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INTRODUCTION

GEOTHERMAL STUDIES

Geothermics is the study of the earth’s heat energy, it's
affect on subsurface temperature distribution, it’'s physical and
chemical sources, and it’s role in dynamic geologic processes.
The term, geothermometry, is applied to the determination of
equilibrium temperatures of natural chemical systems, including
rock, mineral, and liquid phases. An assemblage of minerals or a
chemical system whose phase composition is a <function of
temperature and pressure can be used as a geothermometer. Thus a
geothermometer is useful to determine the formation temperature
of rock or the last equilibrium temperature of a flowing agueocus
solution such as ground water and hydrothermal fluids.

GEQTHERMOMETERS

Several types of geothermometers exist to determine temperature
using analyses aqueous solutions from near-surface (upper crust)
environments. They include isotope geothermometers, which are
based upon temperature dependent <fractionation (Craig, 1953%
Lloyd, 1968: Mizutani and Rafter, 1967; Mckenzie and Truesdell,
19773 and Ellis and Mahon, 1977) and chemical geothermometers.
Commonly used chemical geothermometers fall into one of two
categories: (1) cation geothermometers (White, 1963% Ellis and
Mahon, 19673 Fournier and Truesdell, 19733 Paces, 1973: Fournier,
1979 Fouwrnier and Potter, 19795 and Benjamin and others, 1983,
and (2) silica geothermometers . (Bodvarrson, 196035 Fournier and
Rowe, 1966% Mahon, 19663 Truesdell, 197653 Fournier, 1973;
Fournier, 19773 Fournier, 19813 Fournier and FPFotter, 19825 and
Arnorsson and others, 1983). The subject of this research is
silica geothermometers.
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Silica geothermometers exist for several geothermometry models,
which have different characteristics., limits, and uses. In an
ideal sense, silica geothermometers are based upon temperature
dependent water solubility of various polymorphs of silica.
Common low pressure pol ymorphs include alpha-quartz,
alpha-cristobalite, and tridymite (Frondel, 19623 and Deer,
Howie, and Zussman, 1966). Alpha—-quart:z {hexagonal) is a
relatively pure, stable form of silica and it is one of the most
ubiquitious minerals of the upper crust. Several varieties of
alpha-quartz exist, which are indentified by color and
crystalline state. The latter varieties are of importance in
geocthermometry due to their solubility differences in water.
Crystalline forms of alpha—quartz are quartz, while
"non—-crystalline” forms fall into a group called chalcedony.
Chalcedony is actually cryptocrystalline quartz having a fibrous
microscopic texture. Agate, chert, petrified wood and flint are
all chalcedony. Chalcedony is more soluble than quart:z.

Alpha-cristobalite (tetragonal) is a metastable,
high—temperature polymorph of silica. It may be a common
constituent in volcanic rocks. Opal, normally regarded as

amorphous silica, is actually a hydrous sub-microcrystalline
aggregate of cristobalite. Tridymite (orthorombic) 1is another

metastable, high-temperature polymorph of silica. In some
siliceous volcanic rocks it may be the dominant silica
polymarph. Both cristobalite and tridymite contain greater

impurities than alpha-gquartz and they have solubilities greater
than quartz and chalcedony. Opal is the most soluble silica
species.

Silica geothermometry was proposed by Bodvarsson (1960), who
published a rough empirical relationship describing silica
concentration versus temperature from Icelandic geothermal
sources. Fournier and Rowe (1966), using experimental solubility
studies of quartz at the vapor pressure of solution, which were .
published by Kennedy (19350) and Morey and others (1962),
developed a quantitative silica geothermometer assuming quartz is
the equilibrium silica phase. Mahon (1966) showed that silica
concentrations in New Zealand geothermal wells (>1350 °C) were
controlled by guartz equilibrium. :

While quartz is the most stable silica polymorph, other
varieties of silica, such as metastable chalcedony, cristobalite
and opal may also control silica concentrations in water.




Fournier (1981) reviewed evidence for non—quartz control of
dissolved silica. This evidence inciudes (1) anomalously high
silica concentrations in natural waterss; (2) paragenetic
sequences of silica minerals in drill core from geothermal areas:
and (3) experimental silica solubility studies that determined of
two different silica varieties contact a solution, the more
soluble one controls silica concentration. Arnorsson (1979)
demonstrated that chalcedony control silica concentrations in
Icelandic geothermal systems in basaltic rocks below 110°C and to
180 °C in some cases. To summarize,control of silica
concentration in natural waters rests largely upon the silica
phase present and upon reaction kinetics (discussed in a later
section). in addition to temperature.

In order to successfully apply silica geothermometers to
geothermal exploration and reservoir engineering, several models
have been developed for their use. These models describe
circumstances commonly found in nature. Each model has 1its own
set of requirements, which must hold true if results of
geothermometry are to be accurate and reliable. These models
are:

(1) The conductive model

If a solution cools conductively (theat 1loss to
country rock) after it leaves a reservoir where it has
equilibrated with some polymorphs of silica, it does
not lose or gain dissolved silicaj; it is not mixed with
cool near-surface water, or it has not lost steam, a
conductive silica geothermometer applies. Conductive
silica geothermometers exist for quartz, chalcedony,
cristobalite, and opal (Fournier, 19733 Fournier and
others, 197435 Fournier, 19773 and Arnorsson, 1983).

(2) The adiabatic model

If a geothermal water has 1lost steam, the residual
silica in solution increases proportional to steam
loss. Therefore, the proportion of adiabatic steam
loss to conductive cooling 1is used to correct the
silica geothermometer. Adiabatic geothermometers exist
for quartz and chalcedony (Fournier and others, 19773
Fournier, 1977 and =~ Arnorsson, 1983). These
goethermometers apply to near—-surface boiling systems
where minimal or no conductive heat loss occurs and no
loss of dissclved silica occurs.

(3) Mixing models
Several mixing models exist, which may include the

effect of surface boiling (single stage steam loss at a
specified enthalpy). The simplest mixing model is hot



water mixed with cold water where the gross
compositions of each differ, no steam loss occurs, no
silica precipitates before or after mixing and no
conductive heat’ loss occurs. Mixing model
geothermometry techniques may include the use of heat,
silica and chloride-balance equations, which are solved

simul taneously, enthalpy-silica diagrams, and
enthalpy—-chloride diagrams. The latter techniqgue may
calculate enthalpy with silica geothermometers or

cation geothermometers and the combined effects of
miyxing, boiling and conductive heat 1loss may be
observed provided several discharges from the same
reservoir are used (Fournier and Truesdell, 19743
Truesdell and Fournier, 19773 Mahon, 19735:% and Fournier
1979). Before mixing models are applied the occurrrence
of mixing must be established. Truesdell and Fournier
(1976) Fournier (1979, 1981) reviewed factors that may
indicate mixing: (1) chloride concentration variations
too great to be explained by steam loss in boiling
(which causes increased chloride concentration)i (2)
‘systematic variation of ratios of highly soluble and
conservativeconstituents such as Cl1/B, B/Li, and Cl/Lij
(3) variations in oxygen and hydrogen isotopess 4)
Cool springs with high flow rates but high
geothermometer values (either silica conductive or
cation geothermometers); (3) systematic variations of
spring compositions ‘and measured temperatures.
Successful application of mixing models may require
knowledge of chemistry and temperature of the cold
mixing waters. '

We propose that another model, which we call a steady-—-state
model, has use as a geothermometer on low-temperature waters
({150°C). At these temperatures silica-reaction kinetics are slow
and may have similar or lower rates than aluminosilicate-water
reactions. Our study addressed the atfect of COZ concentration
on silica geothermometry and devised a method to correct CO0O2
affects in order to obtain an accurate silica geothermometer for
use on waters less than 100°C.

Impetus to study and develop this geothermometry model was
two-fold. First, systems with reservoir temperatures less than
150 °C frequently do not realistically fit models previously
developed, which were outlined in the preceeding discussion.
This makes  geothermometers unreliable and ambiguous to
interpret. One major reason is that the silica in these waters
is not from quartz or other silica polymorph “forms. - The
dissolved silica contributions are from non—equilibrium reactions
whose rates may exceed polymorph equilibrium,. Second, the
problem is important because the greatest number of geothermal
resources have reservoir temperatures less than 150 °C. Successful
demonstration and use of a steady-state geothermometry model will




aid exploration and devel opement of the low- to
moderate-temperature resources.

FREVIOUS STUDIES

Feth and others (1964) and Garrels and Mckenzie (1967) showed
that the reactions of dissolved carbon dioxide with primary roch
minerals such as feldspars explain the chemical compositions of
springs in the Sierra Nevada of California and Nevada. Dissolved
silica in these low—-temperature waters may be due entirely to
acid attack by dissolved carbon dioxide on aluminosilicate
minerals, which also releases cations to solution, Busenberg and
Clemency (19746) have experimentally determined in long-term tests
at standard conditions and constant pC0OZ (1 atmosphere) that
silica is 1initially released rapidly during feldspar—-water
reactions. However, after several days the silica release rate
was very slow and nearly constant. Studies by Rimstidt and
Barnes (1980) showed that eguilibration rates of silica
polymorphs are extremely slow at lower temperatures. Faces
(1978) has suggested that aqueous concentrations associated with
acid (pC0O2) attack of aluminosilicate minerals are controlled by
"hydrodynamic or chemical steady-state mechanisms or through
chemical equilibrium with a reversible metastable (aluminum
silicate solid." The foregoing studies make it abundantly clear
that silica geothermometry at low temperatures (less than 80 (O)
is fraught with difficulty due to reactions which introduce
dissolved silica to solution from non—-polymorph sources.

This study investigates silica-water reactions in
low—-temperature geothermal water in areas near Safford,
southeastern Arizona, and derives a pCOZ2 correction for
conductive silica geothermometers. Use and limitations of the

technique are also discussed. Data collection , interpretation
approach, and basic geochemistry, as it applies to this study,
are outlined. In addition, the geoclogy., thermal regime,
geochydrology, and gross geochemistry of the Safford area are
reviewed. Finally, geothermal potential, as indicated by this
study and previous studies is discussed.



DATA COLLECTION AND INTERPRETATION

DATA_SOURCES

Data collected for this study include ground water chemical
analyses, drillers’ logs of water wells, geohydrologic and
geologic information. Fublished chemical analyses were compiled
from Witcher, 1981: Swanberg and others, 19775 Muller and others,
1973s Dutt and McCreary., 19705 and Hem, 1950. Additional analyses
from an area near Buena Vista were obtained from a University of
Arizona Master®s thesis on & sub-economic mineral deposit
(Yarter, 1981). kKnechtel (1938) published several analyses from
the area in a U.S. Geological Survey Water Supply Faper.
Knechtel s data were not included in our data base because they
were relatively incomplete. Unpublished chemical analyses were
obtained from files of the city of GSafford’s engineers’® office
and from files of the U. 8. BGeological Survey, Water Resources
Division, Tucson. Because available published and unpublished
chemical analyses usually had no aluminum, boron, or lithium
analyses and because reliability of pH and alkalinity data were
generally unknown, field collection of an additional 42 chemical
analyses of ground water was performed.

Drillers® logs and geohydrologic information were obtained from
knechtel, 1938; Witcher, 19823 and from files of the Arizona
Department of Water Resources, Fhoenix and the U. 8. Geological
Survey, Water Resources Division, Tucson.

FIELD WATER_SAMFLING

Samples were selectively taken from flowing artesian wells
except for one pumped well at Buena Vista and one surface runoff
sample. Temperature, pH, and total alkalinity were carefully
measured in the field in order to obtain the most accurate



values. The pH and alkalinity are critical measurements to
determine pC02 pressure.

The pH was measured with a Corning Model 610A Expand Portable
Meter equipped with a Corning 476115, KCl-AgCl Combination Glass
Electrode. Calibration was done by standardizing the electrode in
pH7 buffer standard. The buffer standard was temperature
equilibrated to the sample temperature. This temperature was set
on the pH meter temperature compensator during the calibration.
The electrode was rinsed in deionized water after calibration and
placed in an unfiltered volume of sample. The pH readings were
taken at intervals of time until the pH meter stabilized. The
stabilized pH value was recorded. Temperatures were taken with a
0.1 C graduated mercury thermometer.

After measuring temperature and pH, an electrometric titration
was performed on an unfiltered SOml pipette volume of sample. A
0.02297N standardized solution of H2504 was used for titration.
Acid was added in small increments (0.1 to 0.03ml) near the CO3
and HCO3 end points (approximately pH 8.3 to pH 4.5,
respectively). End points were determined by noting the highest
ratios of pH/ ml acid. The volume of acid required to reach
these end points was used to calculate alkalinity.

Two samples were prepared in the field to preserve chemistry
for laboratory analysis. Both samples were filtered through a
0.45 micron Nalgene filter, using an on-line vacuum filtration
system. A hand pump was used to create the vacuum. The first
sample consisted of approximately S00ml of pure filtered sample.
The second sample consisted of approximately S00ml of filtered
sample with Sml of 1IN HCl1 added to preserve cations and
aluminum. Both samples were placed in clean, rinsed plastic
bottles. Because very high silica concentrations (> 100 ppm)
were not expected, sample dilution with deionized water was not
performed to prevent silica polymerization.

Samples were shipped in wooden boxes lined with styrofoam by
bus to B. C. Laboratories in Bakersfield, California. Blue ice
packages kept the box interiors cool during shipment. Analyses
were performed according to APHA-AWWA-WPCF-EPA standards
(American FPublic Health Association, 19793 Environmental
Frotection Agency, 1979).

Milliequivalent charge balances of lab analyses were all less




than 2 percent. Ion charge balance after speciation
calculations, using field pH and alkalinity, were within three
percent, except for four samples. Charge balance differences
between five and seven percent occurred in three samples; 16W83
was off by 15 percent. Samples 21WB3 and 40WB3 are from the same
well but were collected on different days. Agreement between
analyses is better than 96 percent. Thus, the combined effects
of sampling error, lab error and changes in discharge chemistry
with time are minimal in these two samples.

DRILLERS” LOGS OF_WELL _ LITHOLOGY

e e o e A S e S e A e e S e e S e S e L —

Available drillers® 1ogs were compiled to obtain subsurface
stratigraphic and structural information. Drillers’ logs are
difficult to interpret and they may be ambiguous because drillers
they usually do not follow geologic convention or vernacular.
However, in areas where distinctive lithologic units occur,
drillers® 1logs can be interpreted with a fair degree of
confidence. In many cases they provide the only available
subsurface information.

Table 1 shows the systematics of drillers®-log interpretation.
This method of interpretation is not perfects but it allows
consistent evaluation of the logs. It has been used successfully
in the San Simon and Willcox basins (Witcher, 198135 1982). Units
with distinctive color, texture and grain size are generally
noted consistently by drillers. In this area, the blue—green
clay and sand and gravel descriptions fall into this recognizable
cateqory. The blue or green clay is a real unit, which is found
in outcrop. Harbour (1966) and White and Smith (1965) indicated
that the unit is of lacustrine origin. Witcher (19813 1982)
showed that it occurs as a lens shaped marker bed in the
Safford-San Simon basins and the Willcox basin. The blue or
green clay thickens toward depositional basin centers: but the
blue-green clay elevation tops usually vary only slightly.
Perhaps the most difficult stratigraphy to distinguish in
drillers’® logs is the evaporite sequences within the basins of
southeastern Arizona. Geophysical logs and resistivity data are
used to supplement drillers’ logs when they are available. These
methods are sensitive to clay and evaporite sequences (and to
ground water with high TDS that is associated with these units).
Drillers®-log interpretations are only guides and are not
absolutely reliable by themselves. However, their usefulness
should not be underestimateds: that is why we used them when other
information was unavailable.
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Standard laboratory chemical analyses were used to determine
the gross chemistry of ground water. These analyses are reported
in terms of total analytical concentration of sodium, potassium,
calcium, silica and so forth. Concentrations of individual ions
and ion pairs are not reported. For instance, reported calcium
concentrations are actually the sum of several ionic calcium
species and uncharged complexes (ion pairs) present in the ground
water:

Equation 1

Catanalyzed) = Ca++ + CaC03° + CaS04° + ...etc.

In detailed studies of equilibrium and reaction kinetics the
thermodynamic state or saturation level of a sample water is
required. In order to know the .thermodynamic state of ground
water, ionic speciation requires calculation. Because = of
electrostatic interaction of ions in a soluition, the Gibbs free
energy change may be different in a real solution than in an
ideal solution. Hence, it is necessary to determine effective
concentration (activity) of ions in solution. Species activity
is related to species concentration by an activity coefficient:

Equation 2
ai = yi mi

ai is activity concentration of species i
mi is concentration of species i
vi is activity coefficient of species i

In dilute solutions activity is near unity. As concentratrion
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increases the coefficient deviates more and more from unity.

Calculation of speciation is accomplished by setting up a
geochemical model involving mass balance equations similar to
Equation 1. Mass action equations are thenm derived to describe
all of the components in the mass balance equations. Using a
simplified example from Equation 1, the mass action equations
are:

Equation 3

K1 = aCaC03° / aCa++ aC03--

Equation 4

K2 = aCaS04°’ / aCa++ aS04--

from these equations:

Equation S

mCaCO3Io0 = K1 aCO3-- mCa++ yCa++ / yCaCO03°

Equation 6

mCaS040 = K2 aS04-- mCa++ yCa++ / yCas04’

combining equations S, &6, and 1:

Equation 7

mCa++ = mCa++{(analyzed) / 1 + yCa++ (K1 aCO3-— /
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yCaCo3°) + (K2 aS04-- / yCaS04° )

A set of equations ‘gimilar to Equation 7 is solved
simultaneously by iterative methods until a mass—charge balance
is obtained. .

When activities have been calculated it is possible to
determine aqueous saturation with solid mineral phases. Several
geochemical models and computer programs have been developed to
determine speciation, activities, and mineral saturation .of
ground waters. Our study has employed the WATSPEC program
(Wigley, 1977), which is a shortened FORTRAN IV program based
upon the longer and more detailed WATER (Truesdell and Jones,
1974) and WATEQF (Flummer and others, 1976) programs. WATSFEC
was chosen because it uses only major constituents normally
analyzed in ground water. It is well documented, and it uses
little computer time. BEecause our data did not include eH data
and our study did not require trace element speciation, this
program was basically tailored to our research.

WATSFEC uses an extended Debye-Huckel equation to calculate
activity coefficients (Stumm and Morgan, 1970). Thermodynamic
data used in WATSPEC has the same values as those used in WATEGR.
Temperature adjustment of equilibrium constants is done with the
Van t Hoff relationship except where analytical expressions were

emplovyed.

A DEC PDF 11 computer was used to process data through the
WATSPEC program. The WATSPEC program was modified to eliminate
calculation of iron and sulfur speciation. Equilibrium constants
smaller than 10E-37 for certain sulfur and iron species in a data
statement caused an overflow problem. Since iron and sulfur were
not critical to our study., these calculations were overridden.
In addition, our data base was incomplete with respect to iron
and sulfur. The program was  also modified to calculate
saturation indices of silica phases, using the latest analytical
expressions of the temperature dependence of their respective
equilibrium constants. Silica saturation indices using original
equilibrium constants are still calculated and presented in
output along with the new values. WATSFPEC was further modified
to give additional output information in a different format than
the published version.

Because WATSPEC accepts chemical data in millimoles per liter,
a small FORTRAN IV program, MOLAL, was written to convert parts
per million concentration into millimoles per liter and make a
data base with a suitable format for WATSPEC to accept.
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BACKGROUND

GENERAL _THERMODYNAMIC_ _BASIS_OF _CHEMICAL GEOTHERMOMETRY

A e e R e e Y e e r N L e e T e T e T T e e e e S e e

Chemical geothermometry is based upon two important concepts
describing a chemical reaction. These concepts, chemical
equilibrium and reaction kinetics, are best described in terms of
energy changes that occuwr during a chemical reaction. As a
reaction proceeds, a point is eventually reached where no net
change in energy takes place. At this point a chemical system is
in chemical equilibrium. The rate at which a reaction approaches
equilibrium is described by reaction kinetics. When a chemical
system reaches an equilibrium condition, no net change in energy
occurs unless new forces are introduced. Like physical systems
in a non-equilibrium c¢ondition, chemical systems undergo a
spontaneous change until the energy of the system has been
minimized. This minimized-energy condition or equilibrium energy
is called Gibbs free energy.

Gibbs free enerqgy is a thermodynamic parameter that is used to
relate the concentrations of chemical species involved in a
reaction. The driving force in a non-equilibrium or initial
state that causes a system to change to a final or equilibrium
state is called the Gibbs free energy change ( G). This parameter
commonly employs units of Kcal/mole and is expressed as:

Equation 8

G =A6(final) - AG(initial)

In terms of a chemical reaction the Gibbs free energy change may
also be written as:

Equation 9
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AG =3G{products) -ZG(reactants)

The Gibbs free energy of an individual species is dependent
upon temperature, pressure, and concentration. These physical
conditions define a state. At standard state conditions (25 C, 1
atmosphere and 1.0 molar pure concentration or unit activity)
Gibbs free enerqgy is designated as standard free enerqgy of
formation ( Gf).

Because the concentrations of the species involved in reactions
in natural systems are generally different from those specified
for the standard state, it is necessary to relate standard free

energy of formation to Gibbs free energy change. Chemical
thermodynamics predicts the following relationship:

Equation 10

Gx = Gf + RTlnax
R 1is universal gas constant or 1.987 cal/mol K
T is absolute temperature in ﬁegrees Kelvin (K)
ax is activity concentration of chemical species x
This relationship can be extended to include all species in a

reaction in order to determine the Gibbs free energy change in a
reaction. First, a general chemical reaction may be written as:

Equation 11

aA + bB = cC + dD
a,b,c,d are stoichiometric coefficients
A,B,C,D, are of species involved in the reaction

Second, by combining equations 9 and 11 an expression for the
Gibbs free energy change for this reaction is obtained:
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Equation 12
AGr = cAG(C) + dAG(D) - anG(A) - bAG(B)

Inorder to relate Gibbs free enerqgy change of the reaction to
standard free energy of formation, equations 10 and 12 are
combined and terms rearranged to give:

Equation 13

c d a b
AGBr = AGf + RTInc¢aC) (aD) /<(aA) (aR)

or stated another way:
AGr = AGF + RTIn@
c d a b
Q@ is a reaction quotient @ =(aC) (aD) /(aA) (aR)

Because a system at equilibrium shows no net energy change, a
system at equilibrium at standard state is described as follows:

Equation 14

AGr = 0 = AGf + RT1InR
or

AGf = -RT1nkK

K is an equilibrium constant
At equilibrium the reaction quotient (@) equals the equilibrium
constant (). Recause geothermometry by definition assumes
equilibrium at some specified state, the 1log ratio G@Q/K is an
important factor to predict how +far a reaction has proceeded
toward equilibrium and assess the geothermometer reliability in a

natural system. This ratio is often referred to as I, an indices
of saturation:

Equation 15

log I = log G/K
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I is related to Gibbs free energy change by:

Equation 16
OGr = 2.303 RT log 1 <

In order to use chemical geothermometry , 'it is necessary to
relate the thermodynamic equlibrium constant (K) to temperatures
and pressures other than standard state. The influence of
pressure at shallow depths is minimal and will not be discussed.

Another definition of Gibbs +free energy change provides a
useful starting point to discuss the effects of temperature on
equilibrium. Gibbs free energy change for a given chemical
reaction at constant temperature is dependent upon the enthalpy
change ( H), the entropy change ( 8), and temperature as follows:

Equation 17

AGr = AHr - TASr

AHr is commonly in units kecal/mole

ASr is commonly in units cal/deg mole

T is absolute temperature degrees Kelvin

The magnitude and direction of a reaction is dependent upon
temperature and the respective signs of enthalpy and entropy.
Because enthalpy change QHr) is a quantity of heat liberated or
absorbed in a chemical reaction , enthalpy change is useful to
relate the equilibriuim constant (K) to temperatures other than a
standard state. This is done using the Van®t Hoff relationship: q

Equation 18

1n Kt/1ln Ks = (=AHf/R ) (Tt - Ts/TsTt)

The quantity ofAHf is the standard enthalpy change and it is
assumed to remain constant over the temperature range Tt to Ts.
Discussion up to this point relates the equilibrium constant ¢
(K) to temperatures and concentrations other than standard state @
conditions. 1t should be pointed out that this discussion of
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concentration is in terms of activity concentration. The
relationship between activity concentration, speciation, and
measured laboratory concentration is discussed in a later
section.

Clearly there are several reactions that have a theoretical
potential as geothermometers. However, more is required than
temperature dependence of species concentration in a reaction.
For a specified reaction to have use, species in the reaction can
not be involved in other reactions at faster rates. Just as
important, in order that geothermometers have any meaning beyond
measured surface conditions, the reaction kinetics must be slow

at low temperatures. This slow reaction rate preserves the
chemical species concentration after the aqueous solution at
equilibrium leaves a reservoir and cools, thus allowing

calculation of a reservoir temperature.

Kinetics is described by a general reaction of the form:

Equation 19
kf
A+ R —__C +D

!
r
kf and kr are rate constants

The forward reaction rate (Rf) is described by:

Equation 220

Rf = kfLAILR]

Brackets denote activity concentration of species A and BE.
This relationship is interpreted to show that as a reaction
proceeds, the activity concentrations of A and B decreasej

likewise Rf , which is 1initially large, decreases also. The
reverse rate (Rr) is described by:

Equation 21

Rr = krC[CILD]
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As the reaction in Equation 19 proceeds the activities of C and D
increase, and Rr increases. When Rf = Rr, equilibrium is
reached. This condition is described by:

Equation 22

kKt = kf/kr = [CILDI/LAICE]

Kt is an equilibrium constant for the reaction at
temperature t

In summary, the preceeding geochemical discussion provides a
general basis for understanding chemical geothermometers. Two
main conclusions from this discussion are relevent to chemical
geothermometry in natural aqueous systems:

(1) A reaction must have sufficient standard enthalpy
change to allow an easily observed temperature
dependent variation of species concentration. (2) The
reaction kinetics must be faster at higher temperatures
and much slower at lower temperatures for a reaction to
have use as a geothermometer.

However, the main factor required for successful geothermometry
is that a particular reaction must reach temperature-dependent
equilibrium in a natural system. For that to happen the chemical
species required for the reaction must be present, and the
specified reaction must occur, not another reaction that uses the

same species.
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In order for silica and cation geothermometry to predict valid
subsurface temperatures, the reactions upon which they are based
must occur. At higher temperatures (greater than 100 to 150°C)
alteration and mineral assemblages found in active and fossil
geothermal systems are compatible with the geothermometers.

Reliability of geothermometers at lower temperatures (less than.

150 to 100°C) is less certain. Part of the problem deals with
slower reaction kinetics at lower temperatures, and part involves

the occurrence of the specified reactions necessary for valid

geothermometry results. In order to address this latter problem,
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the geochemical systems found in basins in the southwestern U. S.
must first be characterized.

The processes of sediment diagenesis provided general
information on basin geochemistry. Diagenesis has been defined
by Pettijohn and others (1973) as . . . "all those processes,
chemical and physical, which affect the sediment after deposition
and up to the 1lowest grade of metamorphism, the greenschist
facies." The overall trend during diagenesis 1is towards
equilibrium, however, equilibrium is usually not reached between
all minerals and contained fluids. In an ideal sense, herein
lies the main difference between diagenesis and metamorphism.
Generally, diagenetic mineral and alteration assemblages only
approach equilibriums: whereas metamorphic and hydrothermal
assemblages are sometimes interpretable in terms of the
assemblage equilibrium at a specified temperature and pressure
(Petti john and others, 1973). Factors responsible to varying
degrees for this difference in overall state of chemical
equilibrium are reaction kinetics, time, and fluid-flow rate.

As with hydrothermal and metamorphic processes, diagenetic
processes also dramatically change the chemical composition of
rocks by chemical mass transport in aqueous solutions. These
chemical processes involve both dissolution and precipitation of
minerals and cements. Dissolution may be congruent or
incongruent. Congruent dissolution removes all components in a
solid species into solution. Incongruent dissolution selectively
removes a few components to change the composition of a solid.
Alteration of feldspars to clay minerals is an example of
incongruent dissolution. Precipitation requires that the system
is open to fluid flow in order to replenish supersatured

solutions. However, with time precipitation of cements and
authigenic minerals decreases permeability by +filling pore
spaces.

Diagenesis of basin—-fill sediments in the southwest United
States and northern Mexico have been discussed in detail by
Walker and others (1978) and Turner (1980). Walker and others
(1978) showed that four post-depositional processes affect
basin-fill sediments: (1) mechanical infiltration of detrital
clay into the interstitial pore spacess (2) dissolution of
primary detrital framework silicate (tectosilicate) mineralss (3)
replacement of primary detrital framework silicate minerals by
clay: and (4) precipitation of a wide variety of stable and
metastable authigenic cementing minerals. These authors noted
that these processes are "not equally important everywhere, but
almost everywhere one or more of these processes significantly
altered the original texture and mineral composition of the
sediments. " Three stages of diagenesis through time were
indentified by Walker and others (1978) (Fig. 1). Stage 1 is
infiltration of detrital clayi stage 2 is significant alteration
of pyroxene, amphibole and calcium plagiocalse; stage 3 is
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Stages of basin-fill diagenesis
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complete or nearly complete loss of pyroxene, amphibole and most
calcium plagioclase, while potassium feldspar and qgquartz may show
evidence of alteration.

Alteration of primary framework silicate minerals is greatest
in minerals low in the Goldich stability series (Goldich, 1938;
Loughnan, 19693 Walker and others, 19783 and Turner, 1980). These
minerals include plagioclase, augite and hornblende. Dissolution
and replacement by clay is the common alteration mechanism.

Walker and others (1978) found that replacement of silicate
minerals by clay commonly exceeds 15 percent of the sediment
volume and that 1in most instances this clay is nearly pure
montmorillonite.

Most authigenic minerals in the basin-fill sediments are
extremely fine grained and normally they are very difficult to
recognize without the aid of a scanning electron microscope
(Walker and others,1978). Potassiuum feldspar is one of the most
common authigenic minerals. Detrital grains of primary potassium
feldspar and plagioclase serve as hosts for overgrowths of
secondary potassium feldspar. In many 1locations potassium
feldspar crystals are important components of interstitial matrix
along with infiltrated clay and authigenic montmorillonite
(Walker and others, 1978).

Clinoptilolite, a high-silica zeolite, forms a common cementing
material where volcaniclastic detritus occurs. Authigenic
potassium feldspar and quartz are commonly associated with this
zeolite (Walker and others, 1978). Sheppard and Gude (1973)
described the occurrence of zeolite minerals in the Big Sandy
formation in western Arizona. Authigenic zeolites are most
abundant in altered vitric tuffs and tuffaceous sediments, and
may show laterally or vertically zoned :zeolite assemblages.
Commercial zeolite deposits exist in the Safford-San Simon basin
northeast of Bowie, Arizona (Eyde, 1978).

Authigenic montmorillonite is frequently observed in
interstitial cavities as small crystals in addition to being a
common replacement of alteration minerals (Walker and others,
(1978).

Walker and others (1978) found that silica is precipitated as
quartz, exhibiting two crystal forms. They stated, "We have not
observed the two crystal forms occurring together, and therefore
we conclude that one is not the precursor of the other. We also
conclude that the two forms reflect either different
concentrations of SI0OZ2 in the groundwaters or other differences
in the interstitial chemical conditions but we do not know the
nature of the differences. Both quart: forms commonly are
associated with authigenic potassium feldspar." They further
noted that dissoluition of detrital silicate minerals precedes
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precipitation of authigenic quartz.

Authigenic calcite most commonly causes induration - of
basin—-fill sediments. Calcite 1is usually coarse grained and it
fills interstitial voids and voids formed by dissolution of
detrital minerals. Hematite is an additional authigenic mineral
common to basin-fill sediments.Chlorite was not discussed by
Walker and others (1978); however, Turner (1980). pointed out that
it is one of the common minerals in ancient red-bed deposits.
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Studies of diagenesis in basin-fill sediments reveal that
silicate minerals and aqueous solutions interact extensively.
Primary detrital minerals such as amphiboles, ‘pyroxenes, biotite,
and calcium plagioclase are altered or dissolved to the greatest
extent. Authigenic minerals and cements include various clay
minerals, various zeolites, . potassium feldspar, quartz and
calcite. Thus silica dissolved in water is lost to solution by
precipitation of aluminosilicates and quartz. No mention was
found of other solid silica phases such as chalcedony or
cristobalite having been identified as authigenic precipitates in
basin—-fill sediments. (Chalcedony, cristobalite, and opal have
been found as primary detrital minerals where detritus from
volcanic terranes comprises the basin-fill sediments.)

Chemical reactions occur and mineral phases exist in basin
sediments and their fluids which are compatible with cation and
silica geothermometers. BRut, the primary detrital minerals are
not an equilibrium assemblage as shown by their dissolution and
extensive alteration. As they dissolve or alter their
contributions of silica and cations to solution cause
supersaturation of components that are necessary to precipitate
authigenic (equilibrium) minerals such as quartz and potassium
feldspar, zeolites, chlorite, clays, and- calcite. I+ the
kinetics of the dissolution reactions exceed the kinetics of
precipitation reactions, silica geothermometry will predict high
and unrealistic reservoir temperatures. In the case of the
quartz geothermometer, the rate at which dissolved silica from
alteration of primary detrital framework silicate minerals is
added to solution may exceed the rates of quartz and authigenic
aluminosilicate precipitation to give excess dissolved aqueocus
silica -and erroneously high reservoir temperatures. »

In order to maintain dissolution, authigenic mineral
precipitation, and excess dissolved silica in ground water, a
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constant supply of reactive fluid is required. Ground water
containing significant quantities of dissolved carbon dioxide is
highly reactive with aluminosilicate minerals. The atmosphere

and decay of organic material provide the sources for a constant
supply of CO2 in areas of recharging groundwater.

SITE SELECTION_FOR_THIS_STUDY

Two areas near Safford, Arizona were selected for this study.
The principal area is south of Safford at Cactus Flat-~Artesia.
The other is at Buena Vista northeast of Safford.

Major factors for selecting these sites included a knowledge of
subsurface temperatures and an understanding of local
ground-water geochemistry and the geohydrologic flow system. At
Cactus Flat-Artesia these factors have been well characterized.
The geochemical., gechydrologic and thermal regimes at Buena Vista
are less well known. Another major factor in selecting these
sites was that they meet the criteria necessary to adequately
study geothermometry. These criteria include:

(1) distinct, and confined groundwater aquifers. (2)
relatively unmixed discharges from the aquifers. (3
relatively wide and predictable subsurface temperature
ranges. (4) 1long term well discharge so that
temperature and chemistry best refect aquifer
conditions. (3) adequate knowledge of subsurface
geology to detail geochemistry and gechydrology.

The Cactus Flat—-Artesia area, characterized by numerous thermal
and non—-thermal flowing artesian wells, meets these criteria very
well. While the Buena Vista area has flowing wells, its geologic
and geohydrologic conditions are less well known. It was studied
primarily to gain more information about the geothermal potential
there. Results and conclusions obtained in studies in the Cactus
Flat area, therefore, have been applied to assess geothermal
resources at Buena Vista.
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STUDY AREAS

INTRODUCTION

The two areas investigated during this study 1lie within the
northwest-trending Safford-5an Simon basin (Fig. 2). The Cactus
Flat-Artesia area straddles U. S. Highway 666 between 8 to 24 km
south of Safford. The Buena Vista area encompasses a lé6km area
northeast of the town of Safford along the Gila River. Both areas
have thermal flowing wells with temperatures varying from 35 to
S0°C. At present, these waters are utilized in three mineral
baths and a catfish farm in the Cactus Flat-Artesia area.

FHYSIOGRAFHY _AND CLIMATE

The Cactus Flat—-Artesia area is at the base of the Finaleno
Mountains (Fig. 2). Stockton, Marijilda and Graveyard washes,
which discharge surface water from deep canyons in the Finaleno
Mountains, have dissected the area into a succession of mesas,
fans, and arroyos. Flow occurs during winter and early spring
due to snow melt at high elevations. All drainage flows north
and east toward the Gila Valley.

The impressive Pinaleno Mountains rise abruptly to form a range
over I J00m in elevation, where more than 76cm/yr of
precipitation falls. The Cactus Flat area lies at 900 to 1,100m
elevation and receives only 20 to 25em of precipitation
annually. Because of high mean annual temperature (17 °c) and
thick stands of tamarisk trees, evapotranspiration is high in
this area.

The Buena Vista area is in the Gila River flood plain at an
elevation of 210 to 9220m. West of Buena Vista, the flood plain
widens and curves northwestward south of Safford to form a
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flat-bottomed valley 5 to 8km across (Fig. 2). Eastward, the
flood plain narrows into the northeast-trending Gila PBox, a
canyon formed by the Gila River between the Gila Mountains and
the Peloncillo Mountains. Paired terraces 20 to 30Om high bound
the flood plain. Above the terraces 5 to 20km—-wide piedmonts
slope gently upward toward the Gila and Peloncillo Mountains
except north of Buena Vista where at 1least two more older
ancestral Gila River terraces are found. Mean annual temperature
is 17°C and precipitation is less than 25cm/yr. The Gila River is
a perennial stream at this location.

HISTORICAL _GEOLOGY

The crust of this region is highly anisotropic and is dominated
by a west-northwest structural grain, which is superimposed on a.
older northeast grain (Swan, 19825 Silver, 1978). This
anisotropicity originated during the Precambrian. During the
Mesozoic, tectonism reactivated structures to create a highland
that crosses the Safford region (Coney, 19783 Turner, 19623
Elston, 1958). Major erosion, resulting from uplift, removed
Faleozoic and pre-Late Cretaceous rocks to expose Frecambrian

basement. Late Cretaceous shales and sandstones were deposited
over the Precambrian terrane (Elston, 1938). Later, Faleocene
(Laramide) volcanism and plutonism was active in the area.

Laramide andesitic flows and silicic stocks crop out in the Gila
Mountains and are associated with economic copper mineralization
(Dunn, 1978) . The Eocene was an interval of erosion and 1local
sedimentation, probably accompanying major tectonism and a break
in volcanism. During this time copper mineralization was
unroofed in the Gila Mountains, and Late Cretaceous shales were
partially removed. Late 0ligocene and early Miocene volcanism
buried the area in basaltic and andesitic flows and
volcanoclastic sediment up to 1km thick (Strangway and others,
19763 Richter and others, 1981). Limited silicic volcanism
occurred as rhyolitic-dacitic domes and associated pyroclastic
deposits in the vents and on margins of large stratoveolcanoes and
along major structural lineaments. No major silicic cauldrons,
such as those found in southwestern New Mexico and in the
Chiricahua Mountains, Arizona, have been observed in the Safford
area. However, silicic mid-Tertiary plutons were emplaced in the
Finaleno Mountains (Thorman, 1981). During Miocene, crustal
extension began to form the proto Basin and Range. This normal
faulting was characterized in places by listric style rotation of
upper crustal fault blocks, overlying low angle decollements at
depth. Local sedimentation accompanied this tectonism. Low
angle faults are sometimes closely related spacially and
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genetically to metamorphic complexes in Arizona (Davis and Coney,
1979). The Pinaleno Mountains have been described by Davis and
Coney (1979) as a metamorphic core complex. During mid to late
Miocene high angle normal faulting began to create the gross
structure and topography of the contemporary Basin ~and Range
_ Province (Scarborough and Peirce, 1978). By the time this last

stage of tectonism was well underway, volcanism had ceased. The
yougest volcanic rocks in the Safford area are 16 m.y. old
alkali-rich basalts in the Whitlock Mountains (Richter and
others, 1981). Pliocene to Guaternary basalts are found northwest
of the area on the San Carlos Indian Reservation. Major late
Miocene and Pliocene sedimentation occurred in the Safford
basin. A large Pliocene lake existed in the basin and
through—flowing drainage of the Gila system probably did not
exist prior to latest Pliocene or earliest Pleistocene (Harbour,
1966).

STRUCTURE

Figures 3 and 4 provide one interpretation of the gross
structural relationships of the Safford basin. Figure 4 is a
structural cross section through the Cactus Flat-Artesia area and
the Buena Vista area. Structural relationships are based upon
published geology., deep well drill core, drillers’® logs of water
wells, Bouguer gravity, and electrical resistivity information.

The Safford basin is an assymetrical graben complex bound by a
major fault zone at the base of the Pinaleno Mountains on the
southwest and south. The basin is probably underlain by a series
of faulted stair-step blocks, which rise upward to form the Gila
Mountains on the northeast and north. Bouguer gravity profile
modeling by Oppenheimer and Sumner (1981) suggests that bedrock
in the basin center is buried by a least 3,050m of clastic
sediments. The existance of stratigraphic unit Tso shown in
Figure 4 has been inferred by us from sonic logs and three cores
from the Safford A-1 wildcat exploration hole (D-9-26-16ab)
drilled by Phillips Petroleum in 1982. The core and 1log are on
file at the Arizona 0il and Gas Commission in Phoenix. All three
cores are at the bottom or in the lower 610m of the hole and
. consist of an indurated reddish brown granite conglomerate. No
volcanic clasts or metamorphic clasts were observed in the cores;
therefore, we believe this unit is an Eocene to early Oligocene
fanglomerate (or older) and it should properly be classified as a
pre—-Basin and Range sediment.

Fleistocene fault scarps occur at the base of the Pinaleno
Mountains (Menges and others 1982). Another Fleistocene(?) scarp
occurs southeast of Buena Vista (Figure 3) (Menges and
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others, 1982).

Bedrock (noncontinental clastic rocks) includes mostly schist,
gneiss, granite, guartzitic wmylonite, andesitic to basaltic
volcanic rocks and minor rhyolitic to dacitic volcanic rocks.

