -8.58 BaCO03

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

Phase SI** log IAP log K(290 K, 1 atm)
Al (OH) 3 (a) -0.19 1t.12 11.31 Al1(OH)3

AlumK -16.76 -22.07 -5.31 KAl1(S04)2:12H20
Alunite 0.60 Q.17 -0.43 KAl1l3(S04)2 (0OH)6
Anglesite -5.81 -13.04 -7.83 PbS0O4
Anhydrite -2.68 -7.01 -4.34 Caso4
Aragonite =1.22 -9.41 -8.29 CaCo03

Artinite -9.43 0.73 10.15 MgCO3:Mg (OH)2:3H20
B-UO2 (OH) 2 -4.81 1.00 5.81 UO2(OH)2

BaF2 -9.25 -15.03 -5.78 BaF2

Barite 0.02 -10.08 -10.10 BasSo0O4
Basaluminite 3.68 26.38 22.70 Al4(OH)10S04
Birnessite 5.893 49.53 43.60 MnO2

Bixbyite 5.39 5.08 -0.32 Mn203

Boehmite 1:99 117,12 9.13 AlOOH

Brucite -6.76 10.61 17.36 Mg(OH)2
Calcite -0.97 -9.41 -8.44 CaCo03
Celestite -2.67 -9.29 -6.62 SrSo4
Cerussite -2.81 -16.03 -13.22 PbCO3

CHA4 (g) -143.33 -146.12 -2.79 CHA4

CO2 (q) -2.31 -3.68 -1.37 cCo02

Cotunnite -11.95 ~16.83 -4.88 PbCl2

Diaspore 3:%6 11.12 7.36 AlOOH

Dolomite =2:38 -19.29 -16.91 CaMg(C03)2
Dolomite (d) -2.96 -19.29 -16.33 CaMg(C03)2
Epsomite =5 .29 -7.49 -2.19 MgS04:7H20
Fe(OH)2.7Cl1.3 6.30 3.26 -3.04 Fe(OH)2.7Cl10.3
Fe (OH) 3 (a) 1.57 6.46 4.89 Fe(OH)3

Fe3 (OH) 8 -8.63 11.59 20.22 Fe3(OH)S8

FeS (ppt) -148.53 -152.44 -3.92 FeS

Fluorite =1.27 -11.97 -10.69 CaF2

Galena =133:51 -146.67 -13.15 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 Fe354

Gummite -9.85 1.00 10.85 U033

Gypsum -2.43 =7 .01 -4,58 CaS04:2H20

H2 (g) -41.97 -45.09 -3.12 H2

H20(qg) -1.71 -0.00 1.71 H20

H2S (qg) -143.16 -144.07 -0.91 H2S

Halite -7.82 -6.26 1.56 NaCl
Hausmannite 1.68 64.65 62.97 Mn304

Hematite 16.33 12.91 -3.41 Fe203

Huntite -9.57 -39.04 -29.47 CaMg3(C03)4
Hydrocerussite -10.14 -27.60 ~17.46 Pb(OH)2:2PbC0O3
Hydromagnesite -21.16 -28.91 -7.75 Mg5(C03)4 (0OH)2:4H20
Jarosite(ss) -4.55 -14.38 -9.83 (KO.77Na0.03H0.2)Fe3(504) 2 (CH) 6
Jarosite-K =5 21 -13.82 -8.61 KFe3(S04)2(CH)6
Jarosite-Na =785 ~12.44 -4.58 NaFe3(S04)2 (0OH) 6
JarositeH -12.49 -16.82 =4 .33 (H30)Fe3(504) 2 (OH) 6
Jurbanite ~3.74 -6.97 -3.23 AlOHS0O4
Larnakite -9.02 -9.18 -0.16 PbO:PbSO4
Laurionite -6.81 -6.18 0.62 PbOHC1
Litharge -8.58 4.46 13.04 PbO
Mackinawite -147.80 -152.44 -4.65 FeS

Maghemite 6.53 12.91 6.39 Fe203
Magnesite ~1.: 97 =988 -7.91 MgCO3
Magnetite 6.88 11 .59 4.71 Fe304
Manganite Bt A1 28 .55 25.34 MnOOH
Massicot -8.78 4,46 13.23 PbO

Matlockite -8.12 -17.71 -9.58 PbClF
Melanterite -17.11 -19.42 -2.31 FeS04:7H20
Minium -20.33 55.34 75.67 Pb304
Mirabilite -7.85 -9.33 -1.48 Na2S04:10H20
Mn2 (S04) 3 -44.25 -49.20 -4.96 Mn2(S04)3
MnCl12:4H20 -16.10 -13.72 2.37 MnCl2:4H20

MnS (Green) -147.47 ~-143.56 3.91 MnS

MnS04 -13.50 -10.53 2.97 MnS0O4

N2 (g) -17.99 -21.23 -3.23 N2

Nad4U02 (C03) 3 -26.65 -42.94 -16.29 ©Nad4U02(C03)3
Nahcolite -5.08 =5 .. 70 -0.62 NaHCO3

Natron -10.11 -11.72 -1.61 Na2C03:10H20
Nesquehonite =4, 37 -9.88 ~-5.51 MgCO3:3H20

NH3 (g) -68.85 -66.92 1.93 NH3

Nsutite 6.97 49,53 42 .56 MnO2

02 (qg) -1.91 -4.74 -2.83 02

Pb (B0O2) 2 -14.39 -6.66 7.72 Pb(B0O2)2

Pb (OH) 2 -3.96 4.46 8.42 Pb(0OH)2

Pb2 (OH) 3C1 -10.52 -1.73 8.79 Pb2(0OH)3Cl
Pb20 (OH) 2 -17.29 8.91 26.20 PbO:Pb(CH)2
Pb203 -10.16 50.88 61.04 Pb203

Pb20CO3 -11.29 -11.57 -0.28 PbO:PbCO3
Pb302C03 -18.65 =T wl? 11.53 PbCO3:2Pb0O
Pb302504 ~15 52 -4.72 10.80 PbS04:2Pb0O

Pb4 (OH) 6504 -21.37 -0.27 21.10 Pb4 (OH) 6504
Pb403S04 -23.04 -0.27 22.78 PbS04:3PbO
PbF2 -11.16 -18.59 -7.43 PbF2

PbMetal -41.78 -37.52 4.26 Pb

Pb0:0.3H20 -8.52 4.46 12.98 Pb0:0.33H20
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Phosgenite -13.05
Plattnerite -4.24
Portlandite ~12.32
Pyrite -242.90
Pyrochroite ~-7.64
Pyrolusite 6.90
Rhodochrosite -1.82
Rhodochrosite(d) -2.54
Rutherfordine -5.07
Schoepite -4.64
Siderite -10.97
Siderite(d) (3) -11.36
SrF2 -5.68
Strontianite -2.41
Sulfur -107.12
Thenardite -9.16
Thermonatrite -11.90
Trona -16.98
U (OH) 2504 -46.17
U308 (c) -32.64
U409 (c) -81.69
UF4 (c) -59.12
UF4:2.5H20 -49.80
U2 (a) -31.37
U03 (gamma) -7.10
Uraninite(c) -26.83
Witherite -3.88

=82 ;

46
11
-261

~1.9

=21
-14

-9

~i.1

=7

-77

-81
-12

86

.43
.08
«59
.56

49.
~-1.2.

rl2.93
.49
.00
=215

53
93

81

.81
.24

=11l
-122.

68
30

« 33
.72
-17.
-49.
.87
=834
.36
« 36
~81.
.00
.27
.47

43
37

12

27

=19
50
23
-18.
15.
42.
-11.
~-10.. 39

-8

-0.

-3

22,

-4.
-8.

81
67
40
70
20
64
10

.42
.64
.84
.45
.56
s 27
.18
17
.18
.45
.20
77
.43
.24
.56
.10
.09
44
59

PbC1l2:PbCO3
Pb0O2

Ca (OH) 2
FeS2

Mn (OH) 2
MnO2

MnCO3

MnCO3
U02Cco3
UO2 (OH) 2:H20
FeCO3

FeCO3

SrF2

SrCo3

5

Na2S04
Na2C03:H20
NaHCO3:Na2C03:2H20
U (OH) 2504
U308

U409

Ur4
UF4:2.5H20
Uo2

Uo3

uo2

BaCO3

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

Phase

Al (OH) 3 (a) -0
AlumK =17
Alunite 0.
Anglesite -6
Anhydrite -2
Aragonite -0
Artinite -8
B-UO2 (OH) 2 -4
BaF2 -9
Barite =0
Basaluminite 3.
Birnessite 6.
Bixbyite 5.
Boehmite 2o
Brucite -6
Calcite -0
Celestite =2
Cerussite =3
CH4 (qg) -144
CO2 (g) =2
Cotunnite -12
Diaspore 3
Dolomite il
Dolomite (d) -2

SI** log IAP

«15
w23

22

.26
1S
<91
.63
52
.48
Q7

59
07
49
04

w3
.76
.64
=18
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Al (OH) 3

KA1 (S0O4)2:12H20
KA13(S04)2 (OH) 6
PbS04

CaSo4

CaCo03
MgCO3:Mg (OH) 2:3H20
UO2 (OH) 2

BaF2

BaS04

Al4 (OH)10S04
MnO2

Mn203

A10O0OH

Mg (OH) 2

CaCo03

Srso4

PbCO3

CH4

C0o2

PbCl2

A10O0H

CaMg (C03) 2

CaMg (C03) 2
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Blotevogel Environmental Consulting Meridian Metropolitan District Geochemistry

Epsomite -5.09 -7.29 ~2.20 MgS04:7H20

Fe (OH)2.7C1.3 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 -9.064 10.58 20.22 Fe3(OH)8

FeS (ppt) -149.77 -153.69 -3.92 FeS

Fluorite -1.27 -11.97 -10.70 CaFz2

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 Fe3Ss4

Gummite ~9.57 1.29 10.86 UO3

Gypsum -2.30 ~6.89 -4.58 CaS04:2H20

H2 (qg) -42.11 -45.23 ~-3.12 H2

H20 (g) ~-1.72 -0.00 1.72 H20

H2S (g) -144.03 -144.93 -0.91 H2S

Halite =7:78 =6 .22 1.56 NaCl
Hausmannite 1.76 64.79 63.03 Mn304

Hematite 15.68 12.28 -3.40 Fe203

Huntite =8.55 -38.00 -29.46 CaMg3(C03)4
Hydrocerussite -11.02 -28.48 -17.46 Pb(OH)2:2PbCO3
Hydromagnesite -19.54 ~27.26 -7.73 Mgh(CO03)4 (OH)2:4H20
Jarosite(ss) -6.06 -15.89 -9.83 (K0.77Na0.03H0.2)Fe3(S04)2(0H)6
Jarosite-K -6.71 -15.30 -8.59 KFe3(S04)2(0OH)6
Jarosite-Na -9.44 -14.00 -4.56 NaFe3(S04)2(0OH)6
JarositeH -14.:15 -18.44 -4.30 (H30)Fe3(S04)2(0OH)®6
Jurbanite -4.02 =7.25 -3.23 AlOHS0O4
Larnakite -9.01 -9.76 -0.15 PbO:PbS0O4
Laurionite =6.95 -6.33 0.62 PbOHCI
Litharge -8.71 4,34 13.05 PbO
Mackinawite -149.04 -153.69 -4.65 FeS

Maghemite 5.89 12.28 6.39 Fe203
Magnesite -1.69 -9.60 -7.91 MgCO3
Magnetite 5.84 10.58 4.74 Fe304
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 FeS04:7H20
Minium -20.61 55.12 75.73 Pb304
Mirabilite -8.06 -9.55 -1.49 Na2s504:10H20
Mn2 (S04) 3 -45.,17 -50.11 -4.94 Mn2(s04)3
MnCl2:4H20 -16.13 -13.76 2.37 MnC1l2:4H20

MnS (Green) -148.34 -144.43 3.91 MnS

MnS0O4 -13.85 -10.87 2.98 MnS0O4

N2 (g) -18.52 =21 +75 -3.23 N2

Naduo02 (C03) 3 -26.89 -43.18 -16.29 Nad4u02(C03)3
Nahcolite =B .28 =5,90 -0.62 NaHCO3

Natron -10.24 -11.87 -1.62 Na2C03:10H20
Nesquehonite —& 10 -9.60 -5.51 MgCO3:3H20

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 (B0O2) 2 =15:31 -7.58 7.73 Pb(B0O2)2

Pb (OH) 2 -4.09 4,34 8.43 Pb(OH)2

Pb2 (OH) 3C1 -10.78 =1,99 8.79 Pb2(0OH)3C1l
Pb20 (OH) 2 ~17.53 8.67 26.20 PbO:Pb(OH)2
Pb203 -10.26 50.78 61.04 Pb203

Pb20CO3 -11.80 -12.07 -0.27 PbO:PbCO3
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Blotevogel Environmental Consulting Meridian Metropolitan District Geochemistry

Pb302C0O3 -19.28 -7.74 11.54 PbCO3:2Pb0O
Pb302504 -16.24 -5.42 10.81 PbS04:2PbO
Pb4 (OH) 6504 -22.19 -1.09 21.10 Pb4 (OH)6S04
Pb403S04 -23.88 -1.09 22.80 PbS04:3Pb0O
PbF2 -11.75 -19.18 -7.43 PbF2
PbMetal -42.04 -37.78 4.26 Pb
PbO:0.3H20 -8.64 4,34 12.98 Pb0:0.33H20
Phosgenite -13.59 -33.40 -19.81 PbCl2:PbCO3
Plattnerite -4.26 46.45 50.70 PbO2
Portlandite -11.87 11..55 23.42 Ca(OH)2
Pyrite -244 .86 -263.56 -18.70 FeS2
Pyrochroite -7.64 7.56 15.20 Mn(OH)2
Pyrolusite 7.00 49.67 42.67 MnO2
Rhodochrosite -2.09 -13.19 ~-11.10 MnCO3
Rhodochrosite(d) -2.80 -13.19 -10.39 MnCO3
Rutherfordine -5.03 -19.45 -14.42 U02C03
Schoepite -4.35 1.29 5.64 UO2(0OH)2:H20
Siderite -11.61 -22.45 -10.84 FeCO3
Siderite(d) (3) =-12.00 -22.45 -10.45 FeCO3

SrF2 -5.78 -14.34 -8.56 SrF2
Strontianite -2.30 ~-11.57 -9.27 SrCO03
Sulfur -107.85 -123.03 -15.18 S
Thenardite -9.38 =0, 55 -0.17 Na2S04
Thermonatrite =12.05 =11+87 0.18 Na2C03:H20
Trona =17.33 -17.77 -0.44 NaHCO03:Na2C03:2H20
U (OH) 2504 -46.33 -49.53 -3.20 TU(OH)2504
U308 (c) -31.90 -9.06 22.83 U308

U409 (c) -80.90 -82.27 -1.37 U409

UF4 (c) -59.89 -78.12 -18.23 UF4
UF4:2.5H20 -50.56 -78.12 -=-27.56 UF4:2.5H20
U02 (a) -31.20 -31.10 0.10 UO2

UO3 (gamma) -6.81 1.29 8.10 UO3
Uraninite (c) -26.66 =31.10 -4.43 UO02
Witherite =3.90 =12.49 -8.59 BaCo03
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COLORADO

Water Gluality
Control Commission

Departrnent of Pubic Mealth & Ervireniment

DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT

Water Quality Control Commission

REGULATION NO. 41 - THE BASIC STANDARDS FOR GROUND WATER

5 CCR 1002-41

ADOPTED: January 5, 1987
EFFECTIVE: March 2, 1987
AMENDED: August 7, 1989
EFFECTIVE: September 30, 1989
AMENDED: September 11, 1990
EFFECTIVE: October 30, 1990
AMENDED: October 8, 1991
EFFECTIVE: November 30, 1991
AMENDED: December 6, 1993
EFFECTIVE: January 31, 1994
AMENDED: February 8, 1994
EFFECTIVE: March 30, 1994
AMENDED: January 10, 1995
EFFECTIVE: March 2, 1995
AMENDED: March 13, 1996
EFFECTIVE: April 30, 1996
AMENDED: January 13, 1997
EFFECTIVE: March 3, 1997
AMENDED: July 14, 1997
EFFECTIVE: August 30, 1997
AMENDED: January 11, 1999
EFFECTIVE: March 2, 1999

TRIENNIAL REVIEW: October 10, 2000

AMENDED: November 13, 2001
EFFECTIVE: December 30, 2001
AMENDED: November 8, 2004
EFFECTIVE: March 22, 2005
AMENDED: January 14, 2008
EFFECTIVE: May 31, 2008
AMENDED: October 13, 2009
EFFECTIVE: November 30, 2009
AMENDED: September 11, 2012
EFFECTIVE: January 31, 2013
AMENDED: May 9, 2016
EFFECTIVE: June 30, 2016
AMENDED: November 14, 2016
EFFECTIVE: December 30, 2016

4300 Cherry Creek Drive S, Denver, €O 80246-1530 P 303-692-3463  F 303.691.7702 www.colorado.gov/wgcc
John W, Hickenlooper, Governor Larry Wolk, MD, MSPH, Executive Director and Chief Medicat Officer



GROUND WATER QUALITY STANDARDS

TABLE A

GROUND WATER ORGANIC CHEMICAL STANDARDS

(in micrograms per liter)

Parameter CAS No. STANDARD'
Hydrazine/Hydrazine sulfate® 302-01-2 0.012

Indeno (1,2,3-cd) pyrene (PAH)C 193-39-5 0.0048
Isophorone® 78-59-1 140
Malathion 121-75-5 140
Methanol 67-56-1 14,000
Methoxychlor® 72-43-5 35 to 40M
Methylene bis(N,N'-dimethyl)aniline 4,4° 101-61-1 0.76
Metribuzin 21087-64-9 180

Mirex 2385-85-5 14
Naphthalene (PAH) 91-20-3 140
Nitrobenzene 98-95-3 14
Nitrophenol 4 100-02-7 56
Nitrosodimethylamine NC(NDMA) 62-75-9 0.00069
Nitrosodiphenylamine N° 86-30-6 7.1
N-Nitrosodiethanolamine® 1116-54-7 0.013
N-Ni‘crosodi-n—propylamineC 621-64-7 0.005
N-Nitroso-N-MethylethyIamineC 10595-95-6 0.0016
Oxamy! (vydate)® 23135-22-0 175 to 200"
PCBs®®° 1336-36-3 0.0175 to 0.5
Pentachlorobenzene 608-93-5 5.6
Pentachlorophenol® ® 87-86-5 0.088 to 1.0"
Perchlorate 7790-98-9 4.9

12
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April 12, 2017
C0-0002-16

Linda Bowling

U.S. Environmental Protection Agency, Region 8
MAIL CODE 8P-W-GW

1595 Wynkoop Street

Denver, CO 80202

Dear Linda:

Hemenway Groundwater Enginsanng, Inc.

Subject: Supplemental Data Request for the Rule Authorization for Underground Injection at
Meridian Metropolitan District Denver Well DE-1R and Arapahoe Well A-4

As you requested in our telephone conversation yesterday, I am submitting the proposed
Aquifer Storage and Recovery (ASR) Pilot Test Program for Meridian Metropolitan District
(MMD). This is a supplemental data request for the pending Rule Authorization for ASR
injection operations for two wells for MMD. One well is completed in the Denver formation
(Well DE-1R) and one in the Arapahoe formation (Well A-4). MMD is currently proposing
testing in Well A-4.

The following ASR pilot test program is for Well A-4:

Prior to any testing, coordination with MMD staff will be required regarding use of the ASR
pilot test well during normal water supply operations. Continued communication with MMD
staff will be maintained throughout the testing program to identify any changes in the
operation or discharge from the well. Criteria for discharges of recovered water from the
wells during the testing will be coordinated with MMD staff and Colorado Department of
Public Health and Environment (CDPHE). MMD will be the responsible team member to
hold the permit and maintain the discharge requirements. MMD staff will conduct reviews
of the permit requirements and site facilities throughout the ASR testing program. In
addition, all injection and discharge volumes will be metered by Hemenway Groundwater
Engineering (HGE) for water rights considerations by MMD. Depending on MMD criteria
and direction, recovered water during the three cycle tests may be pumped into MMD’s raw
water system and subsequently treated for potable uses or discharged to the sanitary sewer
system for disposal.