Mineralogy of these units includes common aluminosilicate
minerals, hornblende, augite, biotite, chlorite and feldspars.
Volcanic minerals probably comprise olivine, chalcedony,

cristobalite, =zeolites and calcite. Quartz is common to all
units. Rocks associated with Laramide copper mineralization also
contain kaolinite, sericite, epidote, chlorite, gypsum and
anhydrite.

Sediments filling the contemporary Safford basin are over
1,220m thick and they indicate several distinct depositional
environments. In general, but not always, the fine_grained and
evaporite sediments are found toward the basin center and away
from the margins. Basin—-filling wunits are probably most
important in this study because nearly all water sampled during
this study has been confined to these formations. Water in the
Buena Vista area is a possible exception;s it may have flowed
upward from underlying bedrock.

BASIN-FILLING_SEDIMENTS

Harbour (1966) divided the basin-fill into two major units,
upper and lower basin fill. These units are separated by a
time-stratigraphic horizon that shows a change in sedimentation
processes(fluvial-lacustrine-playa to fluvial-alluvial) and by a
Fliocene to Quaternary faunal transition. Harbour (1966) also
divided the basin-fill sediments into facies. Because drillers’
logs were used in our subsurface interpretations, we have

generalized Harbour®s units in to three major groups. Table 1
shows the correlation of our stratigraphic units with those of
Harbour and gives the systematics of drillers’-logs

interpretation within our stratigraphic divisions. We used the
following stratigraphic subdivisions: (1) a sand-conglomerate
facies, (2) a silt-clay facies, and (3) an evaporite facies. We
have divided the silt—-clay facies into two sub-units: (1) a blue
or green clay unit, and (2) a brown-yellow silt and clay. All of
the facies intertongue.

The silt—-clay facies is lacustrine (blue—green clay) and
fluvial over-bank (blue—green clay, in part, and the yellow-brown
silt and clay unit). The evaporite facies consists of
gypsiferous clay., gypsum, anhydrite, and halite and it was
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nterpretation

Correlation with

' Drillers! - Harbour's basin-fill
Unit Descriptive Term units
Sand/conglo- Sand, gravel, conglo- Baéal conglomerate

merate facies

merate, honeycomb
formation, caliche,
sandy loam, silt gravel,
cement

facies, piedmont facies,
orange silt and conglo-
merate facies

Silt/clay
facies
blue clay

Blue clay, blue shale,
black clay, gray clay,
green clay, sticky clay,
white and blue clay

Green clay facies

Silt/clay
facies
brown clay

Brown clay, yellow
clay, mudstone, red
clay, tuff, sandy clay,
siltstone, gravel clay,
silt and clay, sandy
clay, gravel silt

Green clay facies,
delta facies, red facies

Evaporite
facies

GCypsum, anhydrite,
evaporites, salt halite,
hardlayers, hardpan

Evaporite facies
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deposited in a playa environment. In a few areas the top of the
silt—clay facies consists of a zone of gypsiferous, limonitic and
calcareous clay. These deposits may indicate desiccation of the
Pliocene lake. AQir-fall ash deposits are common in the upper
silt-clay facies and they are commonly zeolitized, diatomaceous,
or argillic and calcareous. Harbour (1966) suggested the most
common basin-fill clay mineral is montmorillonite.

Upper basin—-fill consists of mostly gruslike sand with gravel
lenses, except north of Buena Vista, where fine grained
tuffaceous sediments are interbedded in sandy and silty sediments
adjacent to the Gila Mountains.

A thin generally 1less than 2Z0m—-thick cobble to boulder
conglomerate caps the basin-fill deposits to form Pleistocene to
Recent geomorphic surfaces. These sediments are pediment caps,
ancestral Gila River terrace deposits, and alluvial fan
deposits. Ancestral Gila River gravels are usually well rounded
dark volcanic clasts with a few well rounded red granite clasts
(Morenci Granite?).

Calcite is the most common cement in upper basin fill and in
degradational deposits. Harbouwr (1946) stated that coarse upper
basin-fill units frequently show ‘"replacement" of hornblende and
plagioclase by sparry calcite. Other minerals such as qguartz and
orthoclase may show "corrosion" by calcite. Harbour also
described two unusual forms of interstitial calcite: spherolitic
cementation, and sand-calcite crystals.

CACTUS FLAT-ARTESIA_SUBSURFACE_GECLOGY

We have inferred subsurface geology has been inferredfrom
drillers® logs. Figure S shows the locations of cross sections
in Figures 6, 7, and 8. Cross section B-E° from Swift Trail to
Cactus Flat shows the blue clay unit pinching out to the south
and fine grained units becoming dominate at Cactus Flat. Cross
section C-C° is <from Swift Trail to Artesia. The blue clay
pinches out to the west and silt-clay is dominant towards
Artesia. Cross section D-D* is from west to east across the
Cactus Flat area. Drillers’ logs were used to infer structure

also, which is somewhat speculative. However, the high total
dissolved solids in wells in this area could result from contact
with the gypsiferous sediments (evaporites) that we have

interpreted to be faulted upward in a narrow horst block in this
area (also see Figure 9). This structural interpretation is based
upon blue clay elevation tops and the top of the evaporite
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sequence as interpreted from drillers’ logs, using Table 2.
Figure 9 shows the blue clay elevation tops and a structural
interpretation. Probably the most noteworthy feature of these
cross sections is the persistent layers or lenses of sand - and
gravel that produce water. These zones have been interpreted as
tongues of the sand-gravel facies that predominate to the south
and west in the subsurface nearest the Finaleno Mountains.

(o —a— 2R SNSRI ES._A— 40— L2 AP S 2

Buena Vista overlies a structural bench bound by fault zones
(see Fig 3). Clastic basin-fill sediments overlie the bench,
which is composed mainly of Larimide volcanic and intrusive
rocks.. Silt-clay and sandy clay with gravel lenses overlie sand
and gravel and clay lenses (Witcher, 1981). The +fine grained
section is probably equivalent to the silt-clay facies, while the
coarse units represent the sand-conglomerate facies. At Buena
Vista the base of the silt-clay +facies is 105m below the
surface. This unit thins and pinches out to the northeast near
the Gila River. Recent flood plain gravels less than 30m thick
overlie the silt-clay facies. Well D-6-27-35chb penetrated pre-
basin-fill formations at 210m depth. Mid-Tertiary volcanic rocks
and associated interbedded clastic sediments occur between 210m
and 275m. At 275m an epidotized andesite containing oxidized
copper mineralization has been observed, which we believe
represents the Laramide volcanic sequence. Well D~7-27-2cdb
encountered "red granite" at 213m. This rock may be a Laramide
iron—-stained and altered silicic tuff or felsic intrusive rock.
Deep core drilling at the Sol copper prospect Skm southeast of
Buena Vista encountered Laramide rocks between 300 and 600m of
basin-fill sediments (Yarter,1981). In the adjacent Gila
Mountains, the Laramide sequence is altered and highly fractured
and sheared, especially near intrusive mineralized stocks
(Robinson and Cook, 192663 Dunn, 1978). Northeast-striking dike
swarms, faults and fractures are common.

434NN 483 o3 SR NED_oM 0109 SURR RS20 P IRRR AL AL LAY B0 R 8

Figure 10 is a water—-table map constructed from shallow heat=-flow
hole data (less than 60m) (Witcher, 1982) and from water well
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TABLE 2 = Formation tops of blue clay unit at Cactus Flat-Artesia

Top Blue Top Blue
No. Well Location Elevation Clay (Depth) |Clay (Elevation)
1 (D—-8-26) S5bbc 3, 100' 148" 2,952
2 (D—-8-26) 6¢ccb 3,200 115! 3,085'
3 (D-8-26) 7acc 3, 170! 48! 3, 122!
4 (D—-8-26) 7adcp 3, 160" 81" 3,079
5 (D-8-26) 7hbb 3, 180" 80’ 3, 100!
6 (D-8-26) 7bcco 3, 190! 40' 3, 118!
7 (D-8-26) 7bda 3, 180! 269" 2,911
8 (D-8-26) 7bdbo 3,200 269" 2,931
9 (D-8-26) 8bdc 3, 160" 557" 2,603!
10 (D-8-26) 17abb 3, 130! 190! 2,940'
11 (D-8-26) 17bbc 3, 180! 565' 2,618
12 (D-8-26)21cdc 3,210' 101" 3, 109!
13 (D-8-26)28dbb 3,230 81' 3, 149!
14 (D-8-26) 30aca 3,342} 60! 3,282'
15 (D-8-26)30baa 3,350 80! 3,270

data (less than 100m) (U, S. Geclogical Survey, WRD, Tucson).
Shallow unconfined ground water flows generally toward the north
and north-northeast as does surface drainage. The water table
gradient is about 100 feet per mile. A small ground-water
depression exists at Artesia, which may result from drawdown due
to heavy pumping.

Artesian wells occur in a 3I-km-wide arc, which mimics the
Finaleno Mountain front. This arc is between 3 and 4km from the
mountain front (Fig. 11). We believe the arcuate distribution of
the artesian wells is a result of sand-conglomerate tongues 1in
the silt-clay and evaporite facies, rather than fault-induced

geohydrologic processes. The convergence of topography and
hydraulic head in sand and gravel aquifers is of primary
importance in allowing flow from these wells. Flow rates <from

the artesian wells increase systematically with depth (Fig. 12).
This fact suggests that several distinct and confined aquifers
exist and that hydraulic pressure also increases with depth.

Several flowing wells and pumped artesian wells discharge
thermal water (>35 °C) at Buena Vista. Fumped flow rates exceed
1,000 gpm (U. S. Geological Survey, WRD, Tucson). This water is
produced from sand-conglomerate facies that are confined below
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the silt-clay facies, but temperatures suggest a deeper origin.
Mining company wells northwest of the area, along the piedmont of
the Gila Mountains, produce thermal water »35 °C) that has
chemistry and temperatures similar to Buena Vista wells (see Well
D—6-26-35ccc in Table &). A deep well in the basin near Safford,
which was completed in the sand-conglomerate facies below the
silt-clay and evaporite facies, produces brackish water with a
much higher total dissolved solids than the Buena Vista waters.

THERMAL REGIME

Background heat flow for the Safford area is about B0mWm-2,
which is the approximate average value obtained from several deep
(>300m) holes in the Gila Mountains (Reiter and Shearer, 1979).
Surface discharge temperatures of artesian waters at Cactus Flat,
excluding wells at Artesia, show a linear increase in temperature
with the depth (4.5°C per 100m) (Witcher,1979). Two artesian
wells were temperature logged and showed less than 1 °c
temperature change from surface to bottom (Witcher, 1979). Heat
flow studies (Witcher,1982) indicate that basin-fill sediments in
this area have thermal conductivities less than 1.88W/mK. Thus a
45 °C/km temperature gradient is normal for a conductive heat 1ow
of 80mWm—-2. :

Unusually warm wells near Artesia have estimated gradients

exceeding 100 °C/km. A soil mercury survey and heat flow stu@y
have delineated a hidden convection system south of Artesia
(Witcher, 1982). No wells penetrate this system. We have

estimated that the heat flow over the top of this system exceeds
200mWm—2.

Wells at Buena Vista are anomalously warm for their depths.
Reiter and Shearer (1979) measured heat flow in a mineral
wploration hole Skm east of Buena Vista. A value of 209mWm—-2 was
reported for the 300 to 500m depth intervalsj SOmWMm~2 was reported
for the 950 to 1,050m interval. A temperature log of this hole
shows a temperature inversion below 500m, which accounts for the
reported heat flow. Apparently this hole encountered a
horizontal flow of thermal water (approximately 70 °C) at abogt
600m depth. Interpretation of temperature information from this
hole indicates the existence of a nearby low to moderate
geothermal convection system and suggests that the thermgl
anomaly at Buena Vista is more extensive and hot;er than is
apparent from temperatures measured in thermal irrigation wells.,
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GEOCHEMICAL MODEL _AT_CACTUS FLAT-ARTESIA

Cold (<Z0°C) ground water in the Cactus Flat area has generally
sodium sulfate-bicarbonate chemistry with TDS less than 1,000
ppm. Thermal water (:30°C) has sodium chloride-sulfate chemistry
with TDS between 1,000 and 9,000 ppm. Witcher (1981) showed that
the milliequivalent chloride—-sulfate versus bicarbonate vatio has
a logarithmic relation to the milliequivalent lithium
concentration. This correlation suggests that thermal and
nonthermal water chemistry evolves from contact with dif+aering
rocks through equlilibria and (or) ion exchange processes. The
silt-clay and evaporite facies provide a sourc= for sulfate,
chloride, and lithium.

Silica concentrations are frequently highest in nenthermal,
sodium bicarbonate waters. Also, unusually warm waters near
Artesia do not deviate from these observations and their gross
chemistry trends are indistinct from other waters in the Cactus
Flat—-Artesia area. The following geochemical model applies in
the Cactus Flat area. Meteoric water recharging aquifers near
the Fipaleno Mountain front has high dissolved carbon dioxide
content, which attacks aluminosilicate minerals to form
sadium—bicarbonate water. As ground water flows deeper into and
laterally through sand and gravel zones confined by silt-clay and

evaporite sequences, Qgypsum, halite, and carbonate minerals
dissolve. Solution of evaporites and ion exchange with clay
minerals occurs to transform the sodium bicarbonate water into
sul fate—-chloride water.
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GEOCHEMISTRY

INTRODUCTION

The geochemical discussion presented in the following section
focuses on mineral-water thermodynamic processes and how they
relate to silica concentration and dissolved carbon dioxide. In
a previous section the rates of chemical processes were discussed
in terms of reaction kinetics from a thermodynamic standpoint.
Hydrodynamic factors are equally important in overall kinetics of
natural systems. Hydrodynamic factors involve the flow paths,
contact time, and nature of the interface between minerals and
solutions. In—-depth discussion of these factors are found in
Berner (1978, 1980), Freeze and Cherry (1979), Dominico (1977),
and Paces (1976). In this report these factors are not discussed
except where they grossly influence thermodynamic processes.

SILICA GEQCHEMISTRY

Dissolved silica solutions that become supersaturated with
respect to opal are unique compared to most other inorganic
solutions because silica tends to polymerize and stay in soclution
as colloidal particles and gels (Iler, 197%9). However, at
concentrations usually encountered in low temperature waters,
silica occurs as a monomeric species rather than in a multimeric
form. Studies by Alexander and others (19354) have shown that the
colored complesx, formed by silico-molybdate colorimetric
measurements of agueous silica, results from monomeric silicic
acid (H45i04° . Solid silica polymorphs dissolve in water to
produce this species.

Si02(qtz) + 2H20 = H4S5i04°

The solubility constant (K qtz ) for this reaction is:
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Equation 23
K qtz = aH4Si04° /aHZ0

A dilute solu;icn of aH20 is about 1.
K gtz = aH4Si04°

Dissolved silicic acid dissociates at pH greater than 8 to form
ionic species of dissolved silica (Stumm and Morgan, 19703
Seward, 1974). The following mass action equations describe these
processes:

Equation 24

H45i04° = H3Si04- + H+
Equation 25

K1 = aH3Si04- aH+/aH45i04°
Equation 26

H3Si04- = H2S5i04~— + H+
Equation 27

K2 = aH28i04—— + aH+/aH385i04~

Seward (1974) suggested that the NaHI5i040 complex may be an
important silica species in high pH (ph>8) solutions where sodium
wceeds 0.1 molar concentration. This species was not calculated
in this study although some of the ground water we sampled fits
Seward®s criteria for its presence. Total measured silica
concentrations in natural water are described by the following
mass balance equation:

Equation 28
Si0Z2 (measured) = mH4Si04° + mH3Si04- + mH25i04—-

Only the H45i04° species is used in silica geothermometry.
Therefore, when reservoir pH exceeds 8.0 it may be necessary to
make a pH correction to measured silica values in order to
correct for dissociation. Speciation and activity calculations
in the WATSFEC program automatically perform this correction.
Truesdell and Jones (1974) presented an equation that is used to
calculate silica speciation, but it may also be used as a. pH
correction for silica geothermometry. This equation was derived
by combining egquations 25, 27, and 28 and re-evadluating and
rearranging the terms.




46—

Equation 29

mMH4Si04° = SiO2(measured as molality)/[1 + yH45i04° (K1
pH 2pH
10 /yH3IS5i04- + K1EZ 10 /yH25i04--) ]

where:
Yi = activity coefficient of species i
mi = molal concentration of species 1
Analytical expressions that may be used to calculatz K and i at

any temperature are:
Equation 30

K1 = =2849/T - 15.36 X 10E-6 TEZ (Arnorsson and others,
1982)

Equation 31

K2 = 5.37 - IT20/T - 20 X 10E-G (Arnorsson and others,
1982)

where:
T = absolute temperature in degrees kKelvin

Constants K1 and K2 wused in the WATSFEC program are determined
using analytical expressions given by Truesdell and Jones (1974).
fuartz solubilities have been measured experimentally over a wide
range of temperatures and pressures in both pure water and in
salt solutions., Fournier and PFPotter (1982) and Fournier (1983)
have reviewed these experiments and provided additional
experimental solubility information. Table 3 1lists several
analytical expressions from recent literature relating quart:z
solubilities to temperature.

Experimental solubilities of other polymorphic forms of silica
are found in Kennedy (1950), Alexander and others (1954), Siever
(1962), Krauskopf (1956), Fournier (1973), Fournier and Rowe
(1977), Rimstidt and Barnes (1981), and Fournier and Marshall
(1987). The empirical solubility of chalcedony based on
geothermal wells in Iceland was given by Arnorsson and others
(1983). Table 3 lists analytical expressions relating various
silica polymorph phase solubilities to temperature.

The kinetics of silica-water reactions were reported in terms
of interfacial area and water mass by Rimstidt and BRarnes (1%81).
They reported that reverse rate (precipitation) constants of all
silica phases are the same at a specified temperature. However,
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TABLE 3 - Analytical expressions relating silica polymorph

solubility to temperature

I.

II.

Quartz

(A) Log Kgtz = 0.41 = 1309/T Fournier (1977)
Arnorsson and others (1982) -

(B) Log Kqtz = 1.881 = 2.028 x 1072 (T) - 1560/T
Rimstidt and Rarnes {1980)

C) Log K =A+B(l_ogV)+C3(I_ogV2
( qtz .
Fournier and Potter (1982)

VvV = specific volume (inverse of density)
A = 4,66206 + 0.0034063T + 2179.7/T -
1.1292 x 108/T2 + 1.3543 x 108/73

B = -0.,0014180T ~ 806,97/T
C = 3.9465 x 10™4(T)
T = °K

Chalcedony

(A) Log Kghalt = 0.11 = 1101/T
Arnorsson and others (1982)

III. Alpha-Cristobalite

Iv.

(A) Log Kepigt = —0.0321 - 988.2/T
Rimstidt and Barnes (1980)

Amorphous Silica (opal)

(A) Log Kamorph = 0.3380 - 7.889 x 10~%(T) - 840.1/T
' Rimstidt and Barnes (1980)
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the forward rate (dissolution) constants vary depending upon the
polymorphic phase present at a particular temperature. Reaction
rates are faster at higher temperatures and slower at lower
temperatures. One practical aspect of the Rimstidt and Barnes
(1981) work is,

"Upon cooling a silica-saturated solution below the
equilibrium temperature, the decreasing solubility
causes increasing supersaturation, which tends to raize
the precipitation rate, but the rate constants rapidly
decrease, which tends to lower the precipitation rat=a.
These competing effects cause a maximum rate of
precipitation 25-50 °c below the saturation
temperature. At temperatures below that of the maximum
rate, silica is often quenched into solution by verv
slow reaction rates. Consequently, the guartsz
geothermometer will give the most accurate results i+
samples are taken from the hottest, highest flow rate,
thermal springs which occur above highly fracture
areas."

A parallel conclusion drawn by these authors is that due to
fast reaction rates above 150 °C, quartz geothermometers work best
on systems whose reservoir temperatures are below 200 °C. In
systems near or above 200°C, significant precipitation of guart:z
iz highly probable, as the waters cool and flow through the 138G
to 200 °C temperature zones on the margins of high temperature
svstems.

In conclusion, the congruent dissolution (and precipitation)
reaction rates of silica polymorphs are very slow at low
temperatures. Where very +fine grained particles or crystals of
the polymorphs exist, reaction rates are faster and solubilities
are apparently higher.

SILICATE-WATER_REACTIONS

So far discussion has shown that silica polymorphs in contact
with water are sources of dissolved monomeric silicic acid.
Another large group of water—-mineral reactions also releases
H4Si04° to solution. Studies by Feth and others (1964) were
among the first to dramatically detail these sources of H48i04 in
low temperature water. Feth and others (1964) in studies of low
temperature and thermal springs in the Sierra Nevada of
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California and Nevada, demonstrated thermodynamically that
reactions between silicate minerals in granitic rocks and water
rich in dissoclved carbon dioxide may account for the chemistry of
rand silica contained in Sierra Nevada springs. Follow-up studies
by BGarrels (1967) and Garrells and Mackenzie (1967), using a mass
balance approach, showed that Sierra Nevada spring chemistry is
controlled almost entirely by reactions of dissoclved carbon
dioxide-rich water with aluminosilicate minerals. Their studies
indicate that virtually all silica dissolved in these waters was
obtained form dissolution of aluminosilicate minerals. They
further concluded that plagioclase reactions with carbon
dioxide-rich water accounted for more than three quarters of the
dissolved constituents <found in spring waters that have had
contact with silicic rocks in near surface environments.

A typical raction of an aluminosilicate mineral with water isi
Equation 32

NaAlSi308 (albite) + CO2 + 5.5H20v= Na+ +HCOZ- + 2H45i04°
+ 0.5A1281i205¢(0H)4 (kaolinite)

In this reaction Na+ , HCO3-, and H45i040 are released into

solution. A solid residue of kaolinite remains to conserve
aluminum in a solid phase and retains a portion of silica
originmally contained in albite. Reactions of this kind are

incongruent because not all components of albite go into
solution. The equilibrium composition of water as a function of
pCO2 can be calculated because the charge balance, the
stoichiometric relationship of Na and HC0O3- to H45i040 ,is known
and the equilibrium constant (Keq) for the albite~kaolinite
reaction can be estimated.

Equation 33

mNa+ = mHCO3- {charge balance)

mNa+ = m 3 H4S5iD4° (stoichiometric relationship)
log Keq ~ 4logaH45i04° -~ logpCO02
log kKeq = -8.18

The equilibrium constant Keq was estimated using standard free
energy of formation values given in Drever (1983). Standard free -
energy values for kaolinite and albite are those of Robie and
others (1978), which were tabulated by Drever (1982). Using
Equation 33, the solubility of albite expressed as activity
H48i04°, is shown as a function of pCO2 in Figure 13. Figure 13
shows that albite is more soluble with higher pCDO2. Stumm and .
Morgan (1970) showed that other common aluminosilicate minerals .
behave similarly. Instead of expressing solubilities as H45i04-
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they used HCO3-— in a manner identical to our example with
albite.

Another way to study solubility of silicate minerals is with
activity—-activity diagrams, which define an equilibrium system.
These diagrams are useful to model incongruent dissolution of
aluminosilicate minerals. Figure 14 is a stability diagram for
the system H20-NaD-Al1203-8i02 at 25°C and 1 atmosphere pressure.
This diagram will be used to show what happens to the composition
of watéer as albite reacts with water and the solution reaches
equilibrium or becomes stable with respect to various alteration
phases. Successive small amounts of albite are hypothetically
added and allowed to reach equilibrium. Helgeson (1969)
discussed models of this type in detail. The +Ffirst batch of
albite will dissolve completely.

Equation 34
NaAlSi308 + B8H20 = Na+ + Al (OH)4 + 3H45i04°

At point A the solution becomes saturated with gibbsite and the
albite then alters to gibbsite.

Equation 35
NafdlSi308 + BHZ0 = Al (OH)3 + Na+ + OH- + 3H45i04°

Path A to B is followed as more albite alters to gibbsite and
Na+, OH-, and H4Si04° enter solution. This reaction 1is also
accompanied by a pH rise due to loss of H+ to gibbsite. At B the
solution is in equilibrium with kaolinite. However, the sclution
will not leave the gibbsite stability +field as long as gibbsite
remains in the system. Addition of more albite to the reaction
causes the gibbsite to alter to kaolinite .

Equation 36

2NaAlSi308 + 4A1 (OH)3 + H20 = 3A12Si205(0H) 4 + ZNa+ +
2(0H-)

Note that no silica is released to solution. Any release of
H48i04° is quickly consumed in the gibbsite to kaolinite
conversion. Further addition of albite causes all gibbsite to be
converted into kaolinite at C. Between C and D albite is
converted into kaolinite and again H45i04° is released to
solution.

Equation 37

2NaAlSi308 + 11H20 = Al12Si20S(0H)4 + 2Na+ + 2(0OH-) +
4H45i04°
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Note that this reaction is the same as the one given in Equation
32, except CO2 was added, OH- was replaced by HCOZI-, and
stoichiometry was reduced by one half for all components. At D
the solution is in equlibrium with Na-montmorillonite. In this
case the solution evolves along D-E, as more albite is reacted,
until ~all kaolinite in the system is converted to
Na-montmorillonite. Along this path, Na+ is released but H45i04°
is taken from solution in the kaolinite to montmorillonite
conversion. Garrels (1967) has shown that the
kaolinite-montmorillonite boundary forms the compositional limit
of most low temperature waters.

It is clear that not only does pCO2 concentration effect
H45i04° concentration of water in contact with silicate minerals,
but the degree to which silicate-water reactions have taken place
and the relationship of water chemistry to stability boundaries
have important effects upon H4Si04° concentrations.

kinetics of incongruent dissolution of silicate minerals at low
temperature has been studied by numerous investigators (Garrels
and Howard, 1957% Wollast, 19673 Helgeson, 19713 Luce and others,
1972s Paces, 19733 Busenberg and Clemency., 19763 Holdren and
Berner, 19793 Berner and Holdren, 19773 Fetrovic and others,
19765 Correns, 19633 Bailey, 197635 and Wildman and others, 1948).
Most of these experimenters have studied feldspar reactions.

Studies by Wollast (1967), Helgeson (1971), Paces (1973, 1978),
and Busenberg and Clemency (1976) suggest that kinetics of
feldspar dissolution are controlled by the formation of a surface

alteration product laver. This laver apparently controls
diffusion rates to the feldspar surface and (or) reversible
silica and aluminum exchange with solution. The layer model

explains cation and silica release to solution versus time in
feldspar—-dissolution experiments. Busenberg and Clemency (1976)
showed four stadges of alteration processes in their experiments,
each with different reaction rates: (1) initial rapid release of
cations and silica lasting about 1 minutes (2) a 1.5 to 100 hour
release of significant amounts of cations and silica that does
not correspond to any simple rate equation model; (3) release of
silica and cations for 'up to 19 days, following a parabolic rate
laws and (4) slow linear rate law release of silica and cations
over a very long time span.

In other studies, Petrovic and others (1974), Rerner and
Holdren (1977, 1979), and Holdren and Rerner (1977) argue that
SEM does not conclusively show the existence of a surface lavyer,
They also attribute the commonly observed parabolic rate law
kinetics to very fine feldspar particles and crystal structure
dislocations. Because surface energies of  small particles and
crystal dislocations are relatively high compared to ideal
surfaces, greater solubility is predictable until surface
energies are minimized. Drever (1982) stated:
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".eoo.although Berner and Holdren explained well the
rate of dissolution of silicates, their mechanism doces
not directly explain the stoichiometry. In experiments
of Busenberg and Clemency (19748), and in those of Luce
and others (1972), cations appeared in solution at a
more rapid rate than silica, implying that a
silica-rich residue must exist somewhere."

Models presented by Faces (1978, 1973) may best explain the low
silica release rate, compared to cations, and solid conservation

of aluminum, during linear rate law release. Faces (1978, 1973
proposed that an amorpbous metastable reversible aluminum
silicate whose composition varies with pH controls silica

concentration rather than a strictly irreversible and incongruent
dissolution model, such as was previously discussed in this study
using a stability diagram and albite reactions. Whether or not
Faces® hypothesized metastable aluminumsilicate forms a diffusive
surface layer, which controls early cation release, is apparently
highly uncertain.

Other interesting results of feldspar reaction experiments are
also pertinent to this study. Railey (1976) showed that higher
temperatures increase the linear rate kinetics of incongruent
silicate dissolution. Results of Busenberg and Clemency (1976)
indicate that the different feldspar phases have linear rate
kinetics at a particular temperature and pCO02, which are within
an order of magnitude of one another. Finally, Paces (1973) and
Wildman and others (1968) showed that incongruent solubility of
silicate minerals is also a function of pCO2 in natural systems.

Regardless of the exact nature of aluminum silicate
dissolution, the following conclusions are evident from the
literature:

(1) Both temperature and pCOZ have a significant
effect on silicate mineral solubility. {2) pH of
waters in terranes comprised of silicic rocks is
buffered by dissolution of primary silicate minerals.
(3) H4S5i04° in low temperature water in contact with
silicic rocks is largely due to incongruent
disslolution and possibly steady—-state equilibrium with
various stable and metastable alteration products such
as magnesium silicates, zeolites, clay minerals, and
aluminum silicates. The effect of silica polymorph
control on H45i04° concentration may increase with
higher temperature and (or) lower pCOZ2.



CAREBON_DIOXIDE

The sources of dissolved carbon dioxide may be very important
to our study. One source of carbon dioxide is the earth’s

atmosphere.
Equation I8

CO2(gas) + H20 —_HZ2C0=
atmospheric dissol ved
carbon dioxide carbon dioxide

Henry’s law states that the partial pressure (in bars) of a gas
phase (pC0O2) in contact with a dilute water solution will " be
inverse.y related toe molality of the dissolved gas (H2CO0Zo) " in
equilibrium with the solution by a proportionality constant
(LCD2) .

Equation 29

kCO2 = aH2C03/pC02

log KCO2Z(25 C) = —1.47

log KCO2(40 C) = -1.64
Drever (1982)

KCDZ wvaries only with temperature. pCO2 i1s used in our
discussions in terms of a hypothetical gas phase, since no gas
phase is actually present in subsurface aquifers, and it is
related to aHZCOJo by Equation 39. Note that H2C030 is carbonic
acid. Average atmospheric pCO2 is about 10-3.5 atmosphere
partial pressure. Another source of carbon dioxide is
decomposition of organic matter:

Equation 40

2CH20 ———>» CH4 + C02
prganic methane
matter
(highly simplified)

Very large amounts of C0O2 are produced in this manner in
near—-surface soil environments. The same processes can occur in
the subsurface where similar reactions decompose organic material
such as coal. In this study we have assumed that the subsurface
chemical system is closed to the direct addition of atmospheric
and organic pCOZ except for recharge water, which passes from the.
atmosphere through a near-surface soil zone to an aquifer in the
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subsurface. Calcite and dolomite precipitation are additional
subsurface sources of pCO0O2. This process is not a net gain in
carbonate to the system.

Equation 41
Ca++ + ZHCO3- = CaC03 + C0O2 + HZ20
Details of carbonate chemistry are discussed in Garrels and

Christ (1965) along with common ion effects of gypsum dissolution
on carbonate equilibria.
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INTERFRETATION OF FIELD STUDIES

INTERFRETATION

Geochemical thecries and laboratory experiments reported :in the
literature concerning the relations between aluminosilicate
minerals and carbon dioxide rich waters were tested and applied
to the chemistry of ground water collected from the Safford
area.

Examination of mineral saturation indices caculated by the

WATSFEC program reveals that calcite {CaCo3) , talc
(Mg38i4010(0H) 2), and gquart:z (Si02)are routinely saturated or
supersaturated. Dolomite (CaMg (CO3) 2, chalcedony (5i02) ,

chlorite (MgJZAR12S5i30D10(DH)8),. and aragonite (CaCO0Z) are sometimes
supersaturated, but they are usually slightly undersaturated to

saturated. Adularia (KA1S51208) ., albite (NaAlS51308),
Ca—montmorillonite (Ca0.167A12.338i3.67010<0HY2), and kaolinite
(A1251i 205 (0H 4) are generally slightly saturated to

undersaturated. Mineral equilibrium was indicated if the indices
were within -+ 5 percent of the mineral eqguilibrium constant,
taken from Truesdell and Jones (1974). Minerals in equilibrium
with Safford area ground water are consistent with the mineralogy
of basin~fill sediments. Where aluminum concentration was below
the unit of reliable quantitative analyses, indices for
aluminosilicate minerals were not calcualted by WATSFEC.

Since montmorillonite is a ubiquitous mineral in basin-—-fill
sediments, ground-water chemistry was plotted on an
activity—-activity diagram showing the stability fields for
Mg-montmorillonite, Ca-montmorillonite, and kaolinite (Fig.15).
This diagram allows interpretation of various components of the

ground-—water chemistry with respect to mineral phases. Calcite
and dolomite saturation surfaces at a particualr pCOZ were
plotted as a function of aCa++/aZH+ (Drever, 1982). The

satuwration surfaces of talc and sepioclite were plotted as a
function of aMg++/alH+. Solubility constants for these magnesium
silicates were calculated from thermodynamic data tabulated in
Drever (1982).
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Most sampled ground water falls into the Mg—-montmorillonite
stability field. Four samples plot in the kaolinite +field;: the
remaining samples plot in the Ca-montmorillonite field. Sample
22, which plots in the middle~left portion of the kaolinite
field, is surface snow-melt flow from Marijilda Wash. This sample
is representative of recharge water before it reacts with sopil
and near surface sediments and enters the ground-water system.
As recharge water reacts with subsurface rocks it loses pCOZ and
increases in pH through 1loss of H+ to silicate alteration
minerals. Since talc and sepiolite are apparently saturated,
they may controel magnesium (and silica) concentration at pH
greater than 8.5 and at lower pCOX (-Log pCO2:>3.8). At lower pH
and higher pC02 concentrations, dolomite is the more stable
mineral phase.

Comparison of the calcite saturation indices with total calcium
concentration dramatically shows that calcite equilibrium
controls total calcium concentration (Fig. 16). Nearly all
samples plot within the bounds of calcite saturation. Figure 17
is a plot of dolomite saturation indices versus total magnesium
concentration in parts per million. Generally, concentrations
above 0,6 ppm are controlled by dolomite equilibrium. The small
number of samples in apparent supersaturation with calcite are in
eqilibrium with dolomite. Samples that plot in the
Ca-montmorillonite stability field and in the Mg-montmorillonite
field above a 1line drawn between samples 12 and 7, are
undersaturated with dolomite. Due to the low magnesium
concentration in these waters, another magnesium mineral(s) is
suspected to control magnesium concentration in the dolomite-
undersaturated water.

Talc saturation indices were plotted against total magnesium
concentration in Figure 18. Samples that were undersaturated with
dolomite approach gross equilibrium with talc. Waters with
magnesium concentration greater than 1.0 ppm are either in
equilibrium or supersaturated with talc. Samples with magnesium
concentration less than 0.6 ppm fall into two general groupings.
One group approaches gross equilibriumi the other group is in a
field approaching supersaturation. The latter group may actually
have attained equilibrium with sepiolite. These relationships
suggest that magnesium silicates control very low ({0.6 ppm )
magnesium concentrations. Magnesium silicate solubility control
of dissolved magnesium and silica at high pH has been suggested
by the field and laboratory studies of kKlein (1974) in the San
Luis basin, Colorado and by the laboratory experiments of Siffert
(1962). For completeness, it should be noted that if a sepiolite
equilibria phase exists, it is metastable because talc and
dolomite are more stable.

Figure 19 is a plot of pCO2 versus chalcedony saturation
indices. It is generally believed by most workers that
chalcedony controls silica concentration in waters below 100 C.
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However, most waters sampled in this study plot outside the
chalcedony saturation boundaries. Two trends are striking.
Indices increase systematically above Log pC0O2 -3.5 and they
decrease systematically below Log pC02 -3.5. Sample 39 does not
plot in either field. This water is highly anomalous and  its
dissolved silica concentration is probably in equilibrium with
chalcedony. This water has high TDS (7797 ppm), mostly sodium
and chloride, and contains 10 ppm boron! The flow rate of this
well is less than 0.5 gpm, about an order of magnitude lower than
all other wells sampled for this study. Interestingly, the
fluoride concentration in Sample 39 is the lowest analyzed in the
area. Due to a 1low flow rate and rotten surface casing it
appears that major changes in carbonate and silica chemistry have
occurred due to mixing, precipitation, and shallow water-rock
interactions after this water left the aquifer. The ground
surface above and below this well was moist and had a salt

crust.

Figure 20 is a plot of quartz saturation indices compared to
pCO2. It shows the same relationships as Figure 19. The upper
surface limit of silica indices versus pCO02 above Log pCO2 ~-3.5
is better defined with the quartz indices than ‘with the
chalcedony indices. Nearly all waters plotting below Log pCOD2
-%.5 have very low magnesium concentration, are undersaturated
with dolomite, and are saturated with talc. The trend in these
later waters suggests precipitation of magnesium silicate after
an initial dissolved—-silica equilibrium with chalcedony or silica
input from zeoclite reactions. Water showing a systematic
increase in saturation indices above Log pC0O2 -3.5 suggests a
dissolved carbon dioxide reaction with aluminosilicate minerals.
A steady-state equilibrium exists in these waters.

Assumptions made in these interpretations are: (1) no mixing
has taken places (2) chemistry is representative of aquifer
conditionss (3) well discharge temperatures are very close to
aquifer temperatures; and (4) no carbonate or pH change has

occurred.
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A CO2-CORRECTED QUARTZ GEOTHERMOMETER

Silica geothermometers are based upon experimental solubility
of solid silica polymorphs at different temperatures. They were
derived with plots of log silica concentration (log k) versus the
inverse of absolute temperature (T). The equation is a wvariation
of the familiar linear relationship describing a line:

Equation 42

1000/T = (m log K) + b
where m and b are constants

We propose a correction to the silica geothermometer for ground
water less than 100 C. This correction involves the use of a
disequilibrium indices (I) that 1is determined from the
relationship between quartz saturation indices and 1log pCO2
concentration. This factor 1 is subracted from log K in the pCOZ2
corrected geothermometer.

Egquation 43

1000/T = (m log K = I) + b

We use an upper limit of quartz saturation indices versus log
pC02 greater than -3.50 of samples from Tactus Flat to describe I
(see Figure 20). Samples which are undersaturated with dolomite
and saturated with talc (open symbols) are not used to describe
this 1limit because they may have lost dissolved silica due to
precipitation of magnesium silicate minerals. Also, samples 17,
7, and 39 are not used. Samples 17 and 34 are form Buena Vista.
Sample 79 is unrepresentative of aquifer conditions (see section
on interpretation of field studies). The eqguation describing
this upper limit is:

Equation 44
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I = -0.78(-1og pLO2) + 2.93786

This correction is 1limited to ground water with 1log pCO2
greater than ~3.50. At lower pC0Z concentrations traditional
chalcedony and quartz geothermometers apply. The quartz
geothermometer presented by Fournier (1977, 1981) is modified to
obtain a pCO2 corrected silica temperature as follows:

Equation 45
T°C = (1309/5.19 - log Si02 + I) - 273.15

where log Si02 is in ppm silica concentration and 1 ié
determined from Equation 44 '

In order to successfully apply this technique, accurate field
pH measurement is required. Laboratory alkalinity measurement
will give accurate carbonate information. if analyses are done
within a few days (or a couple  of weeks if the sample is kept

cool). However, if calcite actively precipitates at a spring or
well, field measurement of alkalinity should be performed.
Scaling and travertine deposits will indicate calcite

precipitation. Total alkalinity and pH are used toc calculate
pCO2 concentration. These calculations are well documented in
standard references (Garrels and Christ, 19673 Stumm and Morgan,
1970: and Drever, 1982).
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APFLICATION OF THE NEW CO2 CORRECTION TO THE QUARTZ
GEOTHERMOMETERS AT CACTUS FLAT—-ARTESIA AND BUENA VISTA

APFELICATION

A CO2 correction to the quartz geothermometer was applied to
waters having 1log pCO2 greater than -3.30. This correction
subtracts the mon-silica polymorph dissolved fraction to allow
realistic application of silica geothermometers to low
temperature ground water. In other waters, with 1log pC02 less
than ~-3%.950, dissolved silica is in apparent equilibrium with
chalcedony (Figure 19). Comparison of the C0O2 corrected
geothermometer temperatures and the chalcedony temperatures with:
measured temperatures for the Cactus Flat-Artesia area shows that
these geothermometers agree well with measured temperatures.
This is expected because the Cactus Flat-Artesia samples are from
confined aquifers.

We compared the results of a conventional resource assessment
using Na—-k—-Ca and §Si02 geothermometer temperatures calculated
from published data with our CO2X2-corrected silica geothermometer

temperatures and chalcedony geothermometer temperatures
calculated from water chemistry collected during this study.
First, we reviewed the published water chemistry +from

Cactus-Artesia and Buena Vista and applied the conventional
geothermometers to estimate reservoir temperatures (Table 4).
Figures 21, 22, and 23 show that these geothermometers suggest a
B0 to 100°C reservoir at Buena Vista and 80 to 90°C reservoir at
Cactus Flat—-Artesia. Second, we tabul ated the silica
geothermometer temperatures for water samples we collected (Table
S5) and applied the CO2 correction to those samples having 1log
pCO2 greater than -3.5. The correction was applicable to seven
samples at Cactus Flat and five at Buena Vista.

These new values and the revised silica geothermometer maps
(Figs. 24 and 235) suggest lower reservoir temperatures. A more
realistic resource temperature at Buena Vista appears to be 1in
the S0 to 70°C range, about 30 °C lower than predicted on the
basis of an uncorrected silica geothermometer alone. A
temperature—depth profile of a deep well Skm east of Buena Vista
shows a temperature inversion at S00m (Reiter and Shearer,1979).
This profile indicates the existance of a 65 to 70°C convective
geothermal system in the Buena Vista area. The COZ2-corrected
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silica geothermometer temperatures for the area range between 32
and 68°C.

CONCLUSIONS

Dissolved silica concentrations in the low temperature waters
are not restricted to silica polymorph solubility. Steady state
processes occur that involve introduction of silica by reaction
of water with aluminosilicate minerals and precipitation of
magnesium silicates, clay and aluminum silicates. Zeolite~water
reactions may contribute silicas however, thermodynamic data for
zeolites are uncertain and their influence was not evaluated.

Non-silica polymorph contributions of dissolved silica may
cause traditional silica geothermometers to give unrealistic and
unreliable results. Application of a C0O2 cdrrectﬁon‘tofhuartz
gecthermometers appears to give accurate reservoir temperatures
of low temperature geothermal resources. ’




-70-

TABLE 4 - Measured and Geothermometer Temperatures,
Published Data, Cactus Flat-Artesia and Buena Vista

Location Temp(°C) |[TChal(®°C) T&tz(o(:) TNa-K-Ca(®C)

(D-8-25) 1ddd 36 31.4 63.4 81.0
12aaa 39 26,5 58.7 94.3
) 12aaa 39 45.0 76.6 75.7
12aaa 39 31.4 63.4 95.6

Py (D-8-26) 6cbb 31 25,2 57.4 61.7 *
7ab 45 31.4 63.4 83.6
7ac 37 50.5 81.7 67.8

7adc 32 20.5 53.0 85.5 *
7ba 34.5 45.0 76.6 87.4
7bb 33.5 45.6 78.0 68.0
® 7bbb 34 27.3 59.5 93.3
7da 41.5 45,0 76.6 86.7
7dd 42 38.6 70.4 84.8
7dda 39 28.3 60.5 87.5
7dda 39 35. 1 67.0 74.5
o 7ddb 35 35.1 67.0 74.8
7ddb 38 36.9 68.7 73.3

8bdcc 39 18.3 50,8 92,2 *
8ca 39.4 35.1 67.0 92.5

9bc 29.4 48,1 79.4 51.9 *

® 9bc 38.9 31.4 63.4 60.4 *
19cdda 27 68.8 98.9 57.3
19cddb 27 56.2 87.1 61.0
19cddbc 29 53.5 84.6 66.9
19dcceb 27 71.9 101.8 52.6
20cd 44 42,0 73.6 93.9
e 20dbcc 45 28,1 60.3 105.2
20dc 39.4 45,1 76.6 64.2
32dcc 28 45.1 76.6 82.4
33cccc 31 52,2 83.4 50.5
33ccd 34 42.0 73.6 69.4
® (D-9-26) 5ab 33 45,1 76.6 66.9
S5acb 33 46.6 78.0 64.3

(D-6-27) 35dddd 27 73.9 103.6 63.2 *
(D-7-27) 2aadc 36 45,1 76.6 66.2

2aca 37.5 87.2 116.0 78.6 *

| @ 2acb 38 82.1 111.3 67.9 *
2adbb 40 43,5 75.1 29,2

2add 41 85.5 114.5 73.3 *

2addcb 39 83.9 113.0 127.6 *

11bbb 43,5 87.2 116.0 75.8 *

* Mg correction applied
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TABLE 5 - Measured, SiOs, and pCO2-Corrected Geothermometer
Temperatures, This Report, Cactus Flat-Artesia and
Buena Vista
Location well No. [ Temp(®°C) [ Tchat®C) | Taez(°C) | TQeorn(9C)
(D-8-26) 7ddba 1w83 38.6 33.3 65.3
7ddbc 2wWs83 34.6 33.3 65.3
7bdab 3wa33 34.3 33.3 65.3
7bbcd 4wW83 33.1 33.3 65.3
7baac 5W83 41.4 25.2 57.4
7adbc 6W83 28.2 15.4 48.0 30.8
7acad 7W83 35.3 29.4 61.5
7acad 8w83 37.8 27.3 59.5
7adcd SwW83 33.7 31.4 63.4
7bbbec 10W83 33.8 22.9 55.3
12aaaa 11W83 36.0 22.9 55.3
12aaaa 12W83 38.5 29.4 61.5
6ceba 13W83 30.4 22.9 55.3 40.5
7adcc 15W83 31.6 12,7 45,3
(D-7-27) 2aaab 17W83 26.3 67.8 98,0 54,7
2acda 18W83 39.4 83.0 112, 1 57.8
11bbbb 19W83 48.4 85.5 114.5 71.3
11bbbb 20wW83 49,2 85,5 114.,5 861.7
(D-8-26) 7bdbb 21W83 39.9 35.1 67,1
(D-8-25) 27caaa 22W83 6.5 25.2 57.4 5.2
(D-8-26) 20dbbd 23wWs83 35.1 31.4 63.4
20dbcb 24w83 38.7 27.3 59,5
20dbca 25wW83 36.5 38.7 70.4
20acdb 26wWs83 33.7 35.1 67.1
20acdb 27wW83 38.0 42 .0 73.6
20adcc 29wW83 26.5 27.3 59.5 31.9
18abdd 30ws83 37.2 42,0 73.6
18abdc 31W83 38.9 35.1 67.1
17abbb 32W83 39.0 33.3 65.3
8dcaa 33w83 26.6 27.3 59.5 27.2
8dcad 34W83 25.1 38.7 70.4 36.7
7dbda 35W83 41,3 35.1 67.1
8bdcc 36W83 39.1 31.4 63.4 47.3
(D-7-27) 2addc 37W83 40.4 983.5 121.7 65.6
(D-8-26) 18addb 38wW83 41.4 35.1 67.1 43.9
7bdbb 40W83 39.9 36.9 68.8
(D-6-25) 23bbad 41W83 39.6 81,9 120.3 39.5
36cbbb 42W83 46, 1 85.5 114.5 52,86
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APPENDIX A

Drillers' Logs



Depth Interval

(feet)
(D~6-25) 7acab
dirt rock, top soil 0-20
silt 20-35
silt w/rock 73-79
red clay 79-165
(D-6-25) 34bbb
sandy loam 1-28
gravel 28-33
clay 33-98
gravel 98-103
clay 103~-250
gravel 250-252
clay 252-400
(D=6-25) 36¢cbb
silty clay 40-179
soft clay 179-209
hard clay 209-235
sticky clay 235-292
clay 292~440
sticky clay 440-507
hard clay 507-522
sticky clay 522-570
clay 570-715
clay w/streaks
of shale 715-754
soft sandy clay 754~770
hard clay 770-881
shale 881-897
clay 897-911
clay w/streaks
of sand 911-1012
sandy shale 1012-1044
shale w/streaks
of gravel 1044-1106
hard cermented sand 1106-1111
sandy shale 1111-1198
sandy shale w/streaks
of cemented sand 1198-1389

cemented sand

w/streaks of gravel 1389-1510
hard clay & shale 1510-1561
sand & gravel

w/streaks of clay 1561-1654
coarse gravel

w/streaks of clay 1654=1761
hard sandy shale

w/streaks of sand 1761=-1812

hard sandy shale 1812-1835
cemented sand 1835-1918
soft break 1918-1922
hard sandy shale 1922-1927
soft break 1927-1935
hard sandy shale 1935-1938
soft break

"lost some mud" 1938-1845
hard sandy shale 1945-1961
sandy shale 1961-1985
loose sand & grave!

"lost some mud" 1985-~1996
hard sand 1996-2001
fine sand w/streaks

of shaie 2001-2025

hard sand plus shale 2025-2037
fine sand w/streaks

of shale 2037-2042
hard sand & shale 2042-2048
loose gravel

"lost some mug" 2048-2052
hard sand 2052-2060
med. soft sand

w/some shale 2060-2119

Depth Interval

(feet)
med. soft sand 2119-2149
hard sand & shale 2149-2161
U.5.G.S. analysis:
mudstone 235-850
gypsum 70-90% 850~ 1650
volcanic sand 1650-2160
(D—-6-26) 7cac
gravel, sand,
pebbles, boulders o-10
unconsolidated 10-90

consolidated sand,

pebbles, boulders

of Cretaceous &

Tertiary origin 90-710
Tertiary voicanics,

red porphry docite 710-730
Tuffaceous cg (frogs

of andes enclosed in

My matrix) 730-1060
Porpnhry docite? light
yel=brn, soft 1060-1100
Pink, soft,
non-porphyretic 1100-1110
(D~6-26) Babb
gravel 0-450
Tertiary volcanic
(tuff agglomerate) 450-525
andesite porphyry 525-540
dacite porphyry 540-618
rhyolite tuff 620~630
cg 630-690
andesite 690-745
rhyolite Tuff cg 745-820
rhyolite 820-840
cg - rhyolite tuff 840-925
andesite 925-960
cg - rhyolite tuff 960-965
alt, tuff & andesite 965~-1075
gray andesite 1075-1100
(D=6-26) Bced
gravel 0-580
({D=6-26) 8bbb
gravei 0-700
Tertiary volcanic
(dacite? prop.) 700-730
perlitic tuff 730-800
tuffaceous cg;
rhy matrix 800-965
(D-6~27) O2abd
soil 0-10

malapais
(cavern at 400 ft.) 10-505
On outcrop of younger vols.

(D=6-27) 13cc

basailt 0-200
(O=6-27) 30b

top fill & boulders 0-90

red & blue clay 90-305

black mud "in cavity" 305-345

Depth Interval
(feet)

(D-6-27) 35¢cbb

L.ogged 1858 by Davidson.
Only core 560 to 1,000 ft.
located.

dense, well cemented
cg w/lenses of ss &
tuff beds. Red
granite is present.
Bedding is up to 30°
from perpend. to
core, .°, pre Plio-
Pleistocene basin
fill. May be equiv.
to Bonita Creek cg. 560-389

May be equiv, to inter—
mediate series andes
& basalts - early

Cenozoic, 5B85-393
epidotized andesite

Cretaceous, proc.

equiv. to Silverbell

cg of Tucson 893-TDO
cg 380-58€
white tuff 556-568
mudstone 30° 568-581
sandstone 581-588
siltstone 588-601.7
red granite

4" cobbte 601.8
cg grit 601,8-616

siltstone & mudstone 616-6825

sandstone (red gr) 625~658
cg £58-689
siltstone to ss 688-692
cg 692-754
mudstone 754-756
flow breccis or cg 756-761
andesite 761-883
andesite & basatlt 893-1000
(D=-6-26) 35aaa
gravel 0-119
clay 118-896
gravel 896-1112
gravel 1112~1167
bedrock 1167
(D=6-27) 36cce
gravel 0~15
gravel & caliche,
alternating in beds
3' apart 15~250
(D-6-27) dbdz dbdc
surface soil 1~8
water bearing sand
& gravel 8-69
conglomerate 65-85

"mothing for deepen to 250" "
deepened to 250' in 1951
"mo water"

(O-6-28) 03 ccd

conglomerate 0-2015
" just reached basalt"

"N40°W trending fault just NE
of hole = down drop to SW"



Depth Interval

(feet)
(O-6-28) 31dba
top soil 1-4
clay, gravel 4-36
boulders 36-45
clay & gravel 45~116
cg 116-280
sandy clay 280-294
rocks & clay 294-400
{D=7-25) O7ccc
sandy loam 0-25
red blue clay 25-250
blue, gray clay 250-875
fine, sandy,
honeycomb clay 975=-980
clay 980-1100
gD-7-252 22ddd
silt, sand-calcareous 0-18

sand w/some siltstone 18-60
siltstone, grey to
brown & calcareous 60-500
siltstone (described by
driller as "sticky
clay) grey to brown  500-730
silty clay, calcareous 730~800
siltstone, limey brown
(driller reports it
sticky) 800-981
siltstone - brown to
grey calcareous.
Some thin hard layers
from 1270-1360 ft. 981-1465
Siltstone w,some hard
layers, Mostly grey
in color 1465-1705
Greyish siltstone 1705-1780
Siltstone w/minor qty.
(gyp?) fragments 1780-1828
"Hard rock’ probably
gypsum bed in silts 1828-1935
Siltstone, brownish
calcareous w/some
interbedded gypsum.
Temp. up to 100°F 1835-1988
Siltstone-brown cal-
careous; light grey
fragments 1988-2160
Siltstone - brown,
light grey fragments.
Temp. 2181 92°
2220 992
2260 99 2160-2282
Siltstone - brown
w/lighter fragments.
Calcareous
Temp. 2320 96°
2380 98°
2420 100°  2282-2422
Hard layer - considerable
gypsum in grey siltstone

calcareous 2422-2483
Brown & grey siltstone,

calcareous 2483-2515
Probably bedrock

potash granite 2515-2535

(D=7-25) 26 cbcy

Sand, few gravels,

some gypsum (blue-

grey) 0-45"
Sand, few gravels, no

gypsum (blue-grey) 45-119
Fine to coarse sand 119~397
Sand, few gravel 397-668
Grey sand, rare gravel 668-1499

Depth Interval

(feet)
(D-7-25) 27 dadq
? 0-130

Grey vol, sand,

gravel, few pebbles 130-230
Sticky brown clay,

vol. sand & gravel;

few granite fragments 230-310
Very fine to coarse sand

w/gypsurm fragments 310-446

Gypsum 446-1206
Very fine to coarse
volcanic sand 1206~1396

(D=7-25) 27 decc

Sand or sandy gravels

interbedded w/silt

or V.F. sand 0-10
Sand w/interbedded

silt., Enters tuff bed

near 20 ft. 10-20
Tuff 20-30
Silts & silty tuffs

w/interbedded or dis-

seminated sands 30-40
Bedded sands 40-50
Silts & silty tuffs 50-60
Sand w/diseminated

clay or clay seams 60-70

Silts & micaceous tuffs
w/stringers of sand

& pebbles 70-80
Clayed sands & silts 80-90
Clayey silt 90-110
Fine silty sand 110-120
Silty & clayey sand 120~140
Sandy mudstone or
- clayey sand 140-150
Clayey sand or silt 150-170
Silty sand w/some

clay 170-180
Clayey siltstone 180-185
Silty sand 185-190

V.F. sand w/dissem-
inated silt or silt

layers 190-200
Clayey silt 200-210
Silty clay 210-230
Interbedded silty sands

& clays 230-240
Clayey siltstone 240-320

Calcareous siltstone 320-330

(O~7-26) 4 cad

Boulders & sand 1=-70
Blue clay 70-250

(O=7~26) 07 cbd

Clay & gravel 0-57
Water S2-60
Clay & gravel 57-90
"Full amt. of water" BO
"Dry clay" 90~303

(O=7-26) 17 baa

Soil 0-8
Gravel & boulders 8-90
Blue & yellow clay;

streaks of gypsum &

strata of hard rock

(800 to 895 ft.) _ _ _ _90-895
Blue clay 90-190
Yellow clay 190-260

Depth Interval

(feet)
Blue clay 260-300
Yellow stratified
clay 300-700
Yellow clay w/
streaks of clay 700-8C0

Yellow clay w/
strata of hard rock 800-895

(D-7-26) 19aa
Yellow brown sangd 0-60
Gravel predom w/
some sand 60-80

Brown sand, some

gypsum; much silt—

stone, some gravel 80-260
Pinkish brown sang;

little gravel, much

siltstone 2€0-400

(D=7-2€) Z28aba

Grey & pbrown clay

& silt 0-1810
Siltstone & mdsin., 1610-2262

(D-7-26) 31cda

Top soil 0-1
Sand & rock 1=-7
Fractured rock 7-23
Tan clay 23-52
Clay w/mixed grvi. 52-70
Gravel & water 70-82
Clay 82-98
Gravel & water 98~-105
Hard red clay 105-115
Wash gravel & water 115-120
Clay 120-153
Gravel & water 153~-170
Clay 170-180
Blue clay 180-190
Perforations 130-180
Gravel 110-180
Grouted 20-110
(D=7-27) 1bbg
Gravel 0-15

Gravel & caliche in
alternating 3' layers 15-250

(D-=7-27) O2aaa,

Pediment cap 0-18
Green clay 18-212
Basal cg 212-400

Artesian-water rose to

18' depth
(O-7-27) O2aabp

Brown sand & dirt 0-16
Boulders 16-24
Yellow clay 24-125
Gravel 125-180
Clay 180-190
Gravel, cg 190-330
Yellow clay 330-350
Cg 350~500



i
l,
|
|

Depth Interval

(feet)
(D=7-27) O2acas
Top soil 0-10
Boulders 10-25
gD-7-272 2cbb
Top soil 0-8
Sand, dry & gravel 8~16
Gravel, water 16~-46
Rock & clay 46—66
Boulders 66-70
Clay 70-117
Sand 117-124
Clay 124-131
Sand 131~-138
Clay 138-144
Gravel 144-149
Clay 149~158
Sand 158-167
Clay 167-175
Sand 175-179
Clay 179-186
Gravel 186~191
Clay 191-238
Gravel 238-247
Clay 247-278
Gravel 278-287
Clay 287-291
Clay - sandy 291-297
Sand 297-304
Clay 304-323
Gravel 323-331
Clay 331-338
Gravel 338-341
Clay 341-349
Gravel 349-360
Clay 360-374
Gravel & clay 374-387
Gravel 387-435
(D=7-27) O2acd
Top soil 0-8
Gravel 8-15
Green clay 15-262
Basal cg 262-400
(D—7-272 2cdb
Surface soil 0-16
Boulders 16-48
Yellow clay 48-130
Gravel 130~-142
Yellow clay 142-158
Gravel 158=172
Yellow gravel 172-197
Gravel 197215
Yellow clay 215-222
Gravel 222-237
Clay 237-248
Gravel 248-255
Clay 255-260
Cg 260-301
Yellow clay 301-307
water/gravel 307-415
Yellow clay 415-418
water/gravel 418-502
Yellow gravel 502-508
water/gravel 508-535
Yellow clay 535-538
Sand & boulders 538~560
Yellow clay 560~566
Water/gravel & sand 566-700

Bedrock ~ red granite 700-7C2

Depth Interval

(D=7~27) 2dbb

Wwater - loam
Gravelrock
Rock & clay
Clay

Clay & gravel
water/gravel

(feet)

0o~14
14-35
35-45
45-55
55=75
75-76

(water came up to within

&' of top)
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel
Clay
Gravel (flowing water)
Clay
Gravel
Clay
Gravel

(D-7-27) 2dbc

Native top soil

Sand & gravel &
water—-bearing sand

Rock & gravel

Rock & gravel

(D~-7-27) 11bbb

Boulders

Clay

Sand & water

Alternate beds of
sand & clay

Gravel ‘

Alt, sand & clay

Sandy clay

Alt. sand & clay

Sandy clay

Clay

Water/gravel

Clay

Sand & gravel

Alt. sand & clay

Coarse sand

76~130
105~112
112-142
142~148
148-155
155-160
160-166
166-169
168-180
180-187
187-193
183-198
198-210
210-232
232-238
238-257
257-268
268-276
276~282
282-287
287-291
291-297
297-308
308-315
315-322
322-327
327-334
334-342
342-348
348-356
356-364
364~373
373~381
381-433

0-15

15-75
75-125
125-250

0-18
18-42
42-46

46-110
110-112
112-129
129-145
145-302
302-339
339-344
344-356
356-361
361-398
398-420
420-435

Depth Interval

(feet)
(D-8-26) Olaab
Sandstone 0-2
Red clay 2~10
Sand & SS harg 10-53
Sand & water 53~60
Clay 50-68
Sand & water 68~72
Red clay 72-80
Sand & water 80-93
Sand & sm gravel 83-105
River rock & water 105-115
Sand & water 115-13%
Blue clay 135=-145
Perforations 105~145
Gravel 100~ 145
Grouted 1-100
(D-8=25) Stbe
Top soil o~258
Brown clay & S5 26-~29
Clay & sand 29=-37
Brown clay 37-87
Clay & sand 87-91
Brown clay 91-103
Gravel 103-119
Brown ciay 119-130
Gravel 130-145
Brown clay 145-148
Blue clay 148-204
(D-8-26) Sccd
Fill 0-30
Brown clay 30-47
Water/sand 47-48
Red clay 48-£5
Brown clay 65=70
Dark brown clay 70-82
Light brown clay 82-88
Red clay 88~35
Water/gravel 95-106
(D-8-26) Gabc
Sandy loam 0-36
Sand 36-39
Sandy clay alt. w/
water/gravel in about
5' beds 39-206
Clay 206-210
Sand 210-214
Sandy clay 214-220
Clay 220~-224
Sandy clay 224-234
Hard sand 234-235
Water sand & gravel 235-237
(D~8-26) 6cbe
Flowing 10 gpm 3-60
Flowing 7-60
Flowing - very
small amount 11-60

water @ 95'; 256'; 403'; 455';
500'; 525'; 624" & 642'

Sandy silt 0-10
Silty sand w/interbedded
thin siltstone 10-19
Interbedded siltstone
& sands 19-29



Depth Interval

(feet)
(O-~8-26) 6¢cbe - continued
Siltstone w/interb.
silty sands 29-42
Siltstone w/interb.
silty sands 42-52
Interbed siltstone w/
sand. Siltstone
predominate 52-8%
Interbed sand & sitstn, 85-96
L.imey sand 96-107
Limey silty sand 107-117
Limey sandy silt 117-128
Limey siltstone 128-139
Limey siltstone,
somewhat sandy 139-172
Limey siltstone w/
interbed gypsum 172-218
Limey siltstone, some
dissem. sand 218-229
Interbed siltstone &
sand. Limey 229-239
Interbed sands &
limey siltstone 239-250
Limey fine sand occas.
grading to silt 250~-261

Limey silt & fine sand 261-271
Limey siltstone

(gypsiferous?) 271-282
Limey siltstone 282-349
Sand w/interbed

siltstone 349-383
Sand 383-414
Siltstone w/interbed

sands 414-447
Siltstone 447-458
Sand w/interbed

siltstone 458-469
Sand 469-491
Siltstone w/interbed

sands 491-523
Sand w/interbed

siltstone 523-545
Siltstone w/interbed

sand 545-589

Interbed sand & silt 589-651

(D-8-26) 6ccb

Sandstone & clay 0-115
Blue white clay & silt-
stone, red clay &

siltstone 115-256
started flowing 624-655
(D-8-26) 7acc
Top sandy soil 0-20
Sand-water (sealed off) 20-28
Brown clay 28-~-42

Blue sand - blue clay 42-48
Blue clay -~ all water
sealed off to tnis

depth 48-85
Blue clay 85-145
Blue sand - gravel

water 145-148
Blue clay 148-160
Blue sang 160~-162
Blue clay 162~-197
Blue sand 197-198

Brown clay 198-200

Depth Interval

(feet)
(D~-8-26) 7adc
Slitstone-clay streaks 0-82
Clay 82~-217
Water at all depth
measurements 217-314

Vary between 6" to 4' 314-337
Water in honeycomb
formation 485-530
U.S.G.S. well depth 545'

(B-8-26) 7adcy

Sandstone, clay 0-80
Water B80O-82
Blue s.s. clay 82-187
Water 187-190
Hardpan, clay 190-314
water 314-316
Clay 316-385
Hardpan 385-389
Water 389-394
Brown clay,hardpan 394-647
Wwater 647-660
Brown clay 660-668
(O-8-26) 7bbb
Clay 0-20
Clay & sand 20—-60
Clay, sand & gravel 60-80
Blue clay 80-270
Clay, sand 270-310
(D-8-26) 7bee
Sandstone, clay 135
Water at all depths 228-271

Measurements vary from

8" to 12! 290-430
(D-8-26) 7bcey
Fiit 0-16
Sand & water 16-40
Blue clay 40-47
Red clay 47-81
Sand water seep 81-92
Blue clay 92-109
Sand water seep 109-110
Blue clay 110-127
Sand water 127-128%
Blue clay 128%-132
(D-8-26) 7bda

SS & clay 0-130
Water 130-132
Clay, SS streaks 132-265
water 265~269
Blue clay 269-356
Water 356-357
Clay 357-642
Clay, hard pans 642-760
water 760-764
Clay, hard pans 764-1010

water btwn hard pans 1010-1032

Hard pans, clay 1032-1150
water 1150-1160
Clay 1160-1265

Water Honeycomb frm 1265-1310

Depth Interval

(feet)
(O=8-26) 7bdb,
SS Clay 0-130
Water 130-132
Clay SS 132=-265
Water 265-269
Blue clay 269-356
water 356~357
Clay 357-842
Clay Hard Pans 642-760
Water 760-764
Clay Hard Pans 764-1010
Wwater Hard Pans 1010-1032
Hard Pans Clay 1032-1150
Wwater 1150—~ 1160
Clay 1160-1265
Water 1265-1310
Clay Harg Pans 1310-1500
Water 1500-1218
(D-8-26) 7cz¢

Rocks, gravel, blue

& red clay 478-508

NCTE: This is artesian water but
high land., Water stands within 40°
of surface. Honey comb formation.

(D-8-26) 7dda

Mostly clay & silt, Swamp & lake
deposits except first 3 samples
(19-59'). Grayish - blue green

clay & silt or mud dominate samples.
Some have fair amount of sand &
small gravel. Samples 13,14,15
(208-253") have red coloring which
indicated a drying out period. The
red is due to oxidation. Organic
material present from samples 17~
32 (269-544'), At 1278' change in
material. Lighter color, Caliche.
Coarse sand grains may be Jeform-
ed gravel,

(D-8-26) 7ddb,

Water at all depth
measurements 123~-137
Formation SS & clay 174-180

(D-8-26) Badc,
Samples to Bur, of Mines
(D-8-26) 8adc,

Samples to Bur. of Mines

(D-8-26) 8bdc

Sand & sml gravel 19-166
Some fine sand, silt,

clay (mud) 166-392
Silt gravel 392-557
Silt & clay (mud)

grey-green 557-1098

Mostly silt & clay 1098~-1399



Depth Interval

Depth Interval

Depth Interval

(feet) (feet) (feet)
(D-~-8-26) Bcad {D-8-26) 21cdc
Sandy clay 141-182
. Sandstone, clay, rocks 0=301 Fill or overburden 0-51 Sand & water 182-184
water 301-303 Red clay 51-97 Sandy clay 184-236
SS (clay streaks) 303-365 Dry sand 97-101 Sand & water 236-238
- Water (honeycomb) 365-415 Grey clay 101-137 Sandy clay 238-284
- Clay 415-418 Red clay 137-154 Water & sand 284-288
Grey—green clay 154-173
(D=-8-26) 16bca Water sand {D~-8-28) 29dbd
‘ (very little water) 173'
o Surface solil 0-60 Red clay 173-189 Soil & clay 0-8
Sandstone 60-70 Wwater gravel 189=192 Sand & clay 8-17
Clay 70-250 Red brown clay 192-209 Gravel & clay 17-31
Clay & sandstone 250-300 Water gravel 209-213 Brown clay 31-60
Sand & sandstone 300-340 Srown clay 213-241 Blue clay 60-71
Water 340" Wwater gravel 241-244 8rown clay 71-92
Clay & sandstone 340-460 Red clay 244-250 Blue clay 92-39
Brown clay 99-107
(D-8-26) 16ccd (O-8-26) 28bdd Brown & blue clay
‘ mixed layers 107-272
Sand, rock & clay 75-85 Soil & rocks to 50' Sandstone 275-275
Clay & sandstone 110-112 Clay to 3€5'. Water in Sang & brown clay 276~302
Honeycomb 280-295 honeycomb formation 365-390 Sandstone
Honeycomb flowing 400-410 water level 213' 302-303
Sand & clay 525535 (DO~-8-26) 28dbb Sand & clay 303-314
Clay 549-551 Sandstone
Clay 551-564 Decomposed granite fill 0-4 water level 128’ 314-315
. Fill & boulders 4-~12 Sand & clay 315-331
(D-8-26) 17abb Granite boulder & clay 12-18 Sandstone
Sandstone 18=-22 water level 75' 331-332
Red SS 0-33 Yetlow clay 22-27 Sand & clay 332-338
"water stood @ 9' at 33'" Brown squeezing clay 27-35 Gravel
Red SS 33~-190 Red clay 35=51 water level 38' 338-341
Blue shale 190-790 Grey sandstone Sand & clay 341~368
"Wwater at 262'; 323'; 390'; 410'; some water 5 gpm 51-64 Gravel
@ 520'; 574'; 631'; 675'; 734'; 747%;" Benonite clay 64=72 water leve! 18' 369-370
Some water 756-788 Red clay 72-76 Sand & clay 370-386
Water good 790" River salt 76=81 Sand & gravel
Honeycomb, lots water 790-842 Blue clay 81-84 water level 9 386-389
Layer sand 675'; 734'; 747" Green benonite clay 84-95 Sand & clay 389-395
Choc. sandy clay 842-1412 Brown clay 95-99 Sand & gravel
Blue shale 1412-1449 Red clay 99-101 water level 5' 395-397
"water @ 1448' honeycomb (salt wtr.)" Brown clay 101-113 Brown clay 397-407
® "water at 1064'; 1140'; 1164'; 1216'; Joint clay 113-118 Red clay & gravel 407-600
1260'; & 1337'" Brown clay 118-124 )
Grey sandstone 124-131 (D=8726) 30 aca
(D=8~26) 17bbc Brown clay 131-145
Benonite clay green 145-152 Sand & rock 0-23
Sand & clay 0-25 Brown sandy clay 152-157 Sandy clay 23-356
Gravel - 1st water -27 Brown benonite clay  157-161 Brown clay 56-60
Clay 27-260 Sandstone 161-165 Blue sandy clay 60-104
Alt. sand & clay 260-460 Brown clay 165-169 Green sandy clay 104-120
. Clay, sand & gravel 460-475 Sticky olive green clay Brown sandy clay 120-140
Sand & gravel 475=-490 w/small gravel & rock169-187 Brown clay 140-151
Hard sand & gravel 490-520 Grey sticky clay 187-201 Brown sandy clay 151-162
CG, hard 520~565 Benonite clay green  201-205 Brown clay 162-164
Grey clay 565-575 Grey sticky clay 205260 Sand & water 164-166
Sand & gravel 575-580 Green benonite 260-268 Blue clay 166-173
Clay 580-610 Grey sticky clay 268-315 Sandstone 173-220
Grey clay w/very Coarse sand & water 220-223
® (D-8-26) 18add fine sand 315-335 Brown clay 223-225
Grey sticky clay 335-350 Brown sandy clay ~ 225-230
Sandstone & clay 1250~1525 Grey clay w/very Fine sand & water 230-243
fire sand 350-361 Brown clay 243-248
(D-8-26) 19dcc2 Grey clay 361-430
Blue SS 430-435 50—8-26! 30baa
Boulders 0-16 Blue sand, very fine 435-441
Brown sandy shale 16=-80 Water Big boulders 0-11
@ Brown sandy clay 90-122 Water raised to 100" of Sandy clay (few bldrs) 11-20
M Brown sandy shale 122-130 surface, Boulders 20-22
e Sand, trace of water 130-134 Sand & clay 22-30
8rown sandy clay 134-203 (D-8-26) 29bbd Gravel 30-32
Brown sand, source R Big boulders 32-34
of water 203-210 Sandy soil 0-95 Sand, grvl & clay 34-45
Brown clay 210-233 Sand & water 95-96 Sandy clay 45-60
Sand & gravel 233-238 Sandy clay 96-140 Clay w/sand & grvl 60-77
Brown shale & sand  238-250 Sand & water 140-141 Sand, grvl & clay 77-80



i
i
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Depth Interval

(feet)

(D~-8-26) 30baa - continued

Sandy clay & blue clay 80-85
Brown or grey clay &

blue clay 85-95
Blue clay & sandy clay 95-111
Sandy clay &

small streaks of sand 111=-126
Brown sandy clay 126-162
Sand, brown clay w/

sand & gravel 162-164
Sand, gravel & clay 164-168
Sandy clay 168-170
Sand, gravel &

clay streaks 170-172
Sand & clay broken 172-186
Sand & clay broken;

some gravel 186-211

Sand, gravel & clay 211-228
Sandy clay & sand

streaks 228-238
Sandy clay 238~246
Sandy clay streaks 246-248
Sandy clay 248-256
B8ig gravel, sand &

clay streaks 256-259
Sandy clay 259-263
Sandy clay w/sand

& small gravel 263-278
Sand & gravel 278-280
Small streaks sand

& gravel 280-293
Sand gravel w/few sm,

clay streaks 293-300
Sandy clay w/sand

streaks 300-306

Sand streaks w/clay &
few gravel streaks 306-321
Sand & clay broken 321-339

Clay 339-340
Sand & gravel 340-357
Sand & clay 357-362
Sand & gravel 362-387
Sandy clay & sand 387-397
(O-8-26) 30bdb
Granite boulders 0-30
Sand w/water 425-450

Most of water supply 850~670

"From start to finish very little to
no clay. Granite sandstone the
entire way.,"

(D-8-26) 30bdd

Granite fitl & "boulders” 0-20

Granite fill 20-172
Sandstone - water 172-202
Red sandstone - water 202-245
Granite fill 245-300

(D-8-26) 30ddd

Sandy soil 0-95

Sand & water 95-96

Sandy clay 96-140
Sand & water 140-141
Sandy clay 141~-182
Water & sand 182~184
Sandy clay 184-236
Sand & water 236-238
Sandy clay 238-284
Water & sand 284-288

(D-8-26) 31abd
Top soil

Sand & clay strips

Depth Interval
(feet)

0-35
35-90

Small amt, water90'

Sand & clay strips

Red clay
Sand w/water
Clay

Sand w/water
Clay

Sand w/water

(D-8-26) 31dde

Sand
Sandstone
Sandy clay
Sandstone
Sandy clay
Water sand
Sandy clay
Red clay
Water gravel
Clay
Sandy clay

80-140
140-250
250-257
257-290
290-283
293-404
404-450

0-17
17-26
26-29
29-36
36-56
56-58
68-84
84~-108
108-110
110-115
115-123

Sand & clay alternating
beds in 1'sand;8'clay 123-161

Sandy clay
Clay
Water sand
Clay

Hard sandy clay

50-9-262 Sacd

Fill

Brown clay
Seep

Brown clay
water gravel
Red clay
Water gravel
Brown clay

(D-9-26) 6bda

Sand & clay

161=-175
175-209
209-211
211-241
241-250

0-25
25-80
90

80—-185
185-186
186-232
232-234
234-250

0-50

Sand & grave!l (1st waterBb0~-51

Sand, clay

Gravel, water
Sand, gravel clay
Sand, grave!, rock

(caving)
Conglomerate
Sand
Conglomerate
Sandy clay
Sand, gravel
Sandy clay

(D-9-27) 36bc

Hardpan
Gravel
Yetlow clay
Sand & gravel
Yellow clay
Gravel

Blue clay

Blue clay & sand

Gravel & sand
Blue clay
Sand

Yellow clay

51-108
108-110
110-120

120-127
127-140
140-143
143-166
166-175
175-180
180-200

0-32
32-38
3890
90-124

124-132
132-144
144-240
240-254
254-260
260-284
284-288
288-322

Depth Interval

(feet)
Blue clay 326-396
Sandstone 396-400
Blue clay 400~592
Gypsum & clay 5982-735
Gypsum 735-765

(D-9-27) 36cdb

Greyish brown sand;

some gravel, mud-

stone 280-450
Greenish gray sand;

some gravel, some

calcite, ankyd &

gypsum 460-950
Grey sand; some

gravel; some halite,

ankyd & calcite 960-1£30
White sand; some

gravel, ankyd &

calcite 1640~1790
Grey sand; some

gravel, ankya,

calcite 1800-3390
Brown sand; some

gravel, ankydrite,

calcite 3400-3480
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Water Chemistry




CHEMISTRY 2LPURTEY

SANMPLE
001w83
002%al
003w83
004¥83
005w83
006wB3
007v83
008H83
009%83
oiowsl
01183
0l2w8l
013u83
014463
015w8)
016W83
017m8)
ol18wWa3
019W83
020W83
021w8}
022v8)
023483
024483
025%8)
026M83
027vw83
028w83
029483
030%83
03183
032483
033W43
034w83
0315483
036483
037wa3
038wa3
039w83
040wW83
041483
042H83

NA
475,00
437,90
“«27.00
32%.00

1000.00
060,00
780400
600,00
443,00
435.00
605,00
4%0.00
620.00
490.00
500,00
30%.00
290,00
3715.00
365.00
36%5.00
822.00

8.30
340.00
410.00
370.00
425.00
445,00
260,00
29%%.00
215.00
303.00
965 .00
341.00
200.00
765%.00

101%,00
327.00
991,00

2650.00
780,00

1060.00

2600.00

«
}.60
.10
1.590
250
9.50
9 .90
550
9420
340
3.90
510
7.40
3.90
5.70
4.00
3.30
4,20
4.90
.00
5+40
8.80
1.90
2.10
2.90
6.40
5.30
5.00
5 .00
5.20
3.30
3.90
10.20
7.00
570
3.20
10.70
7.10
7.20
20.00
4.90
18.80

‘19.20

(o}
2680
25.00
6.00
8.50
62.00
5.40
15.00
27.80
5.00
15.00
28.00
65.00
z.bo
17.00
3.10
3. 40
5000
3.9%0
2.90
3.20
67.00
10.00
6.90
19.80
19.00
28.00
22.00
6.60
6.80
}.8o0
4.10
54.00
6.80
13.00
3%.00
32.00
3. 80
18.00
90.00
64.00
33.00
119.00

MG
0.1%
0.16
0.21
0.1)
3,20
Lot
1,50
1.00
0.18
0.31
0.5%
0.96
0.55
0.4%9
0,468
0.28
0.72
0.28
0.10
0.10
0.5z
2.40
0.05%
0.19
0.206
0.2)
0.20
1.50
1. 20
0.12
0.14
6440
3.20
4.90
O.4n
4,20
O.h4
0.40
29.50
0.53
4,50
7.20

cL

490.00
409,00
407.00
285.00
1140.00
640,00
740.00
609.00
400.00
430.00
640. 00
980.00
920.00
505.00
455,00
225.00
224.00
225.00
204.00
217.00
956400
1.680
268.00
443.00
368.00
474.00
425.00
182.00
177.00
225400
262.00
1016.00
221.00
128.00
864.00
1076.00
196.00
648.00
3080.00
938.00
1218.00
3611.00

Sn4

346.10
370,00
270.00
205.90
625.00
360.00
570.00
430.00
310.00
310.00
410.00
540.00
380.00
275.00
300.00
100.920
95.00
240.00
275.00
270.00
529.00
21.00
235.00
250.00
270,00
290,00
350.00
100.00
167.00
140.00
130.00
775.00
223.00
160.00
425.00
675.00
165.00
280.00
1650.00
500.00
590.00
750.00

HCO 3
3%5.56
32.176
78.1)
53.08
38.19
189,72
115.44
44.32
20.32
40.12
39.07
28.91
263.65
99.85
142.60
86.54
258,92
25%.02
234,75
241.58
22.07
30.13
44.50
79.01
40.99
26.98
39.07
172.03
158.02
119,47
133.00
52.7)
246.66
157.66
18.37
121.40
265.93
77.08
248.23
22. 77
185.87
17.61

IN PARTS PrR HMILLION (PPM) EXCEPT FOR ALKALINITY,

col
4.69
6.5%
11.20
6459
4.65
10.68
12.2)
‘.65
9.30
4.65
3.79
4.31
17.23
2.58
15.16
12.23
9.30
10.16
14.82
9.30
2.76
0.00
329
551
3.62
3.79
5.51
5.51
1.00
Tesl
13.78
3.79
9.30
4465
2.76
8.44
17.57
3. 179
0.00
3.79
l.aq
1.00

ALKALINITY
slu2 8
21.00 u.80
21.00 0.7
21.00 0.80
21.00 0.56
17.00 1.40
13.00 1.60
19.00 1.70
18.00 1.00
20,00 0.80
16.00 0.80
16.00 0.95
19.00 1.10
16.00 2.30
23.00 0.60
12.00 1.20
45.00 0.29
46,00 0.25
62.00 0.50
65.00 0.50
65.00 0.45
22.090 0.95
17.00 0.02
20.00 0.56
18.00 0.4
24.00 0.55
22.00 0.50
26.00 0.75
17.00 0.6%
18.00 0.%4
26.00 0,50
22.00 0.60
21.00 1.060
18.00 1.10
24.00 0.50
22.00 1.00
20,00 2.00
75.00 0.50
22.00 0.90
17.00 10.00
23.00 0.95
73.00 1.30
65.00 1l.60

Ll
1.30
1.40
1.00
0.75
2.20
0.80
leb0
1.50
1.00
1L.30
1.50
2.00
0.70
1.20
0.90
0.25
0.25
0.32
0- 33
0.35
1.70
0.01
0.90
0.90
1.00
L.20
1.30
0.27
0.26
0.50
0.60
0.31
0.43
0.23
1.50
1.60
0.00
1.10
2.60
1.70
1.30
1.70

AL
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.10
D.ol
0.01
0.01
0.00
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.02
0.04
0.00
0.00
0.01
0.01
0.01
0.02
0.00
0.02
0.02
0.01
0.00
0.00
0.01
0.01
0.00
0.02
0.00
0.01
0.00
0.00

F
19,00
14.40
L4.40
15.20
9.30
9.90
ll.60
14.40
14.60
14.20
13.00
10.00
11.60
15.20
11.00
7.00
1.40
10.80
11.40
11.80
9.20
1.90
16.20
Ll.60
11.40
8.80
13.40
8.50
8.80
19.60
19.20
12.80
4.90
6.60
10.20
11.20
12.40
13.20
1.70
9.40
7.30
6.20

IN HILLEQUIVALLENTS.