Three injection/storage/recovery cycle tests will be completed during the pilot testing. The
first of the three cycle tests will be of a short duration. Typically, the first injection is
continuous for three days and then the water is immediately recovered with little storage time
in the Arapahoe aquifer. This test provides for a simple confirmation of the water quality
compatibility assessments made prior to the testing. The second cycle test will run with
seven days of injection followed by seven days of storage in the aquifer prior to recovery.
This test is used to further confirm the water compatibility issues related to ASR operations,

17011 Lincoln Avenue, PMB 416 Phone: 303-805-1750
Parker, Colorado 80134 Fax: 303-805-1850
Email: chemenwayl @msn.com
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as well as to identify the effects of storing the injected water in the Arapahoe aquifer. If the
first two tests indicate that ASR operations are feasible at the site, an extended-duration test
will be conducted to determine the actual operating criteria for long-term ASR operations in
the wells. This test usually runs injection up to 45 days continuously with storage in the
aquifer for 30 to 60 days prior to recovery. All of the proposed testing is predicated on the
availability and delivery schedule for the WISE water to be used in the ASR testing.

HGE will be responsible for coordinating and/or collecting the water quality information and
samples during ASR testing phases. Field water quality data sheets will be prepared and
posted in the existing well vault at Well A-4. Field sampling protocols will be
communicated to all personnel participating in the collection of field data from the ASR
tests. Daily flow rates (injection and pumping), flow totalizer meter readings, and well water
levels will be collected on a daily basis. Water level data for each of the tests will be
automatically recorded by a surface data logger and pressure transducers installed in the well.
Field water parameters of temperature, pH, and specific conductance will be collected by
HGE staff on a frequent basis throughout the ASR test phases (injection and pumping).
Additional field tests for chlorine, iron, manganese, and arsenic may be measured and
recorded by HGE as the tests require. In addition to the field water quality data collection,
sand content measurements will be recorded on a daily basis during all recovery (pumping)
phases of the testing. All field data sheets will be posted in the well vault for inspection by
MMD, CDPHE, EPA, or other regulatory agency personnel.

During all injection phases, bypass filter information will be recorded by HGE. Bypass filter
data will be used to identify plugging issues and sediment loading during injection. The
bypass filter equipment will be located in the well vault. Total flow and instantaneous flow
rates through the bypass filter pipeline, line pressure, and visual observation of the filter
element will be recorded by HGE during all injection phases of the ASR testing.

Two comprehensive laboratory water quality samples will be collected during the three ASR
test cycles to identify the quality of the recovered water prior to incorporation into the
potable water supply system. The recovered water will be discharged to the raw water
transmission pipeline and treated at the MMD treatment facility. The two comprehensive
water quality samples will be collected during the first and third recovery cycles to provide
geochemical information and to- verify the quality of the water being discharged to the raw
water system prior to treatment. HGE will notify MMD staff prior to each sampling event to
coordinate any split sample requirements during the ASR testing. The preliminary list of
water quality constituents required for analysis during the testing is shown in Table 1.
Additional samples for analyses of major cations and anions will be collected on a variable
basis if the preliminary test results indicate additional test data are required. Samples
collected by HGE will be analyzed by Eurofins Eaton Analytical Laboratories in Lakewood,
Colorado.
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During the first ASR cycle test, one water quality sample will be collected for analysis by
Eurofins Eaton Analytical Laboratories during the recovery pumping. For the second ASR
cycle test, field water quality samples will be recorded during the recovery phase at
approximately 50 and 90 percent of the injected volume recovered. During the third and
final ASR cycle test, one laboratory water quality sample will be collected during the
recovery pumping at 50 percent of the injected volume recovered. Field water quality
samples will be collected at the wellhead during the injection phase of the cycle test to
evaluate any changes to the injection water quality throughout the three injection cycles.

TABLE 1

Water Quality Sample Parameters

Total Alkalinity Qil and Grease

Total Organic Carbon (TOC) Total Plate Count

Total Coliform PH

Fecal Coliform Orthophosphate

Chloride Total Phosphorus

Chemical Oxygen Demand (COD) Total Dissolved Solids (TDS)
Color Sulfate

‘Cyanide Sulfide

Fluoride Surfactants

Fecal Streptococcus Turbidity

Total Organic Halide (TOX) Dissolved and Total Metals
Calcium Hardness Regulated Volatile Organic Compounds (VOCs)
Total Hardness Nonregulated VOCs
Lapgelier Saturation Index Pesticides

Ammonia, Nitrogen Herbicides

Total Kjeldah! Nitrogen Gross Alpha and Beta
Nitrate, Nitrogen Radium 226

Nitrite, Nitrogen Radium 228

Odor Radon
N-nitroso-dimethylamine (NDMA) N-nitroso-di-n-butylamine (NDBA)

Please do not hesitate to contact me if you have any questions regarding the information
presented in this letter or regarding the proposed injection operations. If everything is in
order for the proposed injection program, please notify Randy Gabriel at MMD and me as
soon as possible of your issuing a Rule Authorization for these wells.

Sincerely,
Hemenway Groundwater Engineering, Inc.
2 g
~Louartney-Hemenway
President
HGE/MMDEPAPILOTASRPROG
c: Randy Gabriel/Meridian Metropolitan District
Mason H. Brown/Carlson, Hammond & Paddock, LLC

“
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 8
1595 Wynkoop Street
Denver, CO 80202-1129
Phone 800-227-8917
www.epa.gov/region§

Ref: 8WP-SUI NOY 06 200

Courtney Hemenway
17011 Lincoln Avenue
PMB 416

Parker, Colorado 80134

Re: U.S. Environmental Protection Agency Region 8 November 2017 Questions Regarding
Meridian Metropolitan Water District and Rangeview Metropolitan District Individual
Requests to Operate an Aquifer Storage and Recovery System (ASR).

Dear Mr. Hemenway:

The U.S. Environmental Protection Agency has reviewed your letter, dated September 19, 2017, which
is a response to our questions submitted in an email dated June 26, 2017. The EPA is interested in
collecting any available data regarding the detection of N-Nitrosodimethylamine (NDMA) at any of the
water treatment plants (WTP). Sample data is needed to evaluate changes in the concentration of the
injectate which may occur in the distribution line. The EPA understands that you are awaiting our
decision on the Meridian Metropolitan Water District application prior to providing information
requested in our June 2017 email specific to the Rangeview facility. A decision will be provided
regarding Rangeview ASR proposal once we review your response to all information requested
including your responses to the list of questions noted below.

Information Needed for Meridian Metropolitan Water District and Rangeview Metropolitan
District ASR Proposals

e Please verify the sample locations for previously submitted water quality data from each of the
four treatment plants.

e If available, please provide any NDMA testing data collected during treatment or at the
completion of treatment in addition to the UCMR data. Include data from finished water for
NDMA precursors/indicators: ammonia; total phosphorus; natural organic matter, purgeable
Total Organic Carbon (TOC) analyzable by Ion Chromatography; ranitidine (RNTD);
Trimethylamine; Minocycline (MNCL); and SMTR (Sumatription); nitrate and nitrite. This
request refers to any data not previously considered in your September 2017 letter for any of the
four WTPs (Binney, Wimbledon, Griswold or the East Cherry Creek Valley Plants).

« Please obtain a representative sample of the injectate at a point near the wellhead prior to
injection into Meridian wells, A-4 and DE-IR and Rangeview well, A-5. This data will give us a
better understanding of any changes to the water quality of the injectate which may occur in the
distribution line. See the enclosed parameter list for the types of data to collect.

Information Needed to Complete the Rangeview Metropolitan District (RMD) Ap lication
¢ Identify contact persons who represent any state or local agencies with regulatory responsibility
for the site; include a physical and mailing address and phone number.




e Discuss the potential for any overlying and underlying aquifers to be impacted from injection
activities. This includes whether injected fluids would remain in the Arapahoe Formation.

¢ Discuss any anticipated impacts which may occur from injection into the Arapahoe Formation.

o Identify all outcrops of the Arapahoe Formation to receive injectate and any potential to create
artificial springs. Identify mechanisms which will increase the volume of ground water
infiltration into nearby surface water bodies. Identify all erosional intersections between the
Arapahoe Formation and potentially affected surface water drainage systems.

e Identify the following Arapahoe Formation characteristics; transmissivity, storage coefficient
and hydraulic conductivity.

o Briefly describe the monitoring program including whether injectate volume is documented.

e Confirm whether the recovered water will be regulated and treated as groundwater under the
direct influence of surface water.

Please contact Linda Bowling of my staff with any questions or comments that you may have regarding
this matter at (303) 312-6254.

Sinci:;fly,
DA
«Ja L»«)f a. =
Sarah B
Director

Safe Drinking Water Program

Enclosure

cc: Eric Hecox
Meridian Metropolitan Water District

Randy Gabriel
Rangeview Metropolitan Water District

Lisa Darling
South Metro Water Supply Authority



AQUIFER STORAGE AND RECOVERY PROJECTS
List of constituents to be analyzed for baseline evaluations

Note: All analytical testing must be done in a state certified laboratory to ensure that
permit limits can be met.

General
Parameter Name Regulatory Standard Type Analytical
Limit (mg/l} or | | Methods
; “specified unit f
pH 6.5-8.5 secondary 150.1
Electricity Conductivity SM 25108,
120.1
Total Dissolved Solids 500 secondary
Total Organic Carbon
Alkalinity, Total Mg/l as CaCOs | 0.006
Anions
Parameter Name Regulatory | Standard Type Analytical
Limit (mg/t) or Methods
| specified unit :
Aluminum 200 ug/l
Carbonate SM 2330B
Chloride 250 secondary
Cyanide 0.2 MCL EPA 335.4
Nitrate (as N) 10 MCL 353.2
Nitrite (as N) 1 MCL 3563.2
Nitrate-Nitrite (both as N)
Bicarbonate SM2330B
Sulfate 250 secondary
Fluoride 4 MCL SM4500-F C
Cations
Parameter Name ; Regulatory | Standard Type Analytical §
Limit {mgll) or Methods !
. iepecifiedunit | :
Ammonia 30 mght HA - Lifetime EPA 350.1,
350.2, 350.3
Calcium
Magnesium
Potassium
Sodium
Metals
Parameter Name | -Reg&'ﬁ}f Y Standard Ah‘alyﬁeal
\ gty | TP Wehoas
Asbestos (fibers/1>10 um in length) | 7 million MCL EPA 100.1, 100.2
Antimony | o0.006 MCL EPA 200.8, 200.9
IArsenic 0.01 MCL. EPA 200.7, 200.8,
| 200.9

Updated: 4/11/2017 ASR Baseline Analysis Poge |1



Regulatory

e - —

: Standard Analytical
Parameter Name Limit SR
(mglL) A _Type Methods
Barium 2 MCL EPA 200.7, 200.8
Beryllium 0.004 MCL EPA 200.7, 200.8,
200.9 _
Boron 6 HA-Lifetime EPA 200.7,212.3
Cadmium 0.005 MCL EPA 200.7, 200.8,
200.9
Chromium (total) .01 MCL EPA 200.7, 200.8,
_ 200.9
Copper 1.3 MCL-TT EPA 200.7, 200.8,
Iron 5 Region 8 Permit Limit | EPA 200.7, 200.9
Lead 0.015 MCL-TT EPA 200.8, 200.9
Manganese 0.3 EPA 200.7, 200.8,
HA-Lifetime 200.9 |
Mercury (inorganic) 0.002 MCL EPA 245.1,245.2,
, | 200.8
Molybdenum 0.04 HA-Lifetime EPA 200.7, 2461,
Nickel 0.1 HA-Lifetime EPA 200.7, 200.8,
) i 200.9
Selenium 0.05 MCL | EPA 200.8,200.9
Silver 0.1 HA-Lifetime EPA 200.7, 200.8,
200.9
Strontium 4 HA-Lifetime EPA272.1,272.2,
200.7 |
Thallium 0.002 - MCL EPA 200.8, 200.9
Zinc 2 HA-Lifetime EPA 200.7, 200.8
Inorganics
Regulatory:
Limit ‘
. : - |Standard Analytical
Parameter Name {mgflj or | ‘ :
specified | Type Methods
unit, I N P
Ammonia 30 mg/L HA- EPA 350.1, 350.2,
Lifetime 350.3
Asbestos (fibers/1>10um in length) 7 million MCL EPA 100.1,100.2
fibers/L
Cyanide | 0.2mg/L MCL EPA 335.4 !
Fluoride 4 mg/L MCL EPA 300.0 *'
Nitrate (as N) 10 mg/L MCL EPA 300.0
Nitrate-Nitrite (both as N) 10 mg/L MCL EPA 300.0
Nitrite (as N) | Amgll | MCL EPA 300.0

Updated: 4/11/2017

o

ASR Baseline Analysis

Puge |2



Radionuclides

_ Regiufatomﬁ Standard
Parameter Name e t(‘gngﬂ} Lyge Analytical
| specified Methods
o unit | RAY,
iRadium 226 & 228 combined 5pCilL | MCL |Standard Method
304
‘Gross alpha particle activity 15 pCillL | MCL | EPA900.0
(excluding Ra-226, radon, and uranium)
Uranium | 0.03 mg/L MCL |EPA 908.0, 908.1
Volatile Organics using EPA Method 524.2 or 8260
| ReQulatérs*
Parameter Name | CAS No i“:f:gé;?fgiég Standard Type
; unit ,
1,4,1,2-Tetrachloroethane | 630-20-6 | 0.07 {  HA-Lifetime ¢
1,1,1-Trichloroethane | | 71556 02 MCL |
1,1,2,2-Tetrachloroethane { 79-34-5 | 0.04 Region 8 Permit Limit f‘
| 10*Cancer Risk
1,1,2-Trichloroethane 79-00-5 0.005 MCL
1,1-Dichloroethylene 75-35-4 0.007 MCL
1,2-(cis)Dichloroethylene 186592 | 007 MoL
1,2-(trans)Dichloroethylene 166-60-5 01 | MCL |
11,2,3-Trichloropropane A= 96-18-4 0.02 | Region 8 Permit Limit
1,2,4-Trichlorobenzene 120-82-1 0.07 ~ MCL i
1,2-Dibromomethane 106-93-4 0.00005 MCL
{(Ethylene Dibromide EDB) i
'1,2-Dichlorobenzene o- _ 95-50-1 0.6 ~ MCL
1,2-Dichloroethane 107-06-2 0.005 MCL
1,2-Dichloropropane 78-87-5 | 0.005 ~ MCL
1,3-Dichlorobenzene m- 541-73-1 | 06 HA-Lifetime
1,4-Dichlorobenzene p- | 106-46-7 | 0075 |  MCL
2-Chlorotoluene (o-) | 95498 | 041 |  HA-Lifetime
4-Chlorotoluene (p-) | 106-43-4 | 0.1 HA-Lifetime _
Acetone ‘ 67-64-1 6 Region 8 Permit Limit :
Acrylonitrile 107-13-1 0.006 Region 8 Permit Limit
_ s et BN 10 Cancer Risk
Benzene ‘ = b 71-43-2 0005 | - MCL
‘Bromobenzene 108-86-1 0.06
. , _HA-Lifetime
iBromochloromethane P » 74975 | 009 | HA-Lifetime
‘Bromodichloromethane (THM) 75-27-4 | 0.02 Region 8 Permit Limit '
1. |
‘Bromoform (THM) 75-25-2 0.2 Region 8 Permit Limit
Bromomethane 74839 | 0,01 HA-Lifetme
{Carbon tetrachloride ~ 56-23-5 0.005 | MCL |
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) Regulatory
Parameter Name CAS No L“i“;gégf?ég Standard Type
) A unit
Chlorobenzene 108-90-7 0.1 MCL
(Monochlorobenzene) ‘ _ _
Chlorodibromomethane 124-48-1 0.06 HA-Lifetime
(Dibromochloromethane)
(THM) =B
Chloroform (THM) 67-66-3 0.07 HA-Lifetime
Chloromethane 74-87-3 0.4 10-day HA}\1 .flgr a 10 kg
chi
Cyanogen Chloride 506-77-4 0.4 Region 8 Permit Limit
(testing not needed if cyanide is present
in source water and alkaline chlorination
is used, pH 8.5) :
Dichlorodifluoromethane 75-71-8 1 HA-Lifetime
Dichloromethane 75-09-2 0.005 MCL
(Methylene chloride) el .
Ethylbenzene 100-41-4 | 0.7 MCL
Hexachlorobutadiene 87-68-3 | 0.002 Region 8 Permit Limit
Hexachloroethane 1 67-72-1 0.001 HA-Lifetime ‘
Isopropylbenzene (cumene) 98-82-8 0.8 Region 8 Permit Limit
Methy! Ethyl Ketone 78-93-3 4 HA-Lifetime
Naphthalene N 91-20-3 0.1 HA-Lifetime
Perchloroethylene (PCE) 127-18-4 | 0005 MCL
(Tetrachloroethylene) » ; ‘ ;
Styrene 100-42-5 0.1 MCL
Toluene _ j 108-88-3 | 1 MCL |
Total Trihalomethanes v » 0.08 MCL
Trichloroethylene (TCE) 79-01-6 | 0.005 MCL o
Trichlorofluoromethane | 75-69-4 | 2 HA-Lifetime
Vinyl chloride { 75-01-4 0.002 MCL |
Total Xylenes | 1330207 | 10 | MCL i
Semi-volatile Organics using EPA Method 525.2
Rtaqulatory
Parameter Name CAS No ;;rggégf?;g Standard Type
. unit | et
1,2,4-Trichlorobenzene ' 120-82-1 0.07 MCL
1,2-Dichlorobenzene 95-50-1 0.6 MCL
1,3-Dichlorobenzene 541-73-1 0.6 HAL
1,4-Dichlorobenzene 106-46-7 0.075 MCL |
2,4,6-Trichlorophenol - | 88-06-2 0.002 Region 8 Permit Limit
2,4-Dichlorophenol 120-83-2 |  0.02 HA-Lifetime |
2,4-Dinitrotoluene 121-14-2 0.005 Region 8 Permit Limit
104 Cancer Risk !
2,6-Dinitrotoluene 1 608-20-2 0.005 | Region 8 Permit Limit
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Regulatory |
Parameter Name CAS No- é’i’gg e(gi]f?ég Standard Type
_unit Rt S
Al k- R S IS, e ¢ o 10+ Cancer Risk
2-Chlorophenol - 95-57-8 | 004 |  HAlifetme
4-Nitrophenol 1100-02-7 | 0.06 | HA-Lifetime
Acenaphthene 83-32-9 0.4 Region 8 Permit Limit
Aldrin 308-00-2 0.0002 Region 8 Permit Limit
10+ Cancer Risk
Anthracene 120-12-7. 2 | Region 8 Permit Limit
Benzo(a)pyrene 50-32-8 0.0002 MCL v
bis(2-Ethylhexyl) phthalate 117-81-7 0.006 _ ~ MCL ’
Butyl benzyl phthalate 85-68-7 1 Region 8 Permit Limit Z
Chlordane 57-74-9 | 0.002 MCL i
Dieldrin | 60-57-1 0.0002 Region 8 Permit Limit
‘ . . 1} 104 Cancer Risk |
Diethyl phthalate ) 84-66-2 6 | Region 8 Permit Limit
Di-n-buty! phthalate | 84-74-2 0.8 ‘Region 8 Permit Limit |
Endrin g 72208 | 0002 [ moL
Fluorene _ 86-73-7 | 02 Region 8 Permit Limit |
Heptachlor | 76-44-8 | 0.0004 | MCL !
Heptachlor epoxide 11024-67-3| 0.0002 MCL ?
Hexachlorobenzene  |118741] 0001 [
Hexachlorobutadiene | 87-68-3 0.002 | Region 8 Permit Limit
Hexachlorocyclopentadiene 77-47-4 0.05 » - MCL |
Hexachloroethane 67-72-1 | 0.001 | HA-Lifetime
Isophorone 78-69-1 | 01 ‘ HA-Lifetime
Lindane 58-89-9 0.0002 | ~MCL |
Naphthalene _ 91-20-3 0.1 _ HA-Lifetime ,
Pentachlorcphenol v | 87-86-5 0.001 | ~ MCL
Phenol , 108-95-2 2 | HA-Lifetime
Pyrene ‘ 128-00-0 | 0.2 Region 8 Permit Limit
Toxaphene 8001-35-2 0.003 MCL !
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Pesticides and Herbicides

Updated: 4/11/2017

Limit

|10 Cancer Risk

ASR Baseline Analysis

l Regulatory it ~ | Analytical Methods
Parameter Name CAS No |Limit (mg/l) or| Standard Type -
specified unit -
Alachlor 15972-60-8 0.002 MCL 'EPA 5085, 507, 525
Aldicarb ) 116-06-03 0.003 MCL EPA 5311
Aldicarb suifone { 1646-87-4 0.002 MCL EPA 531.1
IAldicarb sulfoxide 1646-87-3 |  0.004 MCL EPA 531.1
Aldrin 309-00-2 0.0002 RegioE 8 Permit EPA 505, 508
imit
| ] 10-4 Cancer Risk
Ametryn 834-12-8 | 0.06 HA-Lifetime EPA 507
Atrazine 1912-24-9 0.003 MCL EPA 505, 507
Bromacil 314-40-9 | 0.07 HA-Lifetime EPA 507
Butylate 2008-41-5 0.4 HA-Lifetime EPA 507
Carbaryl 63-25-2 0.08 Region 8 Permit EPA 531.1
- { Limit
Carbofuran 1563-66-2 0.04 MCL EPA 531.1
Carboxin 5234-68-4 07 HA-Lifetime EPA 507
Chlordane 57-74-9 0.002 MCL EPA 505, 508, 525
Chlorothalonil 1897-45-6 0.1 Region 8 Permit EPA 508
Limit
DCPA (Dactyl) 1861-32-1 | 0.07 HA-Lifetime EPA 508
Diazinon 333-41-6 0.001 HA-Lifetime EPA 507
Dieldrin 60-57-1 0.0002 | Region 8 Permit EPA 505, 508
Limit
104 Cancer Risk
Diphenamid 957-51-7 0.2 HA-Lifetime EPA 507
Disulfoton 298-04-4 0.0007 HA-Lifetime EPA 507
Endrin | 72-20-8 0.002 MCL EPA 505, 508, 525.1
Fenamiphos  |22224-92-6 0.0007 | HA-Lifetime EPA 507
Heptachlor 76-44-8 0.0004 MCL EPA 505, 508
Heptachlor epoxide 1024-57-3 |  0.0002 MCL EPA 505, 508
Hexachlorobenzene 118-74-1 0.001 MCL EPA 505, 508, 525.1
Hexachlorocyclopentadie| 77-47-4 0.05 MCL EPA 505, 525.1 '
ne
Hexazinone 151235-04-2 0.4 HA-Lifetime EPA 507
Lindane 58-89-9 0.0002 MCL EPA 505, 508
Methomyl 16752-77-5 0.2 HA-Lifetime EPA 531.1
Methoxychlor 72-43-5 0.04 MCL EPA 505, 508, 625
Metolachlor 51218-45-2 0.7 HA-Lifetime EPA 507
Metribuzin 21087-64-9 0.07 HA-Lifetime EPA 507
Oxamy! (Vydate) 23135-22-0 0.007 MCL EPA 531.1
Prometon 1610-18-0 04 HA-Lifetime EPA 507
Pronamide 23950-58-5 0.1 Region 8 Permit EPA 507
Limit
I 104 Cancer Risk
Propachlor 1918-16-7 0.1 Region 8 Permit EPA 508
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Regulatory Analytical Methods
Parameter Name CAS No. |Limit {mgll) or| Standard Type
! [specified unit
Propazine 139-40-2 | 001 HA-Lifetime EPA 507
Simazine 122-34-9 0.004 MCL | EPA 505, 507, 525.1
Tebuthiuron 34014-18-1 05 HA-Lifetime ~ EPA507 |
Terbacil 5902-51-2 0.09 HA-Lifetme §  EPAS507
Terbufos 13071-79-9| 00004 | HA-lLifetime . EPAS07 |
Trifluralin | 1582-09-8 | 0.01 HA-Lifetime EPA 508 ;
Disinfectants and Disinfection Byproducts
Eegula.tary
Ak Limit (mg/l} | Standard ;
Parameter Name orspecified| Type Analytical Method
\ unit |
Bromate 0.01 MCL EPA 317.0, Revision 2
} 321.8,326.0
Chloramine (as free chlorine) 4 ‘MCL |
- IChlorine (free chiorine, combined) 4 MCL Standard Methods 20t *
edition: i
4500-CI D |
4500-CI F §
4500-CI G 3
__4500-CIH |
Chicrine dioxide 0.8 MCL EPA 327, Revision 1 |
Standard Method 20t |
edition: :
4500-Cl02D
_ - 4500-CLO:E
Chlorite 1.0 MCL - EPA 300.0, 300.1
Total Haloacetic Acids (HAASSs) 0.06 MCL EPA 552.3
Bromoacetic acid !
Dibromoacetic acid
Dichloroacetic acid ;
Monochloroacetic acid §
Trichloroacetic acid ‘ !
§Total Trihalomethanes (TTHMs) 0.08 MCL EPA 5022, 5242
Chloroform
Bromodichloromethane
Dibromocloromethane
Bromoform
N-nitroso-dimethylamine (NDMA) NA EPA 521
N-nitroso-diethylamine (NDEA) “NA EPAB21 |
N-nitroso-di-n-butylamine (NDBA) ~NA EPAB21 ‘
N-nitroso-di-n-propylamine (NDPA) NA ] EPA 521
N-nitroso-methylethylamine (NMEA) NA | EPA 521
N-nitroso—pyr_rolidine (NPYR) NA B EPA 521
Updated: 4/11/2017 ASR Baseline Analysis Page |7



MCL: Maximum Contaminant Level. The highest level of a contaminant that is allowed in drinking
water. MCLs are set as close to the MCLG as feasible using the best available analytical and
treatment technologies and taking cost into consideration. MGCLs are enforceable standards.

MCLG: Maximum Contaminant Level Goal. A non-enforceable health goal which is set at a level
at which no known or anticipated adverse effect on the health of persons occurs and which allows
an adequate margin of safety.

TT: Treatment Technique. A required process intended to reduce the level of a contaminant in
drinking water.

HA: Health Advisory. An estimate of acceptable drinking water levels for a chemical substance
based on health effects information; a Health Advisory is not a legally enforceable Federal
standard, but serves as technical guidance to assist Federal, State, and local officials.

HA-Lifetime: The concentration of a chemical in drinking water that is not expected to cause any
adverse non-carcinogenic effects for a lifetime of exposure. The Lifetime HA is based on
exposure of a 70-kg adult consuming 2 liters of water per day. The Lifetime HA for Group C
carcinogens includes an adjustment for possible carcinogenicity.

Region 8 Permit Limit: Permit limit calculated by Region 8 Drinking Water Toxicologist based
on human health criteria.

10 Cancer Risk: The concentration of a chemical in drinking water corresponding to an excess
estimated lifetime cancer risk of 1 in 10,000

HA-Ten Day: The concentration of a chemical in drinking water that is not expected to cause any

adverse non-carcinogenic effects for up to ten days of exposure for a 10 kg child consuming 1
liter per day.

Updated: 4/11/2017 ASR Baseline Analysis Pugye |8



General Information




System Name: Meridian Metropoitan District PUWSID: 218015

Contact Information
Revision?[B] Actual date of chayc:,o es described: 6/15/2016

Signalure: S /Q Ve Date:  6/15/2016

System Physical Address (Not Mailing): 9694 Meridian Blvd

City:  Englewood County:  Douglas State:  Cg Zip: 801 2
System Phone:  303-790-0345 Ext: Fax:  303-790-1754

System E-mail:

Administrative Contact (AC) Name: Robert Gabriel

(The administrative contact is the primary contact person for all Department mail or other communications regarding drinking water compliance)

Mailing Address: 12111 East Belford Avenue

City:  Englewood State: €O Zip: 80112
Phone:  303-790-0345  Ext Fax: 303-790-1754
[--mail: Randy.Gabriel @ Sheaproperties.com ‘

Legally Responsible Water System Owner Name: Meridian Metropolitan District

(The legal owner is an individual. corporation, partnership, association. state or political subdivision thereof, municipality. or other legal entity)
Mai“ng Address: 12111 E. Belford Ave

City:  Englewood ~ State: €O Zip: 80112

Phone:  303-790-0345 ~ Ext: Fax: 303-790-1754

E-mail: Randy.Gabriel '@ Sheaproperties.com
Emergency Contact Name: James Adamsson

(The emergency contact should be someone the Department can contact in an emergency if the administrative contact is unavailable)
Mailing Address: 12111 E. Belford Ave

City:  Englewood CState: . co Zip: 80112

Phone: 303-790-0345 Ext: Fax: 303-790-1754

E-mail: Jim.Adamsson‘@Sheaproperties.com

Distribution System (DS) Operator Name:  James Adamsson

(A certified operator designated by the owner to have ultimate responsibility for decisions regarding operational activitics)
Operator 1D#: 45 (not the certificate number)
Mailing Address: 12111 E. Belford Ave
City:  Englewood State: €O Zip: 80112
Phone: 303-790-0345 [Ext: Fax: 303-790-1754
E-mail: Jim.Adamsson @ Sheaproperties.com N 7
DS Operator Signature: }7/ A _Z/)// //L/—-—
Treatment Operator Name: Same as DS?[_] _/ Mitchell Sears
(A certified operator designated by the owner to have ultimate responsibility for decisions regarding operational activities)
Operator T1D#: 10795 (not the certificate number)
Mailing Address: 12111 E. Belford Ave
City:  Englewood State: CO Zip: 80112
Phone:  303-790-0345 Ext: Fax: 303-790-1754

E-mail: Mitch.Sears(@Sheaproperties.com

Treatment Operator Signature: 7/7/@ ~4"—"\

December 2015 Submut Online wqedeomplianee com logm B _
Fax (303) 758-139 WQUD — Drinking Water CAS 4300 Cherrv Creek Drive South. Denver. CO 80246-1530
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Laramie Formation

-Fox Hills Formation

Pierre Shale

\Depth up to 3,200 feet

Figure 2

General Schematic
Denver Basin Aquifers
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DATE FILED: December 5, 2016 11
DISTRICT COURT, WATER DIVISION 1 CASE NUMBER: 2013CW3129
STATE OF COLORADO
901 9" Street
P.O. Box 2038

Greeley, Colorado 80632
A COURT USE ONLY A

56 AM

CONCERNING THE APPLICATION FOR

WATER RIGHTS OF MERIDIAN Case No. 13CW3129
METROPOLITAN DISTRICT

Div: 1 Ctrm:
IN DOUGLAS COUNTY

FINDINGS OF FACT, CONCLUSIONS OF LAW, AND JUDGMENT AND
DECREE OF THE WATER COURT

This matter comes before the Court upon the Application of Meridian Metropolitan
District (“Meridian” or “Applicant™), seeking approval of a plan for augmentation and change of
water rlghts for its conjunctive use program whereby it will inject and store fully consumable
water in Denver Basin Aquifers for later extraction.' Having reviewed the files and otherwise
being fully advised in the premises, the Water Judge hereby enters the following Findings of
Fact, Conclusions of Law, and Judgment and Decree of the Water Court.

FINDINGS OF FACT

1. Procedural Background.

1.1.  Name, address, and telephone number of the Applicant.

Meridian Metropolitan District

c/o General Manager —=y gric “ecof
6380 South Fiddlers Green Cir., Ste. 400
Greenwood Village, Colorado 80111

(303) 779-4550

1.2. Filing and Jurisdiction. Meridian filed its Application in this matter on October 31,
2013. Proper and adequate notice of the filing and contents of the Application having been given
in the manner required by law, the Court has jurisdiction over the subject matter of the
Application, and over all persons who have standing to appear as parties whether they have
appeared or not.

' No change of water right is granted by this decree. See infra Paragraphs 6 and 18.
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1.3.  Statements of Opposition. Statements of Opposition were timely filed by: Denver
Southeast Suburban Water & Sanitation District d/b/a The Pinery Water & Wastewater District;
the City of Aurora, acting by and through its Utility Enterprise (“Aurora”); Hauppauge, LLC;
Windsor at Meridian Limited Partnership, f/k/a/ Windsor at Rockborough Limited Partnership;
Windsor at Woodgate Limited Partnership; Windsor at Hunters Woods Limited Partnership;
State Engineer and Division Engineer for Water Division One; Inverness Water and Sanitation
District; Stonegate Village Metropolitan District (“Stonegate”); and Parker Water and Sanitation
District. The time for filing Statements of Opposition has expired.

1.4, Summary of Consultation. The Division Engineer filed a Report of the Division
Engineer on January 31, 2014. The Applicant filed a Response to the Report of the Division
Engineer on August 1, 2014. The Court has considered the Report of the Division Engineer and
Applicant’s response thereto in entering this Decree.

1.5. Stipulations. Meridian entered into stipulations with the following Opposers pursuant
to which the Opposers consented to entry of a decree in the case:

1.5.1. Denver Southeast Suburban Water & Sanitation District d/b/a The Pinery Water
& Wastewater District, approved December 19, 2014.

1.5.2. Aurora, approved June 7, 2016.

1.5.3. State Engineer and Division Engineer for Water Division One, approved March
11, 2016.

1.5.4. Inverness Water and Sanitation District, approved November 3, 2016.
1.5.5. Parker Water and Sanitation District, approved December 18, 2015.
1.5.6. Stonegate Village Metropolitan District, approved June 28, 2016.

1.6.  Withdrawn Statements of Opposition: the following Opposers withdrew their
Statement of Opposition:

1.6.1. Hauppauge, LLC; Windsor at Meridian Limited Partnership, f/k/a/ Windsor at
Rockborough Limited Partnership; Windsor at Woodgate Limited Partnership; Windsor at
Hunters Woods Limited Partnership; and Flagstone Investors Limited Partnership, withdrew its
Statement of Opposition on July 19, 2016.

2. Plan Background.
Applicant Meridian Metropolitan District is a Title 32 Metropolitan District providing

water and sanitation services for approximately 1,331 acres within the District and, pursuant to
service agreements, to approximately 2,196 acres adjacent to the District. The lands currently
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served by the District (“District Service Area”) are located in Sections 1, 2, 3, 10,11, 12, 13 and
14 of Township 6 South, Range 67 West of the 6™ P.M. and Sections 18 and 19 of Township 6
South, Range 66 West of the 6 P.M., Douglas County, Colorado, and depicted on the attached
Exhibit 1. Applicant is working to maximize its water supply and the ability of its water supply
system to serve its municipal water supply customers as a member of the South Metro Water
Supply Authority (“SMWSA”) and participant in the Water, Infrastructure, and Supply
Efficiency (“WISE”) water supply arrangement among SMWSA and its members. Applicant is
developing a conjunctive groundwater/surface water program involving artificial injection (or
recharge) and storage of fully consumable and/or reusable water attributable to decreed Denver
Basin groundwater rights and WISE water deliveries. The water will be artificially injected into,
stored in, and extracted from the Lower Dawson, Denver, Arapahoe and Laramie-Fox Hills
Aquifers underlying two “contiguous extraction parcels” (“Meridian North CEP” and “Meridian
South CEP”), which comprise the District Service Area.

Accordingly, this Decree adjudicates a Plan for Augmentation for such program and
confirms the availability of Meridian’s water rights and WISE water deliveries for use by
artificial recharge, storage, and extraction as contemplated by the conjunctive use program from
the Denver Basin Aquifers. The Plan for Augmentation herein will increase the supply of water
available for Applicant to place to beneficial use; it does not provide for replacement of out-of-
priority depletions.

3. Structures (Injection and Extraction Wells) and Water Rights Involved in Plan.
The Injection and Extraction Wells described below are depicted on Exhibit 2.
3.1. Meridian North CEP (see Exhibit 1 for a depiction of the CEP)

3.1.1. Meridian North Lower Dawson Aquifer Well Field

3.1.1.1.  Well Names: LDA-1; LDA-2; LDA-3; LDA-4; LDA-5; LDA-6

3.1.1.2.  Legal Descriptions (as described in most recent Decree — 01CW257): See
Table 1 below.

3.1.1.3. Source:

3.1.1.3.1. Not-nontributary (NNT) Lower Dawson Aquifer; see Table 1
below.

3.1.1.3.2. Nontributary (NT) Lower Dawson Aquifer; see Table 1 below.

3.1.1.4.  Appropriation Date: N/A (see C.R.S. §37-92-305(11)).
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3.1.1.5.  Amounts Decreed to be Withdrawn through Structures: See Table 1
below.

3.1.1.6. Decreed Uses:

3.1.1.6.1. Pursuant to the decree in Case No. 83CW359: All beneficial uses
including municipal, domestic, commercial, industrial, irrigation, recreation including fishery
and wildlife, fire protection, stock watering, and the maintenance of adequate storage systems.
The water is developed and non-tributary, and the right to apply such water to beneficial use
shall include the rights to use, reuse, and successively use all such water to extinction (except for
the four percent of such water that is subject to paragraphs 12 and 25 of the decree in Case No.
83CW359) and to dispose of such water free of any limitation, restriction, or requirement as to
place of use, amount of discharge, or location of discharge after such use, reuse, successive use
of disposition, except as to appropriate carriage losses. The water may be used for immediate
application to beneficial use, for storage and subsequent application to beneficial use, for
exchange purposes, for augmentation for the replacement of depletions resulting from the use of
water from other sources, and for all other beneficial purposes.

3.1.1.6.2. Pursuant to the decree in Case No. 84CW620: The water withdrawn
may be used, reused, and successively used and after use, leased, sold, or otherwise disposed of
for municipal, domestic, industrial, commercial, irrigation, recreation, stock watering,
recreational, fish and wildlife, and any other beneficial purpose, to be used on or off the land
described in the decree in Case No. 84CW620. Water may be produced for immediate
application, for storage and subsequent application, for exchange purposes, for replacement of
depletions resulting from the use of water from other sources, and for augmentation purposes.

3.1.1.6.3. Pursuant to the decree in Consolidated Case Nos. 84CW239 and
84CW242 (“84CW239\2427): All municipal purposes including domestic, agricultural,
industrial, commercial, irrigation, stock watering, recreation, fish and wildlife, and fire
protection. Water may be produced for immediate use, for storage and subsequent use, for
exchange purposes, for replacement of depletions resulting from the use of water from other
sources, for relinquishment to the stream pursuant to C.R.S. §37-90-137(9)(b), and for all other
augmentation purposes including augmentation of not-nontributary groundwater diversions. The
rights approved include the right to reuse, successive use and disposition by sale, exchange or
otherwise to extinction, of all such water in accordance with C.R.S. §37-82-106(2).

3.1.1.6.4. Pursuant to the decree in Case No. 8SCW389A: The water
withdrawn may be used, reused, and successively used, and after use, leased, sold, or otherwise
disposed of on or off the land described in the decree in Case No. 85CW389A for all beneficial
uses including: municipal, domestic, industrial, agricultural, commercial, irrigation, stock
watering, recreational, fish and wildlife, fire protection, augmentation and exchange. Water may
be withdrawn for immediate application to beneficial use, for storage and subsequent use, to
replace depletions resulting from the use of water from other sources, and for all other



FomNo.  OFFICE OF THE STATE ENGINEER
ews-25 COLORADO DIVISION OF WATER RESOURCES

818 Centannial Bldg . 1313 Sherman St., Denver, Colorado 8
(303) 865-3581

EXST
WELL PERMIT NUMBER 67831 -F 2
APPLICANT DIV. 1 WwD8 DES. BASIN MD
APPROVED WELL LOCATION
DOUGLAS COUNTY
NE 14 SW 1/4 Section 1
MERIDIAN METROPOLITAN DISTRICT Township6 S Range 67 W Sixth P.M.
5750 DTC PARKWAY SUITE 200 DISTANCES FROM SECTION LINES
GREENWOOD VILLAGE, CO 80111- 2780 Ft. from North Section Line
2450 Ft. from West Section Line
(303) 485-1384 UTM COORDINATES (Meters.Zone:13,NADB3)
CHANGE/EXPANSION OF USE OF AN EXISTING WELL Easting: Northing
A '

ISSUANCE OF THIS PERMIT DOES NOT CONFER A WATER RIGHT
CONDITIONS OF APPROVAL

1) This wall shall be used in such a way as to cause no material injury to exisling waler rights. The issuance of this permit does not ensure that
no injury wi occur to another vesled water right or preciude another owner of a vesled waler right from sesking relief in a civil court action,

2)  The construction of this well sha'l be in compliance with the Water Welt Conslruction Rulas 2 CCR 402-2, unless approval of a vadance has
been granted by the State Board of Exam:ners of Water Well Construct.on and Pump Instalialion Contractors in accordance with Rule 18,

3) Approved pursuanl to CRS 37-90-137(4) and 1he decrse granted for well no. A-4 in case no. 2001CW145 Division 1 Waler Court. The
operation of this we'l is subgct to the terms and conditions of said decres.