ALKALINETY
O.b06
0. 65
1.47
0.98
0.70
3.20
2.10
0. 80
0.49
0.74
0.70
099
4.061
l.ba
2.59
le 62
4.40
4.33
4.09
4.11
O.41
0.49
0.79
139
0.73
0.51
0.73
2.91
2.59
2.08
2.42
0.93
“.Zo
2.66
0.68
2.13
‘.65
1.33
4.07
0.44
3.08
1.27



CHEMISTRY REPORTED

SAMPLE
CFi
CF2
CF3
CFe
CF5
CFeo
CF7
CF8
CF9
CF1l0
CFli
Cr12
CFL13
CFl4
CF15
CFle
CF17
CF18
CF19
CF20
Cr21
CF22
CF23
CF2e
CF25
CF26
CF27
CF28
CF29
CF30
CF31
CF32
CF33
CFly4
CF35
CF3e6
CF37
CF3a

NA
609.00
841,00
743.00
810.00
644.00
1096.00
IR4 .00
424.00
319.00
306.00
444.00
678.00
924.00
470.00
449.00
448,00
539.00
1152.00
102%.00
3283.00
443.00
23.00
48.00
60.00
50.00
21.00
494.00
579.00
304.00
328.00
168.00
127.00
0.00
161.00
171.00
61.00
162.00
249.00

K
.10
7.70
5.50
% +30
2.70
b.ho
2.30
2460
2.30
1.60
300
1.90
3.90
3.50
2.40
2020
2,80
10.60
6,20
14.10
b'?o
?.20
3.10
2.80
0.00
2.10
4.30
5.80
1.20
0.00
0.00
0.00
0.00
1.60
4.30
3.60
1.20
2.30

IN PARTS PF e

Ca
19.00
50.00
65.00
26.00
1.00
69.00
18.00
2.00
7.20
9.20
9.00
22.00
21.00
15.00
15.00
13.00
22.00
31.00
42.10
67.90
37.70
7.00
14,00
10.00
30.00
8.00
16.00
17.00
7.20
4.00
48.00
23.00
9.90
3.40
75.00
13.00
4.60
17.20

HILLIDN (PPR) EXCEPT FUR ALKALINITY,

MG
0.50
0.0
1.10
0.8n
0.50
2.60
0.20
0.50
0.20
0.10
0.40
0.50
0.40
0.20
0.20
0.20
0.20
4.30
5«70
20.70
1140
4.10
2.70
2.00
7'00
3.90
0.70
0.60
0.10
1.00
2.50
6.00
3.90
0.60
2.R0
1.80
0.10
1.00

CcL
655.00
941.00

1024.00
926% .00
538.00
447.00
418.00
483.00
399.00
294,00
457.00
813.00
204.00
503.00
505.00
424.00
580.00

1060.00
1125.00

4097.00
365.00

19.00
108.00
201.00

30.00

16.00
197.00
510.00
260.00
196.00
144.00
132.00
101.00
111.00

82.00
156.00
109.00
151.00

S04
392.00
535,00
497.00
542.00
330.00
605.00
294.00
309.00
247.00
195.00
313.00
369.00
282.00
335.00
300.00
325.00
377.00
607.00
585.00

1688.00
410.00
b.oo
58.00
95.00
22.00

5.00
267.00
290.00
203.00
240,00
203.00
100.00

88.00
265.00
345.00
120.00
106.00
172.00

HCJ ]
42.00
32.00
31.00
31.00
223.00
48.00
40.00
129.00
65.00
49.00
42.00
40.00
83.00
33.00
38.00
40.00
38.00
90.00
117.00
165.00
172.00
116.00
104.00
96.00
0.00
132.00
99.00
79.00
86.00
212.00
156.00
144.00
164.00
113.00
110.00
113.00
137.00
218.00

co3
0.00
0.00
3.60
0.00
0.00
0.00
13.00
0.00
17.00
11.00
0.00
2.40
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
0.00
0.00
0.00
0.00
0.00
0.00
o.m
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.00
0.00

ALKALINITY

sto2
20.00
17.60
28.00
20.00
17.00
20.00
3l.70
15.00
28.00
29.00
13.00
28.00
24.00
18.50
22.00
22.00
23.00
14.10
22.00
30.00
20.00
47.00
36.00
34.00
0.00
50.00
26.00
18.40
28.00
0.00
0.00
0.00
0.00
28,00
33.00
26.00
28.00
29.00

8
0.60
0.00
1.18
0.30
2.50
1.30
0.80
0.60
V.94
0.60
0.70
l.o“
0.90
0.00
0.10
0.10
0.30
0.00
l.78
8.40
Z.ob
0.20
0.50
0.00
0.00
0.40
0.55
0.00
0.84
0.00
0.00
0.00
0.00
5.10
4.80
0.70
0.28
0.30

N
1.70
0.00
2440
2.10
0.80
0.00
0.00
1.00
0.00
0.00
1.30
0.00
0.00
0.00
1.30
1.50
1.60
0.00
2.32
5.16
0.93
0.10
0.30
0.50
0.00
0.10
1.38
0.00
U.00
0.00
0.00
0.00
0.00
0.30
0.30
0.30
0.00
0.00

AL
0.00
0.00
0.00
0.00
0.00
0-00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

F
11.00
0.00
0.00
7.40
8.60
9.00
11.70
.30
14.00
14.60
10.20
9.60
13.60
Q.00
12.50
12.00
11.50
0.00
9.45
1.20
5.40
l.lo
1.00
1.00
0.60
1.10
14.20
11.07
14.50
10.00
6.20
s.uo
10.00
9.80
9.20
0.50
10.40
14.60

IN MILLEQUIVALLENTS.

ALKALINETY
0.69
0.%2
o'sb
0. 50
3.70
0.79
0.89
2.10
1.30
0.98
0.69
0.70
l.36
o. 5~
0.62
o.bs
0.62
1.50
1.90
2.70
2.80
1.90
1.70
1.60
0.00
2.20
1.60
1.30
1.60
3.50
2.60
2. 40
2.70
1.90
1.60
1.90
240
3. 60




CHEMISTRY RLPIRTFD IN PARTS PIR MILLION (PPM) EXCEPT FOR ALKALINITY. ALKALINITY IN MILLEQUIVALLENTS.

SAMPLE NA 3 Ca MG CcL SUs HCO col $102 8 Ll AL F ALKALINIETY
8v1l 327.00 0.00 118.00 37.20 410.00 200.00 415.00 0.00 0.00 0,00 0.U0 0.00 2.45 6. 80
Bv2 237.00 0.00 3.60 0.50 228.00 120.00 200.00 12.00 0.00 0,00 0.00 0.00 7.00 3.50
BV] 284,00 2.90 1.00 Ne 40 232,00 120.00 202.00 0.00 52.00 0.30 0.30 0.00 o6.90 3.30
CA L 320.00 0.00 5.60 0.50 246.00 105,00 254.00 0.00 0.00 0.00 0.00 0.00 3.00 4.20
BvY 290.00 0.00 4.40 1.00 244,00 110,00 210.00 0.00 0.00 0.00 0.00 0.00 4.70 3.40
§vVé6 193.00 0.00 100,00 21.00 372.00 80.00 210.00 0.00 0.00 0.00 0.00 0.00 1.30 3.40
BvV7 167.00 0,00 70.00 18.00 252.00 70.00 237.00 0.00 0.00 0.00 0.00 0.00 1.30 3.90
svs 3%9.00 0.00 6.20 1.30 250,00 250.00 256,00 9.60 0.00 0.00 0.00 0.00 7.30 4. 40
8va 260.00 0.00 4.00 0. 40 232400 80.00 234.00 9.60 0,00 0.00 0.00 0.00 2.Y90 4.00
AV10 28%5.00 0.00 1.40 1.50 195.00 120.00 244,00 12.00 0.00 0.00 0.00 0.00 4.90 4.20
sv1l 264,00+ 0,00 4.00 0.20 216.00 79.00 200,00 14.40 0.00 0.00 0.00 0.00 2.90 3.50
Bvi2 283.00 0.00 5.20 0.50 200.00 90.00 2.20 14.40 0.00 0.00 0.00 0.00 4.30 0.28
Bv13 241.00 0.00 6.20 0.70 194.00 120.00 239.00 8.40 0.00 0.00 0.00 0.00 7.00 4.00
BV1l4 52.00 4.50 19.60 2.60 189,00 24.00 122.00 0.00 28.00 0.00 0.20 0.00 4.80 2.00
BVLS 358.00 390 6.20 1.00 168.00 227.00 250.00 8.40 67.00 U.46 0.00 0.00 10.20 4.20
8vleé 2%6.00 0.00 B80.00 16.40 342.00 130.00 264.00 0,00 0.00 0.00 0.00 0.00 2.10 4.30
BVL? 360.00 3.50 1.00 0.40 269,00 265.00 195.00 0.00 61.00 0.00 0.40 0.00 8.60 3.20
Bvis 61.00 0.80 12.40 0,40 210.00 111.00 134,00 0,00 27.00 0.00 0.00 0.00 7.00 2.20
BV19 300.00 4.30 4.30 0.90 240.00 250.00 255.00 0.00 65.00 0.50 0.00 0.00 14.00 4.20
Bv20 321.00 3.80 0.60 0,20 195.00 180.00 186.00 0.00 63.00 0.00 0.40 0.00 13.00 3.00
AVZ21 369.00 0.00 9.50 6.60 230.00 275.00 259.00 0.00 0.00 0.00 0.00 0.00 11.00 4.20
Bv22 217.00 0.00 101.00 22.90 246,00 120.00 337,00 0.00 0.00 0.00 0.00 0.00 1.80 550
Bvz3 209.00 0,00 103,00 22.40 248,00 110.00 303.00 0.00 0,00 0.00 0,00 0.00 1.60 5.00
BV2s 3,8.00 $.70 7.00 2.00 256,00 270.00 239.00 0,00 65.00 0.46 0.20 0.00 9.00 3.90
BV25S 205.00 0,00 109.00 28.50 344,00 190.00 366.00 0.00 0.00 0.00 0.00 0.00 2.10 6.00
Bv26 280.00 0.00 124.00 29.20 370.00 200.00 366.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00
ava27 235.00 0.00 114.00 27.40 332.00 160.00 356.00 0.00 0.00 0,00 0.00 0.00 0.00 5. 60
BvZ28 163.00 0.00 69.00 15.00 218.00 70.00 244,00 0.00 0.00 0.00 0.00 0.00 0.00 4.00
8v29 365.00 0,00 16.80 3.70 256,00 230,00 215,00 7.20 0.00 0,00 0.00 0.00 0.00 3. 60
BvY30 331.00 4.30 7.40 1.30 203.00 296.00 233.00 13.20 67.00 0.43 0.36 0.00 0.00 4,00
8v31 365.00 0.00 4.40 0.97 220.00 150.00 223.00 0.00 0.00 0.00 0.00 0.00 0.00 3. 70
Bv3e2 60.00 1.00 4.50 0.10 201,00 190.00 124.00 0.00 31.00 0.00 0.10 0.00 4.10 2.00
8v3i3 333.00 3.90 1.00 0.10 212,00 272.00 205.00 0.00 62.00 0.00 0.40 0.00 16.20 3. 40
AvV3s 21%.00 0.00 92.00 23.00 350.00 240.00 427.00 0.00 0.00 0.00 0.00 0.00 2.80 7.00
BV3S 192.00 0.00 129.00 29.00 236.00 170.00 386.00 0.00 0.00 0.00 0.00 0.00 1.80 6.30
8V3b 283.00 0.00 120.00 25.30 246,00 170.00 395.00 0,00 0.00 0.00 0.00 0.00 2.00 6.50
Bv3?7 315.00 0.00 68.80 16.50 320.00 250.00 390.00 0.00 0.00 0,00 0.00 0.00 3.40 6.40
AV36 2900.00 12.00 120.00 8.70 4100.00 0.00 78.00 0,00 53.00 1.0 0.00 0.00 6.80 1.30

8v39 410.00 1.00 6,80 0.34 300,00 110,00 251.00 0.00 55.00 0.00 0.00 0.00 11.00 4.10



APPENDIX C

Geochemistry of Water Samples



"ITLE 0

INPUT DATA (MOLES PER LITER OF SOLUTION :
CATOT 0.6687E-03 ANGYOT 0.h200E-05
S04TOT 0.3602:E~02 ALTOY 0.3715E~06
NU3TOT 0.0000E+00 SI02T0V 0.3494E-03

@
L DC,‘ 1NN 0-0B=26~070DHBA

EQUIVALENTS PER LITER FOR
NATOT 0,2066E-01 KTUY 0.9210E-04
FETOT 0.0000E*00 SKRTOT 0.0000£+00
BTOT 0.7400€-04 BRTOT 0.0000E+00

PH B.46 PE = 99,99

TEMP = IB.60DEG C DENSITY = 1.000GMH/CC
-LOGtPCO2) 3.88 -LOG(PO2) 99.99 -LOGIPCH4) = 99,99

IONIC STRENGTHH = 0.02538 TOTAL DISS SOLIDS = 1.41GM/LITER SOLN
10N BALANCE ERROR L.41PERCENT CATION EXCESS = 0.6070E-03(CHARGE®*MULES)

=

INDIVIDUAL SPECIES MOLALITIES

OH- 0.9095¢-05 CO3—

®
ALKALINITY)
CLTOT 0.17382E-01 ALK
8ATOT 0.0000t+90 LITOV

H2STUT 0.0000E¢00 NHATOT

H20 ACTIVIETY = 0.9993

0.6600€~-03
0.1873€-03
0.0000E+00

TOTAL INORG CARBON MOLALLITY = 0,5880E-0)

0.16472E-064 HCO3- 0.5519E-03 S04-- 0.3277e-02 CL- 0.1384E-01 CAse 0.5420E-03

CAOHe O0.7314E-07 CACO3D 0,4951E-05 CAHCO3 0.2576E-05 CAS040 0.1200E-03 MGee 0.5184E-05 HGOHe++ 0,4953E-08
MGCO30 0.,2738E-07 MGHCO3 0.2055E~07 NGSUS0 0.9723E-06 NAe 0.2047E-01 NACO3- 0.5895E~05 NAHCO3 0.4662E-05
NASC&4- 0.,2064E-03 NACLO 0.5137E£-05 K¢ 0.9080E-04 KS504- 0.1409E-095 KCLO 0.2353E-07 GBAee 0.0000E+00
BADHe O0,0000E¢00 SRee 0.0000€+00 SROHe O0.0000€E+00 LI+ 0.1861E-03 LIDHO 0,2798E-08 L1IS04- 0.1455E-05
H4S 104 0.3253E—03 HISIOA 0,2459E-04 H25104 0.9732€E-07 ALe¢+ 0,6581E~19 ALOH*+ 0.3304:L-15 ALOH2+ 0.2433E-11
ALOH&- 0.3720€-06 ALSD4* 0.7954E~19 ALS042 0.1191E-19 FEe®ees 0,00006000 FEUH+¢ 0.0000E¢00 FEOH2¢ 0.0000E*00
FEOHI0 0.,0000:£+00 FEOH4- 0.0000E+00 FECL*+ 0.0000E+00 FECL2¢ 0.0000E+00 FECLIO 0.00006000 FESO4s 0.0000€¢00
FEee 0.0000€E 00 FEOH* 0.,0000E+00 FEDH20 0,0000E¢00 FEUOH- 0.0000E+00 FESD40 0.0000E+00 HNH4ee 0.0000E+00
NH3AQ 0.00006£900 NHAS0OS 0.0000E+00 NO3- 0.0000E+00 He 0.3949€~-08 H25040 0,4444E-20 H504- 0.1030&E-04
HCLO 0.1271E~-15 H2SAQ 0.0000E¢00 HS- 0.0000€E+00 S-~ 0.0000€+00 BR- 0.0000e+00 H3IB0O30 0.5896E~04
H2B03- 0.19514C-04 HZ2C03* 0.3260F-05 02A0Q 0.0000€E+00

INDIVIDUAL SPECIES ACYIVITIESI-LOG ACTIVITY)
OH 5«11 C0O3=- 5.09 HCO3-~ Jo32 S04-- 2.75 CL- 1.93 CAee 3.53 CADHe 1.20
CACO30 530 CAHCO] 5.65 CAS04O 3e92 MGeeo 554 HGOHe 8.37 NGCO30 7.56 HGHCO3 7.76
HGS040 6.U01 Nao 1.76 NACO]- 529 NAHCO) 5633 NASO4~ 375 NACLO 529 K¢ 4.11
KS04- %.92 KCLO 763 BAse -99.99 BAOH+ ~99.99 SRes =-99.99 SROHe -99.99 Lle 3.79
L10HO 8.5% LISO4- 5.90 HASIOD4 3. 49 H3S104 4.68 H25104 727 AL¢¢e 19.69 ALOHee 15.74
ALOH2+ 11.68 ALDH4— 6.50 ALSO4* 19.17 ALSD42 19.99 FEeeoo -99,99 FEOHes -99,99 FEOH2¢ -99.99
FEOH] -99.99 FEUHA- -99,99 FECLe+ <=99,99 FECL2e =99.99 FECLIO -99.99 FESO4es -99.99 Fheo -99.99
FEOHe ~99.99 FEOH20 <-99.99 FEOOH- -99.99 FESO40 -99.99 NH4e -99.99 NH3AQ ~79.99 NH4S504 =99.99
NO 3~ =99.97 He B.4b H25040 20.35 HSO4- 9.05 HCLO 19.89 HZ2SAQ -99.99 HS- -99.99
S-- -99.99 BR-- -99.94 H3IY0N30 4423 H2BO3- 4.90 H2C03 5.48 02A0Q -99.99

MINERAL SATURATION INDICES
ADULARIA ~1.48 ALBITE -1e%3 ANHYDRIT ~1.61 ANORTHIT —4.72 ARAGONIT -0.31 BARIIE -99.99 BOEHMITE
BRUCITE -4.38 CALCITE ~0.04 CA-MONT -2.31 CELESTIT -99,99 CHALCEDN -0.11 CHLORITE =-3.17 DULOMITE
GIBBSITE =—2.72 GFOTHITE -99.99 GRIEGITE -99.99 GYPSUM -1+65 HALITE =5.30 HALLUYST -—5.49 HEHATLITE -~
HUNTITE -9.17 HYDTOMAG -9,02 ILLITE ~2+58 XAULINIT -1.%4 K-HICA ~4,09 MACKINAH -99.,99 HAGNESIT
MAGNETIT -99.99 MIRABILYT <-5.76 NESQUEHU -5.27 PHLOGOPT -4.82 PYRITE -99,9Y9 PYRUPHYL —1.42 QUARTZ
SIDERITE —-99.,99 STRONTNT -99.99 TaLC -0s37 THENARDT —6.06 HWITHERIT =-99.99

SILICA SATURATION INDICES
-LUG H4eSTUSGO 3.49 QUART? 0.30 CHALCEDONY -0,06 A-CRISTOBALITE =032 AMUKRPHUUS -1.37

-~2.,00
-l.96
99.99
-2 19

O.32



Lihrinn 0-08-®-o7008c ®  J o ® (] . )

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)

CATOT 0.6237i-03 HGIOY 0.6600E-05 NATOT 0.17901£-01 KTOT  0.7930E-04 CLTUT OQ.1143£-01 ALK 0.6500t-03
SO04T0T 0.3852E~02 ALTOY 0.0000E¢00 FETOT 0.00006+00 SRTUT 0.0000€+00 BATOT 0,00006+00 LITOT 0.2018E-03
NO3TOY 0.0000E£¢00 S102TOT 0.1494E-03 BTLT 0.09386-04 BRTOT 0.0000E+00 H2STOY 0.0000E+Q00 NHATOT 0.0000€E +00

PH = 8.61 Pt = 99.99 TEMP = 34,6006 C DENSITY = 1.,000GM/CC

-LOGIPCO2) = 4,07 -LOG(PO2) = 99,99 -LOGIPCHa) = 99,99

IONIC STRENGTH = 0.02377 TOTAL DISS SOLIDS = 1.30GM/LITER SOLN TOTAL INORG CARBON MOLALITIY = 0.5675£-~03
TUN BALANCE ERRUR = 1.96PERCENT CATION EXCESS = 0.7738BE-03(CHARGE*MOLES) H20 ACTIVITY = 0.9994

INOIVIDUAL SPECIES HOLALITIES

OH- 0.9656E-05 CO3I-= O0.1853€E-04 HCOI- 0.5295€-03 SOe-- 0.3529E-02 CL~ O0.LL44E-01 CAee 0.4975E-03
CAQOH* 0.7094:-07 CACO3D 0.5262E-05 CAHCOI 0.2046E-05 CASU40 0.1197E~-03 MGes 0.5436E£-05 MGOHes 0,5364E-08
MGCO30 0.3531E-07 HMHCHCO3 0.2044E-07 MGSO40 0.1112E-05 NAe 0.1882E-01 NACO3- 0.5768E-05 NAHCOD] 0.4154E-05
NASU&~ 0.203BE-03 NACLO 0.3346E~05 Ko 0.7814E-04 K304~ 0.1250E-05 KCLO 0.1693E-07 BAese 0.00C0E+00
BAQDH+ 0,0000L+00 SRee 0.0000E+00 SROHe 0,0000E+00 LI 0.2003£-03 LIOHO 0,2920€-03 LISO4- 0.1721E-05

H4S 104 0.3213€-03 H3ISIOA 0.2859€E-04 H2S104 0.1054E-06 ALe¢¢+ 0.0000E¢00 ALDHee 0.0000E+00 ALOH2e 0.,0000€+00
ALOHA~ 0.,0000€E+00 ALSO%¢ 0.0000€¢00 ALSU42 0.0000E¢00 FEees O0.,0000E+00 FEOHes 0,0000E¢00 FEUHZ2¢ 0.0000E+00
FEOH30 0.0000E¢00 FEOHA- 0.0000E+00 FECL*+ 0.0000€+00 FECLZ2¢ 0.0000E+00 FECLIO 0.00006¢00 FESO4+ O0.0000E+0Q00
Fiheo 0.0000£+400 FEOH* 0.0000£¢00 FEOH20 0,0000E+00 FEOOH- 0.0000E¢00 FESD40 0.0000E+00 NHae 0.0000t+00
NH3AQ 0.0000E¢00 NHASO04 0.0000E+00 NOI- 0.0000€+00 He 0.2785€~-08 H25040 0.198%5E-20 HSO4~ 0.7]102E-09
HCLO 0.5062E~-16 H2SAQ O0.0000E+00 HS~ 0.0000E¢00 S-- 0.0000E+00 HR- 0.0000E +00 HIBO3IO 0.52C1E~-04
H2B03~ 0.1746€E-04 H2C03* 0,2292E-05 02AQ 0.0000E+00

INDIVIOUAL SPECIES ACTIVITIESI-~LOG ACTIVITY)

OH 9.08 C03-- 4.98 HCO)-~ 3.34 S04-- 2.71 CL- 2.01 CAee 3.59 CAOHe 7.21
CACOY %.28 CAHCO) $5.75 CASOAO 3492 MGee ) 5.51 MGOHe 8.33 HGCDIO 7T.49 HGHCO] 7.76
MGS 040 9495 NAe 1.79 NACD)- 5.30 NAHCO3 5.38 NASQ4- 3.79 NACLO 940 Ko 4.17
xSpe- 5.97 xCpO T«7! BAee -99,99 BAQH» -99,99 SR+ -99.99 SRQOM -99.99 ¢tle 3. 70
L 10HO 8,53 LiISUs- 5.83 HaS104 3.49 H3S510s 4,61 H2S5104 723 ALt -99.99 ALOH*s -99,99
ALOHZ2e  -99.99 ALOH&~ =99.99 ALSOS&* -99,99 ALSD4Z2 -99.99 FE++e -99,99 FEOHee 99,99 FEOH2¢ -99.99
FEOH) =79.99 FtH4- -99,99 FECLese =-99,99 FECL2e -99.99 FECL30 =-99,.99 FESO4¢ -99.99 FEeo -99,99
FEUHe =99.99 FENHH20 =99.99 FEQOH- <=99,99 FESNGD -<99,99 NHae -99,.99 NH3AQ -99.,99 NH4S04 -~-99.99
NO3- ~99.,99 Hs B.61 H25040 20.70 HSODA&- 9.21 HCLO 16.29 H25AQ -99.99 HS~- -99,99
S-=- -99.99 BR-- -99.,99 H3IB0D30 4,28 H28013~- 4,84 H2CO) 5.6 02AQ -99.99

HINERAL SATURATION INDICES

ADULARIA -99.99 ALBITE -99.99 ANHYDRIT ~1.63 ANJRTHIT -99.,99 ARAGONIT -0.26 BARITE -99.99 BOEHMITE -99.99
BRUCITE —4.29 CALCITE 0.0L CA-MONT =-99.99 CELESTIT =99,99 CHALCEDN <~0.07 CHLORITE -99.99 OULOMITE -1.482
GIBBSITE —99,.99 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM ~-1.69 HALITE “5.40 HALLUYST -99.99 HEMATITE -99.99
HUNTITE -8.72 HYDTOMAG -8.75 ILLITE ~99,99 KAOLINIT -499,99 K-HICA =-99,99 HMACKINAW -99,99 HMHAGNESIT =2.11
MAGNET IT -99.,99 MIRABILT -5.61 NESQUEHG -5.183 PHLOGOPT -99.99 PYRITE -99,99 PYRUPHYL -99.99 QUARTZ 0.37
SIDERITE ~99.99 STRONINT -99.,99 TaALC Ne27 THENARDT -6.10 MWITHERIT -99.99

SILICA SATURATION INDIC:S

-L0G H4STU40 J.49  QUARTZ 0«35 CHALCFDONY -0.02 A-CRISTUBALITE -0.28 AMURPHUUS ~1.34



TITLE

CATUY

PH =

)‘m“ﬁ MU K

ﬁn

3
L

LOCATIIN

MGTOT
ALTOY

N-008-26-07H0AB

0.A600¢-09%

0.371

S5t-06

INPUT DATA (MOLES PER LITER OF SOLUTIUN
0.1897¢-03
SO04T0T 0.2811t-02

NATOT 0.1857E-01
FETOT 0.0000E¢00

EQUIVALENTS PER LITER FOR

K107

0.8950E-04

SRTUT 0.0000£+00

NU3TOT 0,0000c«00 SI10270T 0.349%E-03 BTOT O0.7400E-04 RBRTODT 0.0000€+00
8.99 PE = 99.99 TEMP = 34,300EG C DENSITY = 1,000GM/CC
4.13 -LOG(PO2) = 99,99 -LUGI(PCH&) = 79.99

-LOGIPCO2) =
IONIC STRENGTH

0.02147

TOTAL OISS SULIDS =

1.23GHM/LITER SOLN

ALKALL
cLvor
BATOY

N1TY)
0.1148E~-01
0.0000&+00

H25TOT 0.0000L+00

ALK
Livov
NH4TOT

0.14706~-02
0.1441€-03
0.,00C0E+00

TOTAL INORG CARBON MOLALITY = 0.1231E-02

ION BALANCE ERRUR = L A9PERCLNT CATION EXCESS = 0.5536E-03{CHARGE®NOULES) H20 ACTIVITY = 0.9994

INDIVIOUAL SPECIES MOLALITIES
OH- 0.2252€-04 CO03-- 0.8994£-04 HCO3- 0.1095E-02 S04-- 0.2636E-02 CL- 0.,1149E-01 CAee 0.1199E-03
CAQOHe 0.4077C-07 CACO30 0,6392E-~05 CAHCU3 0.1035E-05 CASO40 0.2253€E~04 NMGeo 0.7158E~05 MGOMe+e+ 0,1681E-07
HGCO3U 0.23%1&E~-06 NMGHCO3 0.5676E-07 HMGS040 0.1143E-09 MNAe 0.1840€E-01 NACO3~ 0.2764E-04 NAHCO3 0.8511£-05
NASDA- 0.1523E-03 NACLO 0,3930E-05 Ko 0.8851E~-04 xXS504~ 0.1079E-05 KCLO 0.1954E-07 BAese 0.0000€+00
BAOHe O0.0000€¢00 SRee 0.0000€°00 SROHe 0,0000E+00 LI+ 0.1433€-03 LIOHO 0.4898E-08 L1504~ 0.9416E-006
H4S104 0.2893e-03 HISI0* 0,6050€E~-04 H2SI04 0.510LE-06 AL*¢e O0.1267E-20 ALUHSe 0.15749C-16 ALOH2e 0,3138E-12
ALOH&— 0.,3720€-06 ALSD4+ 0.1302€~20 ALSUS42 0.1611E-21 FE*e+ 0.0000t000 FEOHse 0,0000E+00 FEOHZ® 0.0000E+00
FEOH30 0.0000E+400 FEQH4~ 0.0000E*00 FECLee® 0.0000E+00 FECL2+ 0.0000E¢00 FECL3O 0.0000c000 FESO4+ 0.0000E+00
FEeo 0.0000€E¢00 FEDH* 0,0000€000 FEQOH20 0.0000E+00 FEOOH- 0.0000€+00 FESO40 0.0000€200 NHae 0.0000€+00
NH3AQ 0.0000C+00 NH4SO4 0,0000E+00 NOI- 0.0000£¢00 He 0.1156€-08 H25040 0.2599€-21 HS04- 0.2232E-09
HCLO 0.2073E-16 H2SAQ 0.0000E+00 HS~ 0.0000E+00 S-- 0.0000E+00 BR- 0.0000t +00 H3IBO3O 0.4131E-04
HZ2B03~ 0.3278kE-04 H2C03% 0.1985€E~05 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESI-LOG ACT]IVITY)
(VI 4.7 CO3-- 4.29 HCD3~- 3.02 S04-- 2.82 CL- 2.00 Caee 4,16 CAOHe 145
CACO3O 519 CAHCO3 6.04 CASD40 4.65 HGee 538 HNGOHe 7.8) NnGCO3O 6.63 MGHCO3 7.31
HGS040 Y94 Nae 1.80 NACO}- 4.62 NAHCO3 5.07 NASQ4- 3.88 NACLO 5.40 K¢ 4.12
KS04- 6.03 KCLO P71l BAse -99.99 BADHe —99.99 SRes =99.99 SRDHe -79.99 L(Lle 3.90
L10HO 8.31 LISO4- 6,07 H4SI04 3.54 H3IS104 4.28 H2S104 693 AlLsee 2137 ALOHee 17.04
ALOHZe 1256 ALOHA- 649 ALSUAe 20.95 ALSD42 21.86 FEeeo «99.99 FEOMeo -99,99 FEOH2es -99.99
FEQH] =99.99 FtOH4~ -99.99 FECL*e =-99,99 FECLZ2* <99.99 FECL30 -99.99 FESO4e =-99.99 FiEee -99.99
FEUHe =99.99 FLOH20 =99.99 FENDH- =99.,99 FESO4 <-99.99 NH4e -99.99 NH3IAQ -99.99 NH4SO04 -99.99
NO 3~ =973.99 He 8.99 H25)40 21.58 HSO4- .71 HCLO 16.68 H2S5A0Q -99.99 HS- -99.99
S~ -99.99 BR-~ -99.99 HIBN30 4.38 H2803- 4.56 H2C03 5.70 0¢AQ -719+99

MINERAL SATURATION INDICES
ADULARIA -1.33 ALBITE =147 ANHYDRIT =2.36 ANORTHIT -95.28 ARAGONIT -0.17 BARITE ~99.99 BOEHMITE
BRUCITE -3.41 CALCITE 0.09 CA-MONT -3.08 CELESTIT -99.99 CHALCEDON ~0.12 CHLORITE 1.20 DOLOMITE
GIBBSITE -3.06 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM -2.37 HALITE =%.40 HALLUYST -6.21 HEMATITE -
HUNTITE ~6+37 HYDTOMAG -5,43 TLLITE -2.81 KAULINIT =2.21 K-HiCA -4.9%9 HACKINAW -99,99 HAGNESIT
MAGNETIT ~99.99 HMHIRABILYT =-5.73 NESQUEHUD -4.36 PHLOGOPT -2.10 PYRITE -99.99 PYKROPHYL —2.68 UUARTZ
SIDERITE ~99.99 STRONINT -99,99 TALC 2473 THENARDT -6.23 HWITHERIT -99.99

SILICA SATURATION INDICES
-L0G HA4SI1040 3.94 UQUART! 0.31 CHALCEDONY -0.07 A-CRISTOBALITE -0.32 AMORPHUUS -l.38

-2.36

-0.91
99.99
-1e29

U.33
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TITLE LUCATION D-0B-26-07BRCO
INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOTY 0.2121t-03 MGVOT 0.9300E-05 NATOT 0,1414E-01 KVOT 0.6390€-04 CLTOV 0.8040E-02 ALK 0.9800€-03
SO4TOT 0.2134t-02 ALTOT 0.3715€-06 FETOT 0.0000£¢00 SRTUT 0.0000E*00 BATOT 0.0000e¢00 LITOYT 0.1081E-03

NO3TOY 0.,0000E¢00 SIO270T 0.3494E-03 BIUT 0.5180E-04 BRYOV 0.0000E+00

PH = B8.75 PE = 99.99 TEMP = 133,300EC C
~L0OGIPCO2) 4.02 -L0G (PO2) = 99.99
IONIC STRENGTH = 0.01608

DENSITY = 1.,000GM/CC
-LUGIPCH4) = 99,99
TATAL DISS SOLIUS = O0.91GH/LITER SOLN

9996

CAee

MNGOHeo
NAHCO3
BAese

LISO6~
ALQH 2
FEOH2*
FESO4e
NHA»

HS04~
H38030

CAOHe
HGHCO3
Ke

Lle
ALQOHee
FEOH2+
FEeve
NH &S0
HS -

-99.99

-1.56
-5.54

HACKINAY -99,99

ION BALANCE ERRUR = S5.27PERCENT CAVION EXCESS = 0.1459C~02(CHARGE*MHOLES) H20 ACTIVITY = 0.

INDIYIDUAL SPECIES MOLALITIES
OH- 0.1186E-04 CO3— 0.3604E-04 HCOI- 0.8120E-03 3S04-- 0.2011E-02 CL~ 0.8045€E-02
CAQH* 0,3381E-07 CACO30 0.4189E-05 CAHCU3 0.1176E-05 CASU40 0,2877E~04 HGee 0.4576E£-05
HGC030 0.67026-07 HGHCO3 0.2829€-07 MGSU4O 0,6273E~06 NAe 0. 140%E~01 NACU3- 0.8578E-05
NASDS~ 0.9405€~04 NACLO 0.2174E-05 K+ 0.6333E~-04 KSO4&- 0.6190E-06 KCLO 0.1015€E-07
BAOHs 0.0000E¢00 SRes 0.0000€+00 SKROHe 0,0000E+00 Lie 0.1076E<03 LIOHO 0.13952€E-08
HeS 104 0.3142:-03 HISIOS 0,.3547E-04 H25104 0.14825-06 Alects 0,1332E-19 ALDH®s 0.9197E-)16
ALOH4- 0,3718E-06 ALSO%¢ 0.1206E-19 ALSU42 0,1209E~20 FEese 0.0000€¢00 FEQHe+o 0.0000E¢00
FEOH30 0.0000E¢00 FEOMA- 0.0000E+00 FECL®e 0.0000E¢Q00 FECL2* 0,0000€E¢00 FECLIO 0.0000L¢00
FEe e 0.,0V00E*00 FEOH* 0.0000€¢00 FEOH20 0.0000E+00 FEDOH- 0.0000E+00 FESU40 0.0000E +0O
NH3AQ 0.0000E+00 NH4S04 0.0000E+D00 NOI- 0.0000E 00 He 0.1985€~08 H25040 0.6061E-21
HCLO 0.23276~16 H25A0 0.0000E+00 HS~- 0,0000£¢00 S~-- 0.0000E+00 HR- 0.0000€ ¢ 0O
H2803- 0.1578E~04 H2C03* 0.2020E-05 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)
OH *.98 COY¥~-- 4.66 HCO)Y- Jela SO4-—- 2.91 CiL~- 2.15 CAse J.9%6
CAaCO30 5.38 CaHCO) $.98 CASD40 4.54 HMHGoo 555 MGOHe 8.28 MGCO3O 7.17
MGS 040 6.20 Nao 1.91 NaACO3- 5¢12 NAHCODY 530 NASOS- 4.08 NACLO 2.606
K504~ 6.26 KCLO 7.99 RAee -99.99 BAOHe ~99.99 SRse =99.99 SRUHe -99.99
L 10HO 8.71 LISO4~ 629 H4S104 3J.50 HISI04 4.91 H25104 7.04 ALeee 20.30
ALOH2e 1206 ALOHA- be4B ALSOS 19.97 ALSO%2 20,97 FEsee -99,99 FEOQOHees -99,99
FEOH] 9999 FENDH4~ =-99,99 FECLee =-99.99 FECL2¢ =-99.99 FECL3IO -99.99 FESOSe -99.99
FEQHe =-99.99 FEUH20 ~=99.99 FEOOH- -99.99 FESO40 =99.99 NH4e -99.99 NH3AQ -94.99
NO3- =99.99 He 8.7 H25040 21422 HSO04- .58 HCLO 16.63 H25AQ -99.99
S—- -99.99 BR~-- -99,99 H380130 4.44 H2BO0I- 4.87 H2C01 5.58 02a0 -99.99

MINERAL SATURATION INDICES
ADULARIA -1.28 ALBITE —1e 41 ANHYDRIT 2,26 ANORTHIT —4.95 ARAGONIT -0.35 BARITE
BRUCITE ~4.12 CALCITE ~0.09 CA-HONT =2+29 CELESTIT -99,99 CHALCEDN -0.07 CHLORITE
GIBASITE <2.77 GEOTHITE -=99.99 GRIEGITE -99.99 GYPSUN ~2.26 HALITE -95.66 HALLUYST
HUNTITE -8.22 HYDYTOMAG ~T7.81 JLLITE -2.38 KAUOLINIT -1.54 K-MICA -3.97
MAGNETIT -99.99 HMIRABILT -6.00 NFSQUEHD =-4.91 PHLOGOPT -4.26 PYRITE -99.99 PYKOPHYL
SIDERITE -99.99 STRONINT -99.99 TALC 0.4 THENARDT -6.54 WITHERIT -99.99

SILECA SATURATION INOICES
~L0OG H&S1040 3.50 QUARTZ 0«36 CHALCEDONY -0.02 A-CRISTUBALITE -0.28 AMURPHUOUS

~2.04

-1.3

H2STUT 0.0000£+00 NHATOT 0.00C0E+00

TOTAL INORG CARBON MOLALITY = 0.8697€-03

0.1781€~03
0.5950€-08
0.4974E-05
0.0000E +00
0.5 746E~06
0.1040€-1}
0.0000E+00
0.0000E¢00
0.0000E+00
0.3016E-09
0.3607E-04

7.52
7. 60
4.26
4.02
16.25
-99,99
-99.99
-99.99

BOE HMITE
DOLUNMITE
HEMATITE
MAGNESIT
QUARTZ

-

8

-2.08
-1« b4
99.99
~le84

Q.38
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TITLE @81 LOCATIUN D=-08-26-078AAC
INPUT DATA (HMOUOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITYY)
CATOT 0.1%47c-02 MGTLY 0.1 3166-03 NATOT 0.4350€6-01 KTOT 0.24296-03 CLTOT 0.3216E-01
$S04TOT 0.6%06E-02 ALTOT 0.3715E-06 FETOT 0.0000E+00 SRVUTY 0.0000E+00 JATOT 0.0000t+00

NO3TOT 0.0000E+00 SIN2TOT 0.2829E-03 HTGT 0.1295€-03 BRTUT 0.0000€+00
PH = 8.16 PE = 99.99 TEMP = 41,400EG C DENSITY = 1.0006M/CC
-LOGIPCO2) = 13.54 -LOGIPO2) = 99,99 -LOG(PCHA) = 99,99

10NIC STRENGTIH = 0.05232 TOTAL DISS SOLIDS = 2.90GM/LITER SOLN

H2STOT 0.0000€+00

ALK 0.70G0E~03
LITOT O0.3170e~-03
NH4TOT 0.0000£+00

TON BALANCE ERROR = 1 71PERCENT CATION EXCESS = 0.1551E-02(CHARGE*MOLES) H20 ACTIVITY = 0.9986

INDIVIDUAL SPECIES MOLALITIES
OH- 0.5841€E-05 CO3— 0.9654E-05 HCOI- 0.6036E~0) SO4-—- 0.55636-02 CiL~- 0.3223E-01 CAee
CAOHe 0.8838E-07 CACOID 0.5481€E-05 CAHCOI 0.5732E~05 (C(ASO40 0.3176€E~03 MGee 041074E-03 MGOHee
MGCO30 0.2683E-06 MNGHCO3 0.4024E-06 HMGSU40 0.23B3E-04 NAe 0.4298E-01 NACD3- 0.7618E-09% NAHCO3
NASD4— O0.6114E-03 NACLO 0.,2246E-04 Ke 0.2382E~03 KSO4~ 0.53286-05 xCLO 0.1277E~-06 BAee
BADHe O0,0000E¢00 SRee 0.0000E+00 SROHe+ 0.0000E+00 Ll 0.31456-03 LIOHO 0.2922E-08 LISO4-
H4S 104 0.2714E-03 HISIO4 0.1230E-04 H2SI04 0.3652E-07 AL*ee 0.7213E~-18 ALOHe+e 0.200LE-14 ALOHZ2e
ALOHA- 0,3726E-06 ALSOSe 0.9671E-18 ALSOD42Z 0.2039E~-18 FEees O0,0000E¢00 FEUHees 0.0000E*00 FEUHZe
FEDH30 0.0000E¢00 FEOQH4- 0.0000E+00 FECL®*e 0.0000E¢00 FECL2¢ 0.0000E¢00 FECLIO 0.0000E000 FESQ4e
FEeso 0.0000E+00 FEOH* 0.0000E+00 FEOHZ20 0.0000€E+00 FEODH- 0.0000E+00 FESO4O0 0.0000E+00 NH4e
NH3AQ 0.0000E*00 NH4SO04 0.0000€E+00 NO3- 0.0000€+00 He 0.8157¢-08 H2S040 0,2825€~-19 HSOA~-
HCLO 0.7296E~-15 H2SAQ 0.0000E°00 ™S~ 0.0000€E¢00 S-- 0.0000E+00 BR- 0.0000E «00 H3B030
H2B03- 0.1674E~04 H2CD3* 0.6661E~05 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESEI-LODG ACTIVITY)
OH %33 CO3}~— %.36 HCO3- 3.30 SO04-- 2.6k CL- 1a59 CAee 3.25 CAOHe
CACO30 5.26 CAHCO] 532 CASO%O 3e89 HMHGos 4.30 MGOHe 7.33 HGCO3O 6.57 HMGHCO]
nGS 040 4.62 NAe l.46 NACO)- 5,20 NAHCO] 5.01 NASO4- 3.30 NACLO 4.64 Ko
KSO4- 5.36 KCLO 6.89 BAee -99.99 BAOHs ~99.99 SRee ~99.99 SROHe -99.99 LI+
L I10HO 8.53 LISO4- 5459 HASION 3.56 H3IS104 5.00 H25104¢ 7.78 AL¢ee 18.79 ALOHee
AL OH2e lie21 ALOHS- 6.52 ALSUAe 18,10 ALSO42 18.78 FEsee -99.99 FEQHee -99.,99 FEUH2¢
FEOH3 —-99.99 FLOH4~ -99.99 FECL*s =-99,99 FECLZ2s -99.99 FECLIO -99.99 FESOSs -99.99 FEre
FEOHe -99.99 FLtOH20 =~99.99 FEQOH- -99.99 FESOA0 ~99.99 NHae -99.99 NH3AQ =-99.99 NH4SD4
NO3 -~ ~99.99 He 8.16 H25040 19.56 HSO4- 8.58 HCLO 15.13 H25A0 -99.99 HS~-
S-- -99.99 BR-~ -99.99 H3IBO30 3.9 112B03- 4.90 H2CO03 5.17 024AQ -99.99