4)  Approved for the expansion of Lse of an existing wefl constructed under pannl no, 56744-F (originally decreed in casa nos. W-7609% and
84CWGE20 as well A-1). The issuance of this pemif hereby cancels pemit no. 56744-F,

5) The use of ground water from this well Is limited to municipal, domaeslic, industral, commarcial, inigation, stock walering, recreatlonal, fish
and wildlife, replacement, and augmentalion. The water from this well may be stored, substiluted, or exchanged pursuant io decree in case
no. 2001CW145.

6) The pumping rate of this well shall not excesd 600 GPM.

7) The average annual amount of ground water {o be withdrawn shall not exceed 500 acre-fast

8) The average annval amount of ground water {o ba withdrawn by this wali in comblnation with well no. A-2R shall not axceed 800 acre-feet,

8) The average annual amount of ground water ta be wilthdrawn by this wall in combination with wells A3, A-2R, AS and AG shall not excead
1,370.1 acre-fest.

10y Production is iimited to the Arapahoe aquifer.

11} The owner shall mark the well in a consplouous place with well parmit number{s), name of the aquifer, and coun case number(s} as
appropriate. The owner shall take nacessacy means and precautions to preserve these markings.,

12) A totalzing flow meter must be instalied on this well and mainlained in goed working order. Permanent records of all diversions must be
maintained by the well owner (recorded at least annually) and submited la the Division Engineet upon request.

13} This well shalf be located at least 600 feet from any existing well, completed in he same aquifer, that i not owned by the applicant.

14} This well shall be lccated not more than 200 feet from the location specified on this perm and no mora than 200 feet from the location
decreed {or A4 well In case no 2001CW145 (decreed kocation is 2,780 [eet from the narth section line and 2,450 feat from 1he west saction
line of said saction 1).

15) Pursuant o CRS 37-90-137(8)(b) and the Denver Basin Rules. no more than 98% of the noniributary ground water withdrawn annually shall
be consumed snd the we | owner shall damonsirale to the reasonabe satistaction of the State Engineer that no more than 98% of the water
withdrawn will be consumed, subjeci lo the applicable terms and conditions of the decree granted in case no. 2001CW145 and of Meridian's
exisling decrees as summarized in Table 1 of case no. 2001CW145.

16) This well is subject o admnisiralion by the Divis.on Engineer in accordance with applicable decrees, statutes, rules, and regulations.
NOTE: The ability of this well to withdraw its aulhorfzed amaount of waler from this non-rsnewable aquifer may be less than the 100 years
upon which the amount of waler in the aquifer is a located. due o anticipated water leve! declines.

04, 03, Zoos
/o¢

\,

,
APPROVED %
I0C

Slate Enginesr
{Receipt No. 3635307C DATE ISSUED 01 05-2009
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augmentation purposes. The water may be used, reused, successively used in accordance with
C.R.S. §37-82-106(2), and disposed of by sale, exchange or otherwise to extinction.

3.1.1.6.5. Pursuant to the Decree in Case No. 82CW328: the water withdrawn

may be used, reused, successively used and otherwise disposed of for all municipal purposes
including domestic, industrial, livestock, irrigation, commercial, recreational, and any other
beneficial purpose. Said water will be produced for immediate application to said uses, for
storage and subsequent application to said uses, for exchange purposes, for replacement of

depletions resulting from the use of water from other sources, and for any and all other

augmentation purposes.

3.1.1.7.

appropriation/withdrawal amounts for each well as listed in Table 1 below.

Amount of Water to be Used in Plan for Augmentation: Full annual

3.1.1.8.  Other: See Notes to Table I below.
Table No. 1 — Meridian North Lower Dawson Aquifer Well Field
Well
Name Water Rights Decreed Max Annual | Pumping
(Parcel on Decreed Location Withdrawn Source Withdrawal Rate
which (Case No.) (aflyr) (g.p.m.)
located)
1 1
SSWfNVYIA 83CW359 NT 71.9 100
LDA-1 T6S 152713&? £ Pt 84CW620 NNT 50 150
(Meridian) 1’ 484 i %NL 84CW239/242 NNT 18.4 400
972 ft FWL 85CW389A NNT 86 150
1 1
S::cf; SnEl/(; 83CW359 NT 71.9 100
LDA2 | 1o pew ehpy | S4CW620 NNT 50 150
(Meridian) ’9 62 fi F,SL 84CW239/242 NNT 18.4 400
53 £ FEL 85CW389A NNT 86 150
1 1
I?Zf I;Ilvlvzﬁ 83CW359 NT 71.9 100
LDA-3 - 671%, 60 B 84CW620 NNT 50 150
(Meridian) ’698 f F’NL 84CW239/242 NNT 18.4 400
547 ft FWL 85CW389A NNT 86 150
1 1
SSW f‘ N“{;’ 83CW359 NT 71.9 100
LDA-4 T6S ;g;&l} 65 PM 84CW620 NNT 50 150
(Meridian) 2’ 615 fi %NL 84CW239/242 NNT 18.4 400
295 ft FWL 85CW389A NNT 86 150
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NEY NEY4

LDA-5 Section 12 84CW620 NNT 50 150
(Cordillera) T6S, R67W, 6™ PM | 84CW239/242 NNT 18.4 400
50 ft FNL 85CW389A NNT 86 150

1,300 ft FEL

1 1

z\e)&ét/i“oiElé 82CW328 NT 26 300
LDA-6 T6S. R67TW. 6 PM 84CW620 NNT 50 150
(Cordillera) ’6 60 ft F,SL 84CW239/242 NNT 18.4 400
1,975 ft FEL 85CW389A NNT 86 150

Notes: The following conditions apply to the wells listed in Table No. 1:

(a) Water withdrawn from Well LDA-5 pursuant to Case No. 84CW620 is withdrawn at the
location of Well DA#1 (85CW389A).

(b) Water withdrawn from Well LDA-6 pursuant to Case No. 82CW328 is withdrawn at the
location of Well DC-3 (82CW328).

(c) Pursuant to Case No. 83CW359, Wells LDA-1 through LDA-4 may each withdraw 71.9
acre-feet annually of nontributary Lower Dawson groundwater decreed in Case No.
83CW359, so long as the combined annual appropriation from all four wells does not exceed
230 acre-feet annually, and so long as the appropriation from any one of the wells during any
five calendar year period does not exceed 287.5 acre-feet.

(d) Wells LDA-1 through LDA-6 may withdraw, as additional wells for 18.4 acre-feet annually
decreed to well HQ-DA-1 (84CW239/242) no more than 18.4 acre-feet annually combined.

(e) Wells LDA-5 and LDA-6 may withdraw, as additional wells for 86 acre-feet annually
decreed to well DA#1 (85CW389A) no more than 86 acre-feet annually combined.

(f) Wells LDA-1 through LDA-6 may withdraw, as additional wells for 50 acre-feet annually
decreed to wells LDA-1 through LDA-4 (84CW620) no more than 50 acre-feet annually

combined.

(g) Pursuant to Case No. 01CW257, banking, well fields and additional wells pursuant to §37-
90-137, C.R.S., as amended by Senate Bill 5, are allowed for all the not-nontributary water
rights withdrawn through the wells in Table 1. The nontributary groundwater decreed in
83CW359 and 82CW328 may be withdrawn through additional wells only pursuant to the
terms of the 83CW359 and 82CW328 decrees.

(h) Pursuant to Case No. 01CW257, Wells LDA-1 through LDA-6 may withdraw in
combination a maximum of 256 acre-feet annually of nontributary, and 154.4 acre-feet
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annually of not-nontributary, Lower Dawson Aquifer groundwater at the pumping rates
described in Table No. 1.

(i) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257, apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.1.2. Meridian North Denver Aquifer Well Field

3.1.2.1.  Well Names: DE-5 (aka DC-5); DE-6; DE-7; DE-8; DE-9; DE-10; DE-11
(aka DE-1 (Cordillera))

3.1.2.2.  Legal Descriptions (as described in most recent Decree — 01CW257): See
Table 2 below.

3.1.2.3.  Source:
3.1.2.3.1. Not-nontributary (NNT) Denver Aquifer; see Table 2 below.
3.1.2.3.2. Nontributary (NT) Denver Aquifer; see Table 2 below.
3.1.2.4.  Appropriation Date: N/A (see §37-92-305(11)).

3.1.2.5.  Amounts Decreed to be Withdrawn through Structures: See Table 2
below.

3.1.2.6. Decreed Uses:

3.1.2.6.1. Pursuant to the decree in Case No. 82CW328: See paragraph
3.1.1.6.5 above.

3.1.2.6.2. Pursuant to the decree in Case No. 84CW620: See paragraph
3.1.1.6.2 above.

3.1.2.6.3. Pursuant to the decree in Case No. 84CW239/242: See paragraph
3.1.1.6.3 above.

3.1.2.6.4. Pursuant to the decree in Case No. 85CW389A: See paragraph
3.1.1.6.4 above.

3.1.2.7.  Amount of Water to be Used in Plan for Augmentation: Full annual
appropriation/withdrawal amounts for each well as listed in Table 2 below.
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3.1.2.8.  Other: See Notes to Table 2 below.
Table 2 — Meridian North Denver Aquifer Well Field
7
?P‘;lii:? ::Ie Water Rights Max Annual | Pumping
. Decreed Location Withdrawn Decreed | Withdrawal Rate
DRIl (Case No.) Source (af/yr) (g.p.m.)
located) i e
DE-5 . .
(aka DE-1 Sifl‘osnEl/; 82CW328 NT 46 100
(85CW389A) T6S. R6TW. 6% PM 84CW620 NNT 265.4 100
and DC-5 1’ 320 ft ’FSL 84CW239/242. NNT 312.6 400
(82CW328)) ’ 85CW389A NNT 110 100
) 1,270 ft FEL
(Cordillera)
NWYi NEV4
DE-6 Section 1 %h 84CW620 NNT 265.4 100
(Meridian) T6S, R67W, 6" PM | 84CW239/242 NNT 312.6 400
776 ft FNL 85CW389A NNT 110 100
1,397 1t FEL
NWYia NWY,
DE-7 Section I%h 84CW620 NNT 265.4 100
(Meridian) T6S, R67TW, 67 PM | 84CW239/242 NNT 312.6 400
580 ft FNL 85CW389A NNT 110 100
535 ft FWL
SW¥s SWV4
DE-8 Section l%h 84CW620 NNT 2654 100
ieridia) T6S, R67TW, 6" PM | 84CW239/242 NNT 312.6 100
140 ft FSL 85CW389A NNT 110 100
894 ft FWL
SWY4 SEV4
DE-9 Section llh 84CW620 NNT 265.4 100
(Meridian) T6S, R67W, 67 PM | 84CW239/242 NNT 312.6 100
99 ft FSL 85CW389A NNT 110 100
2,572 ft FEL
NWY NWY
DE-10 Section 1¥h 84CW620 NNT 265.4 100
(Meridian) T6S, R67W, 67 PM | 84CW239/242 NNT 312.6 400
1,306 ft FNL 85CW389A NNT 110 100
307 ft FWL
NEY4 NEV4
DE-11 Section I%h 84CW620 NNT 265.4 100
(Cordillers) T6S, R67TW, 67 PM | 84CW239/242 NNT 312.6 400
50 ft FNL 85CW389A NNT 110 100
1,250 ft FEL
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Note: The following conditions apply to the wells and water rights listed in Table No. 2:

(a) Water decreed to Well DE-11 pursuant to Case No. 84CW620 is withdrawn at the location of
Well DE-1 (85CW389A).

(b) Well DE-5 (aka DC-5) may withdraw in addition to not-nontributary Denver Aquifer water,
46 acre-feet of nontributary Denver Aquifer water decreed in Case No. 82CW328 at the
location of Well DC-5 (82CW328).

(c) Wells DE-5 through DE-11 decreed in Case No. 01CW257 as additional wells for 265.4 af/yr
for Wells DE-6 through DE-10 decreed in Case No. 84CW620, may not withdraw in
combination more than 265.4 acre-feet annually on that right.

(d) Wells DE-5 through DE-11 decreed in Case No. 01CW257 as additional wells for 312.6 af/yr
for Well HQ-DN-1 decreed in Case No. 84CW239/242, may not withdraw in combination
more than 312.6 acre-feet annually on that right.

(e) Wells DE-5 through DE-11 decreed in Case No. 01CW257 as additional wells for 110 af/yr
for Well DE-1 (Cordillera) decreed in Case No. 85CW389A, may not withdraw in
combination more than 110 acre-feet annually on that right.

(f) Pursuant to Case No. 01CW257, banking, well fields and additional wells pursuant to §37-
90-137, C.R.S., as amended by Senate Bill 5, are allowed for all the not-nontributary water
rights withdrawn through the wells in Table 2. The nontributary groundwater decreed in
82CW328 may be withdrawn through additional wells only pursuant to the terms of the
82CW328 decree.

(g) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257 apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.1.3. Meridian (North) Nontributary Denver Aquifer Wells

3.1.3.1.  Well Names: DE-1; DE-2; DE-3; DE-4

3.1.3.2.  Legal Descriptions (as described in most recent Decree — 01CW257): See
Table 3 below.

3.1.3.3.  Source: Nontributary Denver Aquifer

3.1.3.4.  Appropriation Date: N/A (see §37-92-305(11)).
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3.1.3.5.  Amounts Decreed to be Withdrawn through Structures: See Table 3
below.

3.1.3.6.  Decreed Uses:

3.1.3.6.1. Pursuant to the decree in Case No. 79CW238: municipal, domestic,
commercial, industrial, power generation, mining, manufacturing, mechanical, irrigation, stock
watering, recreation, fish and wildlife, fire protection, and the maintenance of adequate storage
system and reserves. The water is developed and nontributary water and the right to such water
includes the right of successive use pursuant to C.R.S. §37-82-106 and the right to use, reuse,
and successively use all such water to extinction, and to dispose of such water free of any
limitation, restriction, or requirement as to the place of use, amount of discharge after such use,
reuse, successive use or disposition. The water may be used for immediate application to
beneficial uses, for storage and subsequent application to beneficial uses, for exchange purposes,
for replacement of depletions, and for all augmentation purposes.

3.1.3.7.  Amount of Water to be Used in Plan for Augmentation: Full annual
appropriation/withdrawal amounts for each well as listed in Table 3 below.

3.1.3.8.  Other: See Notes to Table 3 below.

Table No. 3 — Meridian (North) NT Denver Aquifer Wells

Well Name Water Rights Max Annual Pumping
(Parcel on Decreed Location Withdrawn Withdrawal Rate
which located) (Case No.) (af/yr) (g.p.m.)

SWV: SWY4
Section 1
DE-1R th
LN, T6S, R67TW, 67 P.M. 160 100
(Meridian) 1,300 ft FSL TOCW238
1,300 ft FWL
SWV: NWYa
Section 12
DE-2 th
s T6S, R67TW, 67 P.M. 160 100
(Meridian) 1381 ft FNL 79CW238
1,085 ft FWL
SWVvs SWa
Section 12
DE-3 th
L g T6S, R67TW, 67 P.M. 160 100
(Meridian) 1,300 ft FSL 79CW238
1,300 ft FWL
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NEV: SWY%
Section 11
DE-4 th
(Meridian) T6S’21§6175V¥t’1fSLP'M' 79CW238 160 100
2.490 ft FWL

Note: The following conditions apply to the wells and water rights listed in Table No. 3:

(a) Pursuant to Case No. 01CW257, wells DE-1 through DE-4 may withdraw in combination a
maximum of 258 acre-feet annually, at a maximum pumping rate of 100 g.p.m. each, and
provided that the annual diversion from any one of wells DE-1 through DE-4 shall not
exceed 160 acre-feet.

(b) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257 apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.1.4. Meridian (North) Nontributary Arapahoe Aquifer Well Field

3.1.4.1.  Well Names: A-2R; A-3; A-4; A-5; A-6

3.1.42.  Legal Descriptions (as described in most recent Decree — 01CW145): See
Table 4 below.

3.1.43.  Source: Nontributary Arapahoe Aquifer
3.1.44.  Appropriation Date: N/A (see §37-92-305(11)).

3.1.4.5.  Amounts Decreed to be Withdrawn through Structures: See Table 4
below.

3.1.4.6. Decreed Uses:

3.1.4.6.1. Pursuant to the decree in Case No. 01CW145, the Arapahoe
Aquifer water rights decreed in Cases No. W-7609, W-8033, 79CW238, 82CW328,
84CW239/242, 84CW620, and 85CW389A withdrawn from any of the described wells may be
used, reused, and successively used and after use, leased, sold or otherwise disposed of for
municipal, domestic, industrial, commercial, irrigation, stock watering, recreational, fish and
wildlife, and any other beneficial purpose, to be used on or off the land within the service area of
Meridian Metropolitan District. This water will be produced for immediate application to said
uses, for storage and subsequent application to said uses, for exchange purposes, for replacement
of depletions resulting from the use of water from other sources, and for augmentation purposes.
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3.1.47.  Amount of Water to be Used in Plan for Augmentation: Full annual
appropriation/withdrawal amounts for each well as listed in Table 4 below.

3.1.4.8.  Other: See Notes to Table 4 below.
Table No. 4 - Meridian (North) NT Arapahoe Aquifer Well Field
a3/l Name Water Rights Average Pumping
(Parcel on . . Annual
- Decreed Location Withdrawn . Rate
which (Case No.) Withdrawal (2p.m.)
located) (af/yr) e
W-7609
NWY NWY W-8033
AR Section lﬂl1 79CW238
(Meridian) T6S, R67TW, 67 P.M. 82CW328 500 600
100 FNL 84CW239/242
100 NWL 84CW620
85CW389A
W-7609
SWV: NWY, W-8033
A3 Section 1t2h 79CW238
(Meridian) T6S, R67TW, 6 P.M. 82CW328 600 750
2,600 FNL 84CW239/242
50 FWL 84CW620
85CW389A
W-7609
NEY: SWY4 W-8033
W Section lth 79CW238
(Meridian) T6S, R67W, 6 P.M. 82CW328 500 600
2,780 FNL 84CW239/242
2,450 FWL 84CW620
85CW389A
W-7609
SEY4 SEY4 W-8033
A5 Section 1ﬁ11 79CW238
(Meridian) T6S, R67TW, 6 P.M. 82CW328 300 350
200 FSL 84CW239/242
780 FEL 84CW620
85CW389A
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W-7609
NEY4s NEV4 W-8033
A6 Section 1% 79CW238
(Cordillera) T6S, R67TW, 6™ P.M. 82CW328 600 750
930 FNL 84CW239/242
970 FEL 84CW620
85SCW389A

Note: Pursuant to the decree in Case No. 01CW145, the following conditions apply to the wells
and water rights listed in Table No. 4:

(2) In no more than one year out of any five, Meridian may withdraw a maximum of 685 acre-
feet at 425 g.p.m. from well A-5; in all other years, Meridian may withdraw a maximum of
300 acre-feet at 350 g.p.m. from well A-5.

(b) In no more than one year out of any five, Meridian may withdraw a maximum of 685 acre-
feet at 750 g.p.m. from well A-3; in all other years, Meridian may withdraw a maximum of
600 acre-feet from wells A-3 and A-6 combined at a maximum rate of 750 g.p.m. from each
well.

(¢) In any single year, Meridian may withdraw a maximum of 500 acre-feet from either well A-
2R or A-4 and a total of 800 acre-feet from both wells, at a maximum rate of 600 g.p.m. for
each well. These pumping rates and annual withdrawal limits for wells A-2R and A-4 apply
to any Arapahoe Aquifer water withdrawn through said wells whether such water is
described in the decree (in Case No. 01CW145) or not.