MINERAL SATURATIDN INDICES
ADULARIA -1.%2 ALBITE ~l.6% ANHYDRIT —-1.17 ANORTHIT ~-4.7% ARAGONLIT -0.28 BARITE -99.99
BRUCITE -3.58 CALCITE -0.00 CA-MONT =235 CELESTIT -99.,99 CHALCEON -0.21 CHLORITE 0.68
GIBBSITE -2.55 GEUTHITE -99.99 GRIEGITE -99.99 GYPSUM ~1e22 HALITE -4.,66 HALLUYST -9%.36
HUNTITE ~6.08 HYDVOMAG -5.13 [ILLITE -2.33 KAOLINIT -1.44 K-HICA -3.77 HACKINAW -99.99
MAGNETIT -99.99 HIRABILT <-5.14 NESQUEHD -4.27 PHLOGOPT -2.25 PYRITL =-99.99 PYRUPHYL =1l.16
SIOERETVE -99.99 STRONTNT -99,99 TALC lob6 THENARDT -5.32 MWITHERIT -99.99

SILICA SATURATION INDICES
-L0OG H4Slus0 3.96 QUARTZ 0.19 CHALCEDONY ~0.17 A-CRISTOBALITE ~0.42 AHDRPHOUS ~le4

TOTAL INORG CARBON MOLALITY = 0.,6491€E-03

0.1222€E-02
0.5640E-07
0.9658E-05
0.0000E+00
0.3438€-05
0.7538E-11
0.0000E+00
0.0000E+00
0.0000E+00
0.3267€-08
0.1131€-03

T.14
6. 49
3.72
3.59
15.04
-99.99
~99.99
~99.99
-99.99

BOEHMITE
DOLONMITE
HEMATITE
MAGNESIT
QUARTZ

8

-1.82

-0.93

99.99

-l.18

0.21
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TITLE 8] LUCATION D-08-26-07A08C

INPUY DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINLITY)
CATOT 0.1347c-03 HGTOV 0.65806-04 NATOT 0.2871F-31 XTOT 0.1509€-03 CLTOT 0.18056-01 ALK 0.3200e-02
SUATUT 0.374dE-02 ALTOT 0.3715€E-06 FETOT 0.0000E+00 SRVUT 0.0000E¢00 BATOT 0.00006+00 LITOT O0.1153&-03
NU3TOT 0.0000£+00 SIO02T0T 0.2163E-03 HBTUT 0.1480€-03 URTOT 0.0000£+400 H2STOT 0.0000t+00 NHATOT 0.00COE+0Q0

PH = 8,63 PE = 99.99 TEMWP = 29.200€G C DENSITY = 1.0006M/CC

~LOGIPCO2) = 3.41 -LOG(PU2) = 99.99 ~LOG(PCHS&) = 99.99
TONIC STRENGTH = 0.03240 TOTAL DISS SOLIDS = 1.88GHM/LITER SOLN FOTAL INORG CARBON MOLALITY = 0.3018E-02
ION BALANCE ERRUR = 1.10PERCENT CATION EXCESS = 0.6299e-03(CHARGESHOLES) H20 ACTIVITY = 0.9991

INDIVIDUAL SPECIES MOLALITIES

OH- 0.6984€-05 CO03I-—- 0.9952E-04 HCO3- 0,2832E-02 SO04-- 0.34506-02 CL- 0.1808E-01 CAee 0.1074E-03
CAOHe 0.9975E-08 CACO30 0.4595€E-05 CAHCD3 0.1873E-05 CASU4A0 0.2105€E-04 NGeo 0.5424E~-04 NGOHes 0,3396E-07
MGCO30 0.1527€-05 MGHCO3 0.9900E-06 MGSO40 0.9134E-05 NAe 0.2842E-01 NACU3I- 0.3371€E-04 MAHCO3 0.3236E-04
NASD4— 0.2714E-03 NACLO 0,9059€E-05 Ko 0.1492E-03 X504- O0.1981E-05 XCLO 0+4902E~07 BAeo 0.0000E+00
BAOHe 0,0000E¢00 SRee 0.0000€¢00 SROHe 0.0000E+00 L1e 0.1146E-03 LIOHO 0.1010E-08 L1SO4- 0.8985E-006

H45104 0.2018€E-03 HISION 0,1493E-04 H25104 0.3387E-07 ALees O0.1341E-18 ALOHes 0.4474E-15 ALOH2e 0,2659E-11
ALOHA- 0.3722E~06 ALSO4* 0.1356E-18 ALS042 0.1956E-19 FE+ee 0.,0000E¢00 FEQHes 0.0000E¢00 FEOH2+ 0.00COE+00
FEOH30 0.0000€¢00 FEOH4~ 0.0000E¢00 FECLeo® 0.0000E*00 FECL2+ 0.D000E+00 FECL3IO 0.0000£900 FESO4* 0,0000€E+00
FEeo 0.0000E*00 FEOH* 0.0000E+00 FEOH20 0.0000€+00 FEDOOH- 0.0000E*D0 FESD40 0.0000£+00 NHAe 0.0000E+00
NH3AQ 0.0000€+00 NHASO4 0.0000F¢00 ND)- 0.0000€£400 He 0.2694t-08 H2S040 0.1230E-20 HSO4~ 0.5398E-09
HCLO 0.4340t-16 H25AQ 0.,0000€¢00 HS- 0.0000E+00 S-- 0.0000€E+00 BR- 0.0000€¢00 H3B030 0.11156-03
H2B03- 0.367%€-04 HZ2C03* 0,1199€-04 O0240Q 0.0000E¢00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVIVY)

OH %.23 C0O3I-- 4.2 HCDI~ 2.62 S04~ 2.75 CL- l.82 CAee 4.25 CADHe 8.07
CACO30 533 CAHCO) 5.80 CASD40 4.67 HMGee 4.54 HGOHe 7.54 NMGCO30 .81 MHGHCO] 6.08
MGS040 5.04 Nae l.62 NACO3- 4.54 NAHCO) 4.49 NASO4- Jeb&h NACLO Y.04 Ko 3.90
K504~ 9577 KCLO 7.31 BAee -99.99 BADH+ =93.99 SRee -99.99 SROHe -99.99 Llie 4.01
LIOHO 8.99 LISO4- 6.12 HASIDA 3.69 H3ISIO04 4.90 H25104 Tel5 ALeveo 19.42 ALOHee 15.63
AL OH2e 11.65 ALOHA- 6950 ALSOAe 18.94 ALSO42 19.78 Feeeo ~99.99 FEQHes -99.99 FEOH2e -99.99
FEOQHI =99.99 FEOHA- -99.,99 FECL*s -99,99 FECL2+ -99.99 FECLIO -99.99 FESDAs ~93.99 FEee -99.99
FEQHe =99.99 FENDH20 -99.99 FEQOH- =-99.99 FESOAU ~99.99 NH&4e¢ -99.99 NH3AQ -99.99 NH4S504 -99.99
NO3 - =“99.99 He 8.63 H25040 20.91 HS04- 9.34 HCLO 16.36 HZ2SA0 =99.99 HS- -99.99
$—- -99.99 @R~- -99.99 H3IBN30 3.95 H2803- 4.53 H2CO03 4.92 02AQ -99.99

MINERAL SATURATION INDICES

ADULARIA ~-1.22 ALBITE ~1l.46 ANHYDRIT -2.41 ANORTHIT -5.48 ARAGONIT ~0,.,29 BARITE -99.99 BOEHMITE <~l.82
BRUCITE ~3.60 CALCITE -0.03 CA-MUNT —2427 CELESTIT -99.,99 CHALCEDN —0.22 CHLORITE 1.43 DOLOMITE -0.25
GIBBSITE -2.49 GLOVHITE -99.99 GRIEGITE -99.99 GYPSUH -2e39 HALITE -9.03 HALLOYST -5.,28 HEMATITE -99.99
HUNTITE -4.22 HYDTOMAG -3.39 ILLITVE ~1.95 KADLINIT -1.,26 K-HICA —3e34 HACKINAW -9Y9.99 HAGNESIT -0.52
MAGNETIT -99.99 HMIRABILT <-5.07 NESQUEHU -3.56 PHLOGOPT -2.96 PYRITE -99.99 PYKDPHYL =-2.60 GUARTZ 0.25
SIDERITE —=99.99 STRONINT -99.99 TaALC 206 THENARDY -5,80 WITHERIT -99.99

SILICA SATURATION INDICHS

-L0G H&4STu4O 3.69 QUARTZ 0.23 CHALCEDONY -0.16 A-CRISTUBALITE -0.42 AHORPHOUS ~1.49



. /83 LOCATIUN D-08-26-07ACAD

® saup @ nomsir 7@ o ] ® ® o o
rIrLe @

INPUT DATA (MUOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CAYOT 0.3742x-03 HGTOTY 0.6170E~04 NATOY 0.3393E-01 KTOUTVT O,1406€E-03 CLTOV 0.2088Et-01 ALK 0.2100-02
SOATOT 0.5934E-02 ALTOT 0.3715€~-06 +ETOT 0.0000€¢00 SRTOT 0.0000€E¢00 BATOY 0.00006+00 LITOVT 0.21626~03
NO3TOY 0.0000E«00 SI02T0T 0.3162E~03 BTUT 0.1573€E~-03 HRTOT 0.0000E+00 H2STUT 0.0000E+00 NHATOY 0.0000E*00

PH = 8.7 PE = 99,99 TEHP = 35.30DEG C DENSITY = 1,0006M/CC

~LOG¢PCO2Y = 3.72 -LOGIPO2) = 99,99 -LOG(PCHS) = 39,99

IONIC STRENGTH = 0.04009 TOTAL OISS SOLIDS = 2.26GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0,1856E~-02
ION BALANCE ERRUR = O 46PERCENT CATION EXCESS = 0.3176E-O0I(CHARGE®MOLES) H20 ACTIVITY = 0.9989

INDIVIDUAL SPECIES MOLALITIES

OH- 0.1454€E-04 CO3— 0.9016E-04 HCOI-~ 0.16778-02 504-- 0.5368E-02 (L~ 0.2091E-01 CAee 0.2810E-03
CAQH¢  0.5299E-07 CACD3D 0.1140E-0% CAHCD3 0.3290E-05 CASO40 0,7932E~04 MGee 0.4837€-04 HGOHes 0.6375€-07
MGCO30 0.1202E-05 MGHCO3 0.5161E-06 HMGSUAO0 0.1169E-04 Nae 0.3344E-01 NACU3- 0.4530c-04 NAHCO3 0.2182E-04
NASQO4~ 0.4830E~03 NACLO O0,1190E-04 Ko 0.1379€~-03 X304~ 0,2950E-05 KCLO 0.5048E-07 BAee 0.0000€+00
BAOHe 0.0000t¢00 SReo 0.0000€E+00 SROHe* 0.,0000E¢00 Lle 0.2142E~03 LIDHO O0.4455€-08 LISO4~ 0.2454E-05

H4S 104 0.2800€-03 HISIOG 0,3694€E-04 H2SI0& 0.2215€-06 ALeees 0.1136E~19 ALOHee 0.7940E~-16 ALOHZ2¢ 0.8634E-12
ALOHA~ 0,3723E-06 ALSOA* 0.1658E-19 ALSD42 0,3582E-20 FE*e++ 0.0000E%00 FEUHeo O0,0000E0Q0 FEOH2+ 0.0000E+00
FEOH30 0.0000€Ee00 FEOH4A- 0.0000€E+00 FECLe+ 0,0000E+00 FECL2¢ 0.0000€400 FECL30 0,0000:¢00 FESO4* 0,0000E+00
FEeo 0.0000E¢00 FEOHs O0.0000€°00 FEOH20 0.0000E+00 FEUOH~ 0.0000€+00 FESO4O0 0.0000E*00 NHae 0.0000E+00
NH3IAQ 0.0000t£+00 NH4SOA 0,0000€+00 NO3- 0.0000E+00 He 0.2067€-08 H2S040 0.14632E~-20 HSOA- 0.7227E~-09
HCLO 0.6894E~16 HZ2SA0 0.0000€+00 HS- 0.0000€E¢00 S-- 0.0000E+00 B8R~ 0,0000E+00 H3IBO30 0.1053E-03
H2BO3~ 0.9239t-04 H2CO03¢ 0.5026€-05 0240 0.0000€+00

INDIVIDUAL SPECIES ACTVIVIVIESUI-LOG ACTIVITY)

OH 4.92 C03-- 4.3% HCO3- 2.85 306-- 2.58 CL~ 1e76 CAsee 3.86 CAOHe 7.35
CACO30 4.94 CancCco3 5.56 CASO40 4.10 MGee 4«61 MGOHe 7.27 MNGCD30 592 MGHCO3 6037
nGS 040 .93 Nao 1.595 NACO)-~- 4.42 NAHCO3 4.66 NASO4- 3439 NACLO h.92 Ko 3.94
XS04~ S.01 KCLO 7.29 PBAse -99.99 BAOHe -99.99 SReo =99.99 SROHe -99.99 Lie 3.74
L I0HO 8.35% LISOA- 5.69 HAS 104 3.55 H3ISI04 4.51 H25104 6.96 ALt 2053 ALOHee 16.41
ALOHZ2 12.14 ALDHA- 6.51 ALSU4e 19.86 ALSD42 20.53 FEese -99.99 FEOHe+r ~99.99 FEQH2¢ -99.99
FEOH] =97.99 FENHA- <99.,99 FECL+s -99.99 FECL2¢ -99.99 FECL3IO0 -99.99 FESO4+ -99.99 FEee -99.99
FEQH =99.99 FLOHZ0 =99.99 FEQDH- -99.99 FESO40 =-99.99 NH4e -99.99 NH3AQ -79.99 NH4SD4 -99.99
NOJ3- ~99.99 He 8,75 H25040 20.84 HSO4- 9.22 HCLO 16.16 H2SAQ ~99.99 HS-~ -99.99
§-- ~-99.99 BR~- -99.99 H3IBO30 397 H2303- 4.38 H2CO03 5«29 02a0Q -99.99

MEINERAL SATURATION INDICES

ADULARIA -1.28 ALBITE -1.34 ANHYDRIT -~1.80 ANORTHIT -5.07 ARAGONILT 0.08 BARITE ~99.99 BOEHMITE -2.18
BRUCITE =3.07 CALCITE 0.34 CA-HONT 2477 CELESTIT -99.99 CHALCEDN -0.14 CHLORITE 3.17 DOLOMITE 0.05
GIBBSITE -2.88 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM -1.82 HALITE -4.92 HALLUYST -5.89 HENATITE -99.99
HUNTITE -3.96 HYDTOMAG -2.91 ILLITE -2.44 KAULINIT -1.91 K-HICA -4.18 MACKINAW -99.,99 HMHAGNESIT -0.597
MAGNETIT -99.99 HIRABILT -5.05 NESQUEHU -3.64 PHLOGOPT -0.93 PYRITE -99.99 PYROPHYL —2.28 0QUARTZ 0.30
SIDERITE -99.99 STRUNTINT -99.99 TaLC 3.63 THENARDT =5.50 WITHERIT -99.99

SILICA SATURATION INDICES

-L0G Ha4S1U40 3.5% QuUARTZ 0.28 CHALCEDUNY -0.09 A-CRISTOBALITE -0.35 AMORPHOUS -l.41
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INPUT OATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATUT 0.6936t~03 MGTOYV 0.4110E~-04 NATOT 0.2610€-01 KTOV 0.1330E-03 CLYTOV O0.1718&-01 ALK 0.8000£-03
S04T0T O0.84476:-02 ALTOY 0.7430E-06 FETOT 0.00006400 SKRVYUT 0.0000E¢00 BATUT O0.,0000€¢00 LITOY 0.2162-0)3
NO3TOT 0.0000c+00 S10270T 0.2995€-03 HTOV 0.7250E-04 BRTOT 0.,0000E«00 H2STOT 0.0000E*00 NH&TOTY 0.0000€¢00

PH = B8.47 PE = 99.99 TEMP = 37,80DEG C DENSITY = 1,0006M/CC

-LOGIPCO2) = 3.81 -LOG(PO2) = 99.99 ~LOG(PCH4) = 99.99

IONIC STRENGTH = 0.03148 TOTAL DISS SOLIDS = 1.,74GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.7191E-03
10N BALANCE ERROR = 1.B4PERCECNT CATION EXCESS = 0.9901E-03(CHARGE®MOLES) H20 ACTIVITY = 0.9992

INDIVIOUAL SPECIES MOLALITIES

OH- 0.89376-05 CO03-- 0.1883E-04 HCOI- 0,6717E-03 SD4-— 0.4036E-02 CL- 0.1720E~00 CAs» 0.5515€E~-03
CAOH¢ 0.6900E-07 CACO30 0.5672€-05 CAHCO3 0.2958E-095 CASU40 0.1346E-03 nGes 0.3377E-04 HGOHee 0,2985E-07
RGCO30 0.2041E-06 HGHCO3I 0.1547E-06 MGSOA0 0.70L0E-05 NA+ 0.2582E~-01 NACO3~- 0,87076-05 MNAHCO3 0.6964E-05
NASO4- 0.3025E~03 NACLO O0.7821E-05 Ko 0.1309€6-03 KS06- 0.2336E-05 KCLO 0.4087E-07 OBAe 0.0000E+00
BAGHe 0.00G0E¢00 SReoe 0.0000E*00 SROHes 0,0000E+00 L1+ 0.2146E-03 LIOHO 0.3020E-08 LISO4~ 0.1962E-05

HaS 104 0.2789€-03 H3ISIOAN 0.2116E~-04 H2SI04 0.8217E-07 ALe¢e O0.1550E-18 ALOHe*e 0.7217E-15 ALOH2¢ 0.4994E-11.
ALOHA- 0.7443t-06 ALSD4e 0.2018E~18 ALSUA2 0,3518€E-19 FEees 0,0000E¢00 FEOHes 0.00006¢00 FEOH2¢ 0.0000E+00
FEOH3I0 0.0000E*00 FEOH4- 0.0000E¢00 FECL+e 0.0000E¢00 FECL2¢ 0.0000E+00 FECLIO 0.0000E400 FESO4* 0.0000E¢00
FEee 0.0000E000 FEQOH* 0.0000£+00 FEOH20 0.0000E*00 F+EODH- 0.0000Ee00 FESOS40 0.0000E+00 NHAe 0.0000E+00
NH3IAQ 0.0000€¢00 NHASO4 0.0000€¢00 NO3~- 0.0000E+00 He 0.3896E~08 H25040 0,.4749E-20 HSD4- 0.1164E-08
HCLO 0.1406E-15 H2SAQ 0,0000€¢00 HS- 0.0000£+00 S-- 0.0000E+0Q00 BR~- 0.0000E+00 H3IBO3O0 0.7324E-04
H2803~ 0.19426-04 H2C03% 0,.3840€E-05 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVIVTY)

DH 5.13 C0O3-- 5.01 HCO3- 3e24 S504-- 2.68 CL- 1.84 CAee 3.54 CAOHe 7.23
CACO30 5.2 CAHCO) 5.60 CASO40 3.87 MHGeo 4.75 HGOHe 7.59 HGCO30 6.69 HMGHCO3 6. 89
MGS 040 5«15 NAe le66 NACDI- 513 NAHCO3 5«15 NASOG~ 3.59 NACLO 5.10 Ko 3.96
KSO4- %.70 KCLO 739 BAee -99.99 BAOHe -99.99 SRee -99.99 SR(OHe -99.99 Lle 374
L 10HO 8.%2 LIiSOa- S5.78 H4ASI04 3.55 HISING 4.75 H25104 71.37 AlLeee 19,36 ALOHee 15.42
ALOHZ» 1137 ALOHA- 6.20 ALSOAe 18.77 ALSO&2 19.53 FEeee -99.99 FEOHes -99.99 FEOHZ2s -99.99
FEOHI ~99.,99 FtOH4~ -99,99 FECL+s -99.99 FECLZ¢ -99.99 FECLIO -99.99 FESUSA+ -99.99 FE*e ~99.99
FEOHe =99.99 FEOH20 -99.99 FEOOH- -99.99 FESO40 -99.99 NH4e -99.99 NH3IAQ -99.99 NHASD4 -99.99
NO3- =99.99 He 8.47 H25040 20,32 HSUs&- 9.01 HCLO 15.85 H2SAQ -99.,99 HS~ -99.99
S-- -99.99 3R-- -99.99 138030 b4a13 HZBU3- 4.80 H2CO3 5.41 02A0 -99.99

MINERAL SATURATION INDICES

ADULARIA -1.17 ALBITE =130 ANHYDRIT ~-1.96 ANORTHIT -4.24 ARAGONIT -0.24 BARITE -99.99 BOEHMITE -l1.68
8RUCITE ~3.61 CALCITE 0.03 CA-MONT ~1.78 CELESTIT -99.99 CHALCEDN -0.17 CHLORITE 1.17 DOLONITE -1.03
GIBBSIVE -2.40 GEOVHITE -99.99 GRIEGITL -99.99 GYPSUM -l.60 HALITE ~5.11 HALLUYST -—4.97 HEMATITE -99.99
HUNTITE ~6.52 HYDIOMAG -5.66 ILLITE ~1.76 KAOLINIT -1.02 K-HICA -=3.11 MACKINAW -99.99 MAGNESIT -1.33
MAGNETIT -99.99 HIKABILT =5.47 NESQUEHD -4.40 PHLUGOPT -2.27 PYRITE -99.99 PYKOPHYL -l.11 QUARTZ .27
SIDERITE -99.99 STHRONTNT -99.99 TalLC Le74 THENARDT  -5.81 WITHERIT -99.99

SILICA SATURATION INDICES

~LOG HaS1UA0 3.95 QUARTZ 0e2% CHALCEDONY ~0.12 A-CRISTOBALITE -0e37 AMURPHOUS -1.43
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INPUT DATA (MOLES PER LITER NF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.1247t-03 nHGYIOY 0.7400€E-05 NATOT 0.,1927€-01 KVOT 0,8690E-04 CLVOT 0.1128E~01 ALK 0.4900e-03
SO4TOT 0.3227€-02 ALTOY 0.3715€-05% FETOT 0.0000€¢00 SRTOV 0.0000E+00 3ATOT 0.0000E+00 LITOV O.l481E-03
NO3T0OY 0.0000E¢00 SI02T0T 0.3328E-03 BIOY 0.7400E-04 BRTOT 0,0000E«00 H2STOT 0.0000:¢00 NHATOT 0.0000E¢00

PH = 8.92 Pt =» 99.99 TEMP = 33.700¢6 C DENSITY = 1.000GM/CC

-LOGIPCOZ2) = 4.b1 -LOG(POZ) = 99.99 -LOG(PCHA) = 99,99

IONIC STRENGTH = 0.0219) TOTAL DISS SOLIDS = 1.21GM/LITER SOLN YOTAL INORG CARBUN MOLALLTY = 0,.3484E-03
ION BALANCE ERROR = & 13PERCENT CATION EXCESS = 0.1951E~02(CHARGE®*MOLES) H20 ACTIVITY = 0.9994

INDIVIDUAL SPECIES MOLALITIES

OH-~ 0.1839€~-04 CO3— 0.2107€-04 HCO3I- 0.3150E-03 SO4-— 0.3026E~-02 CL- 0.11296-01 CAee 0.1016E-03
CAOHe 0.2800E-07 CACO30 0.1285E-05 CAHCO3 0,2466E-06 CASD40 0.2164E~04 NHGee 0.6210E-0% HNMGOHees 0,1177€-07
HGCO030 0.4875E~07 MNGHCO3 0.1405E-07 MGSO40 0.1125E-05 NAe 0.1910€E-01 NACO3- 0.6751E-05 NAHCOI 0.2534E-05
NASO%~ 0.1800€E~03 NACLO 0.3999E-05 K¢ 0.8580E-04 KSO4- O0.1183E-05 KCLO 0.1857E-07 BA+e 0.0000E¢00
8AOHe 0,0000E+00 SRee 0.0000E+00 SROHe 0,0000E+00 Ll 0.1432E-03 LIOHO 0.3926E-08 LI1SO04- 0,1075E-0%

H4S5 104 0.2840€E~-03 H3ISI0A 0.4724E-04 H2S5104 0.3329E~06 AL+*es 0.2796E~19 ALOH*e 0.2807c~-15 ALOHZ2¢ 0,4579E-11
ALOH&- 0,3720€~05 ALSO4+ 0.3241€-19 ALSD42 0.4573E-20 FEsee 0.0000E+00 FEOH+e 0.0000E000 FEOH2+ 0,0000E+00
FEOHIO 0.0000£+00 FEOHA- O0.0000E+00 FECLee+ 0.0000€+00 FECL2¢ O0.,0000E+00 FECL3O 0.00006E*00 FESO4* 0,0000E*00
FEso 0.0000€E+00 FEOH* O0.0000€+00 FEOHZ20 0.0000E+00 FEDOH- 0.0000E+00 FESO40 0.0000£¢00 NH4e 0.0000E+00
NH3AQ 0.0000L+00 NHASOS O0.0000E«00 NOI- 0.0000E+00 He 0.1359&-08 H2S5040 0.3971E-21 HSO04- 0.2949E-09
HCLO 0.2252E-16 H25AQ 0.0000E+00 HS- 0.0000E¢00 S~- 0.0000E+00 BR- 0.0000c+00 H3IBO3O 0.4438E-04
H2B803- 0.2971E~-04 H2CO03¢ 0.6728E-06 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIES(-LODG ACTIVITY)

OH 4.80 CO3~~- 4.90 HCO3- 3«56 S04-- 2.77 CL- 2.01 CaAse 4.24 CADHe 7.61
CACO30 5.89 CAHCO3 6.67 CASO40 4,66 HGee S«44 HMGOHe 7.99 MGCOIO 7«31 MHGHCO] 1.92
HGS040 5«95 NaAe 1.78 NACO3}- 5.23 NAHCO3 5.59 NASO4&-~- 3.81 NACLO 2.40 Ke 4.13
K504~ %99 KCLO 7.73 Base -99.,99 BADHe -99.99 SRsee -99.99 SROHe -99.99 Lle 3.90
L10HO 83.40 LiISOs- 6.03 HASI0S 3.5% H3ISI104 %.37 H2S5104 6,72 ALt 20403 ALOHee 15.79
ALOH2e 11.40 ALOH&- 549 ALSO4e 19.9% ALSO42 20.40 FLooo =99.99 FEOH++ -99.99 FEOH2* -99.99
FEDHI -99.99 FEDH4~ -99,.,99 FECLee -99,99 FECL2e -Y9.99 FECL3IO =-99.99 FESN4s -99.99 FEee -99.99
FEOHe ~99.99 FtUH20 =-99.99 FEODOH- =99.99 FESDO40 -99.99 NH4e ~99.99 NH3AQ -99.99 NHASOA -99.99
NO3- =99.99 He 8.92 H25040 21.40 HSO4&- 9.59 HCLO 16.65 H25A0Q “99.99 HS- -99.99
S=—- ~99.99 BR-~ -99,99 H3IK030 4.35%5 HZ2BO3- 4.60 H2CO03 6.17 (02AQ -99.99

MINERAL SATURATION INDICES

ADULARIA -0.33 ALBITE =0+ %4 ANMYDRITVT -2.38 ANDRTHIT -3.34 ARAGONIT -0.86 BARITE ~99.99 BOEHNMITE -1.27
BRUCITE ~3e65 CALCITE -0.60 CA-HONT -0.58 CELESTIT -99.99 CHALCEDN -0.12 CHLURITE 2.23 DOLUNITE =-2.29
GIBBSITE -1.97 GFOTHITE -99.9Y9 GRIEGITL -99.99 GYPSUM -2.39 HALLTE ~5.39 HALLUYST -4.,02 HEHATITE -99.99
HUNTI TE -9.14 HYDTOMAG -7.74 ILLITE -0.41 KAOLINIT -0.02 K-MICA ~Lle40 HACKINAW —99.,99 HMAGNESIT -1.98
HMAGNETIT -99.99 HMIRABILT -S5.h1 NESOUEHO -5.04 PHLOGOPT -1.86 PYRITE -99.,99 PYKOPHYL -0.57 QUAKTZ 0.33
SIDERITE ~99.99 STRUNTINT -99.99 TALC 204 THENARDT -6.414 MITHERIT -99.99

SILICA SATURATION INDICES

-LO0G H&SIUsO 3.54 QUARTZ 0.31 CHALCEDONY -0.07 A-CRISTOBALITE -0.32 AMORPHUUS ~1.39
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TITLE O =) LOCATION D-0R-26-07888C

INPUY OATA (MOLES PER LITER OF SOLUTION 2 EQUIVALENTS PER LITER FOR ALKALINITY)
CATOY 0.3742e-03 HGTOT 0.1280£-04 NATOV 0,1892t-01 KTOT 0.9970E~04 CLTOT 0.1213:-01 ALK 0.7400£~-03
SOATOT 0.3227€-02 ALTOTY 0.37156-06 FETOT 0.0000£¢00 SRTOT 0.0000E¢00 BATOT 0,0000e+00 LIVTOT O0.1873E-03
NO3TOT 0.00G0€+00 SI102TOT 0.2662E-03 BTOT O0.7400E-04 BRTOV 0.0000E«00 H2STOT 0.0000E¢00 NHATOY 0.0000E+00

PH = B8.50 PE = 99,99 TEMP = 33,80DEG C DENSITY = 1.,000GM/CC

-LOGC(PCO2) = 3.88 -L0GIPO2) = 99.99 -LOG(PCHA) = 99.99

JIONIC STREMGYH = 0,02267 TOTAL DISS SOLIDS = 1.26GH/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.6791E-03
10N BALANCE EQRUR = 1.71PERCENT CATION EXCESS = 0.6609E-0I(CHARGE®MOLES) H20 ACTIVITY = 0.9994

INDIVIDUAL SPECIES MOLALITIES

OH- 0.7007e-05 CO3-- 0.1708E-08 HCO3- O0.6436E-03 S04-- 0,2990€-02 CL- 0.1214E-01 CAeo 0.3066E~-03
CAOHe 0.3193E-07 CACO30 0.2982€-05 CAHCO3 0.1509E-05 CASO40 0.6352E-04 NGes 0.10796-04 NGOHee 0,7736E-03
MGCO030 0,6521E—-07 MGHCO3 0.4954E-07 MHGSU40 0.1902E-05 NAe 0. 1876E-01 NACO3~ 0.51406-05 NAHCOI 0.5065E-05
NASO&— 0.1733E-03 NACLO 0.%204E-05 Ko 0.9847E-04 K504~ 0,.1331E-~05 KCLO 0.2281E-07 BAes 0.0000E+00
BAOHe 0.0000E200 SReo 0.0000E¢00 SROHe 0.0000E*00 LlIe 0.1862E-03 LIOHO O0.19376-08 LISOA- 0.11371E-05

HAS 104 0,2500E-03 H3ISIOS 0.1652€E~04 H2SI04 0.4269E-07 ALee¢e O0,1393E-18 ALOHee 0,.5136E-15 ALOH2¢ 0.3168E-11
ALOHA—~ 03720E-06 ALSO4+ 0.1921E-18 ALSO42Z 0,2104E~29 FEeee O0,0000E*00 FEODH+» 0,0000E+00 FEDH2+ 0.0000E+00
FEOH30 0.0000c+00 FEOHA- 0,0000€¢00 FECLe¢e 0,0000E+00 FECL2¢ 0,0000E+00 FECLIO 0.0000E*00 FESO&* 0,0000E+00
FEee 0.0000E+00 FEOM® 0.0000E*00 FEOH20 0.0000E+00 FEODH- 0.0000E¢00 FESO40 0.,0000E000 NHAe 0.0000E+00
NH3IAQ 0.0000€E+00 NH4SO04 0.0000E¢00 NO3-  0.0000E+00 He 0.3580€-08 H25040 0.2693E-20 H504~- 0.7621E-09
HCLO 0.6354€—16 H2SA0 0.0000E+00 HS~- 0.0000E+00 S—— 0. 00C0E+00 BR~- 0.0000€¢+00 H3B030 0.5902E-04
H2B03- 0.1507E-04 H2CO03* 0.3608€E~05 02AQ 0.0000£+00

INDIVIOUAL SPECIES ACTIVITIES(-LOG ACTIVITY)

OH %.22 CO3I~— 5.01 HCO3- 325 SO4— 2.78 CL- 198 CAee 3.76 CAOHe 7.56
CACO30 9.52 CAHCO] 5.88 CASOs&0 419 HMGee 5.21 MGOH+ 8.17 NGCO3D 7.18 HGHCO3 .37
HGS 040 9572 NAe 173 NACO3~ 535 NAHCO] 5429 NASO4- 3J.82 NACLO 9.37 Ko 4.07
K304~ 5«94 KCLO T.6% BAss -99.99 BADHe =-99,99 SRee «=99.99 SROHe¢ -99.99 Lle 3.79
L10HO 8.71 LISOA- 593 HASIOA 3.60 HISIO4 .85 H25104 1.62 ALsee 19.35 ALUHee 15.54
ALOH2¢ 11.56 ALUH4- 6.49 ALSOAe 18.688 ALSO42 19.74 FEeeo ~99.99 FEDHe+ -99.99 FEOH2¢ =-99.99
FEOH] ~-99.99 FEOH4- -99.99 FECLee -99.,99 FECL2s -99.99 FECL3IO -99.99 FESOses -99.99 FEee -99.99
FEOHe -99.99 FEDH20 =99.,99 FEOOH- -99.99 FESU4A0 ~-99,.99 NHae -99.99 NH3AQ -99.99 NH4S04 -99.99
NO3 - =99.99 He 8.50 25040 2057 HSU4- 9.18 HCLO 16.19 H2S5AQ -99.,99 HS- -99.99
S—- -99.99 BR-- -99,99 H3IB030 4.23 2803~ 4.90 H2CU0U3 S.44 02AQ -99.99

MINERAL SATURATION INDICES

ADULARIA -1.43 ALBITE =162 ANHYDRIT ~1.,91 ANORTHIT —4.98 ARAGONIT -0.50 HBARITE -99.99 BOEHHITE ~-1.85
BRUCIFE ~4.26 CALCITE -0,23 CA-MUNT -2.19 CELESTIT -99.,99 CHALCEDN —-0.17 CHLORITE -2.12 ODOLOMITE -1.80
GIBBSITE -2.5% GEUTHITE -99.99 GRIEGITE -99.99 GYPSUH -1.92 HALITE ~9437 HALLUYST -5.29 HEMATIIE -99.99
HUNTITE -8¢39 HYDTOMAG ~7.96 ILLITE -2.30 KAOLINIT -1.30 K-NICA -3.67 HACKINAWH -99,99 HAGNESIF -1.85
MAGNETIT -99.99 MIRABILT -5.64 NESQUEHU -4,92 PHLOGOPT -4.78  PYRITE -99,99 PYKUPHYL -1.95 QUAKRTZ 0.28
SIDERITVE -99.99 STRUNINT -99.99 TaALC 0,01 THENARDT -6.16 NWITHERIV -99.99

SILICA SATURATION INDICES

=LOG H4STUNO 3J.60 OQUARTZ 0.2% CHALCFDONY -0.12 A-CRISTOBALITE -0.38 AMORPHOUS - le44



PU® NUMBER 11 @ o o o ) ] o

LOCATION D-08-26-12AAAA

INPUT DATA {MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.bL986E-03 MGTUT 0,2260E-04 NATOTY 0.2632E-01 KTOT O.1304E~03 CLTOT 0.1905E-01 ALK 0.7000e-03
SO4TOT 0.4268E-02 ALTOY 0.3715€-06 FETOT 0.0000E+00 SRTOY 0.0000E+00 BATOT 0.0000£+00 LITOT 0.2162e-03
NO3TOT 0.0000E+00 SI027T0T 0,2662E-03 BTUT 0.8788E-04 BRTOT 0.0000€¢00 H2STOT 0.0000E+00 NHATDT 0.0000E¢00

PH = 8.33 PE = 99.99 TEMP = 36.00DEG C DENSITY = 1,000GM/CC

-LOGIPCO2) = 3.72 -LOGIPD2) = 99.99 -LUG(PCHS&) = 99,99

JONIC STREMGTIH = 0.03160 TOTAL DISS SOLIDS = 1.75GM/LITER SOLN TOTAL INORG CARBON MOLALETY = 0,6511E-03
TON BALANCE ERRUR = L.S51PERCENT CATION EXCESS = 0.8185€E-03(CHARGE®*MOLES) H20 ACTIVITY = 0.9991

INDIVIDUAL SPECIES MOLALITIES

OH- 0.5708€E~-05 CO3-- 0.1217E-04 HCO3- 0.6160E-03 SO04-- 0.3850£~02 CL- 0.1808E-01 CAese 0.5638E-03
CAOHe 0.4460E-07 CACO30 0.3555E-05 CAHCOI 0.2628E-05 CASO80 0,1298E~03 MGee 0.1879E-04 HGOHee 0,1040€-07
MGCO30 0.,7158E-07 MGHCO3 0.7803E-07 MGSO40 0,3686E-05 NaAe 0.2606E-01 NACO3~ 0,.52286-05 NAHCO) 0.6449E-05
NASO4- 0,2886E-03 NACLO 0,8299E-05 Ko 0.1285E~03 KSDA- 0,2128E-05 KCLO 0.4219c-07 BAee 0.0000E¢00
BAOHes 0,0000c¢00 SRee 0.0000€¢00 SROH+ 0.0000E¢00 LI+ 0.2147E~-03 LIOHO O0.,1845%-08 LISO4- 0.18756-05

H4SI04 0.2538E-03 HISIO04 0.1289E-04 H2S104 0,3024E-07 Aleee 0,4253E-18 ALOHee 0.1243E-14 ALOH2¢ 0.5604E-11
ALOHA- 0.3721E-06 ALSO4¢ 0.5185E~18 ALSDAZ2 0,8573E-1L9 FEses O0.0000E+00 FEOHees 0,0000€E+00 FEOH2¢ 0.0000E+00
FEOHIO 0.0000E+00 FEOHA- 0,0000€¢400 FECLe+ 0.0000€+00 FECL2¢ 0.0000€+400 FECL3IO 0.0000E+00 FESOs* 0.0000E+00
FEeo 0,0000E¢00 FEOH* O0.0000E*00 FEOH20 0.0000E¢00 FEDOH- 0.,0000E+00 FESOA0 0.0000E+00 NHae 0.0000E+00
NH3AQ 0.0000E+00 NH4SO4 0.0000E+00 NO3- 0.0000E+00 He 0.5377e-08 H2S040 0.7864E~20 HS04- O0.1457E-08
HCLO 0.17126~15 H2SAQ0 0.0000E+00 HS~- 0.0000E+00 S-- 0.0000E+00 B8R~ 0.0000€+00 H3IBO3IO 0.7422E~04
H2803- 0.1382E-04 H2C03¢ 0.4715E-05 0240 0.0000£+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVIVY)

0oH 5.32 C0Y¥=- 5.20 HCO3- 3.28 S04-- 2.70 CL- 1.62 CAee 3.53 CAOHe T.42
CACOY0 545 CAHCO3 5.65 CAS0AO0 388 HGeo 5.00 MGOHe 8.05 #GCO30 7.14 HGHCO3 7.18
HG5040 543 NAe l.66 NACO3- 5435 NAHCO3 519 NASO4- 3.61 NACLO 5.08 Ko 3,97
KS04~- 5.7¢ KCLO Te37 BAse =99.99 BADH+ =99.,99 S5Ree ~99.99 SRUHe -39.99 Ll .74
L10HO 8.73 LISOA- 5.80 HaSIOs 3.59 H3ISI04 4.96 H25{04 7.80 AlLeee 18.92 ALUHee 15.19
ALOH2e 11.32 ALOHA- 6.50 ALSDAe 18.36 ALSDA2 19.14 FEore -99.99 FEOHes -99.99 FEOH2+ -99.99
FEOH3 ~99.99 FEOHA- -99,99 FECLees -99,99 FECL2e -99.99 FECLIO -99.99 FESO4* —-99.99 FEse -99.99
FEOHe =99.99 FEOH20 -99.99 FEOOH- ~99.99 FESO40 -99.99 NH4e -99.,99 NH3AQ -99.99 NH4&S04 -99.99
NO3- =99.99 He 8.33 H25040 20.10 HS0A- 8.91 HCLO 15.76 H25AQ -99.99 HS- -99.99
$-- -99.99 BR-~ -99.99 H3IB030 4.13 H2803- 4.95 H2CO3 5.31 02AQ -99.99