(d) Applicant may not withdraw in excess of 1,370.1 acre-feet annually from its Meridian
(North) Arapahoe Aquifer well field.

(e) If supplemental, additional and/or alternate point of diversion wells are needed to pump
Meridian’s full appropriation of 1,370.1 acre-feet from the Meridian North Arapahoe Aquifer
Well Field, then such supplemental, additional and/or alternate point of diversion wells may
be drilled no closer than half the distance from Meridian’s existing Well A-3 or A-5 to the
Colony/Meridian property boundary, as shown on Exhibit 2 hereto, and may pump at up to
half the decreed annual appropriation and pumping rate of such existing well.

3.1.5. Meridian North Nontributary Laramie-Fox Hills Aquifer Well Field

3.1.5.1.  Well Names: LFH-1; LFH-2; LFH-3; LFH-4

3.1.5.2.  Legal Descriptions (as described in most recent Decree — 01CW257): See
Table 5 below.



3.1.5.3.

3.1.5.4.

L1385

below.

3.1.5.6.

3.1
3.1.1.6.2 above.

3.1
3.1.1.6.3 above.

3.1
3.1.1.6.4 above.

3.1
3.1.2.6.1 above.

3.1.5.7

5.6.1.

5.6.2.

5.6.3.

5.6.4.
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Source: Nontributary Laramie-Fox Hills Aquifer

Appropriation Date: N/A (see §37-92-305(11)).
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Amounts Decreed to be Withdrawn through Structures: See Table 5

Decreed Uses:

appropriation/withdrawal amounts for each well as listed in Table 5 below.

Pursuant to the decree in Case No. 84CW620: See paragraph

Pursuant to the decree in Case No. 84CW239/242: See paragraph

Pursuant to the decree in Case No. 85CW389A: See paragraph

Pursuant to the decree in Case No. 82CW328: See paragraph

Amount of Water to be Used in Plan for Augmentation: Full annual

3.1.5.8.  Other: See Notes to Table 5 below.
Table No. 5 - Meridian North NT Laramie-Fox Hills Aquifer Well Field
?l}’(:l]x[*cl\i;‘ :)r;e Water Rights | Max Annual Pumping
which Decreed Location Withdrawn Withdrawal Rate
located) (Case No.) (af/yr) (g.p-m.)
SEVaNW%
LFH-1 Section lﬂl1 84CW620
(Meridian) T6S, R67W, 6" P.M. 84CW239/242 484 300
2,725 ft FSL 85CW389A
2,318 ft FWL
NWY NWY
LFH-2 Section lt% 84CW620
@ferdian) T6S, R67W, 6" P.M. 84CW239/242 484 300
610 ft FNL 85CW389A
537 ft FWL
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NWY NWY Section 11
LFH-3 and/or SW¥4SWVY4 Section 2 84CW620
et T6S, R67W, 6% P.M. R4CW239/242 484 300
0 ft FNL and 1,006 ft FWL | 85CW389A
of Section 11
. 84CW620
1
LFH-4 Ce?gg 01563;3“/; Sé%?gol\’j[ 12, | sacw239242 442
(aka DC-6) oo npar | 85CW389A 300
(Cordillera) 2201t
1,320 ft FEL —— 2

Note: The following conditions apply to the wells and water rights listed in Table No. 5:

(a) Pursuant to Case No. 01CW257, wells LFH-1 through LFH-4 may not withdraw in
combination more than 688.6 acre-feet annually. Additionally, the nontributary Laramie-Fox
Hills aquifer groundwater decreed pursuant to S.B. 213 in Case No. 82CW328 will only be
withdrawn from well LFH-4 and any additional wells pursuant to the provisions in Case No.
82CW328.

(b) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257 apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.1.6. Future Wells. Applicant may inject into and pump out of any wells constructed
as supplemental, additional, or alternate point of diversion wells for the foregoing structures
(“Future Meridian North Wells™). In the location, construction, and operation of such Future
Meridian North Wells, Applicant remains bound by the terms and conditions of the decrees in
Case No. 01CW257 (Lower Dawson, Denver, and Laramie-Fox Hills Aquifers),Case No.
01CW145 (Arapahoe Aquifer) and, where applicable, the individual decrees adjudicating the
water rights listed above. Applicant must provide written notice to the Objectors and the State
Engineer pursuant to paragraph 5.3, and the State Engineer must issue a well permit in
accordance with paragraph 17 for any wells constructed as supplemental, additional, or alternate
point of diversion wells for the foregoing structures before the new wells may be constructed and
used to extract injected water.

3.2. Meridian South CEP (see Exhibit 1 for a depiction of the CEP)

3.2.1. Meridian South Not-Nontributary Lower Dawson Well Field

3.2.1.1.  Well Names: LDA-7; LDA-8
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3.2.1.2.  Legal Descriptions (as described in most recent Decree — 01CW257): See
Table 6 below.

3.2.1.3.  Source: Not-nontributary Lower Dawson Aquifer
3.2.1.4.  Appropriation Date: N/A (see §37-92-305(11))

3.2.1.5.  Amounts Decreed to be Withdrawn through Structures: See Table 6
below.

3.2.1.6. Decreed Uses:

3.2.1.6.1. Pursuant to the decree in Case No. 84CW236: All municipal
purposes including domestic, agricultural, industrial, commercial, irrigation, stock watering,
recreation, fish and wildlife, and fire protection. Water may be produced for immediate
application to beneficial use, for storage and subsequent use, for exchange purposes, for
replacement of depletions resulting from the use of water from other sources, for relinquishment
to the stream pursuant to C.R.S. §37-90-137(9)(b), and for all other augmentation purposes
including augmentation of not-nontributary groundwater diversions. The rights approved include

the right to reuse, successive use and disposition by sale, exchange or otherwise to extinction, of
all such water in accordance with C.R.S. §37-82-106(2).

3.2.1.6.2. Pursuant to the decree in Case No. 84CW240: All municipal
purposes including domestic, agricultural, industrial, commercial, irrigation, stock watering,
recreation, fish and wildlife, and fire protection. Water may be produced for immediate
application to beneficial use, for storage and subsequent application to beneficial use, for
exchange purposes, for replacement of depletions resulting from the use of water from other
sources, for relinquishment to the stream pursuant to C.R.S. §37-90-137(9)(b), and for all other
augmentation purposes including augmentation of not-nontributary groundwater diversions. The
rights approved include the right to reuse, successive use and disposition by sale, exchange or
otherwise to extinction, of all such water in accordance with C.R.S. §37-82-106(2).

3.2.1.6.3. Pursuant to the decree in Case No. 06CW 182: Water withdrawn
from the subject aquifers will be used for beneficial purposes on or off of the overlying land,
including without limitation, municipal, domestic, industrial, agricultural, commercial, irrigation,
stock watering, recreation, fish and wildlife, fire protection, augmentation, and substitution and
exchange. Meridian is entitled to recapture, reuse, and successively use, and after use to lease,
sell, or otherwise dispose of the groundwater that is the subject of the decree in Case No.
06CW182, subject, however, to the obligation to operate in accordance with a plan for
augmentation prior to withdrawal or use of any groundwater from the not-nontributary Lower
Dawson Aquifer. The not-nontributary Lower Dawson Aquifer groundwater that is the subject of
the decree in Case No. 06CW 182 will be withdrawn through Well LDA-8 for immediate
application to beneficial use, for storage, and subsequent application to beneficial use, for
exchange purposes, for replacement of depletions resulting from the use of water from other
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sources, and for all other augmentation purposes, including taking credit for all return flows as
augmentation for or as offsets against not-nontributary depletions.

3.2.1.7.

Amount of Water to be Used in Plan for Augmentation: Full annual

appropriation/withdrawal amounts for each well as listed in Table 6 below.

3.2.1.8.

Other: See Notes to Table 6 below.

Table No. 6 - Meridian South NNT Lower Dawson Aquifer Well Field

Max Annual

Well Max Annual Annual .
Water . . Withdrawal i
Name . Withdrawal | Withdrawal Pumping
Decreed Rights per Case Nos.
(Parcel on - i per Case No. | per Case No. Rate
A Location Withdrawn 01CW257 and
which 01CW257 06CW182 (g.p.m.)
located) (CaseNo | ™ \aiim) (aflyr) UaCWIS2
y y (af/yr)
SWV: NWY,
Section 18
LDA-7 ;
T6S, R66W, | 84CW236
(BSradgll)ry 6" P M. 84CW240 150 0 150 150
ou 2,600 ft FNL
1,300 ft FWL
Center of
LDA8 | ~¢1O0 1% | gacwase
(Bradbury 6ﬂ’, P M > | 84CW240 198.4 17.4 215.8 150
South) 2,620 ft FNL 06CW182
2,620 ft FWL
Total — Not
to0 Exceed 198.4 215.8

Note: The following conditions apply to the wells and water rights listed in Table No. 6:

(a) The Lower Dawson Aquifer water rights decreed by Cases No. 84CW236 and 84CW?240 are
augmented pursuant to Case No. 01CW257. Pursuant to Case No. 01CW257, Wells LDA-7
and LDA-8 may not withdraw in combination more than 198.4 acre-feet annually of the
Lower Dawson Aquifer water rights decreed in Cases No. 84CW236 and 84CW240.

(b) The Lower Dawson Aquifer water rights decreed by Case No. 06CW182 are augmented
pursuant to Case No. 13CW3130. Pursuant to Case No. 13CW3130, Meridian may withdraw

17.4 acre-feet per year of its Lower Dawson Aquifer water rights decreed in Case No.

06CW182 through Well LDA-8, increasing the annual withdrawal of Lower Dawson Aquifer
groundwater by Well LDA-8 to 215.8 acre-feet per year. Nothing in this decree shall alter the
terms and conditions decreed in Case No. 13CW3130.
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(¢) Pursuant to Case No. 06CW 182, banking and additional wells pursuant Rule 12 of the
Statewide Nontributary Ground Water Rules, 2 CCR 402-7 (“Nontributary Rules”), are
allowed for the water rights decreed by Case No. 06CW182 in Table 6.

(d) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257 apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.2.2. Meridian South Not-Nontributary Denver Aquifer Well Field

3.2.2.1.  Well Names: DE-12 (aka BP-DN-1); DE-13 (aka HS-DN-1)

3.2.2.2.  Legal Descriptions (as described in most recent Decree — 01CW257): See
Table 7 below.

3.22.3.  Source: Not-nontributary Denver Aquifer
3.2.24.  Appropriation Date: N/A (see §37-92-305(11))

3.2.2.5.  Amounts Decreed to be Withdrawn through Structures: See Table 7
below.

3.2.2.6. Decreed Uses:

3.2.2.6.1. Pursuant to the decree in Case No. 84CW236: See paragraph
3.2.1.6.1 above.

3.2.2.6.2. Pursuant to the decree in Case No. 84CW240: See paragraph
3.2.1.6.2 above.

3.2.2.6.3. Pursuant to the decree in Case No. 06CW182: Pursuant to the
decree in Case No. 06CW182: Water withdrawn from the subject aquifers will be used for
beneficial purposes on or off of the overlying land, including without limitation, municipal,
domestic, industrial, agricultural, commercial, irrigation, stock watering, recreation, fish and
wildlife, fire protection, augmentation, and substitution and exchange. Meridian is entitled to
recapture, reuse, and successively use, and after use to lease, sell, or otherwise dispose of the
groundwater that is the subject of the decree in Case No. 06CW1 82, subject, however, to the
obligation to operate in accordance with a plan for augmentation prior to withdrawal or use of
any groundwater from the not-nontributary Denver Aquifer. The not-nontributary Denver
Aquifer groundwater that is the subject of the decree in Case No. 06CW 182 will be withdrawn
through Well DE-13 for immediate application to beneficial use, for storage, and subsequent
application to beneficial use, for exchange purposes, for replacement of depletions resulting from
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the use of water from other sources, and for all other augmentation purposes, including taking
credit for all return flows as augmentation for or as offsets against not-nontributary depletions.

3.2.2.7.

Amount of Water to be Used in Plan for Augmentation: Full annual

appropriation/withdrawal amounts for each well as listed in Table 7 below.

3.2.2.8.

Other: See Notes to Table 7 below.

Table 7 — Meridian South NNT Denver Aquifer Well Field

Well

Max Annual

Annual

Max Annual

Name Water Withdrawal | Withdrawal Mithdrawal Pumping
Decreed Rights per Cases No.
(Parcel on . . per Case No. | per Case No. Rate
A Location Withdrawn 01CW257 and
which 01CW257 06CW182 (g.p-m.)
located) (CaseiNG) (af/yr) (af/yr) O6CHELE2
y y (aflyr)
1 1
DE-12 N A N
(aka BP Section 18,
" | T6S,R66W, | 84CW236
BDI\;:) 6" P.M. 84CW240 = 0 159 o
( iy ﬂ?)ry 850 ft FNL
. 1,800 ft FWL
1 1
DEL3 | ¢lion 1o,
(aka HS- T6S. R6 6\?\; 84CW236
DN-1) 6“" PM > | 84CW240 272 0.34 272.34 200
(BSradzlll)ry 1,900 ft FSL 06CW182
ou 1,900 ft FEL
Total — Not
to Exceed 272 272.34

Note: The following conditions apply to the wells and water rights listed in Table No. 7:

(a) The Denver Aquifer water rights decreed by Cases No. 84CW236 and 84CW240 are
augmented pursuant to Case No. 01CW257. Pursuant to Case No. 01CW257, Wells DE-12
and DE-13 may not withdraw in combination more than 272 acre-feet annually of the Denver
Aquifer water rights decreed in Cases No. 84CW236 and 84CW240 at a maximum pumping
rate of 200 g.p.m.

(b) The Denver Aquifer water rights decreed by Case No. 06CW 182 are augmented pursuant to
Case No. 13CW3130. Pursuant to Case No. 13CW3130, Meridian may withdraw 0.34 acre-
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feet per year of its not-nontributary Denver Aquifer water rights decreed in Case No.
06CW182 through Well DE-13, increasing the annual withdrawal of Denver Aquifer
groundwater by Well DE-13 to 272.34 acre-feet per year. Nothing in this decree shall alter
the terms and conditions decreed in Case No. 13CW3130.

(¢) Pursuant to Case No. 06CW182, banking and additional wells pursuant Rule 12 of the
Nontributary Rules are allowed for the water rights decreed by Case No. 06CW 182 in Table
7.

(d) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257 apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.2.3. Meridian (South) Nontributary Arapahoe Aquifer Wells

3.2.3.1.  Well Names: BP-A-1; HS-A-1

3.2.3.2.  Legal Descriptions as described in most recent decrees: 84CW236 (Well
BP-A-1), and 84CW240 (Well HS-A-1): See Table 8 below.

3.2.3.3.  Source: Nontributary Arapahoe Aquifer
3.2.3.4.  Appropriation Date: N/A (see §37-92-305(11))

3.2.3.5.  Amounts Decreed to be Withdrawn through Structures: See Table 8
below.

3.2.3.6. Decreed Uses:

3.2.3.6.1. Pursuant to the decree in Case No. 84CW236: See paragraph
3.2.1.6.1 above.

3.2.3.6.2. Pursuant to the decree in Case No. 84CW240: See paragraph
3.2.1.6.2 above.

3.2.3.77.  Amount of Water to be Used in Plan for Augmentation: Full annual
appropriation/ withdrawal amounts for each well as listed in Table 8 below.

3.2.3.8.  Other: See Notes to Table 8 below.

Table No. 8 — Meridian (South) NT Arapahoe Aquifer Wells
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‘();‘;lll‘cl\i? I(:;ne Water Rights i‘fgzgle Pumping
. Decreed Location Withdrawn 5 Rate
which (Case No.) Withdrawal (g.pm.)
located) ) (aflyr) gy
SEVa NWY4
BP-A-1 Section 18,
(Bradbury T6S, R66W, 6 P.M. 84CW236 21.4 800
South) 2,600 ft FNL
1,700 ft FWL
NWY SEV4
HS-A-1 Section 19,
(Bradbury T6S, R66W, 6" P.M. 84CW240 143 800
South) 2,400 ft FNL
2,000 ft FEL

Note: The following conditions apply to the wells and water rights listed in Table No. 8:

(a) Pursuant to Cases No. 84CW236 and 84CW240, banking and additional wells pursuant to
§37-90-137(10), C.R.S., are allowed for all the water rights withdrawn through the wells in

Table 8.

3.2.4. Meridian South Nontributary Laramie-Fox Hills Aquifer Well Field

3.24.1.

3.24.2.

Table 9 below.

3.24:3.

3.244.

3.2.45.

below.

3.2.4.6.

3.2.

3.2.1.6.1 above.

3.2.

3.2.1.6.2 above.

Well Names: LFH-5; LFH-6

Legal Descriptions (as described in most recent Decree — 01CW257): See

Source: Nontributary Laramie-Fox Hills Aquifer
Appropriation Date: N/A (see §37-92-305(11))

Amounts Decreed to be Withdrawn through Structures: See Table 9

Decreed Uses:

4.6.1. Pursuant to the decree in Case No. 84CW236: See paragraph

4.6.2. Pursuant to the decree in Case No. 84CW240: See paragraph
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3.2.4.6.3. Pursuant to Case No. 06CW182: Water withdrawn from the subject
aquifer will be used for beneficial purposes on or off of the overlying land, including without
limitation, municipal, domestic, industrial, agricultural, commercial, irrigation, stock watering,
recreation, fish and wildlife, fire protection, augmentation, and substitution and exchange.
Meridian is entitled to recapture, reuse, and successively use, and after use to lease, sell, or
otherwise dispose of the groundwater that is the subject of the decree in Case No. 06CW 182,
subject, however, to the obligation to consume no more than 98% of the water withdrawn from
the Laramie-Fox Hills Aquifer. The Laramie-Fox Hills Aquifer groundwater that is the subject of
the decree in Case No. 06CW182 will be withdrawn through Well LFH-5 (aka Well BP-L-1) and
Well LFH-6 (aka Well HS-L-1) for immediate application to beneficial use, for storage, and
subsequent application to beneficial use, for exchange purposes, for replacement of depletions
resulting from the use of water from other sources, and for all other augmentation purposes,
including taking credit for all return flows as augmentation for or as offsets against not-
nontributary depletions.

3.24.7.  Amount of Water to be Used in Plan for Augmentation: Full annual
appropriation/withdrawal amounts for each well as listed in Table 9 below.

3.24.8. Other: See Notes to Table 9 below.
Table No. 9 - Meridian South NT Laramie-Fox Hills Aquifer Well Field
Well Max Annual Annual A An.nu.al
N Water Appropriation | Appropriation Appropriation Pumpin
e Decreed Rights pprop pprop per Cases No. ping
(Parcel on N . per Case No. | per Case No. Rate
. Location Withdrawn 01CW257 and
which 01CW257 06CW182 (g.p.m.)
located (Case No.) (aflyr) (aflyr) 06CW182
oCAtec) y y (af/yr)
SWYa NWV,
Section 18,
LFH-5 T6S. R66W 84CW236
(Bradbury 6tﬁ PM ’ 84CW240 213.6 20.1 233.7 300
South) 2.550 ft FNL 06CW182
1,300 ft FWL
Center of
LFH-6 ngg“l‘;‘; o | sacwass
(Bradbury 6“; PM ’ 84CW240 213.6 20.1 2337 300
South) 2,620 fi FSL 06CW182
2,620 ft FEL
Total — Not
to Exceed 213.6 233.7
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Note: The following conditions apply to the wells and water rights listed in Table No. 9:

(a) The Laramie-Fox Hills Aquifer water rights decreed by Cases No. 84CW236 and 84CW240
are withdrawn through Well LFH-5 and Well LFH-6 (Meridian South NT Laramie-Fox Hills
Aquifer Well Field) pursuant to Case No. 01CW257. Pursuant to Case No. 01CW257, Well
LFH-5 and Well LFH-6 may not withdraw in combination more than 213.6 acre-feet
annually of the Laramie-Fox Hills Aquifer water rights decreed in Cases No. 84CW236 and
84CW240.

(b) The Laramie-Fox Hills Aquifer water rights decreed by Case No. 06CW 182 are withdrawn
through Well LFH-5 and Well LFH-6 (Meridian South NT Laramie-Fox Hills Aquifer Well
Field) pursuant to Case No. 06CW182. Pursuant to Case No. 06CW 182, Meridian may
withdraw 20.1 acre-feet per year of its nontributary Laramie-Fox Hills Aquifer water rights
decreed in Case No. 06CW 182 through Well LFH-5 and Well LFH-6, increasing the annual
withdrawal of Laramie-Fox Hills Aquifer groundwater by Well LFH-5 and Well LFH-6 to
233.7 acre-feet per year.

(¢) Pursuant to Case No. 06CW182, banking and additional wells pursuant Rule 12 of the
Nontributary Rules is allowed for the water rights decreed by Case No. 06CW 182 in Table 9.

(d) Further location and spacing requirements, set forth in paragraphs 21, 22, 23, and 24 of the
decree in Case No. 01CW257 apply to supplemental, additional, and/or alternate point of
diversion wells constructed to withdraw the Applicant’s full appropriations in the Lower
Dawson, Denver, and Laramie-Fox Hills Aquifers.

3.2.5. Future Wells. Applicant may inject into and pump out of any wells constructed
as supplemental, additional, or alternate point of diversions wells for the foregoing structures
(“Future Meridian South Wells”). In the location, construction and operation of such Future
Meridian South Wells, Applicant remains bound by the terms and conditions of the decrees in
Cases No. 01CW257 (Lower Dawson, Denver, and Laramie-Fox Hills Aquifers), Cases No.
84CW236 and 84CW240 (Arapahoe Aquifer), and Case No. 13CW3130 (Lower Dawson,
Denver, and Laramie-Fox Hills Aquifers), and, where applicable, the individual decrees
adjudicating the water rights listed above. Applicant must provide written notice to the Objectors
and the State Engineer pursuant to paragraph 5.3, and the State Engineer must issue a well permit
in accordance with paragraph 17 for any wells constructed as supplemental, additional, or
alternate point of diversion wells for the foregoing structures before the new wells may be
constructed and used to extract injected water.

4. Water and Water Rights to be used in the Plan (by artificial injection, aquifer storage,
and subsequent extraction).

4.1.  84CW239/242. Not-nontributary Lower Dawson Aquifer, not-nontributary Denver
Aquifer, nontributary Arapahoe Aquifer, and nontributary Laramie-Fox Hills Aquifer
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groundwater underlying approximately 684.5 acres (Bradbury North Parcel) decreed in Case No.
84CW239/242, District Court, Water Division No. 1 (May 31, 1989). See Exhibit 3.

4.2. 84CW236. Not-nontributary Lower Dawson Aquifer, not-nontributary Denver
Aquifer, nontributary Arapahoe Aquifer, and nontributary Laramie-Fox Hills Aquifer
groundwater underlying approximately 205.7 acres in the Bradbury South Parcel (Bradbury-Bull
Pasture Parcel) decreed in Case No. 84CW236, District Court, Water Division No. 1 (Sept. 7,
1989). See Exhibit 3.

4.3.  84CW240. Not-nontributary Lower Dawson Aquifer, not-nontributary Denver
Aquifer, nontributary Arapahoe Aquifer, and nontributary Laramie-Fox Hills Aquifer
groundwater underlying approximately 553.5 acres (Bradbury South Parcel) decreed in Case No.
84CW240, District Court, Water Division No. 1 (Sept. 7, 1989). See Exhibit 3.

44.  85CW389A. Not-nontributary Lower Dawson Aquifer, not-nontributary Denver
Aquifer, and nontributary Laramie-Fox Hills Aquifer groundwater underlying approximately 320
acres (Cordillera Parcel) decreed in Case No. 85CW389A, District Court, Water Division No. 1
(May 19, 1993). See Exhibit 3.

4.5.  W-7609 and 84CW620. Not-nontributary Lower Dawson Aquifer, nontributary and
not-nontributary Denver Aquifer, nontributary Arapahoe Aquifer, and nontributary Laramie-Fox
Hills Aquifer groundwater underlying 1,235 acres in the Meridian Parcel decreed in Cases No.
W-7609 (March 16, 1977) and 84CW620, District Court, Water Division No. 1 (Feb. 5, 1992).
See Exhibit 3. The water rights decreed in Case No. W-7609 to California Arapahoe Well No. 1-
017691-F and the California Arapahoe Well No. 2-017693-F are owned by Stonegate and are not
included in this Plan for Augmentation or changed by this Decree.

4.6.  82CW328. Nontributary Lower Dawson Aquifer, nontributary Denver Aquifer,
nontributary Arapahoe Aquifer, and nontributary Laramie-Fox Hills Aquifer groundwater
underlying 160 acres (Daniel Crow Parcel) decreed in Case No. 82CW328, District Court, Water
Division No. 1 (Feb. 25, 1985). See Exhibit 3.

4.7.  83CW359. Nontributary Lower Dawson Aquifer groundwater underlying 1,250 acres
(Meridian Parcel) decreed in Case No. 83CW359, District Court, Water Division No. 1, April 25,
1985. See Exhibit 3.

4.8.  79CW238. Nontributary Denver Aquifer and nontributary Arapahoe Aquifer
groundwater underlying approximately 1,250 acres (Meridian Parcel) decreed in Case No.
79CW238, District Court, Water Division No. 1 (May 14, 1982). See Exhibit 3.

4.9.  W-8033. Nontributary Arapahoe Aquifer groundwater underlying 199.36 acres
(Sears Parcel) decreed in Case No. W-8033, District Court, Water Division No. 1 (May 31,
1977). See Exhibit 3.
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4.10. 06CW182. Not-nontributary Lower Dawson Aquifer, not-nontributary Denver
Aquifer groundwater, and nontributary Laramie-Fox Hills Aquifer groundwater underlying
approximately 72.4 acres (Hough Parcel) decreed in Case No. 06CW 182, District Court, Water
Division No. 1. See Exhibit 3.

4.11. WISE. Fully consumable and/or reusable water delivered to Applicant from the
municipal water supply systems of the City and County of Denver acting by and through its
Board of Water Commissioners (“Denver Water”) and Aurora pursuant to the WISE Partnership
effectuated through the WISE Partnership Water Delivery Agreement among Denver Water,
Aurora, and the South Metro WISE Authority and the WISE Partnership IGA among SMWSA
and members participating in the project, including Applicant.

4.11.1. Nothing in this Decree reopens, reconsiders, alters, amends, affects, or otherwise
revises any portion of any agreement involving Aurora or Meridian, including but not limited to
the Water Delivery Agreement entered into by Denver Water, Aurora, and the South Metro
WISE Authority, dated December 31, 2013.

5. Statement of Plan for Augmentation.

5.1.  Artificial Recharge and Extraction.

5.1.1. Overview: Applicant will artificially inject fully consumable and/or reusable
water derived from the water and water rights described in Paragraph 4 above into the Lower
Dawson, Denver, Arapahoe, and Laramie-Fox Hills Aquifers underlying Applicant’s service
area, by means of the wells described in Paragraph 3 above (including Future Meridian North
Wells and Future Meridian South Wells); store such injected water in the aquifers into which it is
injected, and subsequently extract the injected water by means of the wells described in
Paragraph 3 above (including Future Meridian North Wells and Future Meridian South Wells)
for use in and through the municipal water supply system of the Applicant, all in accordance
with the Denver Basin Artificial Recharge Extraction Rules, 2 CCR 402-11 (“SEO Rules™).

5.1.2. Injection Operations: Injection Operations will be carried out in accordance with
the requirements of the SEO Rules. All injected water will be fully consumable and/or reusable,
or decreed at the time of injection for storage by means of artificial recharge, or otherwise legally
and physically available for storage by means of artificial recharge in the Denver Basin Aquifers,
and any augmentation or relinquishment requirements applicable to the water to be injected shall
be met prior to or at the time of injection. Water will be injected into the Meridian North CEP by
means of the wells described in Paragraph 3.1. above (including Future Meridian North Wells)
and into the Meridian South CEP by means of the wells described in Paragraph 3.2. above
(including Future Meridian South Wells).

The water and water rights described in paragraphs 4.1 tﬁrough 4,10 will be injected into
the aquifer in one of two ways: (1) pumped from one Denver Basin Aquifer and injected into
another Denver Basin Aquifer without initial use; or (2) pumped and used within the District



Meridian Metropolitan District
Case No. 13CW3129
Page 26 of 32

Service Area and then treated and discharged from Meridian’s wastewater treatment facility for
subsequent direct injection into an aquifer. The irrigation return flows quantified in Case No.
01CW257 and derived from the water rights described therein shall not be used as a source of
water for injection into an aquifer pursuant to this Plan for Augmentation. However, Meridian
reserves the right to claim the use of irrigation return flows derived from other sources as a source of
water for injection at a future time by subsequent application to the Water Court.

Prior to operating any injection well, Meridian shall obtain authorization by permit or
rule pursuant to the U.S. Environmental Protection Agency’s (“EPA”) Underground Injection
Control Program (“UIC”). If Meridian obtains authorization by rule, Meridian shall provide
opposers with a copy of the “inventory information” that it submits to the EPA pursuant to 40
C.F.R. 144.26 and/or 40 C.F.R. 144.83. If the EPA determines that Meridian’s injection
operations require permit authorization, Meridian shall follow the procedures and notice
requirements proscribed by 40 C.F.R. 124 and 40 C.F.R. 144 and provide written notice to
opposers. All water injected shall be treated and/or otherwise comply with the UIC program and
the Safe Drinking Water Act and Meridian shall use any applicable best management practices
required by the EPA in operating its injection wells.

5.1.3. Extraction Operations: Extraction of injected water will be carried out in
accordance with the requirements of the SEO Rules. Water injected into the Meridian North CEP
will be withdrawn by wells located on the Meridian North CEP (i.e. wells described in Paragraph
3.1. (including Future Meridian North Wells)); likewise, water injected into the Meridian South
CEP will be withdrawn by wells located on the Meridian South CEP (i.e. wells described in
Paragraph 3.2 (including Future Meridian South Wells)); in no case shall the extraction well be
located more than 5 miles from the furthest injection site within the same CEP. Water injected
into each Denver Basin Aquifer shall only be withdrawn by wells completed into the same
Denver Basin Aquifer to which water was injected. If, prior to or during extraction, the aquifer
becomes unconfined at any point between any injection site and the remote extraction site, as
determined by the State Engineer, extraction of artificially recharged water shall only be
permitted through the same well through which the water was injected, or through a remote
extraction site located down hydraulic gradient from the injection site(s) and within the same
CEP, and in no case shall the remote extraction site be located more than one thousand (1,000)
feet from the farthest injection site.

In addition, no extraction shall be accomplished by means of a well authorized to
withdraw water from the same aquifer and located within the cylinder of appropriation, as
calculated pursuant to Nontributary Rule 4.A.7, of any permitted or decreed well that is not
owned by the Applicant without the written permission of the owner of such well.

Further, the maximum amount of artificially recharged water that may be extracted from
an aquifer through any one extraction well in any one calendar year must not exceed the lesser
of: (1) 5 times the maximum amount of water injected into that aquifer in any one calendar year,
or (2) the total amount of water previously injected into that aquifer, less any amounts previously
extracted. Pursuant to SEO Rule 7.4, the Applicant may retain water it has artificially recharged
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into the aquifer indefinitely; and the injection and extraction operations provided for herein do

not affect Meridian’s ability to “bank” naturally occurring groundwater pursuant to Nontributary
Rule 8.A.

Finally, the following maximum pumping rates apply to the extraction of artificially
recharged water from each aquifer in each CEP:

Lower Dawson: 400 gpm
Denver: 450 gpm
Arapahoe: 800 gpm
Laramie-Fox Hills: 400 gpm

5.1.4. All wells used for injection or extraction shall be equipped with suitable totalizing
flow meters, which shall be operated and maintained to separately measure the amount of water
injected and extracted. The meters must be installed according to the manufacturer’s
recommendations and must contain sufficient recording digits to assure that “roll over” to zero
does not occur prior to accumulating a total of 999 acre-feet. At any time when a meter is not
operational, the Applicant shall not inject or extract water by means of the well. Flow meters
installed on existing wells authorized to withdraw naturally occurring groundwater shall be
reverified to be in accurate working condition prior to initiation of injection and/or extraction
operations, and must be reverified to be in accurate working condition every four years
thereafter. Totalizing flow meters installed on new wells to be used for injection and/or
extraction operations must be reverified in the field to be in accurate working condition under the
supervision of an individual or entity approved by the State Engineer every four years after the
date of original installation. The State Engineer must be notified in writing of the date and name
of the person performing reverifications. All totalizing flow meters must be accurate with a range
of £5%.

5.2.  Right to Recapture. The Court finds that Applicant has the right to withdraw, use,
and recapture all of the water injected into the Lower Dawson, Denver, Arapahoe, and Laramie-
Fox Hills Aquifers subject to the terms and conditions of this decree.

5.2.1. All injected water, when recaptured, will be reusable and fully consumable.
Recaptured water shall not be subject to augmentation or relinquishment requirements.

5.3.  Addition of Wells to Plan for Augmentation. In the event Applicant seeks to use
new wells that were constructed as supplemental, additional, or alternate point of diversion wells
for the wells described in Paragraph 3 to extract water injected pursuant to the Plan for
Augmentation decreed herein, Applicant shall provide written notice of said addition to all
Objectors and to the Division Engineer at least sixty (60) days before the State Engineer may
issue a well permit for a new well to extract injected water. Such notice must include at least the
following information: (1) the location of any new well; (2) the aquifer into which the well is
completed; and (3) the capacity of the new well. The Court has perpetual jurisdiction to resolve
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any dispute regarding the State Engineer’s permitting of any new well used to extract water
injected pursuant to the Plan for Augmentation decreed herein.

6. No Change of Water Rights Necessary. The water rights described in Paragraph 4 above
are fully consumable and currently decreed for municipal, augmentation, and storage use (among
other uses). The Court finds that the proposed use of the water rights described in paragraph 4 for
artificial recharge into, storage in, and extraction as contemplated by the conjunctive use
program from the Denver Basin Aquifers is fully consistent with the currently decreed uses for
these water rights.

7. Confirmation of Use of Water Rights. The water rights described in Paragraph 4 above are
fully consumable and currently decreed for municipal, augmentation, and storage use (among
other uses) and therefore may be artificially recharged into, stored in, and subsequently extracted
from the Lower Dawson, Denver, Arapahoe, and Laramie-Fox Hills Aquifers in accordance with
the Plan for Augmentation decreed herein and the terms and conditions hereof and thereafter
used in the municipal water supply system of the Applicant.

8. No Injury. The Court finds that no injury will result from the Plan for Augmentation
decreed herein.

CONCLUSIONS OF LAW

9. Incorporation by Reference. To the extent they include conclusions of law, the Findings of
Fact set forth in paragraphs 1-8 above are incorporated herein by this reference as though set
forth herein.

10. Contemplated by Law. Pursuant to C.R.S. §37-92-103(9), a plan for augmentation is a
detailed program to increase the supply of water available for beneficial use by appropriate
means. Meridian’s program for artificial aquifer recharge, storage, and subsequent extraction of
recharged water into and from the Denver Basin Aquifers decreed herein is a plan for
augmentation contemplated by law that may be adjudicated pursuant to the Water Right
Determination and Administration Act of 1969 (“1969 Act”) C.R.S. §37-92-101 et. seq., and
implemented pursuant to this Decree.

11. Jurisdiction. This Court has jurisdiction to adjudicate plans for augmentation and to permit
the injection, storage, and withdrawal of water in the Lower Dawson, Denver, Arapahoe and
Laramie-Fox Hills Aquifers underlying the Meridian North CEP and the Meridian South CEP.
Further, timely and adequate notice of the pendency of this proceeding having been given in the
manner required by law, and the time for filing statements of opposition and for seeking leave to
intervene having expired, this Court has jurisdiction over the subject matter of the Application
and this proceeding, and over all persons that would have standing to appear as parties,
regardless of whether they have appeared.
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12. Burdens of Proof Satisfied. Applicant has complied with all requirements and satisfied all
standards and burdens of proof, including but not limited to those set forth in C.R.S. §§ 37-92-
302 through 305, as amended. Meridian is entitled to a decree confirming and approving the plan
for augmentation sought herein.

13. Administrability. The plan for augmentation herein is administrable by the officials of the
State of Colorado.

14. No Injury. If implemented in accordance with the terms and conditions of this Decree, the
Plan for Augmentation will permit the use of water in compliance with law and without material
injury to the vested or conditionally decreed water rights of others.

JUDGMENT AND DECREE

15. Findings of Fact and Conclusions of Law. The foregoing Findings of Fact and
Conclusions of Law are hereby fully incorporated into this Judgment and Decree, as though set
forth in full.

16. Approval of Plan for Augmentation. Meridian’s conjunctive use program to inject, store,
and subsequently extract water in the Lower Dawson, Denver, Arapahoe, and Laramie-Fox Hills
Aquifers underlying the Meridian North CEP and the Meridian South CEP, including its use of
the Denver Basin Aquifers for that purpose, is specifically approved and adjudicated as a Plan
for Augmentation, as defined in C.R.S. §37-92-103(9) as described herein, subject to the terms
and conditions herein.

16.1. Terms and Conditions. The Plan will be operated as set forth in Paragraph 5 above,
and also in accordance with the following terms and conditions, which will prevent injury to the
vested rights of others:

16.1.1. Applicant will comply with the applicable EPA regulation pertaining to the
injection of water into aquifers that may be used as drinking water sources.

16.1.2. Applicant will comply with the Denver Basin Artificial Recharge Extraction
Rules found in 2 CCR 402-11.

16.1.3. Applicant will comply with the terms and conditions of the decrees for water to be
artificially recharged, stored, and subsequently extracted in accordance with this plan, including
the applicable terms and conditions of all other plans for augmentation decreed in connection
with such water rights. This decree allows Meridian’s nontributary and not-nontributary wells
identified in paragraph 3 to be used for injection and extraction. This decree does not modify the
terms and conditions for the withdrawal from those wells of the nontributary and not-
nontributary groundwater rights adjudicated in the previous decrees identified in paragraphs 3
and 4.
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16.1.4. The maximum amount of recharged water that may be extracted from an aquifer
shall not exceed the total amount of water previously injected into that aquifer.

16.1.5. Injection pressure that results in new fractures or propagates existing fractures in
the receiving aquifer (“hydraulic fracturing”) is not permitted to facilitate the injection or
withdrawal of water pursuant to the Augmentation Plan decreed herein.

17. Well Permits. Applicant shall submit to the State Engineer an application for a Permit to
Extract Artificially Recharged Water pursuant to Rules 6.2 and 6.3 of the SEO Rules and filing
fee. Upon receipt of a complete well permit application and filing fee, the State Engineer shall
issue the appropriate permits for injection and extraction wells constructed and/or operated in
accordance with the terms of the Plan for Augmentation decreed herein.

18. No Change of Water Rights Necessary. Because the water rights described in Paragraph 4
above are fully consumable and currently decreed for municipal, augmentation, and storage use
(among other uses), and such uses are fully consistent with the conjunctive use program decreed
herein, this Court determines that the water rights in Paragraph 4 are currently available for use
in the Augmentation Plan decreed herein without the requested change.

19. Confirmation of Use of Water Rights. The use of the water rights described in Paragraph 4
above for artificial recharge and extraction from the Lower Dawson, Denver, Arapahoe, and
Laramie-Fox Hills Aquifers in accordance with the Plan decreed herein and the terms and
conditions hereof and use in the municipal water supply system of the Applicant is hereby
confirmed.

19.1.  All use of WISE water by Meridian is limited by the terms and conditions of the
WISE Partnership Water Delivery Agreement among Denver Water, Aurora, and the SMWSA,
as it currently exists or as amended, and the WISE Partnership IGA among SMWSA and its
members, as it currently exists or as amended.

20. Administration. The State Engineer and Division Engineer for Water Division One and the
Water Commissioner shall administer the augmentation plan in accordance with the terms and
conditions contained in this Decree. So long as Meridian operates in accordance with this
Decree, the augmentation plan can be operated without adversely affecting the owners or users
of vested water rights or decreed conditional water rights and will comply with law.

20.1.  Accounting. Applicant shall prepare and submit to the State Engineer and Division
Engineer for Water Division One, water commissioner, and opposers proposed accounting forms
prior to operation of the augmentation plan described herein. The accounting forms submitted
will show all information required to account properly for the proposed artificial recharge and
extraction program. Applicant shall submit to the State Engineer and Division Engineer for
Water Division One an annual report, or more frequently as reasonably requested by the Division
Engineer, that summarizes diversions, depletions, and replacements made under the
augmentation plan decreed herein, and any other accounting as required by the State Engineer
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and Division Engineer for Water Division One. Applicant shall make such annual report
available to the opposers upon request.