MINERAL SATURATION INDICES

ADULARIA -1.48 ALBITE —le61l ANHYDRIT -1.59 ANORTHIT -4.84 ARAGONIT -0.43 BARITE -99.99 BOEHMITE -1.78
BRUCITE ~4.2% CALCITE =0.17 CA-MONTY ~2.11 CELESTIT -99.99 CHALCEDN ~-0.19 CHLORITE ~2.16 OOLOMITE -l.68
GIBBSITE -2.48 GEOVHITE -99.99 GRIEGITE -99.99 GYPSUM -1e61 HALITE =908 HALLUOYST -=5.19 HEMATITE -99.99
HUNTITE -8.13 HYDTOMAG ~-7.74 1ILLITE =227 KAQLINIT -1.22 K-HICA =3.59 HACKINAW -99.,99 HAGNESIT -1.79
HAGNETIT -99.79 MIRABILT -5.40 NESQUEHD ~-4,87 PHLOGOPT -4.63 PYRITE ~99.,99 PYRUPHYL =-1.60 QUARTZ 0.2%
SIDERITE -99.99 STRONINT -99.99 TALC -0.17 THENARDT =5.82 WITHERIT -99.99

SILICA SATURATION INDICES

-L0G HaSI1040 3.99 QUARTZ 0.23 CHALCEDONY -0.14 A-CRISTOBALITE -0.40 AMORPHOUS -1.46
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® SaMPLEPNUMRER 12 @ o @ o ® [ ®

7

TiTLe ol LOCATION D-0R=25-12AAAA

INPUT DATA (MOLES PER LITER 0OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATUOT 0.1622€-02 NGTOT 0.3950€-04 NATOT 0.3698E-01 KVOT 0.1892t-03 CLTOT 0.2765€6-01 ALK 0.55006-03
SCATOT 0.5621E-02 ALTOY 0.3715£-06 FETOT 0.0000E+00 SRTOT 0.0000£E¢00 BATOT 0.0000E+00 LITOT 0.2882c-03
NO3TOT 0.0000E¢00 SE02T0T 0.3162€-03 BTOT 0.1018E-03 BRTOT 0.0000E«00 H2STOT 0.0000E+00 NH4TOT 0.0000£+00

PH = 8.1% PE = 99,99 TENP = 38,5006 C DENSITY = 1.000GM/CC

-LOG(PCN2) = 3.65 -LO0GIPO2) = 99,99 ~LOG(PCHA) = 99.99

JONIC STRENGTH = 0.0452) TOTAL DISS SOLIDS = 2.50GH/LITER SOLN TOTAL INORG CARBON MOLALITY = 0,.5113E-03
JON BALANCFE ERRUR = 1.72PERCENY CATION EXCESS = 0.1341E-02(CHARGE®MOLES) H20 ACTIVITY = 0.9988

INDIVIDUAL SPECIES MOLALITIES

OH- 0.4618E-05 CO03— 0.6966E~05 HCO3I- 0,4789€E-03 SO4-— 0.48406-02 CL- 0.2770E-01 CAee 0.1 302€-02
CAOH® O0.7655E—07 CACO30 0.4185€-05 CAHCOI 0.4629E-05 CASO40 0.3153E-03 nNGee 0.32676-04 NGOHees 0.1369E-07
MGCO30 0.6136E-07 NGHCO3 0.9866E~07 MNGSO040 0.,67959E-05 NaAe 0¢3657E-01 NACO3- 0.4283k-05 NAHCO3 0.6680£-05
NASO4- 0.9668E-03 NACLO O.1687E-04 Ko 0.1860€E~-03 KSD4- 0.3630E-05 KCLO 0.8813E~-07 BAee 0.0000E+00
BAOHe 0.0000E¢00 SRes 0.0000E*00 SROMe 0.0000€E+00 Lo 0.2861€-03 LIOHO 0.2006E-08 LISO4- 0,2847E-05

H4S 04 0.3052E-03 H3ISIODA 0.1178€-04 H25104 0.2508E-07 ALese 0,1435E-17 ALOHes 0.3181E~14 ALOHZ* 0.1023E-10
ALOHA~ 0.,3724E-06 ALSO4+ 0.179BE-L7 ALSO42 0,3414E-18 FEeee* O0.0000E*00 FEOHe+ 0.0000E+0U0 FEOH2¢ 0.0000E*0Q0
FEOHIO 0.0000E¢00 FEOHA- 0.0000€+00 FECLe+ 0.0000E¢00 FECL2¢ 0,0000E000 FECLIO 0.0000E+00 FESOA* 0.0000E+00
FEee 0.0000E¢00 FEOMe O0.0000E*00 FEOH20 0.0000E+00 FEOOH~ 0,0000E+00 FESDA0 0.0000E¢00 NHA® 0.0000E¢00
NH3AQ 0.0000E+°00 NH4S04 0.0000E*00 NO3- 0.0000E+00 He 0.8282E~-08 H25040 0.2327E~19 HS04- 0,2767€E-03
HCLO 0.49008€-15 H25AQ O0,0000E¢00 HS~- 0.0000€+00 S-- 0.0000E+00 B8R~ 0.0000£+00 H3IBO30 0.8995E~04
H2803- 0.,1210E-04 H2C03* 0.5547E-05 0240 0.0000£+00

INDIVIDUAL SPECIES ACTEIVITIES({-LOG ACTVIVITY)

(1] ] 5.42 COdY~- 5.48 HCO3- 3.40 504-- 2.65 CL- 1.65 CAes 3.21 CAOHe 7.19
CACO30 5.37 CAHCO3 5.41L CASD4O 3.50 HGee 4.80 HMGOHe 7.94 NGCO30 721 HGHCO3 7.09
HGS040 5.17 NAe 1.52 NACO3- 5.45 NAHCO3 5.17 NASO&- 3.41 NACLO .77 Ko 3.82
KSO4- %.5%2 KCLO 7.05 BAsse -99.99 BAOHe ~99.99 SRee ~99.99 SKUHe -99.99 Lle 3.62
L 10HO 8.69 LISO0A- 5.63 HASI04 3.51 H3ISI04 5.02 H25104 Tea92 AlLsee 18.46 ALOHeo 14.82
ALOHZ2e 11.07 ALOHA- 6e51 ALSOSe 17.83 ALSO42 18.55 FEees ~99.99 FEOHes -99.99 FEOH2e -99.99
FEOQH] ~99.99 FEOH4- -99.99 FECLe¢+ -99.99 FECLZ2e =~-99,.99 FECLIO -99.99 FESQ4* -99.99 FEee ~-99.99
FEOHe -99.99 FEUH20 =99.99 FEOUH- <99.99 FESO40 <=99.99 NH4o =-99.99 NH3AQ -99.99 NH4SO4 -99.99
NO3- “99.99 e 8.15 H25040 19.63 HS04- 8.64 HCLO 15.30 H2s5AQ ~99.99 HS- -99.99
S~ -99.99 BR~-- -99.99 H38030 4.04 H2803- 5.03 H2CO3 5.25 02AQ -99.99

MINERAL SATURATION INDICES

ADULARIA -—1.27 ALBITE =138 ANHYDRIT ~-1.19 ANORTHIT -4.48 ARAGONIT -0.38 BARITE -99.99 BOEHHMITE -1.70
BRUCITE -4.26 CALCITE =011 CA-HONTY -1.75 CELESTIT -99,99 CHALCEDN -~0.13 CHLORITE -2.07 DOLOMITE -1.68
GIBBSITE -2.42 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM -1«23 HALITE ~4.,78 HALLUYST —4.94 HEMATITE -99.99
HUNTITE -8.19 HYDTOMAG -7.8%5 ILLITE -1.96 KAULINIT -1,00 K-HICA ~3e29 HACKINAW -99.99 HMHAGNESIT -—l.84
MAGNETIT -99.99 HMIRABILT <~5.,1B NESQUEHD -4,92 PHLOGOPT -4,27 PYRITE -99,99 PYRDPHYL -—0.93 QUARTZ 0.30
SIVDERITE -99.99 STRONINT -99,99 TaL( =0.12 THENARDT ~5.49 HITHERIT -99,.99

SILICA SATURATION INDICES

=-LUG HAaS]IU4%0 3.51 QUARTZ 0.28 CHALCEDONY -0.09 A-CRISTOBALITE -0.34 AMORPHUUS -l.40



SAMPE) NUHHIR

=

N-08-26-06CCBA

13@

LOCATINN

TITLE - 4813

INPUT DATA {MOLES PER LITER OF SOLUTIDN @
CATOT 0.6490e-064 NGTOT 0.2260E-04
SO4TUT 0.3956c-02 ALTOT 0.0000E+00
NO3TOT 0.U000E+00 SID2TDY 0.2662€~03

NATOT 0.2697€-01
FETOT 0.0000£¢00
BT07 0.2128E-03

PH = 8.83 PE = 99.99 TENP = 30,.40066 C DENSITY =
-LOGIPCO2) = 3.46 -LOG(PO2) = 99.99 ~LOG(PCHA4)
IONIC STRENGTH = 0.03083 TOTAL OISS SOLIDS =
ION BALANCE ERRUR = O0.29PERCENT

INDIVIDUAL SPECIES MOLALIVIES

= 99,
1.83GM/LITER SOLN
CAVION EXCESS = 041551E—-03(CHARGE®NOLES)

EQUIVALENTS PER LITER FOR

KTOT 0.9970€-04
SRTUY 0.0000E+00
8RTOT 0,.0000E+00

1.0006H/CC
99

® o ® ,
ALKALINITY)
CLTOT 0.1467t-01 ALK 0.4610~-02
dATOT 0.0000€+00 LITOY 0,1009c-03

H25TOT 0.0000E+00

H20

OH~ 0.1205¢-04 CO3~— 0.2181€-03 HCO3- 0.3863E-02 SO4-- 0.3671E-02 CL- 0.1469€-01
CAOHe 0.7925€E-08 CACO30 0.4798E~-05 CAHCO)3 0.1211E-05 CASO40 0.1045E~-04 MNGes 0.1775E~04
MGCO30 0,1140E-05 MGHCO3 0.4498E-06 MGSOA0 0,3278E-05 NAe 0.2662E-01 NACO3- 0.7418E-04
NASO4~ 0.2757€-03 NACLO 0.6939E-05% Ke 0.9842E-04 KSD4- 0.1436E-05 xkCLO 0.2646E~07
8AQOHe O0,0000E+00 SRee 0.0000E+00 SROHe 0,0000E*Q00 LIe 0.1002E-03 LIOHO 0.1583t-08
H4S108 0.2373c-03 HISI04 0,2936€E-06 H2SEDA 0.1196E-06 AL¢*+ 0.0000€Ee00 ALOHe® 0,0000E¢00
ALOH4— 0.0000E*00 ALSO%¢ 0.0000€+00 ALSO42 0.0000E¢00 FEe¢ee 0.0000E¢00 FEQH+e 0,0000E+00
FEOH30 0.0000E000 FEOHA- 0.0000E+00 FECL®e 0.0000E¢+00 FECL2¢ 0.0000E+00 FECL3O0 0.0000E°00
FEos 0.0000€¢00 FEOHe O0.0000E+00 FEOHZ20 0.0000E+00 FEUOH- 0.0000E+00 FESO40 0,0000&¢00
NH3IAQ 0.0000c¢00 NH4S04 0.0000E«00 NO3- 0.0000E¢00 He 0.1696E-08 H25040 0,5628E-21
HCLO 0.2524E-16 H2S5A0 0,0000E+00 HS- 0.0000E+00 S-— 0.0000E+00 BR~- 0.0000€ +00
H2803- 0.7392€-04 H2C03¢ 0.1023E-04 V240 0.0000E+00

INDIVIODUAL SPECIES ACTIVITIESI-LOG ACTIVITY)
OH 4.99 COd-- 3.94 MHCO3I- 2.48 S04-- 2.72 CL- 1.91 CAese 4.59
CACD30 5«32 CAHCO3 5.98 CASD4O 4.98 HNGoo 5.02 MGOHe 7.77 #G6CO30 594
HGS0A0 5.48 NAe 1.65 NACO3- 4,20 NAHCO) 4.38 NASOS- 3.63 NACLO 5.16
KSO4- 5.91 KCLO 757 BAeo -99.99 BAQH+ -99.99 SRee «99.99 SKOHe -99.99
L10HO 8.80 LISOA- 6.14 HASIODS 3.62 HIS1U4 4.61 H25104 T7.20 ALese -99.99
ALOHZ2e -99.99 ALOHA- =99,99 ALSO&+ -99,99 ALS0A2 <~99,.99 FEeee -99.99 FEOHee -99.99
FEOH) ~99.99 FEOH4- -99.99 FECLee -99.99 FECL2e -99.99 FECL30 -99.99 FESO4s -99.99
FEQHe <99.99 FEOH20 -99.99 FEOOH- -99.99 FESUAD -99.99 NH4e -99.99 NH3AQ -99.99
NO3 - =99.99 He 8.83 H25040 21.25% HSUA- 9.49 HCLO 16.99 H25AQ -99.99
S-- -99.99 BK-- -99.,99 H3IBU30 3.8% H28U 4.22 H2C03 4.99 D2A0 -99.99

MINERAL SATURATION INDICES
ADULARIA -99,99 ALBITE -99.99 ANHYDRIT ~2.71 ANDRTHIT -99,99 ARAGONIT -0.27 BARITE
BRUCITE -3.bl CALCITE -0.01 CA-HONT <=99,99 CELESTIT -99,99 CHALCEDN ~0.16 CHLORITE
GIBBSITE -99.99 GLOTHITE -99.99 GRIEGITE -99.99 GyPsSunm ~24.70 HALITE =-5¢19 HALLOYST
HUNTITE —4.55 HYDTOMAG -3.72 ILLITE =99.99 KAULINIT -99,99 K-HICA =-99.99 HACKINAMW
HAGNETIT -99.99 HIRABILT -5.15 NESQUEHO -3.69 PHLOGOPT -99.,99 PYRITE -99.99 PYROPHYL
SIDERITE -99.99 STRONINY -99.,99 TaLC 2.20 THENARDT -5.82 MWITHERIT -99.99

SILICA SATURATION INODICES
~LOG HaS10D40 3.62 QUARTYZ 0.28 CHALCEDONY ~0.,10 A-CRISTOBALITE ~0.37 AMURPHOUS

’99.99
~99.99
-99.99
-99.99
-99.99

NH4TOT 0.0000€+00

TOTAL INORG CARBON MOLALITY = 0.4215€-02
ACTIVITY = 0.9991

CAee

HGOHeo
NAHCO)
BAse

LISOe-
ALOH2e
FEOH2 e
FESOAe
NHA

HS04-
H38030

0.4855€-04
0.1966E-07
0.4160E-04
0.0000E+00
0.8455E-006
0.0000E+00
0. 0000E+00
0,0000E+00
0.0000E+00
0.3 780E~09
0.1393E-03

CAUOHe
HGHCO3
Ke

Ll
ALUHee
FEOH2e
FEeeo
NHA4 S04
HS -

8.17
6. 42
4.08
4.07
-99.99
-99.99
-99.99
-99.99
~99.99

DOLOMITE

HAGNESITY
QUARTZ

-1l.43

BOEHMITE -99.99
-Ue 35
HENATITE -99.99
-0eb4%



. SAHPl@ NUMSE R 14 . . . . . ‘
TITLE @J] LOCATION D-08-26-2008CC
INPUT DATA (MOULES PER LITER OF SOLUTION : FQUIVALENTS PER LITER FOR ALKALINEITY!
CATOT 0.4241£-03 HGTOV 0.2430€~-04 NATUT 0.2132€E-01 KVOT O0,1457€E-03 CLTOT 0.1425E-01
SO4T107 0.2863E-02 ALTOY 0.7430E-06 FETOT 0.0000E+00 SRTOV 0.0000E+¢00 BATUT 0.0000E+00

NC3ITOT 0.0000E+«00 SI02TOT 0,3827€-03 BTUT 0,5550E-04 GRTOT 0.0000€ +00

PH = B8.40 PE = 99.99 TEWP = 44.500ECG C
-L0OGIPLO2) = 3.35 -LOG(PO2) = 99.99
IONIC STRENGTH = 0.02477
1UN BALANCt ERROR =

UENSITY =
~-LDGIPCHA)
TOTAL DISS SOLIVS =
2.03PERCENT

1.000GH/CC
99.99

la42GM/LITER SOLN
CATION EXCESS = 0.8825E~03(CHARGE®NMOLES)

INDIVIDUAL SPECIES MOLALITIES

OH- 0.1182E~04 CO03~— 0.3695E-04 HCO3~ 0.1474E-02 SD&4-— 0.2621E-02
CAOHe 0.6278E~-07 CACO3D 0.9650€E~05 CAHRCO3 0,.5253E-05% CASO40 0.6393E~04
NGCO30 0.2901E-06 MGHCOD 0.2280E-06 HMGSO40 0.3200E-05 NAe 0.2113E-01
MASO4- 0.1760E-03 NACLO 0.5463E-05 K+ 0.1439€-03 KS04~ 0.1957€-05
BAOH+ O0.,0000E¢00 SRee 0.0000€E+00 SROHes 0,0000E+00 Le 0.1721E-~03
HaS 104 0.3535E-03 H3ISI0A 0.2974E-084 H2510U8 0.1786F-06 ALe*e 0.6122E-~19
ALOHA~ 0.7441E-06 ALSOA® 0.6314E-19 ALSOA2 0.7736E-20 FEeee 0,0000£¢00
FEOH30 0.,0000c¢00 FEOHA- 0.0000€+00 FECL*e 0.0000£¢00 FECL2¢ 0.0000E+00
FEeo 0.0000E+00 FEOHe O0.0000E¢00 FEDH20 0,0000E+00 FEOOH- 0.0000E+00
NHIAQ 0.0000E*00 NH4SO4 0.0000E+00 NO3- 0.0000E+00 He 0.4536E~086
HCLO 0.2630E-15 H25AQ0 O0.,0000€+¢00 HS- 0.0000€¢00 S-- 0.0000E+00
H2803- 0.1102E-04 H2C03¢ 0.9705€~-05 02AQ 0.0000€+00

INDIVIDUAL SPECIES ACTIVIVTIES(-LOG ACTIVITY)
OH 5.00 CO3-- 4.69 HCO3- 2.90 S04-—- 2.8% CL~- l.
CACO30 5.01 CAHCO3 534 CASG4O 4.19 MGoo 4,94 HGOHe Te
MGS 040 5.49 NAs le74 NACO3- 4.77 NAHCO) 4.89 NASOS- 3.
XS04~ 5«77 KXCLO 7.41 BAes ~99.99 BAUOHe -99.99 3Ree -99.
L1O0HO 8.41 LIS06- 6.03 HAS[D4 345 HISI04 4.60 H25104 7.
ALOHZ2e 11.8%8 ALOHA- 620 ALSO4e 19,27 ALSO42 - 20.18 FEese -99,
FEOH] =99.99 FEUH4- <-99.,99 FECL+e -99,99 FECL2* -99.99 FECLIO -99.
FEOH e =99,99 FEUH20 -99.99 FEOUH- -99.,99 FESU40 <=99.99 NH4e -99.
NO3- =99.99 He 8.40 H25040 20.20 HS04- 9.02 HCLO 15.
S-- -99.99 BR-- -99.99 H38030 4.35 H2803- - 5«04 H2C03 S5e

MINERAL SATURATION INMOICES
ADULARLIA -~1.27 ALBITE ~1+45 ANHYDRIT ~-1.,85 ANORTMIT -4.47 ARAGONIT
BRUCITE -3.56 CALCITE 0.23 CA-MONY -2.1% CELESTIT -99.99 CHALCEDN
GIBBSITE -2.60 GtUTHITE -99.99 GRIEGITE -99.99 GYPSUM =192 HALITE
HUNTITE -9«b4 YDIOMAG -4,87 ILLITE =2.13 KAOLINIT -1.39 K-HICA
MAGNETIT —-99.99 HIRABILT -6.08 WNESQUEHO -4.22 PHLOGOPT -1.73 PYRITE
SIDERITE -99.99 STRONTNT -99,99 TatLcC le66  THENARDT —6.13 WITHeRIT

SILICA SATURATION INDICFS
~L0G HASI040 3.45% QUARTZ 0.26 CHALCEDONY -0.09 A-CRISTUBALITE

H20 AC

CL-~-
MGeo
NACO3~
KCLO
L10HO
ALUH® e
FEOHe ¢
FECLIO
FESO4O

H25710T 0.0000c¢00

TEVITY 0.

0.1426E-01
0.2058E-04
0.1993E-04
0. 3842E-07
0.3885E-08
0.4231£-15
0.0000E¢00
0.0000E+00
0.0000E¢+00

H25040 0.6318E-20

BR~

92
62
82
99
oL
99
99
99
58
oL

CAe
HGC
NAC

AL
FEO
FES
NH3
H2S
024

~-0.,07
~0.13
~%e28
~3.61
-99,99
-99.99

~0.134

SROH e

0.0000t +00

.
030
LO

3. 72
6.52
526
-99.99
19.22
-99.99
-99.99
-99.99
-99.99
-99.99

*e
He s
D4
AQ
AQ
Q

BARITE
CHLORITE
HALLUYST

®
ALK 0.16806-02
LITOT 0.17296-03

NHATOT 0.0000E+00

9993

CAee

HGOHeo
NAHCO)3
BAese

L1506~
ALOH2¢
FEOHZe
FESO4e
NH4 ¢

HS 04~
H“38030

CAOHe
HGHCO3
Ke

Lle
ALOHe
FEOH2e
FEreo
NH4&4 S04
HS~

-99.99

0.72
-5.28

MACKINAW -99.99

PYRUPHYL

AMORPHOUS

-0.5%

-1.3

TOVTAL INORG CARBON MOLALITY = 0.1569E-02

0.3458E-03
0.2737€-07
0.1285E~04
0,0000&+00
0.1075E-05
0.3812€-11
0.0000t+00
0.0000E¢00
0.0000E*00
0.1123E-08
0.4456E-04

.27
6.71
3.91
3,83
15.63
-99.99
-99.99
-99. 99
-99.99

BUOEHMITE
DOLONITE
HEHATITE
MAGNESIT
QUARTZ

9

-l.84
-0.065
99.99
-lel2

0.28



TITLE

CATOY
S04 T07
No3ToT7

PH =

SANPL@ NUMBER 15 @

LOCATION

-LOGIPCO2) = 3,08
1ON]IC STRENGTH = 0,02478

10N BALANCE EKROR =

D-0 8-

INPUT DATA ({MDLES PER LITER OF SOLUTION :

0.1970E-0V4
0.3715E~06

$1U2T07T 0.1997€e-03

0.7730L-04 MGTOT
0.3123E-02 ALTOY
0.0000€+00
8.812 PE = 99.99

TEMP = 31,60DEG €

-L0G(PO2) = 99.99

1.1 7PERCENY

TOTAL OISS

INDIVIDUAL SPECIES MOLALITIES

26-07ADCC

NATOT 0.2175E-01

FETOT 0.0000E+00

8T0T 0.,1110E-03

DENSITY =
-~LOG(PCHA)
SOLIDS =

= 99,
1.43GH/LITER SOLN
CATION EXCESS = 0.5063E-03I(CHARGE®NOLES)

EQUIVALENTS PER LITER FOR
0.1023E-03
SRTOT 0.0000E+00
BRTOT 0.0000E+00

K107

1.0006H/CC

9

®

ALKALINITY)
CLTOT 0.1284E~01
BATOT 0,0000t+00

H2STOT 0.0000E+00

]
ALK 0.2590e-02
LITOT 0.1297e-03
NH&4TOT 0.0000€+00

TOTAL INORG CARBON MOLALITY = 0,2371€£-02

H20

ACTIVITY = 0.9993

OH- 0.1237e~-04 (O3~ 0.1160E-03 HCO3- O0,2188E-02 S04-- 0.29226-02 CL~- 0.1285E-01 CAee
CADHe 0.1087€-07 CACO30 0.3669€E-05 CAHCU3 0.9409E-06 CASO4A0 0.1172E-04 MGeo 0.1619E-04 NMGOMHee
MGCO30 0.,6212E-06 HMGHCO3 0.2450E<06 NGSOA0 0,2653E-05 NAe 0.2153E-01 NACO3-~- 0.3559E-04 MAHCO)
NASOA—- 0.1885E—-03 NACLO 0.5054E-05 K¢ 0.1012E-03 «KSO4- 0,1266E-05 KCLO 0.2452E-07 BAee
BAOHe 0,0000E+200 SRee 0.0000E+00 SROHe O0,0000E+D00 Li* 0.1290€-03 LIOHO 0.2220€-08 LIS04-
H&4S 104 0. A7B1E-03 HISIOS 0.2192€E-04 H2S104 0,9374E-07 ALs¢e 0.1315E-19 ALUHee 0,84626-16 ALQH2e
ALOH&~ 0,3720E~06 ALSO4+ 0.1347E-19 ALSO42 0.1772€E-20 FEe*+* O0.0000E+00 FEOH+¢ 0,0000E900 FEOHZe
FEOHIO0 0.0000E¢00 FEOHS~ 0,0000E000 FECL+e 0.0000E¢00 FECL20 0.0000E*00 FECLIO 0.0000€900 FESO4e
FEeoeo 0.0000E000 FEOH* 0.0000E*00 FEOH20 0,0000€+400 FEUOH- 0.0000E*00 FESO40 0,0000c+00 NHAe
NH3AQ O0.0000E«00 NH4SO4 0.0000E+00 NDI- 0.0000E+00 He 0.1759€~-08 H2S040 0.5533€E-21 HSOA-
HCLO 0.2653E~-16 H25AQ 0.0000E¢00 HS- 0.,0000E+00 S-- 0.0000E+00 BR- 0.0000€«00 H3B8030
HZ2B03- 0.3736E-04 H2C03* 0.6084E-05 0O24aQ 0.0000€£+¢00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)
OH 4.98 CO3-- 4.19 HCOI- 2.72 S504— 2.79 CL- 1.96 Caese 4.47 CADHe
CACO30 5.43 CAHCO3 6.07 CAS0O40 4.91 NG 504 MGOHe 7.77 HGCO30 6.20 HMGHCO3
HGS 040 5.57 NAe 1.73 NACO3- 4.51 NAHCO) 4,71 NASO4- 3.79 NACLO 929 Ke
KSO4&-~ %.96 KCLO 7.61 BAse ~99.99 BAOHe ~99.99 SRes -99.99 SRUHe -99.99 L+
LIUHO 8.65% LISOsN~ 6.10 HASIDS 3.75 H3ISIDN 4,73 H2S104 7.28 AL ¢ee 20.38 ALUOHee
ALDOH2» 12410 ALUHG- 650 ALSO4e 19.94 ALSO42 20.82 FEeoe ~99.99 FEOHe+ -99,99 FEQH2e
FEOH3 -99.99 FEOHA- -99.99 FECLes -99.99 FECL2s =99.9Y9 FECLIO -99.99 FESO4* -99.99 FE+e
FEOHe —-99.99 FEDH20 -99.99 FEDOH- -99,99 FESU4A0 -99.99 NH4e -99.99 NHIAQ ~99.99 NHASOA
NO3 - =99.99 He 8.81 H25040 2125 HSO4- 9.% HCLO 16.57 H235A0Q -99.99 HS~-
S-- -99.99 BR-~ -99.,99 H3IBN30 4.13 H2803- 4.51 H2C03 5.21 02AQ -99.99

HINERAL SATURATION INDICES
ADULARIA -1.72 ALBITE -1.88 ANHYDRIT -2.65 ANORTHIT ~5.90 ARAGONIT -0.40 BARITE -99.99
BRUCITE -3.60 CALCITE ~0.14 CA-MONT ~3.19 CELESTIT -99.,99 CHALCEDN -0.30 CHLURITEL 0.5%1
GIBBSITE -2.77 GEOUTVTHITE -99.99 GRIEGITE -99.99 GYPSUM -2.65 HALITE -5%.29 HALLUYST -5.99
HUNTITE -9.42 HYDVTOMAG -4.45 ILLITE -2.88 KAULINIT ~1.97 K-MICA ~4.39 MACKINAH -99.99
MAGNETIT <99.99 HIRABILT =-5.45 NESQUEHD -3.95 PHLOGOPT -3.24 PYRITL -99.99 PYKUPHYL -3.16
SIDERITE -99.99 STKONTNT -99,99 TaLC 1.62 THENARDT ~6.07 MWITHERIT -99.99

SILICA SATURATION INDICES

-LOG H&SIU&O 3.75 QUARTZ 0.14 CHALCEDONY -0.,24 A-CRISTOBALITE -0.50 AMORPHOUS ~1l.5

0.6107E-04
0.1963E-07
0.1958E~04
0.0000E+00
0.9115E~06
0.9 248E~12
0. 0000E*00
0.0000&E+00
0.0000E+00
0.3389E~09
0.7380E~04

8.03
6. 68
4.06
3.95
16.33
-99.99
-99.99
-99. 99
-99.99

BOEHMITE -2.,09
OOLONMITE -0.73
HEMATITE -99.99
HAGNESIT -0.89
QUARTZ O.16

7



SAMPLIQNUMEER 16 @ ® ® ® o ® ®

LOCATION D-06-27-35D0DD

INPUT DATA tMOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.8480t-04 MGTOT 0.1150E-04 NATOT 0,1327e-01 KTOT O0.,84%0E-04 CLYOT O0.6347E-02 ALK 0.1620E-02
SU4TOT 0.1041E-02 ALTOY 0.0000£¢00 FETOT 0.0000E+Q00 SRIOT 0.0000E+00 BATOT 0.0000E+00 LITOY 0.3603E-04
NO3TOT 0.U000Ee00 S1027T07 O.7488E-03 8YOT 0,1850E-04 BRTOV 0.0000E¢00 MH2STOY 0,0000£¢00 NHATOT 0.0000€+00

PH = 8,58 PE = 99,99 TENP = 23.,80D€G C DENSITY = 1.000GH/CC

~LOGIPCD2Y = 3.65 -L0GtPO2) = 99,99 ~LOG(PCH4&) = 99,99

TONIC STRENGTH = 0.01286 YOTAL DISS SOLIDS = 0.78GHM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0,1545E-02
1ON BALANCE ERROR = )5,04PERCENT CAVION EXCESS = 0.3534E-02¢(CHARGE®MOLES) H20 ACTIVITY = 0.9996

INDIVIDUAL SPECIES MOLALITIES

UH- 0.39206-05 C03— 0.3990E-04 HCOI- 0.1484E~-02 504-- 0,9910€-03 CL~ 0.63506-02 CAee 0. 7634E-04
CAOHe 0.,4746E-08 CACO3I0 0,1560E-05 CAHCO3 0.7252E~06 CASO40 0.6233E-05 HGes 0.1051E-04 MNGOHeo 0.4250E-08
MGCD30 0.1465E-06 MGHCO3 0.1171E-06 MGSO40 0.7353E-06 NAe 0.1322E-01 NACO3~- 0.5304E-05 NAHCO3 0.8793E-05
NASO4A- 0.4343E-04 NACLO O0.1662E-05 Ko 0.8409E-04 KSO4- 0.3636E-06 XCLO 0.1095E-07 BAee 0.0000E+00
BAOHe O.UQOOE*00 SRee 0.0000E+00 SROHe O0.0000€E¢00 Ll 0.3596E-04 LIOHO 0.1719:-09 LISO4- 0.9961E-07

HASIO4 0.7155E-03 H3ISI0A 0,3393E-04 H2S104 0,31 79E-07 AlLeee O0.0000E+00 ALOHes 0,.0000E¢00 ALOH2¢ 0.0000€¢00
ALOH4~ 0,0000€¢00 ALSO4* 0.0000E*00 ALSO42 0.0000E«Q0 FEeese O0,0000E*00 FEOHee 0.0000E¢00 FEOH2e 0.0000E00
FEOH30 0.0000E*Q00 FEOHA- 0,0000E+00 FECLse 0.0000€+00 FECL2¢ 0,00006E+00 FECL3O0 0.0000c+00 FESO4* 0.0000E¢00
FEeo 0.0000E¢00 FEDHe 0.0000E+00 FEOH20 0,0000€E+00 FEOOH- 0.0000E*00 FESOA0 0.0000E+00 NH4e 0.0000E+00
NH3AQ O0.0000E¢00 NH4S04 0.0000€+00 NO3- 0.0000E+00 He 0.2905€-08 H25040 0.4075E-21 HS04~ O0.1750E-09
HCLO 0.1036E~-16 H2SAQ 0.0000E«00 HS- 0,0000£+00 5-- 0.0000€E+00 B8R~ 0.0000E+*00 H3BO30 0.1488E-04
HZBO3~ 0.3639E-05 H2C03¢ 0.7944E-05 02a0Q 0.0000E*00

INDIVIDUAL SPECIES ACTVIVITIESt-LOG ACTIVITY)

OH 5.46 CO3¥-- 4.64 WHCO3~ 2.88 S04~ 3.20 CL~ 2.25 CAes 4.31 CAOHe 08.37
CACO30 5.81 CAHCO3 6.19 CASD40 520 MGeo 5«17 MNGOHe 8.42 MGCO30 6.83 MGHCO3 6. 98
HGSO0A0 6213 NAe 1.93 NACO3- 5,32 NAHCO3 5,05 NASOA- 4.41 NaCLO 5.78 Ko 4.13
KSO4- 6.49 KCLO 7.96 BAee -99.99 B8AOHe -99,99 SRee -99.99 SROHe -99.99 Ll 4. 49
LI10HO 9.76 LISO4- 7.05 HASTIO0A J.16 HISIOS 4.9%52 H25104 7.69 AL¢ee =99,99 ALOHes ~99.99
ALOHZ* -99.99 ALDH&~ ~99.99 ALSO4* =-99.99 ALSO4Z -99.99 FEs+ee -99.99 FEOHee =99.99 FEOH2+ ~99.99
FEOH) =-99.99 FEOHA-~ -99.99 FECL¢e —99.99 FECL2¢ -99.99 FECL30 -99.99 FESOD4e -99.99 FEeo ~-99.99
FEOHe -99.99 FEOH20 -99,99 FEQUH- ~=99.,99 FESUA0 -99.99 NH4e -99.99 NH3AQ -99.99 NHASO4 ~99.99
NO3- ~99.99 He 8.58 H25040 2139 HSU4- 9.81 HCLO 16.98 H2SAQ -99.99 HS-~- ~99.99
S-- -99.99 BR-- ~99,99 H3IBO3O0 4.83 H2803~- 5.50 H2C03 5.10 0D2A0Q -99.99

HINERAL SATURATION INDICES

ADULARIA -99.99 ALBITE ~99.99 ANHYDRIT =~2.97 ANORTHIT -99.99 ARAGONIT -0.74 BARITE -99.99 BOEHMITE -99.99
BRUCITE ~4.67 CALCITE ~0.48 CA-MONT -99.99 CELESTIT -99.99 CHALCEDN 0.39 CHLORITE -99.99 DOLOHITE ~-1.76
GIBBSITE -9Y9.99 GEOTHITE ~99.99 GRIEGITE -99.99 GYPSUM =2.91 HALITE -5476 HALLUYST -99.99 HEMATITE -99.99
HUNTITE -T.93 HYDTOMAG ~7.75 ILLITE -99,99 KAOLINIT -99.,99 K-MICA -99,99 MACKINAW —-99.,99 HAGNESIT -1.58
MAGNETIT -99.99 HIRABILT -%9.89 NESQUEHO -4,61 PHLOGOPT -99.99 PYRITE -99.99 PYRUPHYL -99.99 QUARTZ 0,83
SIDERITE -99.99 STRONTNT -99.,99 TALC 1.60 THENARDY -6.88 WITHERIT -99.99

SILICA SATURATION INDICES

-L0G H4SIO0SO Jold QUARTIZ 0.85 CHALCFOONY 0.45 A-CRISTOBALITE 0.18 AMURPHOUS -0.89



SAMPIY NUMHER 17 @ @ 9
TITLE =83 LOCATION D-07-27-02AAA8

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINIT
CATOT 0.1247:-03 MHGTOT  0.2960E-04 NATOT 0.1261E-01 KTOT 0.1074€-03 CLTOT O
SU4TOT 0.9889:-03 ALTOT  0.0000E+00 FETOT 0.0000E+00 SRTOT 0.0000E+00 BATOT O
NU3ITOT 0.0000E+00 SI02TOT 0.7654F-03 BTOT 0.2313E-04 BRTOT 0.0000E¢00 H2STOT O
PH = 8.52 PE = 99,99 TEMP = 26.20DEG C DENSITY = 1.000GHM/CC
-LOGIPCO2) = 3.13 ~—LOGLPO2) = 99.99 -LOG(PCH4) = 99,99

IONIC STRENGTH = 0.01394
10N BALANCE ERROR =

JOVAL DISS SOLIDS =
1o 45PERCENT

0.93GH/LITER SOLN
CATION EXCESS = 0.3706E~O03(CHARGE*MOLES)

INDIVIODUAL SPECIES MOLALITIES

Y}

«5319E~02
«0000E «00
»0000t+00

e
ALK 0.44006-02
LLITOT  0.3603E-04

NH&TOV 0.0000E+00

OH- 0.4113€-05 CO3~— 0.9207€-04 HCO3I- 0.4108E-02 SO4-- 0.9%03E-03 CL- 0.6323E-02 CAeo
CAOHe 0,7020E-08 CACO30 0.5764E~05 CAHCO3 0.2999€E-05 CASOA0 0.8232E-05 MGee 0.2616E-04 HGCOHeo
MGC0O30 0.9387€E-06 MGHCO) 0.8061E~06 MGSO40 0.1708E~05 NA+ 0.1255€-01 NACO3- 0.1433E-04 NAHCO3
NASOS 0.3901E-04 NACLO 0,1556E-05 Ke 0.1070E-03 KSO04- 0.4497€-06 KCLO 0.1375E-07 BAee
BAOHes O0,0000E*00 SRes 0.0000€+00 SROHe 0,0000E+00 tLIie 0.3597€~04 LIOHO O0,1909E-09 LI1S0s-
H4SI04 0.7318E-03 H3SI0A 0.3429E-04 H2S5]104 0.3758BE-07 AL¢e¢s 0.,0000E000 ALOHes 0.0000E+00 ALOH2e
ALOHA~- 0.0000E+00 ALSO4+ 0.0000€E+00 ALSO42 0.0000E+00 FEsees 0.0000€400 FEOH+es 0.0000E+00 FEOHZ2e
FEOMH3IO 0.0000£¢00 FEOHA~- 0,0000E000 FECLoe 0.0000E¢00 FECL2+¢ 0.0000E+00 FECLIO 0.0000E¢00 FESOANe
FEse 0.0000E¢00 FEOH* 0.0000E¢00 FEOH20 0.0000€E+00 FEUOH~- 0.0000E+00 FESOA0 0.0000E+00 NHAe
NH3AQ O0.0000£¢00 NHASOA 0,0000E¢00 NO3- 0.0000E¢00 He 0.3347e-08 H2S040 0.5736E-21 HSO4-
HCLO 0.1518E-16 H25AQ 0.0000E+00 HS- 0.0000€E+00 S-- 0.0000€E+00 BR~ 0.0000+00 H38030
H2803~ 0.4238E-05 H2C03¢ 0,2438E-04 02A0Q 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESE-LOG ACTIVITY)
(1, ] 5.44 CO3— 4.24 HCO3- 2.4%4 S504-- 3.23 Ct- 225 CAee 4.17 CAOHe
CACO30 5.24 CAHCO) 5.57° CAS0O40 508 MGes 4,78 MGOHe 8.00 HGCO30 6.03 MGHCOI
MGS0AO Sel77 NAe 1.95 NACO3- 4,89 NAHCO) 4.64 NASOA- 4.46 NACLO 5.81 K¢
K504~ 6.40 KCLO 7.86 BAse ~99.99 BAOHe ~99.99 SRes -99.99 SROHe -99.99 Ll
L 10HO 9.72 LISOA- 7.08 HASIDS 3.13 H3ISION 4.952 H25104 Te62 AlLtee ~99.99 ALOHee
ALOH2¢  ~99.99 ALUHA- =99.99 ALSO4¢ -99.99 ALS042 -99.99 FEsee -99.99 FEOHes -99.99 FEOH2e
FEOHI -99.99 FEOH4— =99,99 FECL+e -99.99 FECL2¢ -99.99 FECLIO -99.99 FESO%e -99.99 FEee
FEOHe -99.99 FEUOH20 <99.99 FENOH- -99.99 FESO40 -99.99 NH4e ~-99.99 NH3AQ -99.99 NHAS0¢
NO3-~ =99.99 He 8.52 H25040 21424 HSU4- 9.75 HCLO 16,82 H25AQ -99.99 HS-
S—- ~99.99 B8R-- -99.99 H38030 4.72 H2803- 5«43 H2CO03 4.61 02A0 -99.99

MINERAL SATURATION INDICES
ADULARIA ~97.99 ALBITE -99,99 ANHYDRIT -2.84 ANORTHIT -99.99 ARAGONIT -0.18 BARITE -99.99
BRUCITE ~4.25 CALCITE 0.08 CA-MONT -99.99 CELESTIT -99.99 CHALCEDN 0.38 CHLORITE -99.99
GIBBSIYE —-99.99 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM —-2.79 HALITE -5.79 HALLUYST -99.99
HUNTITE ~4.66 HYDTOMAG -4.80 ILLITE =99,99 KAUOLINIT -99.99 K-HICA -99,.99 HACKINAW -99.99
MAGNETIT -99.99 HMIRABILT -6.08 NESQUEHO -3.79 PHLOGOPT -99.99 PYRITE -99.99 PYROPHYL -99.99
SIDERITE ~99.99 STRUNINT -99.,99 TALC 2.65 THENARDT ~6,95 MWITHERIT -99.99

SILICA SATURATION INDICES

~-L0G H4S1040 3.13 QUARTZ 0.83 CHALCEDONY 0.43 A-CRISTOBALITE 0.17 AMORPHUOUS -0.9

TOTAL INORG CARBON HOLALITY = 0,4273E-02
H20 ACTIVITY = 0.9996

0.1070€-03
0.1123E-07
0.2290E-04
0.0000E+00
0.9293E-07
0.0000E«00
0.0000E+00
0.0000E+00
0.0000E+00
0.2011E~-09
0.16891€-04

8.20
6a15
4.02
4. 49
-99. 99
-99.99
-990 99
- 99. 99

BOEHMITE -99.99

DOLOMITE ~0437
HENATITE -99.99
HAGNESIT -0.70
QUARTZ 0.8%
0



SAHL@NUHBFR 18 . ‘ . . ‘ . .