20.1.1. Applicant must maintain permanent records of the timing, types of water, location
and amounts of water injected and extracted into each aquifer. These records shall be collected
and maintained on a weekly basis and shall be submitted to the State Engineer and Division
Engineer for Water Division One by February 15 of each year for the preceding calendar year,
and shall be subject to inspection at any time by the State Engineer and Division Engineer for
Water Division One upon request.

20.1.2. All water level data acquired by Applicant in anticipation of extraction of
artificially recharged water shall be submitted to the State Engineer annually at the end of each
calendar year. Upon initiation of extraction, Applicant shall continue to submit such water level
data to the State Engineer on an annual basis at the end of each calendar year along with the data
described in paragraph 20.1.1 above.

20.2.  Measurement: Meridian must install and maintain appropriate measuring devices and
continuous recording devices as required by the Division Engineer for the administration of the
augmentation plan decreed herein.

21. Retained Jurisdiction. Pursuant to the provisions of §37-92-304(6), C.R.S., the Court
retains jurisdiction over this matter for the reconsideration of the question of injury to the vested
water rights of others as follows:

21.1.  There shall be a separate retained jurisdiction period over artificial recharge into each
Denver Basin Aquifer (Lower Dawson, Denver, Arapahoe and Laramie-Fox Hills) within each
CEP (Meridian North CEP and Meridian South CEP). The Court’s retained jurisdiction over
artificial recharge of an individual Denver Basin Aquifer within a CEP shall commence upon
entry of this Decree and shall extend for a period of five (5) years after the Applicant provides
written notice to all Opposers that it has artificially recharged more than 100 acre-feet of water
annually pursuant to this decree in three (3) consecutive years in the individual Denver Basin
Aquifer.

21.2. The Court permanently retains jurisdiction to resolve any dispute regarding the
permitting of any new well that extracts injected water pursuant to paragraph 5.3.

21.3.  Any person, within such period, may petition the Court to invoke its retained
Jurisdiction, by filing a verified petition with the Court setting forth the factual and legal basis for
the relief requested in the petition, together with proposed decretal language to effect the
petition. The party filing the petition shall have the burden of proof of going forward to establish
the facts alleged in the petition. If the Court finds those facts are established, Applicant shall
thereupon have the burden of proof to show: (1) that the petitioner is not injured, or (2) that any
modification sought by the petitioner is not required to avoid injury to the petitioner, or (3) that
any term or condition proposed by Applicant in response to the petition does avoid injury to the



Meridian Metropolitan District
Case No. 13CW3129
Page 32 of 32

petitioner. If no such petition is filed within such period and the retained jurisdiction period is
not extended by the Court in accordance with the provisions of the 1969 Act, this matter shall
become final under its own terms.

A copy of this Decree shall be filed with the Water Clerk for Water Division No. 1, and
the Decree shall become effective upon filing. Copies shall also be filed with the State Engineer
and the Division Engineer for Water Division No. 1.

Dated this 5™ day of December, 2016.

BY THE COURT:

‘HZ\W'ZW/N

James F. Hartman, Water Judge
Water Division No. 1
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HEMENWAY GROUNDWATER ENGINEERING, Inc.

TRANSMITTAL
TO: EPA Region 8 FROM: Courtney Hemenway
1595 Wynkoop Street Hemenway Groundwater
8P-W-GW Engineering, Inc.
Denver, CO 80202-1129 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-1R

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-1R

1 Updated Baseline Water Quality Summaries (Table 4-1) for Native Groundwater from
Denver Well DE-1R 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-1R

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-1R 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
Primary/Secondary
Test Description Units Drinking Water Limits® Results
Total Metals (Inorganics) and
Miscellaneous Parameters
Alkalinity, Total mg/l as CaCO3 NS 110
Aluminum ug/| 200 <20
Ammonia Nitrogen mg/las N 0.01 NS
Antimony ug/l 6 <1
Arsenic ug/l 10 <1
Asbestos MFL 7 <0.19
Barium ug/l 2,000 120
Beryllium ug/l 4 <1
Bicarbonate mg/l as HCO3 NS 130
Carbonate mg/l as CO3 NS <2
Boron mg/l 6 <0.05
Cadmium pg/l 5 <0.5
Calcium mg/| NS 23
Chlorine Dioxide mg/| 0.8 <0.24
Chloride mg/l 250 3.4
Chlorite mg/| 1.0 <0.01
Chromium ug/l 100 <1
Copper ug/l 1,300 <2.0
Cyanide mg/I 0.2 <0.025
Cyanogen Chloride mg/l 0.4 <0.035
Fluoride mg/l 4.0 (2.0 Secondary MCL) 1.0
Free Chlorine mg/| 4 0.16
Iron mg/| 0.3 <0.02
Lead ug/l 15 <0.5
Magnesium mg/| NS 1.9
Manganese ug/l 300 <2
Mercury ug/l 2 <0.2
Molybdenum ug/! 40 <2
Nitrate mg/l as N 10 <0.1
Nitrite mg/l as N 1 <0.05P
Nickel ug/l 100 <5
Laboratory pH pH units 6.5-8.5 8.2
Potassium mg/l NS 3.3
Selenium ug/l 50 <5
Silver ug/l 100 <0.5
Sodium mg/| NS 27
Strontium mg/l 4 0.40
Sulfate mg/| 250 22
Thallium ug/l 2 <1
Total Dissolved Solids mg/! 500 180
Total Organic Carbon mg/| NS <0.3
Uranium ug/l 30 <1

4-1




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 Limits® Results
Zinc pg/l 2000 <20
Radio Chemistry
Gross Alpha, Total pCi/l 15 <3
Gross Beta, Total pCi/l 50 pCi/l Trigger Level 4.3
Radium-226, Total pCi/l (5 for 226 + 228) <1
Radium-228, Total pCi/l (5 for 226 + 228) <1
Radon, Total pCi/l NS
Organochlorine Pesticides/PCBs
(EPA 505)
Alachlor (Alanex) pg/l 2 <0.1
Aldrin pg/l 0.2 <0.01
Chlordane ug/l 2 <0.1
Dieldrin pg/i 0.2 <0.01
Endrin ug/l 2 <0.01
Heptachlor ug/l 0.4 <0.01
Heptachlor Epoxide ug/l 0.2 <0.01
Lindane (gamma-BHC) ug/!l 0.2 <0.01
Methoxychlor ug/l 40 <0.05
PCB 1016 Aroclor ug/l 0.5 <0.08
PCB 1221 Aroclor ug/l 0.5 <0.1
PCB 1232 Aroclor ug/!l 0.5 <0.1
PCB 1242 Aroclor ug/l 0.5 <0.1
PCB 1248 Aroclor ug/l 0.5 <0.1
PCB 1254 Aroclor ug/l 0.5 <0.1
PCB 1260 Aroclor ug/! 0.5 <0.1
Total PCBs ug/l 0.5 <0.1
Toxaphene ug/l 3 <0.5
Haloacetic Acids (SM 6251B)
Dibromoacetic acid ug/l NS <1
Dichloroacetic acid pg/l NS <1
Monobromoacetic acid pg/l NS <1
Monochloroacetic acid ug/!l NS <2
Total Haloacetic acids (HAA5) ug/l 60 <2
Trichloroacetic acid ug/! NS <1
EDB/DBCP/HAN (EPA 551.1)
Dibromochloropropane (DBCP) ug/l NS <0.01
Ethylene Dibromide (EDB) ug/l NS <0.01
Base/Neutral/Acid Extractables
(EPA 625)




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 Limits® Results
1,2,4-Trichlorobenzene ug/l 70 <5
1,2-Diphenyhydrazine ug/l NS <10
2,4,5-Trichlorophenol pg/l NS <5
2,4,6-Trichlorophenol ug/l 2 <5
2,4-Dichlorophenol pg/l 20 <5
2,4-Dimethylphenol pg/t NS <5
2,4-Dinitrophenol pg/l NS <50
2,4-Dinitrotoluene ug/l 5 <5
2,6-Dinitrotoluene ug/! 5 <5
2-Chloronapthalene ug/i NS <5
2-Chlorophenol ug/l 40 <5
2-Methylnaphtalene ng/l NS <5
2-Methyphenol ug/l NS <5
2-Nitroaniline ug/l NS <10
2-Nitrophenol ug/l NS <5
3,3-Dichlorobenzidine ug/l NS <50
3-Nitroaniline ug/l NS <20
4,6-Dintro-o-cresol ng/l NS <50
4-Bromophenylphenylether ug/l NS <b
4-Chloroaniline ug/i NS <5
4-Chlorophenylphenylether ug/l NS <5
4-Methylphenol ug/l NS <5
4-Nitroaniline ug/l NS <20
4-Nitrophenol ug/! 60 <10
Acenaphthene ug/l 400 <5
Acenaphtylene pg/! NS <5
Aniline ug/! NS <10
Anthracene ug/l 2000 <5
Benzidine ug/! NS <50
Benzo(a)anthracene ug/l NS <5
Benzo(a)pyrene ug/l 0.2 <5
Benzo(b)fluoranthene ug/! NS <b
Benzo(g,h,i)perylene ug/l NS <10
Benzo(k)fluoranthene ug/!l NS <5
Benzoic Acid ug/l NS <50
Benzy! Alcohol ug/! NS <5
bis(2-Chloroethoxy)methane ug/!l NS <10
bis(2-Chloroethyl)ether ug/l NS <10
bis(2-Chloroisopropyl)ether ug/l NS <10
Butylbenzylphthalate ug/! 1000 <5
Chrysene ug/! NS <5
Di(ethythexyl)phthalate ug/l NS <4
Dibenz(a,h)anthracene pg/l NS <10




Table 4-1

Baseline Laboratory Water Quality Data for SMWSA WISE Water — Quebec Street WTP

Meridian Metropolitan
Districts
WISE Water
Quebec Sireet WTP
Baseline Water Quality

Sample
Sample ID QSWTP
Sample Date April 24, 2017
Sample Time 9:34 am
T Primary/Secondary
Test Description Units Drinking Water Limits® Results
Dibenzofuran ug/l NS <5
Diethylphthalate pg/l 6000 <5
Dimethylphthalate pg/l NS <5
Di-n-butylphthalate ug/l 800 <10
Di-n-octylphthalate ug/l NS <10
Fluoranthene ug/| NS <5
Fluorene ug/l 200 <5
Hexachlorobenzene ug/! 1 <5
Hexachlorobutadiene ug/l 2 <10
Hexachlorocyclopentadiene ug/l 50 <10
Hexachloroethane ng/l 1 <5
Indeno(1,2,3-c,d)pyrene ug/l NS <10
Isophorone ug/l 100 <5
Naphthalene ug/l 100 <5
Nitrobenzene ug/! NS <5
N-Nitroso-dimethylamine ug/! NS <5
N-Nitrosodi-n-propylamine ug/l NS <5
N-Nitrosodiphenylamine pg/l NS <5
p-Chloro-m-cresol ug/! NS <5
Pentachlorophenol pg/l 1 <20
Phenanthrene ug/!l NS <5
Phenol pg/l 2000 <5
Pyrene ug/l 200 <5
Nitrosamines (EPA 521)
N-Nitrosodibutylamine (NDBA) ng/l NS <2
N-Nitrosodiethylamine (NDEA) ng/| NS <2
N-Nitroso-dimethylamine (NDMA) ng/l NS <2
N-Nitrosodi-n-propylamine (NDPA) ng/l NS <2
N-Nitrosomethylethylamine (NMEA) ng/l NS <2
N-Nitrosomorpholine ng/| NS <2
N-Nitrosopiperidine (NPIP) ng/l NS <2
N-Nitrosopyrollidine (NPYR) ng/l NS <2
Aldicarbs (EPA 531.2)
3-Hyroxycarbofuran ug/! NS <0.5
Aldicarb (Temik) ug/! 3 <0.5
Aldicarb sulfone ug/l 2 <0.5
Aldicarb sulfoxide ug/! 4 <0.5
Baygon ugy/!l NS <0.5
Carbaryi ug/l NS <0.5
Carbofuran (Furadan) ug/!l NS <0.5
Methiocarb ug/l NS <0.5
Methomyl pg/l 200 <0.5




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 Limits® Results
Oxamyl (Vydate) pg/l 7 <0.5
EPA 525.2 Extended List
1,2,4,5-Tetrachlorobenzene ug/l NS <0.5
1-Methylnaphthalene ug/! NS <0.1
2,2,3,3,4,4,6-Heptachlorobiphenyl ug/l NS <0.5
2,2,3,3,4,5,6,6-Octachlorobiphenyl ug/l NS <0.5
2,2,3,4,6-Pentachlorobiphenyl ug/l NS <0.5
2,2,4,4,5,6-Hexachlorobipheny! ug/l NS <0.1
2,2,4,4-Tetrachlorobiphenyl ug/! NS <0.1
2,3-Dichlorobiphenyl ug/l NS <0.1
2,4,5-Trichlorbiphenyl ug/l NS <0.1
2,4-Dinitrotoluene ug/l 5 <0.5
2,6-Dinitrotoluene pg/l 5 <0.5
2-Chlorobiphenyl pg/t NS <0.1
2-methylnaphthalene pg/t NS <0.1
4,4-DDD ug/l NS <0.1
4,4-DDE ug/l NS <0.1
4,4-DDT ug/l NS <0.1
Acenaphthene pg/l 400 <0.1
acenapthylene ug/l NS <0.1
Acetochlor pg/t NS <0.1
Alachlor ug/l 2 <0.1
Aldrin ug/l 0.2 <0.1
Alpha-BHC ug/l NS <0.1
Alpha-Chlordane pg/l 2 <0.1
Ametryn ug/l NS <0.1
Anilazine ug/! NS <1
Anthracene ug/l 2000 <0.1
Aspon ug/!l NS <0.1
Atrazine ug/i 3 <0.1
Azinphos-ethyl ug/l NS <0.5
Azinphos-methyl ug/l NS <0.5
Bendiocarb ug/l NS <0.5
Benfluralin ug/l NS <0.1
Benzo(a)anthracene ug/l NS <0.1
Benzo(a)pyrene ug/l 0.2 <0.02
Benzo(b)fluoranthene ug/l NS <0.1
Benzo(g,h,i)perylene ug/l NS <0.1
Benzo(k)fluoranthene ug/t NS <0.1
beta-BHC ug/! NS <0.1
Bolstar ug/l NS <0.1
Bromacil ug/l NS <0.1




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 Limits® Results
Butachlor pg/l NS <0.1
Butylate pg/l NS <0.1
Butylbenzylphthalate ug/l 1000 <1
Carbophenothion ug/! NS <0.5
Carboxin ug/l 700 <0.1
Chlorfenvinphos ug/l NS <5
Chlorbenzilate ug/l NS <0.1
Chloroneb pg/l NS <0.1
Chlorpropylate ug/l NS <0.1
Chlorothalonil ug/l 100 <0.1
Chlorpropham ug/l NS <0.1
Chlorpyrifos pg/i NS <0.1
Chlorpyifos methy! ug/l NS <0.5
Chrysene ug/l NS <0.1
cis-Noachlor ug/! NS <0.1
cis-Permethrin ug/! NS <0.1
Clomazone ug/!l NS <0.1
Clopyralid ug/l NS <10
Coumaphos ug/l NS <0.1
Crotoxyphos ug/l NS <0.5
Cycloate ug/l NS <0.1
DCPA ug/l 70 <0.1
delta-BHC ug/! NS <0.1
Demeton O ug/l NS <0.5
Demeton S ug/l NS <0.5
Desethylatrazine ug/l NS <1
Desisopropylatrazine ug/t NS <1
Di(2-ethylhexyl)adipate ug/l 400 <0.6
Di(2-Ethylhexy)phthalate ug/l 6 <0.6
Diazinon ug/l 1 <0.1
Dibenzo(a,h)anthracene ug/! NS <0.1
Dichlobenil ug/! NS <0.1
Dichlofenthion ug/! NS <0.1
Dichloran pg/! NS <0.5
Dichlorvos ug/l NS <0.1
Dicrotophos ug/l NS <0.5
Dieldrin ng/l 0.2 <0.1
Diethylphthalate ug/l 6000 <1
Dimethoate ug/l NS <0.5
Dimethylphthalate ug/l NS <1
Di-n-butylphthalate ug/! 800 <2
Di-n-octylphthalate ug/l NS <2
Dioxathion pg/l NS <0.5




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 Limits® Results
Diphenamid ug/! 200 <0.1
Disulfoton ug/! 0.7 <0.1
Disulfoton Sulfone ug/l NS <0.1
Disulfoton Sulfoxide ug/! NS <10
Endosulfan | ug/l NS <0.1
Endosulfan Il ugh NS <0.1
Endosulfan Sulfate ug/l NS <0.1
Endrin ug/l 2 <0.0098
Endrin Aldehyde ug/l NS <0.5
E-Phosphamidon ug/l NS <0.5
EPN ug/l NS <0.5
EPTC ug/l NS <0.1
Erucylamide ug/l NS <5
Esfenvalerate pg/l NS <0.5
Ethalfluralin ug/l NS <0.1
Ethion ug/t NS <5
Ethofumesate ug/l NS <0.5
Ethoprop ug/l NS <0.1
Etridiazole ug/l NS <0.1
Famphur ug! NS <0.1
Fenamiphos ug/l 0.7 <0.1
Fenarimol ug/t NS <1
Fenitrothion ug/l NS <0.5
Fenoxaprop-ethyl g/t NS <1
Fensulfothion ug/l NS <0.5
Fenthion ug/! NS <0.1
Fluazifop-butyl ug/l NS <0.1
Fluchloralin ug/l NS <0.1
Fluometuron ug/l NS <0.5
Fluoranthene g/ NS <0.1
Fluorene ug/l 200 <0.1
Fluridone ug/! NS <1
Fonofos ug/l NS <0.1
Gamma-BHC ug/! 0.2 <0.02
Gamma-Chlordane ug/l 2 <0.1
Heptachlor ug/t 0.4 <0.04
Heptachlor Epoxide ug/l 0.2 <0.02
Hexachlorobenzene ug/! 1 <0.1
Hexachlorocyclopentadiene ug/l 50 <0.1
Hexazinone ug/l 400 <0.1
Indeno(1,2,3,c,d)Pyrene ug/l NS <0.1
Iprodione ug/i NS <0.5
Isofenphos ug/! NS <0.5




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 Limits® Results
Isphorone ug/l NS <0.1
Leptophos ug/! NS <0.5
Malathion ug/l NS <0.1
Metalaxy! ug/l NS <0.5
Methoxychlor ug/l 40 <0.1
Methyl paraoxon ug/l NS <0.5
Methyl Parathion ug/l NS <0.5
Metolachlor ug/l 700 <0.1
Metribuzin ug/l 70 <0.1
Metsulfuron-methyl ug/l NS <10
Mevinphos ug/l NS <0.1
MGK 264 isomer a ug/l NS <0.1
MGK 264 isomer b pg/l NS <0.1
MGK 326 ug/l NS <0.1
Mirex ug/l NS <0.5
Molinate ug/| NS <0.1
Monocrotophos ug/l NS <0.5
Naled ug/l NS <0.5
Naphthalene ug/! 100 <0.1
Napropamide ug/| NS <0.1
Norflurazon ug/! NS <1
Oryzalin ug/l NS <10
Oxadiazon ug/l NS <0.1
Oxyxhlordane pg/l NS <0.1
Oxyfluorfen ug/! NS <0.5
Parathion ug/l NS <0.5
Pebulate ug/l NS <0.1
Pendimethalin pg/l NS <0.1
Pentachlorobenzene ug/l NS <0.5
Pentachloronitrobenzene ug/l NS <0.5
Pentachlorophenol ug/l 1 <1
Phenanthrene ug/l NS <0.1
Phorate ug/!l NS <0.1
Phosmet ug/l NS <0.5
Profluralin pg/l NS <0.1
Prometryn ug/l NS <0.1
Pronamide ug/l 100 <0.1
Propachlor ug/l 100 <0.1
Propanil ug/l NS <0.5
Propazine ug/l 10 <0.1
Propiconazole isomer a ug/! NS <5
Propiconazole isomer ug/l NS <5
Prothiofos ug/l NS <0.5