P
TITLE %33 LOCATION D-07-27-02AC0A

INPUT OATA IMOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.9730E-04 MNHGTOV 0.1150E-04 NATOT 0,1631E-01 KTUT O0,1253E-03 CLYIOT 0.63476-02 ALK 0.43306-02
SUATOT 0.2498E-02 ALTOY 0.0000E+00 FETOY 0.0000E¢00 SRTUT 0.0000E+00 BATOT 0.0000t¢00 LITOT C.4612E-04
NO3TOT 0.0000t«00 S10270T 0.1032€E~-02 BTOT 0.4625E-04 HRTOT 0.0000E*00 H2STOT 0.0000E£+00 NH&4TOT 0.0000:¢00

PH = 8,47 PE = 99.99 TEMP = 319,400€G C DENSITY = 1.000G6M/CC

-LOG(PCO2) = 3,02 -LO0G(PD2) = 99.99 ~LOG (PCHA) = 99,99

TONIC STRENGTH = 0.016851 TOTAL DISS SOLIDS = 1.18GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.4118E-02
TON BALANCE ERRUR = 3,22PERCENT CATION EXCESS = 0.1029E-D2(CHARGE*MOLES) H20 ACTIVIIY = 0.9995

INDIVIDUAL SPECIES MOLALITIES

OH- 0.9640t-05 C03— 0,1027E-03 HCOI- 0,3920E~02 SD4-- 0.2358E-02 CL- 0.6353E-02 CAse 0.7509€-04

CAOH* O0.L1160E~07 CACO30 0,.5647E~-05 CAHCO3 0,2785E~05 CASO40 0.1368E-04&4 HGee 0.9360E-05 NGOHee 0,1026E-07
MGCO30 0.4004t-06 MGHCOI 0,2826E-06 NGSD40 0,1460E~-05 NAe 0.1614€-01 NACO3~ 0.3609E-04 NAHCO3 0.2710E-04
NASOA- 0.1266€~03 NACLO O0,1935E-05 Ke 0.1239E-03 KSO4- O0.1510€-05 KCLO 0.1537E~-07 BA+e 0.0000E+00
BAQHe 0.,0000€ «00 SRee 0,0000€¢00 SROHe¢ O0,0000E«00 LI 0.4590€6-04 LIOHO 0.7752E-09 L1ISO%- 0.2772E-06

H4S104 0.9581E—03 H3SID4 0.7510E-04 H2S5104 0.3120E~06 ALese 0.0000E+00 ALDMes 0.00006+00 ALDH2¢ 0,0000E+00
ALOH4- 0,0000E¢00 ALSO4* 0.0000E*00 ALSC42 0.0000€E+00 FEe+es 0.,0000E400 FEOHe* 0.00006400 FEOHZe 0.0000€+00
FEOHIO 0.0000E¢00 FEOHA- 0.0000E+00 FECLee 0.0000E¢00 FECL2¢ 0.0000€400 FECL3IO 0.0000E+00 FESO4A+* 0,0000E+00
FEeoo 0.0000E¢00 FEOHe (0,0000E¢00 FEOH20 0,0000€E+00 FEOOH~- 0.0000E+00 FESO40 0.0000E¢00 NHAe 0.0000E *00
NH3AQ O0.0000£E¢00 NH4S04 0,0000E«00 NO3- 0.0000E+00 He¢ 0.3808¢€-08 H25040 0.3426E-20 HSOA-~ O0.70819E-09
HCLO 0.6294E—-16 H25AQ 0.0000E+00 HS~ 0.0000E+00 S5-~-- 0. 0000E+00 BR- 0.0000c 00 H3IB03O0 0.3679E-04
HZBO03~ 0.9518E-05 H2C03¢ 0,2297€~-04 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVIVIESt-LOG ACTIVITY)

OH 5.08 CO3-- 4,22 HCO3- 2.46 S504-- 2.86 CL- 2.26 CAee 4.35 CAOHe 7.99
CACO30 5.25% CAHCO3 5.61 CASOAOD 4.86 HGee 525 MGOMHe 8.0¢ NGCO3O 6.40 NGHCDI 6.61
MGS 040 5.83 NAs 1.85 NACO3- 4.50 NAHCD) 4.57 NASOA- 3.96 NACLO 5.71 Ko 3.97
X304~ 5.88 KCLO 7.81 BAee -99.99 BAOMe -99.99 SRee ~-99.99 SROHe -99.99 Ll 4. 39
LI10HO 9.11F LISOA- 6.62 HASID4 3.02 H3S5104 4.18 H25104 6.73 ALeee -99.99 ALOHee -99,99
ALOH2¢  -99.99 ALOHA- -99.,99 ALSO4*¢ -99.99 ALSO42 -=99.99 FEeee -99.99 FEOHes -99.99 FEDH2¢ -99.99
FEGH]I -99.99 FEDH4- =99,99 FECLe*s -99.99 FECL2e -99.99 FECL3IO0 -99.99 FESQss -99.99 FEee -99.99
FEOHe =99.,99 FEDH20 -99.99 FEQUH~ =99.99 FESO40 -99.99 NH4e -99.99 NH3AQ 929,99 NH&S04 -99.99
NO 3~ ~99.99 He 8.47 H2SNA0 204,46 HS04- 9.17 HCLO 16.20 H25AQ -99.99 HS~- -$%.99
S-- -99.99 BR-—- -99.99 HIBO30 4.43 HZBU3- 5.09 H2CU3 4.64 D240 -99.99

MINERAL SATURATION INDICES

ADULARIA -99,99 ALBITE ~99,99 ANHMYDRIT -2.54 ANORTHIT ~99,99 ARAGONITYT -0.26 BARIIE ~-99,99 BOEHHKITE -99.99
BRUCITE -4.03 CALCITE 0.02 CA-MONT ~99.99 CELESTIT -99,99 CHALCEDN 0.35 CHLORITE -99.,99 DOLOHITE -0.74
GIBHSITE -99.99 GEUTHITE ~99.99 GRIEGITE -99.99 CYPSUM -258 HALITE =9472 HALLUYST -99.99 HEMATITE -99.99
HUNTITE -5.61 HYDTOMAG -5.14 ILLITE ~99.99 KAQLINIT -99,99 K-HICA ~99,99 MACKINAW -99.99 MAGNESIT -1.02
HAGNETIT -99.99 HMIRABILT =-6.09 NESQUEHO -4.11 PHLOGOPY -99.99 PYRITE ~99,99 PYROPHYL -99.99 QUARITIZ 0.78
SIDERITE -99.99 STRONINT -99.99 TALC 248 THENARDOT -6.37 WITHERIT -99.99

SILICA SATURATION INDICES

~-LDG H4S1D40 3.02 QUARTZ 0.76 CHALCEDONY 0.40 A-CRISTOBALITE 0.15 AHORPHOUS -0.91
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LOCATION D-07-27-11B888

INPUT DATA (MOLES PER LITER OF SOLUTION = EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.7240t-04 HGTOT 0.4100€6-05 NATOT 0.1588E~01 KTOT 0.1278E-03 CLTOT 0.5755E-02 ALK 0.4090e-02
SOATOT 0.2863E-02 ALTOY 0.0000E¢Q00 FETOT 0.0000E+00 SRVOT 0.0000£¢00 BATOT 0.0000E¢00 LITOT OC.4756E-04
NO3T0T 0.00C0E«Q0 SI02T0T 0.1082€-02 BIUT O0.,4625E~04 OBRTOTVT 0.0000E«00 H25TOT 0.0000E+0U NH4ATOT 0,0000e+00

PH = 8.6) PE = 99.99 TEMP = 48,400€G C DENSITY = 1.000GH/CC

-LOG(PCO2) = 3,18 -LOG(PV2) = 99.99 ~LOGI(PCHA) = 99,99

IONIC STRENGTH = 0.01853 TOTAL DISS SOLIOS = 1.17GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.3687&-02
ION BALANCE ERROR = 2,04PERCENT CATION EXCESS = 0.6364E-03IC(CHARGE®MOLES) H20 ACTIVITY = 0.9995

INDIVIOUAL SPECIES MOLALITIES

UOH-~- 0.2549E-04 CO03— O0.,1451E-03 HCO3~- 0.3422E-02 SOA~-- 0.2705E-02 CtL-~- 0.5760E~02 CAss 0.5147€-04
CACOH¢ 0.,2197E-07 CACO30 0.7354€E-05 CAHCO3 0.2174E-05 CASD40 0.1146E-04 NGeo 0e3194E-05 HCOHee 0.1020€-07
MGCO30 0.2174t-06 NGHCOI 0.8970E-07 NGS040 0.5938E-06 NAe 0.15656~01 NACUI~ 0,7314E-04 NAHCO3 0.2283E-04
NASO4 0.1965E-03 NACLO 0.1693€-05 Ko 0.1259€E-03 KS04~- 0.2003E-05 KCLO 0. 1409E-07 BA+se 0.0000€+00
BAOHe 0,0000E¢00 SRee 0.0000€E+00 SROHe 0,0000E«00 LI 0.4729E-04 LIOHO 0.2613E-08 LIS04— 0.32406E-006

H4S 104 0.9311E~-03 H3ISI04 0.1521E-03 H2SIU4 0.2089E-05 ALsee D.0000E¢00 ALOH¢e¢ 0.00006000 ALOH2+ 0.0000E+00
ALOH&- 0.0000Ee0Q0 ALSO4¢ 0.0000E¢00 ALSO42 0.0000E¢Q0 FEee+ 0.0000E200 FEUH+* 0.0000£¢00 FEOH2¢ 0.0000E*00
FEOH3IO0 0.0000€¢00 FEOQOHA- 0.0000E+00 FECL*e 0.0000E¢00 FECL2¢ 0.0000E+00 FECL3IO 0.0000£000 FESO4¢ 0,0000E+00
Fteo 0.0000E¢Q00 FEOH* O0.0000E¢00 FEUH20 0,0000E+00 FEUVOH- 0.0000E+00 FESO40 0.0000E+00 NHAe 0.0000E+00
NH3AQ O0.0000E¢00 NHASO4 0.0000E+00 NO3- 0.0000€£+00 He 0.2640E-08 H2S040 0.2924E~20 HS04- 0.8034E-09
HCLO 0.9118E~16 H25A0 0.0000E°00 XS~ 0.0000E «00 S-- 0.0000€+00 BR- 0.0000E +00 H3IBO30 0.3223E-04
H2803~ 0.1807E-04 H2C03* 0.1353€-04 02AQ 0.0000E+00

INDIVIODUAL SPECIES ACTIVITIESL-LOG ACTIVITY)

OH .06 CO3-- 4.07 HCO3- 2.52 SO04-- 2.81 CL- 2.30 CAee 4.52 CAOHe t.72
CACO %.13 CAHCO3 5.72 CASO&0 4.94 HGeo 5.72 MHGOHe 8.05 nGCO30 6.66 MGHCO3 T.11
MGS 040 6,22 MNAe 1.87 NACO)- 4.19 NAHCO) 4,64 NASDG- 3J.89 NACLO 577 Ke 3.96
KSO4- 5.76 KCLO 7.65 BAee -99.99 BAOHe -99.99 SRee ~99.99 SROHe -99.99 Lje 4.38
LI0HO 8.58 LISO4~ 6.55 HASIO4 3.03 H3ISI04 3.88 H25104 591 ALoee -99.99 ALOHee -99.99
ALOHZs -99.99 ALOH&~ =-99.,99 ALSO4* -99.99 ALSO42 -99.99 FEese -99.99 FEOHss -99,99 FEQH2e -99.99
FEOH)] -99.99 FEDH4~ -99,99 FECL*e ~-99.99 FECL2¢ -99.99 FECL30 =-99.99 FESOA* -99.99 FEee -99.99
FEDH» ~99.99 FtOH20 =-99.99 FEOOH- =-99.99 FESO40 -99.99 nNHAe -99.99 NHIAQ —99.99 NHASO4 -99.99
NO3- ~99.99 He 8.63 H25040 20.53 HS504- 9.16 HCLO 16.04 H25A0Q -99.99 HS- ~99.99
S-- -99.99 B8R-~ -99.99 H3IBO30 4.49 H2BOI- 4.92 H2C03 4.87 02aq -99.99

MINERAL SATURATION INDICES

ADULARIA -99.99 ALBITE ~99,99 ANHYDRIT -2.58 ANORTHIT -99.99 ARAGONIT -0.22 BARITE -99,99 BOEHMITE -99.99
BRUCITE -3.67 CALCITE 0,09 CA-MONT -99.99 CELESTIT -99.99 CHALCEDN 0.29% CHLORITE ~99.99 OOLOMITE -0.93
GIBBSITE -99.99 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM ~2.6b6 HALITE =5.80 HALLUYST -99.99 HENATITE -99.99
HUNTITE -6.10 HYDIOMAG -5.25 ILLITE -99,99 KXAQLINIY -99.99 K-HMICA =99.99 HMACKINAW —99.99 MAGNESIT -1.2)
MAGNETIT ~-99.79 HMIRABILYT —~6.44 NESQUEHU -4.34 PHLUGOPT -99.99 PYRITE -99.99 PYRUPHYL —-99.99 QUARTZ 0.64
SIDERITE -99.99 STRONINT ~99.,99 TALC 2066 THENARDT -6433 WIVTHERIT -99.99

SILICA SATURATION INDICES

-L0G HeS1040 3.03 QUAkTZ 0.63 CHALCEDONY 0.28 A-CRISTOBALITE 0.04 AMORPHOUS -1.01
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TITLE 8 LOCATIUN D-07-27-118888

INPUT DATA IMOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.7980L-04 MGTOT 0.4100€E-05 NATOT O.1588E-01 KTOT O0.1381E-03 CLTOT 0.61226-02 ALK O0.4110e-02
SOATOUT 0.2811€-02 ALTOT 0.0000E+00 FETOT 0.0000€+00 SRTOT 0.0000€+00 BATOT 0.0000E¢00 LITOT 0.5044E-04
NO3T0T 0.0000E¢00 SI02707 0.1082€e~-02 BTOT 0.,4163E-04 BRTOT 0.0000E¢00 H2STUT 0.0000E¢00 NHATOT 0.0000E+00

PH = 8.5 PE = 99.99 TEMP = 49,200€G C DENSITY = 1.000GM/CC

-L0G(PCO2) = 3.05 -L0GtP0O2) = 99.99 -LOGIPCHa) = 99,99

IONIC STRENGTH = 0.01862 TOTAL OISS SOLIDS = 1.18GA/LITER SOLN TOTAL INORG CARBON MOLALITY = 0,3779E-02
ION BALANCE EKRROR = 1 21PERCENMT CATION EXCESS = 0.3813E-03(CHARGES®NHOLES) H20 ACTIVITY = 0.9995

INDIVIDUAL SPECIES MOLALITIES

OH- 0.2134E-04 (C03-- 0.1205€-03 HCO3- 0,3545€-02 SO04-- 0.2654E-02 CL- 0.61276-02 CAee 0.5765E-04
CAOH* 0.2065E—-07 CACUO30 0.7022€E-05 CAHCU3 0.25B0E-05 CASD40 0,1262E-04 NGeo 0.32286-05 MNGOHe+ 0.8692E-08
MGCO3 0.1040E-06 MGHCOI 0.9439€E-07 MGSO40 0.5895E-06 NAe 0.1566E-01 NACO3~- 0.6279E-04 NAHCO3 0.2364E~04
NASO4- 0.1442E-03 NACLO 0,1800E-05 Ko 0.1361€-03 XS04~ 0.21456-05 KCLO 0.1618E-07 BAee 0.0000£E+00
BAQHs 0.0000Ee00 SRee 0.0000E+00 SROMe 0.0000£¢00 Lle 0.5016E-04 LIOHO 0.230626-08 LIS04~ 0.3371E-06

HASI0A 0.9954E~-03 HISIOS 0.1279E-03 MH2SI04 0.1495€E~-05 ALeee 0,0000E400 ALOHes 0,.00006¢00 ALOH2¢ 0,0000E+00
ALOHA- 0.,0000£+00 ALSO4e 0.0000E+00 ALSO42 0.0000€E¢00 FE¢tee O,0000E¢00 FEDHee 0.0000E¢00 FEOH2¢ 0.0000E+00
FEOHIO 0.0000E+00 FEOH4~ 0.,0000E+00 FECLee¢ 0,0000E¢00 FECL2+ 0,0000£000 FECLIO 0.00006E¢00 FESO4+ 0.,0000E«00
FEeo 0.0000E¢00 FEOHe 0.0000E*00 FEOH20 0.0000E+00 FEUOH- 0.0000E+00 FESO40 0.0000E+00 NH&e 0.0000€+00
NH3AQ 0.0000E+00 NH&4SO4 0,0000E¢00 NO3- 0.0000E+00 He 0.3325E-08 H2SU40 0.4718E-20 HSDA- 0.10156-08
HCLO 0.13126-15 H25AQ0 0.0000€¢00 M5~ 0,0000€4+00 S~- 0. 0000€E+00 B8R~ 0.0000t +00 H3BO030 0.3083€-04
H2B03~- 0.1085E-04 H2CO03* 0.1763E~-04 0240 0.0000€E+00

INDIVIDUAL SPECIES ACTVIVITIESE(-LOG ACTIVITY)

OH %.73 CO3¥~~ 4.15 HCO3- 2451 SO4-—-~ 2.81 CL- 2.28 CAse 4.47 CAOHe 7.74
CACO30 5«19 CAHCO) 565 CASOs0 4.90 HGoo 9572 MGOHe 8.12 nGCO3O 6.73 MGHCO) 7.09
MGSO040 6.23 NaAe 1.87 NACO}~ 4.26 NAHCO) 4.62 NASOA- 3.90 NaACLO 574 Ko 3.93
KSO&~ 573 KCLO 7«79 BAso =99.99 BAOHe -99,99 SRee -99.99 SROHe ~99.99 Lle 4.36
L 10HO 8.62 LISO0¢- 6.53 HASIO4 3.02 H3ISI04 3.95 H25104 6.06 AlLeee ~-99.99 ALOHes -=99.99
ALOH2¢  =99.99 ALOH&~ =99.99 ALSOA* -99,99 ALS042 ~99.99 FE+ee ~99.99 FEQHes -~99.99 FEOH2* -99.99
FEOH) =99.99 FEOHA~ =-99.99 FECL*s -99.99 FECLZe -99,99 FECL30 =99.99 FESOAe -~99.99 FEee -99.99
FEOQHe ~99.99 FEOH20 -99.99 FEDOH- -99.99 FESD40 -99.99 NHAe -99.99 NH3IAQ ~99.99 NHAS04 -99.99
NOJ - ~99.99 He 8.53 H25040 20,32 HSOs- 9.05 HCLO 15.88 H2SA0 ~99.99 HS- -99.99
S-- -99.99 BR-- -99.99 H3IBNO30 4.51 H280)3~ 5.04 H2CU3 4.75 02a0Q ~-99.99

HINERAL SATURATION INDICES

ADULARIA -99.99 ALBITE ~99.99 ANHYDRIT -2.53 ANORTHIT -99.99 ARAGONIT -0.25 BARITE -99.99 BOEHMITE -99,.99
BRUCITE -3.83 CALCITE 0.06 CA-MONT =-99.99 CELESTIT -99.99 CHALCEDN 0.25 CHLORITE -99.99 DOLOMITE ~1.03
GIBBSITE —-99.99 GEOQTHITE ~99.99 GRIEGITE -99.99 GYPSUM -2.61 HALITE =5.717 HALLUYST -99.99 HEMATITE -99.99
HUNTITE ~6+32 HYDYOHAG -5.59 1ILLITE -99.99 KAOLINIT -99.99 K-nICA -99.99 HMACKINAW —99.99 HMAGNESIT =~1.29
MAGNETIT ~99.99 MIRABILT <-6.48 NESQUEHO -4.41 PHLOGOPT -99.99 PYRITE -99.99 PYROPHYL -99.99 QUARTZ 0.65
SIDERITE -99.99 STRONTNT -99,99 TALC 2417 THENARDT —-b6.34 WITHERIT -99.99

SILICA SATURATION INDICES

=L0G HeSTUNU 3.02 QUARTZ 0.63 CHALCEDONY 0.29 A-CRISTOBALITE 0.05 AMURPHUUS -1.00



:33 LOCATIUN D-08-26-078083

® SAHPI@ NUMBIR 21 @ @ ® ® ® ® ® '
TITLE ‘iEi}

INPUT DATA tMOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOY 0.1672:t-02 HGTOT 0.2140E~-04 NATOT 0.,3576£E-01 KJIOT 0.2250E-03 CLYOT 0.2697e-01 ALK 0.41006-03
SO04TUT 0.5465€-02 ALTOT 0.7430€-06 FETOT 0.0000E+00 SRTOT 0.0000t«00 BATOV 0,0000E+00 LITOT O0.2450€6-03
NO3VO0T 0.0000L+00 SI0270T 0.3661E-03 BTOT 0.8788E-04 BRTOT 0.0000E+400 H25TOT 0.00006¢00 NH4&TOY 0.0000E+00

PH = 8.33 PE = 99,99 TEMP = 39,900EG C DENSITY = 1.000GM/CC

-L0GIPCO2) = 3.99 -L0G(PO2) = 99,99 ~LOG(PCHG) = 99.99

IONIC STRENGTH = 0.04398 TOTAL OISS SOLIDS = 2.43GH/LITER SOLN TOTAL INORG CARBON WOLALLITY = 0,3494E-03
ION BALANCE ERROR = 1,73PERCSNT CATION EXCESS = 0.1309E-02(CHARGE®*MOLES) H20 ACTIVITY = 0.9988

INDIVIDUAL SPECIES MOLALITIES

OH- 0.7604E-05 CO3-— 0.7209€-05 HCO3I- 0.3226E-03 SO04-- 0.4700E-02 CL- 0.2702E-01 CAee 0.1 344€-02
CAOHe O0.1334E-06 CACD30 0,4733€-05 CAHCO3 0.3379E-05 CASD40 0,.3233E-03 MNGee 0.1773E~-04 MGOHee 0,.1264E-07
MGCU30 0,3560E~07 MGHCO3 0.3663E~07 MG3040 0.3636E-05 MNAe 0.35376-01 NACO3- 0.459BE-05 NAHCD3 0.4366E-05
NASU4~ 0.44¢46E~-03 NACLO 0,1597E-~04 Ko 0.2211€E-03 X3504- 0.4313E-0% KCLO 0.1026E-06 BAee 0.0000£+00
BADHe 0.U000E+00 SReo 0.0000E+00 SROHe 0,0000E+00 LLie 0.2432E-03 LIOHO 0.2948t-08 LISO4- 0.2364E-05

H4S 104 0.3456E-03 HISIO0S 0.2139E-04 H2S104 0.7866E-07 AlLeee 0.31969E-18 ALOHee 0,148%-146 ALOHZe 0,.7875E~-11
ALOH&— 0.7448E-06 ALSO4¢ 0.4949€-18 ALS042 0.9235E~-19 FEeet+ 0.0000E+00 FEOMHee Q,0000L¢00 FEOH2+ 0.0000E¢00
FEOH30 0.0000E+00 FEOHA~ 0,0000E400 FECLO+ 0.0000E+00 FECL2¢ 0.0000Ee00 FECL3IO 0.0000E*00 FESO4e 0,0000E+00
FEee 0.0000€+00 FEOHe O0.0000E+00 FEOH20 0.0000E+00 FEOOH- 0.0000£¢00 FESDO40 0,0000£¢00 NHAe 0.0000€+00
NH3AQ 0.0000E*00 NH4S0A 0.0000€E+00 NO3I- 0.0000E¢00 He 0.5467e-08 H25040 0,1067E~-19 H504- O0,1857E-086
HCLO 0.3626E~15 H25AQ0 0.0000E+00 HS- 0.0000£¢00 S-- 0.0000E+00 BR- 0.0000€+00 H3B8030 0.7293E-04
H2B03- 0.1516E-04 H2CD3® 0.2456E-0% 02A0Q 0.0000£+00

INDIVIDUAL SPECIES ACTIVITIESI-LOG ACTIVITY)

OH 5.20 CO3-- 5.46 HCOI- 3.57 S504-- 2.66 CL- l.66 CAse "3.19 CAOHe 6.95
CACO30 532 CAHCO) 5.55 CAS040 349 MGee 95.06 MGOHe 7.97 NnGCoY0 7.44 MGHCO3 7.52
HGSOD40 5«43 MNAe L.53 NACO3- 5442 NAHCO3 9.36 NASOA- 3.43 NACLO 4,79 Ke 3. 74
KSO4A~- 5.45 KCLO 6.98 BAse ~99.99 BAOHe ~99.99 SRee ~-99.99 SROHe -99.99 Ll 3.69
L 10MO 8.53 LISOA- 571 HASI04 3.46 H3IS104 4.76 H25104 Tad2 ALt 19.01 ALOHee 15.15
ALOHZe 11.48 ALOHA- 6.21 ALSO4 18.39 ALSO42 19.12 FEeee -99,99 FEOHer -99.99 FEOH2+ -99.99
FEOH3 ~99.99 FEOHA~ -99,99 FECL*e ~99,99 FECL2¢ -99.99 FECL30 -99.99 FESO4+ =-99.99 FEee -99.99
FEOHe =-99.99 FEOH20 =99.99 FEOUH- =-99,99 FESO40 -99.99 NH4e -99.99 NHIAQ ~99.99 NH4S504 -99.99
NO 3~ =99.99 He 8.33 H25040 19.97 HSD4- 8.82 HCLO 15.44 H25A0 -99.99 HS- -99.99
S-- -99.99 BR-- -99.99 H38030 4.13 H2B0O3- 4.93 H2C03 5.61 02AQ -99.99

HINERAL SATURATION INDICES

ADULARIA -0.83 ALBITE ~1.02 ANHYDRIT ~1,17 ANORTHIT -3.,81 ARAGONIT -0.33 BakRlTe -99.99 BOEHMITE -1.63
BRUCITE -4.09 CALCITE -0.06 CA-MONT ~1.39 CELESTIT -99,99 CHALCEDN -0.09 CHLORITE -1.02 OOLOMITE -1.87
GIBBSITE -2.36 GEQTIHITE -99.99 GRIEGITE -99.99 GYPSUM -1.22 HALITE ~4.30 HALLUYST —4,73 HENATITE -99.99
HUNTITE -8.81 HYDIOMAG -8.33 IJLLITE -1.49 KAOLINIT -0,80 K-HICA —2.68 HACKINAW -99.99 HMAGNESIT -2.07
HAGNETIT -99.99 HIRABILTYT -5.28 NESQUEHD -5.1% PHLOGOPY -~3,19 PYRITE -99.99 PYRUPHYL -0.48 QUARTZ 0.33
SIDERITE -99.99 S3TRONINT ~-99,99 TaLC 0.49 THFNARDT =5.53 WITHERIT -99.99

SILICA SATURATION INDICES

-L0G H4S 1040 3.46 QUARTZ 0«31 CHALCEDONY -0.05 A-CRISTOBALITE -0.30 AMUORPHOUS -l.3b6
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- 83 LOCATION D-08-25-27CAAA

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.2495t-03 #HGTOT 0.9870E-04 NATOT 0.3611E-03 KTOUT 0.4860t-04 CLTDT 0.5080t-046 ALK 0.49006-03
SO4T0T 0.2186E-03 ALTOY 0.1486E~05 FETOY 0.0000E+00 SRYOT 0.0000E+00 BAVOVT 0,0000E+00 LITOV O.1441E-05
NO3TOT 0.0000t6¢00 SI02T0T 0.2829E-03 BIDT 0.1850E-05 BRTOT 0.,0000£¢00 HZ2SVDT 0.0000E¢90 NH4ATOT 0.0000E+00

PH = 7.18 PE = 99.99 TEWP = 6.500EG C DENSITY = 1.000GM/CC

-L0OGIPCO2) = 2.80 -L0GIPD2) = 99.99 =-LOGI(PCHA) = 99,99

JONIC STRENGYTH = 0.00157 TOTAL DISS SOLIDS = O.09GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.5804E-03
ION BALANCE ERRUR = 6.955PERCENT CATION EXCESS = O0.1340E-03(CHARGE®NMOLES) H20 ACTIVITY = 1.0000

INDIVIDUAL SPECIES MOLALITIES

OH- 0.3578E~07 CO)— 0.,2425E-06 HCO3I~- 0,4824E-03 SO4A-— 0.20996-03 CL- 0.5080E-04 CAee 0.2426€~03
CADH* 0.1611E-09 CACO30 0.4460E-07 CAHCO3 0,5812E-~06 CASD40 0.6254E~05 NGee 0.9612E~04 HGOHee 0.3814E-09
MGCOI0 0.1196E-07 MGHCOD 0.4151E~06 NGS040 0.2161E-05 NAe 0.3607€~03 NACO3- 0,5064E~09 MNAHCO3 0.8988E-07
NAS DA~ 0.2965E-06 NACLO 0.4205E~09 Ko 0.4856E-04 KSOA4- 0,4281€-07 KCLO 0.5884E-10 BAee 0.0000E*00
BAQHe 0.0000E¢00 SRee 0.0000€¢00 SROHe 0,0000€+00 LLie 0.14406-05 LIOHO O0.,4371&-13 LISOA~ 0.1114€E-08

H4S 104 0.2827€E-03 HISIO4 0.1853E-06 H2S104 0.5567€~12 ALeses 0,5707€~10 ALOH¢e 0.1283E-08 ALOH2+ 0,8349E-07
ALOHA- 0,1401E-05 ALSO4e 0.,9004E-11 ALSO42 0,1161E~12 FE+oee O0,0000E¢+00 FEOQHes 0.0000E000 FEOH2¢ 0.0000£¢00
FEOH30 0.0000E+00 FEOH4A~- 0,0000€¢00 FECLee+ 0.0000E+00 FECLZ2¢ 0,0000E+00 FECLIO 0.0000E+00 FESO4e 0.0000E*QO
FEeo 0.0000E+00 FEOHe O0.0000E+00 FEQOH20 0.0000€+00 FEODH- 0.0000E*00 FESO%0 0.0000E+00 NHAe 0.0000E+00
NH3AQ 0.0000E£000 NH4S04 0.0000E+00 NO3- 0.0000E+00 He 0.6879E-07 H2S040 0.2531E-19 HS04- 0.7213£-09
HCLO 0.3189E-18 H25AQ0 0.0000E+00 HS5- 0.0000€E+00 S-- 0.0000€E+00 BR~- 0.0000e¢00 H3IBO3IO 0.1838E-05
H2BO3- 0.L174E-07 H2C03®* 0.9659E-064 O02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESI-LOG ACTIVITY)

OH 7.47 C03-- 6.69 HCDI- 3.33 S04-~ 3.75 CL- 4.31 CAee 3.69 CAOHe 9.81
CACO30 735 CAHCO3 6.25 CASO40 520 HGee 4.09 HGOHe 9.44 RGCO30 792 MGHCO3 6. 40
HGS040 567 NA+ 3.46 NACO3- 9.31 NAHCO3 7.05 NASOA- 6.55 NACLO 9.38 Ko 4,33
KSO4~- 739 KCLO 10.23 BAee ~99.99 BADHe -99.99 SRee ~99.99 SROHe ~99.99 LI+ 5.86
L10HO 13.36 LISO04- 8.97 H4SL04 3.5% H3S104 6.75 HZ2S5104 12.33 AlLeoe 10.40 ALOHes 8.97
ALOH2e 710 ALOH4~ S«87 ALSOAS 11.06 ALSO42 12.95 FEere <99.99 FEQHer <99.99 FEOH2e -99.99
FEOH) =99.99 FEDHA~ -99.99 FECL** -99.99 FECL2+e -99.99 FECLIO -99.99 FESO4¢ -99.99 FEee -99.99
FEOH. =99.99 FEOH20 -99.97 FEDUH- ~99.,99 FESOAD -99.99 NH4e -99.99 NH3IAQ ~99,99 NH4SO4 -99.99
NO3- =99.99 He 7.18 H25040 19.60 HSO&~ 9.16 HCLO 18.50 H2saQ -99.99 HS- -99.99
S—- -99.99 BR~-- -99.99 H3R030 574 H28B03- 7.95%5 H2CO03 4.01 024Q -99.99

MINERAL SATURATION INDICES

ADUL AR IA 1.21 ALBITE =0.72 ANHYDRIT -3,07 ANORTHIT =2.35 ARAGONIV -2.,31 BARITE -99.99 BOEHNMITE 1.19
BRUCITE ~-T7.57 CALCITE =1.98 CA-MONT 6e14 CELESTIT -99.99 CHALCEDN 0.20 CHLORITE -9.29 ODOLOMITE -4.54
GIBBSIVE V.67 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM -2.81 HALITE -9.31 HALLUYST 179 HEHMATITE -99.99
HUNTITE ~13.45 HYDVOMAG -14.77 1ILLITE 4.80 KAOLINIY 6.09 K-MICA 5«43 HACKINAW -99,99 HMHAGNESIT ~2.84
MAGNETIT —-99.99 HMIRABILT -8.64% NESQUEHD -5.79 PHLOGOPT —14.38 PYRITE -99.,99 PYRUPHYL 2.13 QUARUZ 0.76
SIDERITE ~99.99 STRONTNT -99,99 TALC ~6.78 THENARDT -10.52 HWITHERIT -99.99

SILICA SATURATION INOICES

-L0G H4SI040 3.5% QUARTZ 0.72 CHALCEDONY 0.28 A-CRISTOBALITE -0.01 AMORPHOUS ~1.10
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E LOCATIUN D-08-26-20DBBD

INPUT DAYA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOTY 0.1722E-03 NGTOT 0.2100E~-05 NATOT 0.1479€-01 KTVOTV 0.5370E-04 - CLIOV 0.7560E-02 ALK 0,79006-03
SO4ATOT 0.28466-02 ALTOT 0.0000E+00 FETOT 0.00006+00 SRYOT 0.0000€¢00 BATOT 0.0000E¢00 LITOY O0.1297€-03
NO3ITOT 0.0000E+«00 S102T0T 0.3328t-03 BTUT O0.5180E-04 BRTOT 0.0000E +00 H2STDT 0.0000E+00 NHATOY 0.0000E+00

PH = B.44 PE = 99.99 TEMP = 35,10D€G C DENSITY = 1.,000GM/CC

-LOGIPCO2) = 3.76 -LOGIPO2) = 99,99 ~LOG(PCH4) = 99.99

IONIC STRENGTH = 0.01658 TOVAL DISS SOLIDS = O.92GM/LITER SOLN TOTAL INORG CARBON HOLALITY = 0.7385€E-03
ION BALANCE EXNROR = 7,37PERCENT CATION EXCESS = 0.2081E~02(CHARGE®*HOLES) H20 ACTIVIIY = 0.9996

INDIVIDUAL SPECIES MOLALITIES

OH-~ 0.6606E-05 CO3— 0.1591E-04 HCO3- 0.7068E-03 S04-- 0.23076-02 CL- 0.75656-02 CAee 0.1434E-03
CAOHe 0.1523E-07 CACD30 0.1544£-05 CAHCUI 0.8640E-06 CASD40 0.2653E~04 MNGee 0.1798E-05 MNGOHees 0,1321E-08
MGCU30 0.1176E-07 MGHCU3 0.,9723E-08 MGS040 0.2816E-06 NAs 0.1468E-01 NACO3- 0.4277E-05 NAHCOI 0.4508E-05
NASO4- 0.1131€-03 NACLO 0,2128E-05 K 0.5313E-04 KS504- 0.6085E-06 KXCLO 0.7971E-08 BAse 0.0000E+00
8AO0Hes 0.0000E*00 SRee 0.0000E¢00 SROHe 0,0000E¢00 Lie 0.1290€-03 LIOHO O0.1362E-08 L1SO04- 0.7840E-006
H4S 104 0.3142E-03 H3S104 0.1889E~-04 H2SI04 0.4690E-07 ALes+ 0,0000E000 ALOHee 0.0000£+00 ALOH2+ 0.0000E¢00
ALON4— 0.0000£E¢00 ALSO4e 0.0000E¢00 ALSO42 0.0000€+00 FEese 0.0000E¢00 FEOH+s 0.0000€+00 FEOH2¢ 0.0000€¢00
FEDH30 0.0000€E¢00 FEOHA~ 0.0000E+00 FECL*+ 0.0000E+00 FECL2¢ 0.0000E¢00 FECLIO 0.0000E¢00 FESO4* 0.0000E+00
FEeo 0.0000L+00 FEOH* O0.0000E+00 FEDOH20 0.0000€¢00 FEOQOOH- 0.0000E*00 FESO40 0,00006¢00 NH4e 0.0000E+00
NH3AQ 0.0000E¢*00 NHASO4 0.0000E+00 NO3- 0.0000E+00 He 0,4059€-08 H2S040 0.3164E-20 HSO4~- 0.7393E-09
HCLO 0.5329€-16 H2SAQ 0.0000E+00 HS- 0.0000E+00 S-- 0.0000E+00 BR~ 0.0000£+200 HIBOI0 0.4 244E-04
H2B03- 0.9412E-05 H2C03¢ 0.4584E-05 02AQ 0.0000€+00

INDIVIDUAL SPECIES ACTIVIVIES(-LOG ACTIVITY)

OH 5.2 CO3-- 5.02 HCO3- 3.21 S0A-- 2.86 CL- 2.18 CAee " 4,06 CAOHe 1.87
CACO30 %5.81 CAHCO3 6.12 CASOAO 4.57 NGee 596 MGOM+ 8.93 NnGCDIO 7.93 NGHCO3 8.07
HGS040 6.5 NAe Le89 NACOI- 5.42 NAHCO)Y 5.36 NASOA- 4,00 NACLO 5.67 Ko 4.33
KSOa- b.27 KCLO 8.10 BAes ~99.99 BAOHe ~99.99 SRes ~99.99 SROH«~ -99.,99 Lie 3.94
LI 0OHO B.86 L1506~ 6.16 HASTIOD4 3.%50 H3IS5104 .78 H25104 7455 AL¢se ~99,99 ALOHes ~99,99
ALOHZes -99.99 ALOHA~ <=99,.99 ALSD4* -99,99 ALSO4Z =~99.99 FEeeeo ~99.99 FEOHes -~99.99 FEOH2* -99.99
FEOHI ~99.99 FE0OHA- -99.99 FECLee ~99.,99 FECL2e -~99.99 FECL3O0 -=99.99 FESO4e ~99.99 Feee -99.99
FEOHe =99.99 FEQH20 =99.99 FEDUH- <-99.99 FESU40 =~99.99 NH4e ~99.99 NH3IAQ ~99.99 NH&SO4 -99.99
NO3- =99.,99 He 8.4 H25040 20.50 HS0s4- 9.19 HCLO 16,27 H25A0Q ~99.99 HS~- -99.99
$-- -99.99 BR-- -99.99 H3IBO30 4.37 H2B03 5.09 H2C03 5.34 02A0Q -99.99

HINERAL SATURATION INDICES

ADULARLIA -99.99 ALBITE -99.99 ANHYDRIT =2.28 ANORTHIT -99.99 ARAGONIT -0,79 BARITE -99.,99 BOEHMITE -99.99
BRUCITE -5.04 CALCITE -0.53 CA-MONT -99,99 CELESTIT -99.99 CHALCEDN -0,09 CHLORITE -99.99 OOLOMITE -~2.83
GIBBSITE -99.99 GEOTVHITE ~99.99 GRIEGITE -99.99 GYPSUM ~2.30 HALITE -5.67 HALLOYST -99.99 HEMATITE -99.99
HUNTITE ~10.87 HYDTOMAG -10.93 ILLITE -99.99 KAOLINIT -99.99 K-HICA -99.99 MACKINAHW -99.99 HMAGNESIT =2.59
MAGNETIT =-59.99 HIRABILY -~5.98 NESQUEHU -5.66 PHLOGOPT -99.99 PYRITE -99.,99 PYRUPHYL ~-99.99 QUART2