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 Limits? Results
Pyrene ug/! 200 <0.1
Simazine ug/l 4 <0.07
Simetryn ug/l NS <0.1
Stirofos ng/l NS <0.1
Sulfotep pg/t NS <0.5
Tebuthiuron ug/! 500 <10
TEPP ug/l NS <1
Terbacil ug/l 90 <0.1
Terbufos pg/! 0.4 <0.5
Terbutryn ug/l NS <0.1
Thiabendazole ug/l NS <10
Thiobencarb pg/l NS <0.1
Thionazin pg/l NS <0.5
trans-Nonachlor ug/t NS <0.1
trans-Permethrin ug/l NS <0.1
Triadimefon ug/l NS <0.5
Tribufos ug/l NS <0.1
Trichloronate ug/l NS <0.5
Tricylazole ug/| NS <1
Trifluralin pg/l 10 <0.1
Vernolate ug/l NS <0.1
Vinclozolin ug/l NS <0.5
Z-Phosphamidon ug/l NS <0.5
Volatile Organics (EPA 524.2)
1,1,1,2-Tetrachloroethane ug/! 70 <0.5
1,1,1-Trichloroethane pg/l 200 <0.5
1,1,2,2-Tetrachloroethane ug/l 40 <0.5
1,1,2-Trichloroethane ug/l 5 <0.5
1,1-Dichloroethane ug/! NS <0.5
1,1-Dichloroethylene ugy/l 7 <0.5
1,1-Dichloropropene ug/l NS <0.5
1,2,3-Trichlorobenzene ug/! NS <0.5
1,2,3-Trichloropropane pg/l 20 <0.5
1,2,4-Trichlorobenzene ug/l 70 <0.5
1,2,4-Trimethylbenzene ug/! NS <0.5
1,2-Dichloroethane ug/l 5 <0.5
1,2-Dichloropropane pg/l 5 <0.5
1,3,5-Trimethylbenzene ug/l NS <0.5
1,3-Dichloropropane ug/| NS <0.5
2,2-Dichloropropane ug/l NS <0.5
2-Butanone (MEK) ug/l 4000 <5
2-Hexanone ng/l NS <10




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 Limits® Resuits
4-Methyl-2-Pentanone (MIBK) ug/! NS <5
Acetone ug/l 6000 <10
Benzene ug/l 5 <0.5
Bromobenzene ug/l 60 <0.5
Bromochloromethane ug/l 90 <0.5
Bromodichloromethane ug/l 20 <0.5
Bromoethane ug/l 10 <0.5
Bromoform ug/l 200 <0.5
Bromomethane (Methyl Bromide) ug/! NS <0.5
Carbon disulfide ug/l NS <0.5
Carbon Tetrachloride ug/l 5 <0.5
Chlorobenzene ug/l 100 <0.5
Chlorodibromomethane ug/l 60 5.0
Chloroethane ng/l NS <0.5
Chloroform (Trichloromethane) ug/l 70 <0.5
Chloromethane (Methyl Chloride) ug/l 400 <0.5
cis-1,2-Dichloroethylene ug/l 70 <0.5
cis-1,3-Dichloropropene ug/l NS <0.5
Dibromomethane ug/l NS <0.5
Dichlorodifluoromethane ug/l 1000 <0.5
Dichloromethane ug/l 5 <0.5
Di-isopropyl ether ug/l NS <3
Ethyl benzene ug/l 700 <0.5
Hexachlorobutadiene ug/l 2 <0.5
Isopropylbenzene ug/! 800 <0.5
m,p-Xylenes ug/l 10,000 (Total Xylenes) <0.5
m-Dichlorobenzene (1,3-DCB) ug/l 600 <0.5
Methy! Tert-butyl ether (MTBE) ug/| NS <0.5
Naphthalene ug/l 100 <0.5
n-Butylbenzene ug/l NS <0.5
n-Propylbenzene ug/l NS <0.5
o-Chlorotoluene ug/l 100 <0.5
o-Dichlorobenzene (1,2-DCB) ug/t 600 <0.5
o-Xylene ug/l 10,000 (Total Xylenes) <0.5
p-Chlorotoluene ug/l 100 <0.5
p-Dichlorobenzene (1,4-DCB) ug/l 75 <0.5
p-lsopropyltoluene ug/l NS <0.5
sec-Butylbenzene pg/l NS <0.5
Styrene ug/l 100 <0.5
tert-amyl Methyl Ether ug/l NS <3
tert-Butyl Ethyl Ether ug/! NS <3
tert-Butylbenzene ug/!l NS <0.5
Tetrachloroethylene (PCE) ug/l 5 <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 Limits® Results
Toluene ng/i 1000 <0.5
Total 1,3-Dichloropropene pg/l NS <0.5
Total THM ug/| 80 <0.5
Total xylenes ug/l 10000 <0.5
trans 1,2-Dichloroethylene ug/l 100 <0.5
trans 1,3-Dichloropropene ug/l NS <0.5
Trichloroethylene (TCE) ug/| 5 <0.5
Trichlorofluoromethane ug/l 2000 <0.5
Trichlorotrifluoroethane (Freon 113) ug/l NS <0.5
Vinyl chloride (VC) ug/l 2 <0.3
Acrolein/Acrylonitrile (EPA 624)
Acrolein ug/l NS <2
Acrylonitrile ug/l 6 <2

aStandards 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
ml
mg/t
pCi/l

milliliter

wononn

No Standard Available

milligrams per liter or parts per million (ppm)
picocuries per liter

NA = No Analysis
CaCO3 = Calcium carbonate
ug/l =

micrograms per liter or parts per billion (ppb)




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 Units Drinking Water Limits® Results
Total Metals (Inorganics) and
Miscellaneous Parameters
Alkalinity, Total mg/l as CaCO3 NS 76
Aluminum ug/l 200 66
Ammonia Nitrogen mg/l as N 0.01 0.32°
Antimony ug/l 6 <1
Arsenic ug/l 10 <1
Asbestos MFL 7 <0.2°
Barium ug/l 2,000 50
Beryllium ug/l 4 <1
Bicarbonate mg/l as CaCO3 NS 92
Carbonate mg/l as CO3 NS <2
Boron mg/| 6 <0.05
Cadmium ug/| 5 <0.5
Calcium mg/Il NS 45
Chlorine Dioxide mg/| 0.8 <0.24
Chloride mg/l 250 43
Chlorite mg/| 1.0 0.50
Chromium ug/l 100 <1
Copper pg/l 1,300 <2.0
Cyanide mg/| 0.2 <0.025°
Cyanogen Chloride mg/l 0.4 <0.35
Fluoride mg/l 4.0 (2.0 Secondary MCL) 0.87°
Free Chlorine mg/l 4 0.22
Iron mg/| 0.3 <0.02
Lead ug/l 15 <0.5
Magnesium mg/| NS 9.3
Manganese ug/l 300 <2
Mercury ug/l 2 <0.2
Molybdenum ug/l 40 7.5
Nitrate mg/las N 10 0.31P
Nitrite mg/l as N 1 <0.05P
Nickel ug/l 100 <5
Laboratory pH pH units 6.5—-8.5 8.2
Potassium mg/| NS 2.8
Selenium ug/l 50 <5
Silver ug/l 100 0.92
Sodium mg/l NS 31
Strontium mg/| 4 0.33
Sulfate mg/l 250 56
Thallium ug/l 2 <1
Total Dissolved Solids mg/| 500 287
Total Organic Carbon mg/| NS 2.42
Uranium ug/l 30 4.1

4-1




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 Units Drinking Water Limits?® Results
Zinc ug/! 2000 <20
Radio Chemistry
Gross Alpha, Total pCi/l 15 <3
Gross Beta, Total pCi/l 50 pCi/l Trigger Level <3
Radium-226, Total pCi/l (5 for 226 + 228) <1
Radium-228, Total pCi/l (5 for 226 + 228) <1
Radon, Total pCi/l NS
Organochlorine Pesticides/PCBs
(EPA 505)
Alachlor (Alanex) ug/ 2 <0.1
Aldrin pg/l 0.2 <0.01
Chlordane ug/l 2 <0.1
Dieldrin ug/l 0.2 <0.01
Endrin ug/l 2 <0.01
Heptachlor ug/l 0.4 <0.01
Heptachlor Epoxide pg/l 0.2 <0.01
Lindane (gamma-BHC) ng/l 0.2 <0.01
Methoxychlor g/l 40 <0.05
PCB 1016 Aroclor ug/l 0.5 <0.08
PCB 1221 Aroclor ug/! 0.5 <0.1
PCB 1232 Aroclor ug/l 0.5 <0.1
PCB 1242 Aroclor ug/l 0.5 <0.1
PCB 1248 Aroclor pg/t 0.5 <0.1
PCB 1254 Aroclor ug/l 0.5 <0.1
PCB 1260 Aroclor ug/l 0.5 <0.1
Total PCBs ug/l 0.5 <0.1
Toxaphene ug/l 3 <0.5
Haloacetic Acids (SM 6251B)
Dibromoacetic acid ug/l NS 2.8
Dichloroacetic acid ug/l NS 6.4
Monobromoacetic acid pg/l NS <1
Monochloroacetic acid pg/l NS <2
Total Haloacetic acids (HAAS5) ug/l 60 15
Trichloroacetic acid ug/! NS 5.4
EDB/DBCP/HAN (EPA 551.1)
Dibromochloropropane (DBCP) ug/l NS <0.01
Ethylene Dibromide (EDB) ug/l NS <0.01
Base/Neutral/Acid Extractables
(EPA 625)




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 Units Drinking Water Limits® Results
1,2,4-Trichlorobenzene ug/t 70 <5
1,2-Diphenyhydrazine ug/l NS <10
2,4,5-Trichlorophenol ug/l NS <5
2,4,6-Trichlorophenol pg/! 2 <5
2,4-Dichlorophenol ug/l 20 <5
2,4-Dimethylphenol g/l NS <5
2,4-Dinitrophenol ug/l NS <50
2,4-Dinitrotoluene ug/l 5 <5
2,6-Dinitrotoluene ug/l 5 <5
2-Chloronapthalene ug/l NS <5
2-Chlorophenol pg/l 40 <5
2-Methylnaphtalene ug/l NS <5
2-Methyphenol ug/! NS <5
2-Nitroaniline ug/l NS <10
2-Nitrophenol ug/l NS <5
3,3-Dichlorobenzidine ug/! NS <50
3-Nitroaniline ug/l NS <20
4,6-Dintro-o-cresol ug/l NS <50
4-Bromophenylphenylether pg/l NS <5
4-Chloroaniline ug/l NS <5
4-Chlorophenylphenylether ug/t NS <5
4-Methylphenol ug/l NS <5
4-Nitroaniline ug/! NS <20
4-Nitrophenol ug/! 60 <10
Acenaphthene pg/i 400 <5
Acenaphtylene ug/l NS <5
Aniline ug/l NS <10
Anthracene ug/l 2000 <5
Benzidine ug/! NS <50
Benzo(a)anthracene ug/l NS <5
Benzo(a)pyrene ug/l 0.2 <5
Benzo(b)fluoranthene ug/t NS <5
Benzo(g,h,i)perylene ug/l NS <10
Benzo(k)fluoranthene ng/l NS <5
Benzoic Acid ug/l NS <50
Benzyl Alcohol ug/l NS <5
bis(2-Chloroethoxy)methane ug/t NS <10
bis(2-Chloroethyl)ether pg/l NS <10
bis(2-Chloroisopropyl)ether ug/l NS <10
Butylbenzylphthalate ng/! 1000 <5
Chrysene ug/l NS <5
Dibenz(a,h)anthracene ug/l NS <10
Dibenzofuran ug/l NS <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
Primary/Secondary
Test Description Units Drinking Water Limits? Results
Diethylphthalate ug/l 6000 <5
Dimethylphthalate pg/l NS <5
Di-n-butylphthalate ug/l 800 <10
Di-n-octylphthalate ug/l NS <10
Fluoranthene ug/l NS <5
Fluorene ug/l 200 <5
Hexachlorobenzene ug/l 1 <5
Hexachlorobutadiene ug/l 2 <10
Hexachlorocyclopentadiene ug/l 50 <10
Hexachloroethane ug/l 1 <5
Indeno(1,2,3-c,d)pyrene ug/l NS <10
Isophorone ug/l 100 <5
Naphthalene ug/l 100 <5
Nitrobenzene pg/l NS <5
N-Nitroso-dimethylamine ug/ NS <5
N-Nitrosodi-n-propylamine ug/l NS <5
N-Nitrosodiphenylamine ug/l NS <5
p-Chloro-m-cresol ugh NS <5
Pentachlorophenol ug/l 1 <20
Phenanthrene ug/! NS <5
Phenol ug/l 2000 <5
Pyrene ug/! 200 <5
Nitrosamines (EPA 521)
N-Nitrosodibutylamine (NDBA) ng/l NS <2
N-Nitrosodiethylamine (NDEA) ng/l NS <2
N-Nitroso-dimethylamine (NDMA) ng/| NS 3.2
N-Nitrosodi-n-propylamine (NDPA) ng/| NS <2
N-Nitrosomethylethylamine (NMEA) ng/l NS <2
N-Nitrosomorpholine ng/l NS <2
N-Nitrosopiperidine (NPIP) ng/l NS <2
N-Nitrosopyrollidine (NPYR) ng/l NS <2
Aldicarbs (EPA 531.2)
3-Hyroxycarbofuran ug/! NS <0.5
Aldicarb (Temik) ug/l 3 <0.5
Aldicarb sulfone ug/! 2 <0.5
Aldicarb sulfoxide ug/l 4 <0.5
Baygon ug/l NS <0.5
Carbaryl ug/! NS <0.5
Carbofuran (Furadan) pg/l NS <0.5
Methiocarb ug/! NS <0.5
Methomyl ug/l 200 <0.5
Oxamyl (Vydate) ug/l i <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
Primary/Secondary
Test Description Units Drinking Water Limits® Results

EPA 525.2 Extended List
1,2,4,5-Tetrachlorobenzene ug/ NS <0.5
1-Methylnaphthalene ug/l NS <0.1
2,2,3,3,4,4,6-Heptachlorobiphenyl ug/l NS <0.5
2,2,3,3,4,5,6,6-Octachlorobiphenyl ug/l NS <0.5
2,2,3,4,6-Pentachlorobiphenyl ug/l NS <0.1
2,2,4,4,5,6-Hexachlorobiphenyl ug/l NS <0.1
2,2,4 4-Tetrachlorobiphenyl ug/l NS <0.1
2,3-Dichlorobipheny! ug/l NS <0.1
2,4,5-Trichlorbiphenyl ug/! NS <0.1
2,4-Dinitrotoluene ug/l 5 <0.5
2,6-Dinitrotoluene pg/l 5 <0.5
2-Chlorobiphenyl pg/i NS <0.1
2-methylnaphthalene ug/l NS <0.1
4,4-DDD ug/! NS <0.1
4,4-DDE ug/! NS <0.1
4,4-DDT ug/l NS <0.1
Acenaphthene ug/l 400 <0.1
acenapthylene ug/l NS <0.1
Acetochlor ug/! NS <0.1
Alachlor ug/l 2 <0.1
Aldrin ug/! 0.2 <0.1
Alpha-BHC ug/l NS <0.1
Alpha-Chlordane ug/l 2 <0.1
Ametryn ug/l NS <0.1
Anilazine ug/l NS <1
Anthracene ug/l 2000 <0.1
Aspon ug/l NS <0.1
Atrazine ng/l 3 <0.1
Azinphos-ethyl ug/! NS <0.5
Azinphos-methy! ng/! NS <0.5
Bendiocarb ug/l NS <0.5
Benfluralin ug/! NS <0.1
Benzo(a)anthracene ug/| NS <0.1
Benzo(a)pyrene ug/l 0.2 <0.02
Benzo(b)fluoranthene ug/l NS <0.1
Benzo(g,h,i)perylene ug/l NS <0.1
Benzo(k)fluoranthene ug/l NS <0.1
beta-BHC ug/! NS <0.1
Bolstar ug/l NS <0.1
Bromacil ug/| NS <0.1
Butachlor pg/l NS <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 Time 8:55 am
Primary/Secondary
Test Description Units Drinking Water Limits? Results
Butylate ug/l NS <0.1
Butylbenzylphthalate ug/l 1000 <1
Carbophenothion ug/l NS <0.5
Carboxin pg/l 700 <0.1
Chlorfenvinphos ug/l NS <5
Chlorbenzilate ug/l NS <0.1
Chloroneb ng/l NS <0.1
Chlorpropylate pg/l NS <0.1
Chlorothalonil ug/l 100 <0.1
Chlorpropham ug/l NS <0.1
Chlorpyrifos ug/! NS <0.1
Chlorpyifos methyl ug/l NS <0.5
Chrysene ug/l NS <0.1
cis-Noachlor ug/l NS <0.1
cis-Permethrin ug/l NS <0.1
Clomazone pg/l NS <0.1
Clopyralid ug/l NS <10
Coumaphos pg/l NS <0.1
Crotoxyphos ug/l NS <0.5
Cycloate ug/l NS <0.1
DCPA ug/! 70 <0.1
deita-BHC ug/l NS <0.1
Demeton O ug/l NS <0.5
Demeton S ug/l NS <0.5
Desethylatrazine pg/l NS <1
Desisopropylatrazine ug/l NS <1
Di(2-ethylhexyl)adipate ug/| 400 <0.6
Di(2-Ethylhexy)phthalate ug/l 6 <0.6
Diazinon ug/!l 1 <0.1
Dibenzo(a,h)anthracene ug/l NS <0.1
Dichlobenil ug/l NS <0.1
Dichlofenthion ug/l NS <0.1
Dichloran ug/l NS <0.5
Dichlorvos pg/t NS <0.1
Dicrotophos pg/l NS <0.5
Dieldrin ug/l 0.2 <0.1
Diethylphthalate pg/l 6000 <1
Dimethoate ug/! NS <0.5
Dimethylphthalate ug/l NS <1
Di-n-butylphthalate ug/l 800 <2
Di-n-octylphthalate ug/l NS <2
Dioxathion ug/l NS <0.5
Diphenamid pg/l 200 <0.1
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Baseline Laboratory Water Quality Data for Meridian Metropolitan Districts WISE Water — Griswold WTP

Meridian Metropolitan

Districts
WISE Water
Griswold WTP
Baseline Water Quality
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Sample ID Griswold
Sample Date September 20, 2016
Sample Time 8:55 am
Primary/Secondary
Test Description Units Drinking Water Limits® Results
Disulfoton ug/l 0.7 <0.1
Disuifoton Sulfone ug/l NS <0.1
Disulfoton Sulfoxide ug/l NS <10
Endosulfan | ug/l NS <0.1
Endosulfan Il ug/! NS <0.1
Endosulfan Sulfate ug/! NS <0.1
Endrin ug/l 2 <0.0099
Endrin Aldehyde ug/t NS <0.5
E-Phosphamidon ug/l NS <0.5
EPN ug/l NS <0.5
EPTC ug/! NS <0.1
Erucylamide pg/l NS <5
Esfenvalerate ug/l NS <0.5
Ethalfluralin ug/l NS <0.1
Ethion ug/!l NS <5
Ethofumesate ug/l NS <0.5
Ethoprop ug/! NS <0.1
Etridiazole ug/l NS <0.1
Famphur ug/l NS <0.1
Fenamiphos ug/! 0.7 <0.1
Fenarimol ug/l NS <1
Fenitrothion ug/l NS <0.5
Fenoxaprop-ethyl ug/t NS <1
Fensulfothion pg/l NS <0.5
Fenthion ug/l NS <0.1
Fluazifop-butyl ug/! NS <0.1
Fluchloralin g/l NS <0.1
Fluometuron ug/l NS <0.5
Fluoranthene ug/l NS <0.1
Fluorene ng/l 200 <0.1
Fluridone ug/l NS <1
Fonofos ug/l NS <0.1
Gamma-BHC ug/! 0.2 <0.02
Gamma-Chlordane ug/l 2 <0.1
Heptachlor ug/l 0.4 <0.04
Heptachlor Epoxide ug/i 0.2 <0.02
Hexachlorobenzene ug/l 1 <<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>