SIDERITE -99.99 STRONTNT -99.99 TaALC © =210 THENARDYT ~be.44 MWITHERIT -99.99

SILECA SATURATION INDICES

~LO0G H4S51040 3.50 QUARTZ 0.34 CHALCEDONY -0.,04 A-CRISTOBALITVE -0.30 AMURPHOUS -l.36
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INPUY DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATUT 0.4940:-03 NGTOTY 0,7800€-05 NATOT 0.1783E~01 KTOT 0,7420E-04 CLTOT 0.1250E-01 ALK 0.13906-02
SO4TUT 0.2602E-02 ALTOT 0.0000€E¢00 FETOT 0.0000E+00 SRTOTV 0.0000€+00 BATOT 0.0000£+¢00 LI1TOT 0.1297e-03
NU3TOT 0.0000£+¢00 SI0270T 0.2995E-03 BTOT O0.4163E~04 BRTOT 0.0000E¢00 H2S5T0T 0.0000E+00 NH4TOT 0.0000¢+00

PH = 8.5) PE = 99.99 TENP = 3B.70DEG C DENSITY = 1,000GM/CC

-LOGIPCO2) = 3.60 -LOGIPD2) = 99.99 ~LOGI(PCH4) = 99,99

IONIC STRENGTH = 0.02161 TOTAL OISS SOLIDS = 1.23GM/LITER SOLN VOTAL INORG CARBON MOLALITY = 0,1292E-02
ION BALANCE ERROR = ~0.13PERCENT CATIUN EXCESS »—0.4956E~-04({CHARGE®MDLES) H20 ACTIVITY = 0.9994

INDIVIDUAL SPECIES MOLALITIES

OH- 0.1065€E-04 CO03— 0.3702E-08 HCO3- 0.12126-02 S04-- 0.2396€-02 CL~- 0.1251E-01 CAee 0.4086E-03
CAOH¢ 0.6709e—-07 CACO30 0.1013€E-04 CAHCO3 0.4437€~05 CASU40 O0,.7138E-04 NGee 0.6663E-05 MNGOHees 0.7 740E-08
MGCO30 0,9523E-07 MGHCD3 0.6003E-07 MGSO40 0,9841E-06 NAe 0. 17696-01 NACO3- 0.1336£-04 NAHCO3 0.9027€-05
NASOA— 0.13576-03 NACLO 0.4099€E-05 Ko 0.7341€-04 KSO4- 0,8676E~06 KCLO 0.1756E-07 BA¢e 0.06000E+00
8AO0He 0.,0000€E¢00 SReo 0.0000€+00 SROHe 0,0000€+00 L1+ 0.1291€-03 LIOHO 0.2324E-08 L1504~ 0.7662E-06

H4S 104 0.2756€E-03 HISID4 0,.2430E-04 H25104 0.1112E-06 ALese+ 0,0000€E+00 ALOHe+ 0.0000E*00 ALOHZ® 0,0000E¢00
ALOH&— 0.0000£E¢00 ALSO4¢ 0.0000€E+00 ALSO42 0.0000£+00 FEeee 0.0000E*00 FEOHees 0.00006+400 FEOH2+ O0.0000E+00
FEUH30 0.0000E400 FEOHA- 0,0000€¢00 FECL¢* 0.0000€+400 FECL2¢ 0.0000E*00 FECL3IO 0.0000E+00 FESO4* 0.0000E+00
FEeo 0.0000E+00 FEOHe O0,0000€E¢00 FEOH20 0.0000E¢00 FEUOH~ 0.0000E+*0Q00 FESO40 0.00U0E+Q0 NH4+ 0.0000E¢00
NH3IAQ 0.0000E+00 NHASO4 0.0000E+00 NO3- 0.0000€+¢00 He 0.3338E-08 H25040 0,2460E-20 HS04- 0.6612E-09
HCLO 0.9990£-16 H2SAQ 0.0000E¢00 HS~- 0.0000€¢00 S-~- 0.0000E+00 B8R~ 0.0000: +00 H3B030 0.3212€E-04
H2B03- 0.9559E-05 H2C03¢ 0.6153E-05 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESI-LOG ACTIVITY)

OH 5.0 CO3— 4.68 HCO3- 2.98 SOA—— 2.87 CL- L.97 CAeoe 3.63 CADHe 1.23
CACO30 4.99 CAHCO3 Se.41 CASO040 414 HMGeo S5.41 MGUHe 8.17 MNGCO3O 7.02 NGHCOD 1. 29
MGS040 6.00 NAe 1.81 NACDI- 4,94 NAHCD]3 5.06 NASO&- 3.93 NaCLO 9.39 K¢ 4.20
KSO4-~ b.12 KCLO 7«75 BAee -99.99 BADHe ~99.99 SRee =99.99 SROH+ ~99.,99 Lie 3.95
LI0HO 8.63 LISOA- 6.18 HaS104 3.96 HISIDG 4.68 H25104 720 ALtee -99.99 ALOHee -99.,99
ALDH2¢ -99.,99 ALOHA- =-99.99 ALSO4* -99.99 ALSO42Z <-99.99 FEeee -99.99 FEQHes -99.99 FEOH2¢ -99.99
FEOGHI -99.99 FEOHA- =99,99 FFCL++ =99,99 FECL2¢ -99.99 FECLIO -99.99 FESD4e -99.99 FEee -99.99
FEQHe -99.99 FEOH20 -99.99 FEOOH- -99.99 FESU40 -99.99 NH4e =99.99 NH3AQ -99.99 NH4S504 -99.99
NO3- -99.99 He 8.53 H25040 20.61 HSO04- 9.24 HCLO 16.00 HZSAQ -99.99 HS-~ -99.99
S-- -99.99 BR-- -99.99 HIBOIO 4.49 HZB03- 5.10 H2CO03 5«21 02AQ ~99.99

MWINERAL SATURATION INDICES

ADULARIA -99.,99 ALBITE ~99.,99 ANHYDRIT ~—1.83 ANORTHIT -99.99 ARAGONIT 0.00 BARITE ~99.99 BOEHMITE -99.99
BRUCITE -4.,11 CALCITE 0.27 CA-MONT <-99,99 CELESTIT -99.99 CHALCEON -0.18 CHLORITE -99,99 DOLOMITE -l.11
G1BBSITE -99.99 GFOTHITE -99.99 GRIEGITE -99,99 GYPSUM ~1.87 HALITE —5.39 HALLUYST -99.99 HENATITE -99.99
HUNTITE —7.26¢ HYDTOMAG -7.12 ILLITE -99.,99 KAOLINIT -99.99 K-HICA 99,99 HACKINA® -99,99 MAGNESIT -1.65
HAGNETIT -99.99 HMNIRABILT -6.00 NESQUEHO —~4.,73 PHLOGOPY -99.99 PYRITE -99.99 PYRUPHYL -99.99 QUAKITZ 0.25
SIDERITE -99.99 SVTRONINT -99.99 TALC O.14 THENARDT —6.30 WITHERIT -99.99

SILICA SATURATION INDICES

~L0OG H4S10D40 3J.%6 QUARTZ 0.23 CHALCEDONY -0e.14 A-CRISTOBALITE ~0.39 AMURPHOUS ~-1.45%



CATOY
SO4ATOT
NO3TOT

PH =

INPUT

8.39

0.4740£-03
0.2811£-02
0.0000E+00

-LOGIPCO2) = 3.75
IONIC STRENGTH = 0.01977

10N BALANCE ERROR =

LOCATION

MGTOT
ALTOT

san@ NUMBER 25 @

0.,1070E-04
0.3715€-06

S10270T 0.3994E-03

PE = 99.99
-LOG(PO2) = 99.99

DATA {MODLES PER LITER OF SOLUTION

NATOT
FETOY
810V

TEMP = Jb.50VEG C

TOTAL DISS SOLIDS =
1.91PERCENT

INDIVIDUAL SPECIES MOLALITIES

D-08-26-2008CA

2 EQUIVALENTS PER LITER FOR

0.1609€E-01
0.0000E+00
0.5088E-04

K107

[
ALKALI
0.1636E~03 CLTOT
SRTOT 0.0000E+00 BATOT
BRTOT 0.0000E+00 HZSTO

DENSITY = 1,000G6M/CC
-LOGI{PCHS) = 99,99

1.10GM/LITER SOLN
CATION EXCESS = 0.6412€-03(CHARGE*MOLES)

NITY)
0.1036E-01
0.0000E+00

T 0.0000E¢00

ALK 0
Livor
NH4ATOT O

OH- 0.6578E~-05 CO3~-- 0.1356E~-04 HCO3I- 0.6432E-03 SO4-- 0.2599E-02 CL- 0.1039E~-01 CAe¢e
CAOHe 0.,4017€-07 CACOID 0.3478E~05 CAHCO3 0.2161E-05 CASOAD 0,7642E-04 MGeo 0.9111E-05 MNGOHe+
MGCO30 0.4814t-07 HGHCO3 0.4372E~-07 MGSO40 0.1503E-05 NAe 0.15976~01 NACO3- 0.4075€-05 NAHCO]
NASOS4- 0.1342E-03 NACLO 0.3110E-05 Ko 0.1617€-03 XS04~ 0.2048t-05 KCLO 0.3253E~-07 BAee
BAOHe O0,0000E+00 SRee 0.0000€+00 SROHe O0,0000E«00 Lo 0.14336-03 LIOHO 0.1526E-08 L1504-
H4SI04 0.3780E-03 MH3ISI04 0.2181E-04 H25104 0.5719E-07 ALee¢es 0,1863E-1686 ALOH*¢ 0.7028E-15 ALOHZ2e
ALOH&~ 0,3719E~06 ALSD4¢ 0.2016E~-18 ALSD42 0,2522E-19 FEees 0,0000E400 FEOHees 0.0000E400 FEOH2¢
FEOH30 0.0000E+00 FEOH4~- 0.0000E¢00 FECL*e+ 0.0000E*00 FECL2+ 0.0000E+00 FECL3IO 0.0000E+00 FESD&»
FEeo 0.0000E+00 FEOH* 0.0000E+00 FEOHZ20 0.0000€E*00 FEOOH- 0.0000E+00 FESO40 0.0000E+00 NHAe
NH3AQ O0.0000E+0D0 NH4SO04 0.0000€E¢00 NO3- 0.0000E¢00 He 0.45808E-08 H25040 0.4639E~20 HS04-
HCLO 0.9313E-16 H2SA0 0.0000E+00 HS- 0.0000E+00 S-- 0.0000E+00 BR- 0.0000L +00 H3B030
H2803~ 0.8690€-05 HZC03® 0.4590E-05 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)
OH %.24 COY-- 5.10 HCO3- 3e25 S04~ 2.82 CL- 2.05 CAee 3.64 CADHe
CACO30 5«46 CAHCO3 $5.72 CASO040 4.1 MGee 5427 NGOHe 8.24 MGCO30 7.32 MHGHCO3
NGS 040 5.82 NAe 1l.86 NACD3- 5.45 NAHCO3 536 NASOA- 3,93 NACLO 5.51 Ko
XS04~ 5%.75 KCLO T«49 BAee -99.99 BADHe =-99.99 SRee -99.99 SROMHs  -99,99 Ll
L TUHO 8,81 LISOA- 6.08 H&4S10s 3.42 H35104 4,72 H2S5104 748 AlLeee 1919 ALOH+s
ALOHZ2¢ 11.45 ALOHA~- 6.49 ALSOAe 18.76 ALSO&2 19.66 FEere -99,99 FEQHes -99,.99 FEOH2e¢
FEOH3 -99.99 FEDHA- -99.,99 FECLe+s -99.99 FECL2¢ -99.99 FECL3O -99.99 FESO4e <99.99 FEee
FEOHe -99.99 FEOH20 -99.99 FEOOH- <-99.99 FESO40 -99.99 NHae -99.99 NH3AQ -99.99 NHASO4
NO3- =99.99 He 8.39 H25040 20.33 HSO4~- 9.09 HCLO 16.03 H2s5aA0Q -99.99 HS-
S—-- -99.99 B8R-~ -99.99 H38030 4.37 HZ2803- 5.13 H2C03 5.34 02A0Q -%9.99

MINERAL SATURATION INDICES
ADULARIA -0.87 ALBITE =1.31 ANHYDRIT ~—1.81 ANORTHIT —4.61 ARAGONIT -0.45 BARITE -99.99
BRUCITE ~4.37 CALCITE -0.18 CA-MHONT ~1e66 CELESTIT -99,99 CHALCEDN -0.02 CHLURITE =2.4)
GIBBSITE -2.955 GEDVHITE -99.99 GRIEGITE -99.99 GYPSUM ~1.84 HALITE -5.51 HALLOYST =5.00
HUNTITE -8.65 HYDTOMAG -8.36 ILLITE -le?? KAOLINIT ~-1.,03 K-MICA =3.12 HACKINAW -99.99
MAGNETIT ~99.99 MIRABILT =5.94 NESQUEHOD -5.04 PHLOGOPT -4.35 PYRITE ~99.,99 PYROPHYL -1.01
SIDERITE —-99.99 STRUNINT -99,.99 TALC 0.10 THENARDT —-b6e34 MWITHERIT -99.99

SILICA SATURATION INDICES
~-L 06 H&SI1040 3.42 QUARTZ 0.40 CHALCEDONY 0.03 A-CRISTOBALITE ~0.23 AMORPHOUS -1.2

«71300E-03

Uo1441E-03

«0000E «00

TOTAL INORG CARBON MOLALITY = 0.6755€-03
H20 ACTIVITY = 0.9995

0.3924E-03
0.6513E~09
0.4372E-05
0.0000E+00
0.9432€-006
0.4064E-11
0.0000E+00
0.0000E +00
0.0000E+00
0.9445E-09
0.4225E-04

7.45
Te42
3.85
3.90
15.39
-99.99
-99.99
-99.99
-99.99

BOEHMITE ~-1.84
DOLOUMITE ~-1.87
HEMATITE -99.99
HAGNESIT -1.90
QUAKTZ 0.42

9
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TITLE - 13 LOCATION D-08-26-20AC08

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.5489L-03 nGTOY 0.8200E~-05 NATOT 0.1936E-01 KTUTVT 0.,1278E-03 CLTOT 0.1199€-01 ALK 0.7300£-03
SOATOT 0.3644F-02 ALTOY 0.3715€-06 FETUT 0.0000E¢0U0 SRTOT 0.0000E¢00 BATOT 0.0000E+00 LITOT O.1873&-03
NO3T0T 0.0000E+00 SID2VOT 0.4326E-03 BTUT 0.6938E-04 BRTIOT 0.,0000E¢00 H2STOT 0.0000E+00 NHATOT 0,0000E+00

PH = 8.82 PE = 99.99 TEMP = 38.00D€EG C DENSITY = 1.000GM/CC

-LOGIPCO2) = 4,27 ~LOG(PO2) = 99,99 -LOG(PCH4) = 99,99

IONIC STREMGTH = 0.02379 TOTAL DISS SOLIDS = 1.32GM/LITER SOLN TOTAL INORG CARBON MOLALEITY = 0.5713€-03
ION BALANCE ERROR = L.96PERCENT CATION EXCESS = 0.7827E-03(CHARGE®MOLES) H20 ACTIVITY = 0.9994

INDIVIDUAL SPECIES MOLALITIES

OH- 0e1990E-04 CO03— 0.3074E-0¢ HCO3- 0.5133E-03 SO4-- 0,33426-02 CL- 0.1200E—-01 CAee 0.41376E-03
CAOHe 0.1308E-06 CACD30 0.8449E-05 CAHCOI 0.1928E-05 CAS040 0,1016E~-03 NGeo 0.6765-05 MNGOH+e 0.1426€E-07
MGCUI0 0.7624€-07 MGHCOI 0.25019E-07 MGSU40 0.1330E~05 Nae 0.1916E-01L NACO3- 0.1139E-04 NAHCO3 0.4093E-05
NASD4~ 0.19976-03 NACLO 0.4208E-05 K« 0.1259€-03 KXSO4- 0.2007€-05 KCLO 0.2857€-07 BAee 0.0000E+00
BAOHes 0.0000E*00 SRes 0.0000€E*00 SROH* 0.0000E*00 L1+ 0.1860€-03 LIOHO 0.60806-08 LI1SO4— 0.1508E-05

H4S 104 0.3709€-03 HISI04 0.622BE-04 H25104 0.5265€E-06 Alets 0.2679E-20 ALOHe+ 0.2971E-16 ALOH2¢ 0,4895¢E~-12
ALOH4~ 0.37206~06 ALSOA* 0,.3408E-20 ALSD42 0.5280tE-21 FEee+ 0.0000E*00 FEOHee 0,.00006E¢00 FEOH2¢ 0.0000E*00
FEUH30 0.00006°00 FEOHA- 0.0000E¢00 FEtCLes 0.,0000E+00 FECLZ2¢ 0.0000E*00 FECL3O 0,.0000L¢00 FESO4+ 0.0000E¢00
FEeo 0.0000£¢00 FEOH® O0.0000E+00 FEOQOHZO 0.0000€+400 FEQOH~ 0.0000€¢00 FESO40 0.0000E400 NHAe 0.0000E+00
NHIAQ 0.0000€°00 NHASOA 0.0000€E+00 NOI- 0.0000E+00 He 0.1719e-08 H25040 0.8512€E-21 H504~ 0.4561E-09
HCLO 0.4564E—-16 H2S5AQ 0.0000E*00 HS- 0.0000E+00 S-- 0.0000E*00 BR- 0.0000€+00 #H38030 0.4401E~-04
H2803~ 0.2546E-04 H2C03* 0.1333E-05 O2a0Q 0.0000E+00

INDIVIDUAL SPECIES ACTIVIVIES(-LOG ACTIVITY)

OH 4.77 CO3~— 4,77 HCO3- 3.35 S04-- 2.73 CL- 1.99 CAee 3.61 CAOHe 6.95
CACD3O 5.07 CAHCO)] 5.78 CASO40 3.99 HGee 542 HGOH+ 7.91 HMGCO30 7.12 MHCHCO3 1. 67
MGS040 587 NAe 1.78 NACO3- 501 NAHCO) 539 NASOA- 3.76 NACLO 537 Ke 3.97
KS04- 5.76 KCLO 754 BAer -99.99 BAOHe -99.99 SRee =99.99 SROHe -99.99 (Lle 3.79
L 10HO 8.2 L1504~ 5.89 HASIOA 3.43 H3I5106 4,27 H25104 6.53 AlLsee 21 .07 ALOHe» 16.78
ALOHZ2e 1237 ALODHA- 6.50 ALSD4e 20.53 ALSU42 2134 FEese ~99.,99 FEOHes -99,99 FEOH2s -99.99
FEDHI ~99.99 FEOHA- =-99,99 FECL4s -99,99 FECL2¢y =99.99 FECLIO -99.99 FESOss =99.,99 FEee -99.99
FEQH« -99.99 FENH20 =-99,99 FEOOH- -99.99 FESOS -99.99 NH4» ~-99.99 NH3AQ -99.99 NH4S04 -99.99
NO3- ~99.99 He 8.82 H25040 21.07 HS04- 9.41 HCLO 16.34 H25AQ =-99.99 HS- -99.99
S—-- ~99.99 BR-- -99.99 H3IB030 4.35 H2803 4.67 H2CU) 5.87 02AQ -99.99

MINERAL SATURATION INDICES

ADULARIA -1.12 ALBITE =135 ANHYDRIT <-1.68 ANORTHIT -4.66 ARAGONIT -0.07 BARITE ~99.99 BOEHHITE -2.33
BRUCITE -3457 CALCITE 0.20 CA-HONT ~2.75 CELESTIT -99,99 CHALCEDN -0.05 CHLURITE 0.42 DOLOMNITE ~-1.28
GIBBSITE -3.05 GEOTHITE ~99.99 GRIEGITL -99.99 GYPSUM -1.72 HALITE ~5438 HALLUOYST -6.03 HEMATITE -99.99
HUNTITE ~7e62 HYDTOMAG -6.90 ILLITE -2.62 KADLINIT =2,08 K-HICA —4.36 HMACKINAW -99,99 HAGNESIT ~-1.75
MAGNETIT -99.99 MIRABILT -5.77 NESOQUEHD -4,393 PHLUGOPT -2.08 PYRITE ~99.99 PYRUPHYL ~1.91 OQUARITZ 0.39
SIDERITE -99.99 STRONTNY -99,99 TaALC 2.33 THENARDT -6.10 MWITHERIT -99.99

SILICA SATURATION INDICES

-LOG H4S1040 J.43 QUARTZ 0.37 CHALCEDONY 0.00 A-CRISTOBALITE -0.2% AMORPHOUS -1.31
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. /83 LOCATION 0-08-26-20A088

INPUT DATA (MOLES PER LITER OF SOLUTIONM : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT O.1647E-03 NMGYDY 0.6170£-04 NATOT 0.1131E-01 KTOTVT 0.1278E-03 CLTOT 0.5134E-02 ALK 0.2910€-02
SO4TOT O.L041E-02 ALTOT 0.7430€-06 FETOY 0.0000E¢00 SRVOT 0.0000E+00 BATOT O0.0000E¢00 LITOT 0.3891E-04
NO3TOT 0.0000E+00 SI02TOT 0.2829€-03 BVOT 0.60126-04 BRTUT 0,00006+00 H2ST3T 0.0000€¢00 NH4TOT 0.0000E+00

PH = B8.4% PE = 99.99 TENP = 24.80DEG C DENSITY = 1.0006M/CC

-LOGIPCO2Y = 3.24 -LOG(PD2) = 99.79 ~LOGIPCH4) = 99,99

IONIC STRENGTH = 0.01217 TOTAL OISS SOLIDS = O 75GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0,2844E-02
TON BALANCE ERROR = B.,27PERCENT CATION EXCESS = 0.1807E-02(CHARGE*MOLES) H20 ACTIVITY = 0.9996

INDIVIDUAL SPECIES MOLALITIES

OH- 0.31276-05 CO03—— 0.4990€E-04 HCODI- 0.2745E-02 S04-~- 0.987%E-03 CL- 0.51037E-02 CAee 0.1457€-03

CAOH* 0.7343€-08 CACO30 0.4309€-05 CAHCOI 0.2663€E-05 CASD40 0,121B8E-04 MHGeo 0.5548E-04 MGCOHee 0,10829E-07
MGCO30 0.1113E-05 HGHCO3 O0.1161E~05 MGSUSO 0,3972E~-05 NAe 0.1126E-01 NACO3- 0.6669E~05 NAHCO3 0.1392E-04
NASO4~- 0.37456~04 NACLO O0.1151E-05 Ko 0.1273€-03 KSO04- 0.5638E-06 KCLO 0.1349€E~07 BAee 0.0000E+00
8A0Hs 0.,0000E¢00 SRee 0.0000E+00 SROHe 0.,0000E+00 Lie 0.3883E-04 LIOHO O0.1530E-09 (LI1SO4- 0.1082E-06

H4S108 0.2730€-03 HISIOS 0.1007E-04 H2S106 0.7825E-08 ALeses 0,3025E-17 ALOH** 0.5366E-14 ALOHZ2e 0.1870t-10
ALOH4— 0.7435E-06 ALSO4e 0.1413E-17 ALSD42 0.7137€E-19 FE¢ee 0.0000E¢00 FEOHe¢+ 0.00006200 FEOH2¢ 0.0000E¢00
FEOH30O 0.0000E¢00 FEUHA~ 0.0000E¢00 FECLe+ 0.0000E¢00 FECLZ2* 0.0000E¢00 FECLIO 0.0000€E+00 FESO4e 0.0000E¢00
FEoo 0.0000€+00 FEOH* O0.0000E+00 FEOHZ20 0,0000€E+00 FEOOH- 0.0000E+00 FESO%0 0.0000E¢00 NH4e 0. 0000E+00
MNH3AQ O0.0000E*00 NH4S04 0.0000£+00 NO3- 0.0000E+00 He 0.3912E-08 H25040 0.7899E-21 HSO4- 0.2435E-09
HCLO 0.1261E-16 H2SA0 0.0000E+00 HS~ 0.0000E+00 S-—- 0.0000E+00 BR-~ 0.0000€+00 H3B030 0.5081E-04
HZBO3~ 0.9353E-05 H2CO03* 0,1961E-04 0O2AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESU-LOG ACTYIVITY)

OH %.55 C03~-- 4.49 HCO3- 2.61 S04~ 3.20 CL- 2.34 CAee 4.02 CAOHe 8.18
CACO30 5.36 CAHCO3 5.62 CASO40 491 HMGeeo 4.44 HGOHe 778 MGCO30 5.9% MGHCO3 5. 98
HGS 040 5.40 MNae 2.00 NACO]- 5.22 NAHCO) 4.86 NASDS- 4,47 NACLO 5.94 Ke 3. 94
K506~ 6.30 KCLO 787 BAse -99.99 BAOHe+ -99.99 SRee -99.99 SROHe “99.99 Ll 4. 46
LI0HO 9.8 LISOA- 7.01 HAS104 3.56 H3ISI04 5,05 H2510s 8.29 ALeeo 17.90 ALOHe» 14.46
ALOHZ2e 10.78 ALOHA- 6.18 ALSO4 17.90 ALSO42 19.19 FEeoe ~99.99 FEOQOHes ~99.99 FEOH2¢ -99.99
FEUH3 ~99.99 FEODH4A- ~99.99 FECL*¢ <99.99 FECL2¢ =99.99 FECL3IO0 -99.99 FESUAe ~99.99 FEeo -99.99
FEOHe ~99.99 FEUHZ20 -99.,99 FEOOH- -99,99 FESO40 -99.99 NH4e -99.99 NH3IAQ -39.,99 NHASDO4 -99.99
NO3- ~99.99 He 8.49% H25040 21.10 HSO&~ 9.66 HCLO 16.90 H25A0Q -99.99 HS- ~99.99
S-~ -99.99 B#k-- ~99.99 H3IBO30 4.29 H2803- 5.09 H2C03 4.71 02a0 -99.99

MINERAL SATURATION INDICES

ADULARIA -0.22 ALBITE ~0.85 ANHYDRIT -2.68 ANORTHIT -4,16 ARAGONIT -0.30 BARITE -99.99 BOEHMITE -1.15
BRUCITE -4.14 CALCITE -0.04 CA-HONT ~0.02 CELESTIT -99.99 CHALCEON -0.04 CHLORITE 0.95 ODOLUMITE ~—0.43
GIBBSITE -1.79 GEOVTHITE -99.99 GRIEGITE -99.,99 GYPSUNM =2+62 HALITE -5.92 HALLOYST =-3.54 HEMATITE -99.99
HUNTLTE -4.81 HYDVOMAG —-4.54 ILLITE 0.05 KXAOLINIT 0.56 K-HICA ~0.94% MACKINAW -99,99 HMAGNESIT -0.69
HMAGNETIT ~99.99 HIRABILYT -6.07 NESQUEHO -3,72 PHLOGOPT -=3.93 PYRITE -99.99 PYROPHYL -1.07 QUAKTZ U.45
SIDERITE -99.97 STRUNTNT =-99.99 TALC le4l THENARDT ~7.01 WITHERIT ~99.99

SILICA SATURATION INDICES

-LOG H4ST1040 3.%6 OUART? 0e.42 CHALCEDONY 0.02 A-CRISTOBALITE -0.29 AMORPHUUS ~1e32
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9 LOCATION D-08-26-20ADCC

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.1697:-03 nmGYOV 0.4940E-04 NATOT 0.1109€-01 KTOT 0.1330€6-03 CLTOT 0.4993t-02 ALK 0.2590e-02
SO4TOT 0.1738E-02 ALTOT 0.0000€E+00 FETNY 0.0000€400 SRTOT 0.0000€E+00 BATOT 0,00000¢00 LITOV 0.3747€-04
NG3TOT 0.0000E+00 SI102707T 0.2995€E-03 BTOT 0.40706E-04 BRTOT 0.0000£E¢00 H25TDT 0.0000E+00 NH4TDTY 0,0000¢ +00

PH = 8.43 PE = 99,99 TEMP = 26,500EG C DENSITY = 1,0006M/CC

-LOGIPCO2} = 3.26 -L0OGIPN2) = 99.99 -LOG(PCH4) = 99,99

IONIC STRENGTH = N,0131) TOTAL DISS SOLIDS = 0.79GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.2534¢€-02
10N BALANCL ERRUR = 2.85PERCENT CATION EXCESS = 0.6415E-03(CHARGE®MOLES) H20 ACTIVITY = 0.999¢6

INDSVIDUAL SPECIES MOLALITIES

OH- 0.3408E-05 CO3— (Q.4444E-04 HCOI- 0.2445E-02 SO04-- 0.1653E-02 CL- 0.4996E-02 CAss» 0.1438€-03
CAOHe 0.78B656—08 CACO30 0,3821E~05 CAHCOI 0.2429€E-05 CASO40 0,1979€E-04 MGes 0.4283E-04 MGOHee 0,1546E~07
MGCO30 0.7616E-06 HMGHCO3 0.7951E-06 MGSO40 0.5037€E-05 NAe 0.1102E-01 NACOY- 0,6234E-05 NAHCOD 0.1204E-04
NASO4— 0.6103C—~04 NACLO 0.1087€-05 Ko 0.1321€E-03 K504~ 0.99226-06 KCLO 041349E-07 BAse 0.0000E+00
RAOHe 0.0000E+00 SRes 0.0000E+00 SROHe 0.0000E¢00 Lle 0e3733e-04 LIOHO 0.1665€-09 L1S08~ 0.1714E-006

H45104 0.28R6E-03 H3SI04 0.1112E~-04 H2S5104 0.1017€-07 AL+e+ 0,0000E+00 ALOH+e 0.0000E¢00 ALOHZ2¢ 0.0CO0E+00
ALOH&~ 0.0000E*200 ALSO4* 0.0000€E+00 ALSO42 0,0000E¢00 FEteese 0,0000E¢00 FEOQOHes 0,0000E000 FEOH2¢ 0.0000E¢00
FEOH3I0 0.0000E*00 FEOH4- 0,0000€¢00 FECL++ 0.00006¢00 FECL2® O0,0000E¢00 FECLIO 0.0000€6+00 FESO4+ 0.0000£¢00
FEee 0.0000E200 FEOH* O0.0000E«00 FEOH20 0.0000E+00 FENOH- 0,0000E¢00 FESOLO0 0,0000E+00 NH4e 0.00C0E+ 00
NHIAQ O0.0000E¢00 NHASOS 0.0000E+00 NO3- 0.0000€¢00 He 0,4109¢€-08 H2S040 0.1570€E-20 HSD4~ 0.4423E~-09
HCLO 0.1%268E-16 H2SAQ 0.0000E¢00 HS- 0.0000€+00 S-- 0.0000E+00 BR~- 0.0000€¢00 HIBOIO 0.3445E-04
H2803- 0.6282E-05 H2C03* 0.1784E-04 02AQ 0.0000€+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)

OH 5.52 CO3¥-- 4.55% HCD3- 2.66 S04-—- 2,98 CL- 2.35 Caes 4.04 CAOHe 8.15
CACO30 5.42 CAHCO3 5.66 CASN4O 4«70 NGeo 4.56 NMGOHe 7.86 MGCO30 6.12 NGHCO3 6.15
NGS040 95.30 Nae 2.01 NACO3- 529 NAHCO) 4.92 NASON- 4.26 NACLO 9.96 Ko 3.93
X504~ 6.05 KCLO 7.67 RAse -99.99 BAODHe ~99.99 SRee -~99,99 SROHe -99.99 Ll-» 4. 48
LI0HO 9.78 LISO04- 6,82 HESING 354 HISIO04 5,00 H25104 Bel9 ALeos -99.99 ALOHee -99.99
ALOH2* -99.99 ALOH&4~ =~99,99 ALSO4* -99.99 ALSO42 ~99.99 FEere ~99,99 FEQHee -99.99 FENH2+ -99.99
FEOHI -99.99 FEOH&- -99.99 FECLees ~99.99 FECL2* =99.99 FECLIO ~99.99 FESO4e -99.99 FEee -99.99
FEOH* -99.99 FENH20 =99.99 FENNH- <=99,99 FESN4D <~99.99 NH4e =-99.99 NH3AQ -99.99 NH4SO4 -99.99
NO3-~ =~99.99 He B.43 H25040 20.80 HSO4- 9,40 HCLO 16,81 H2S5A0 ~99.99 HS- -99.99
S-- -99,99 BR-- -99,.99 H3IANI0 4.%6 H2803- 5«26 H2CO03 4.75 02aQ -99.99

HINERAL SATURATION INDICES

ADULARIA -99.,99 ALBITE =-99,99 ANHYODRIT -2.45 ANORTHIY -99.99 ARAGONIT -0.36 BARITE -99,99 BOEHMITE -99.99
BRUCITE -4.19 CALCITE =010 CA-MONT -99.99 CELESTIT -99,99 CHALCEDN -0.03 CHLURITE -99.99 DOLOMITE ~0.64
GIBBSITE -99.99 GEOTHITE -99,99 GRIEGITE -99.99 GYPSUM -2.%1 HALITE =995 HALLOYST -99.99 HEMAVITE -99.99
HUNTITE ~-5-30 HYDVOMAG =5.00 ILLITE -99.99 KAOLINIT -99,.,99 K-MICA -99,99 MACKINAW -99.99 MAGNESIT -0.84
MAGNETIT -99.,99 MIRABILY -5.9% NESQUEHO -3.88 PHLOGOPY -99.99 PYRITE -99,99 PYROPHYL -99.99 QUARIZ 0. 44
SIDERITE -99.99 STRONTNT -99.,99 TALC 1.18 THENARDY -6.81 HWITHERIT -99.99

SILICA SATURATION [INDICES

~-L0G H4S1040 3J.54 QUART? 0.42 CHALCEDONY 0.03 A-CRISTUBALITE ~0.24 AHRURPHUOUS ~-1.31
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TiTee ogRL LOCATIUN D-08-26-18A800

INPUT DATA (HOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.9480E~04 HGIOT  0.4900E-05 NATOT 0.1196E~01 KTOT 0.8440E~04 CLTOT 0.63476-02 ALK 0.20806-02
SUGTOT 0.1457€-02 ALTOT  0.7430E-06 FETUT 0.0000E¢00 SRTNT 0.0000E+00 BATOT 0.0000E+00 LITOT 0.72C5E-04
NO3TOT 0.0000E+00 SID2TOT 0.4326F-03 BTOT 0.4625E~04 BRTOT 0.0000E+00 H2STOT 0.0000E¢00 NH4TOT 0.0000E+00
PH = B8.92 PE = 99.99 TEMP = 37.200EG C  DENSITY = 1.000GM/CC
-LOG(PCOZ) = 3.85 ~-LOG(PO2) = 99.99 =LOGIPCH&) = 99,99
IONIC STRENGTH = 0.01329  TOTAL DESS SOLIDS = O0.B0GM/LITER SOLN  TOTAL INORG CARBON MOLALITY = 0.1820€-02
[ON BALANCE ERROR = 4.18PERCSNT CATION EXCESS = 0.9794E-03(CHARGE®MOLES)  H20 ACTIVITY = 0.9996

INDIVIDUAL SPECIES MOLALIVIES
oH- 0.22886-04 CN3-~ 0.11286-03 HCO3- 0.1658E-02 SD&-- 0.1389€-02 CL- 0.6351E-02 CAee  0.7726E-04
CADHe 0.3004E-07 CACO3D 0.6834E-05 CAHCO3 0.1215€-05 CAS040 0.95326-05 HGee  0.41B4E-05 HGOHee 0.1137€~07
HGCD30 0.2176E-06 MGHCO3 0.5605E-07 MGSO40 0.4353E-06 NAe 0.11886~01 NACD3- 0.2823€-04 NAHCO3 0.8748E-05
NASO4- 0.5824E~04 NACLO 0.1479€-05 Ko 0.8383E-04 KS04- 0.6254E-06 KCLO 0.1082E-07 BAee  0.00Q0E+00
BAOHe 0,0000E400 SRe¢+  0.0000€¢00 SROHe 0.0000E+00 LI 0.7183€-04 LIOHO 0.28296-08 L1S04- 0.2742E-06
HASIO& 0.36176-03 H3SING 0.7121E~04 H2SI04 0.6406E-06 ALese 0.21296-20 ALOH++ 0.306%E~16 ALOH2+ 0.6648E~12
ALOHA- 0.7436E~06 ALSO4e 0.19236-20 ALSO42 0.11106~-21 FEese 0,00006+00 FEOMes 0,0000E¢00 FEDHZ+ 0.0000E+00
FEOH30 0.0000E¢00 FEOH4- 0.0000E¢00 FECL*e 0.0000E+00 FECL2+ 0.0000E000 FECL30 0.0000E+00 FESO4® O.0000E¢00
FEes 0.0000E000 FEOHs 0.0000E¢00 FEOM20 0.0000E+00 FEOOH- 0.0000E+00 FESD40 0.0000E+00 NH4e  0.0CQOE*00
NH3AQ 0.0000E£¢00 NH4S04 0.0000€+00 NO3-  0.00006£+00 He 0.1333E-08 H2S040 0.2438E~21 HSO4- 0.1617€-09
HCLO 0.1B43E-16 H25AQ 0.0000E+00 HS— 0.0000€+00 S-- 0.0000E+00 BR~ 0.0000£ ¢00 H3BO3O 0.2 749€~04
H2803- 0.1879E-04 H2C03® 0.35536-05 02A0  0.0000E¢00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)
oH 4.69 CN3-- 4.15 HCO3- 2.83 S04-- 3.06 CL- 2.25 CAaee 4.31 CAOHe 7.57
CACO10 9.16 CAHCO3 5.96 CASU40 5.02 MGeeo 5.57 HWGOHe 7.99 HGCO30 6.66 HGHCO3 7.30
HGSD40 5.36 NAe 1.98 NACD3- 4.60 NAHCO) 5.06 NASUAZ 4.28 NACLO 5.83 Ke 4.13
KSO4- 6.25 KCLO 7.96 RAee -99.99 BADMs  -99.99 SRes -99.99 SROHs  -99.99 LI+ 4.19
L10HO 8.55 LISO4- 6.61  HASIDS 3.44 H3ISIDA 4.20 H2S104 6.39 ALsso 21.07 ALOHee  16.71
ALOHZe  12.23  ALOH4- 6.18 ALSOA+  20.87 ALSU42 22.01 FE+es =-99.99 FEQHes =-99.99 FEOH2+ =-99.99
FEOH3  -99.99 FEOHA- -99.99 FECL®+ -99.99 FECL2+ -99.99 FECL30 =-99.99 FESOAse =-99.99 FEes -99.99
FEOHs  ~99.99 FEOH20 =~99.99 FEONH- -99.99 FESDAD ~99.99 NH4e -99.99 NH3AQ  -99.99 NHASDA -99.99
NO3- ~99.99 He 8.92 H25040 21.61 HSD4- 9.84 HCLO 16,73 H2540  -99.99 HS- -69.99
$—- -99.99 BR-- -99.9) HIBO3O 4.56 H2803~ 4.79 H2C03 5.45 0240 -99.99

MINERAL SATURATION INDICES
ADULARIA -0.95 ALBITE ~1.22 ANHYDRIT —~2.72 ANORTHIT =—4.73 ARAGONIT -0.16 OJARITE  -99.99 BOEHHITE
BRUCITE  -3.58 CALCITE 0.11 CA-MONT  -2.28 CELESTIT -99.99 CHALCEDN -0.05 CHLORITE 0.93 DOLOMITE
GIBBSITE -2.80 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM  =2.75 MALITE -5.84 HALLOYST =-5.55 HEMATITE
HUNTITE  -6.37 HYDTOMAG ~5.57 ILLITE ~2.09 KAOLINIT -1.59 K-MICA -3.69 MACKINAW -99.99 MAGNESIT
MAGNETIT —99.99 MIRARILT =6.45 NESQUEHO -4.38 PHLOGOPT =-1.98 PYRITE =99.99 PYKOPHYL -1.53 QUARTZ
SIDERITE -99.99 STRONINT -99.99 TaALC 2.35 THENARDT -6.82 MITHERIT -99.99

SILICA SATURATION INDICES
~LOG H&STD40 3.44 QUARTZ 0.37 CHALCEDONY ~0.00 A-CRISTOBALITE -0.26 AMORPHOUS -1.32

~-2.09
-0.92
‘99.99
-1.30

0.39
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LOCATION

INPUT DATA (HMOLES PER LITER OF SOLUTION :
CATOT 0.1023-03 nGTOY 0.5800E-05
SO04TOT 0.1353€E-02 ALTOT 0.7430E-06

NATOT 0.1318€-01
FETOT 0.0000£+00

NO3TOT 0,0000E+00 S10270T 0.3661E-03 ETOT 0.5550E-04
PH = B8.71 PE = 99,99 TeEMP = 33.90DEG C DENSITY =
~LOGIPCO2) = 3,54 -LOGIPO2) = 99.99 ~LOG(PCH4) = 99,

TONIC STRENGTH 0.01439 TOTAL DISS SOLIDS =

KTOY

EQUIVALENTS PER LITER FOR
0.9970E-04

SRTOT 0.0000E+00
BRTOY 0.0000t+00

1.000GH/CC

99

0.87GH/LITER SOLN

o L
ALKALINITY)
CLTOT 0.7391it-02
BATOT 0.0000E¢00

H257T0T 0.0000t+00

ALK 0.2420€-02
LITOY 0.8647E-04

NH4TOT 0.0000E+00

ION BALANCE ERROR = 4,LIPERCENT CATION EXCESS = 0.1068E-02(CHARGE*HMOLES) H20 ACTIVITY = 0.9996

INDIVIDUAL SPECIES MOLALITIES
NH- 0.15956~-04 CO3— 0.9057€E~-04 HCO3- 0.2082€-02 SD&-- 0.1285€E-02 CL- 0.7396E-02 CAee
CADHe 002287E-07 CACOIO0 0.,6157TE-~05 CAHCO3 0.1737€-05 CASO040 0.9489E-05 MGeo 0.5030€~-05 MGOHeo
MGCO30 0.2096E~06 MGHCDI 0.8433E~07 MGSO040 0.4729E-06 NAe 0.1309€E~-01 NACOI- 0.2659E-04 NAHCO3
NASO4— 0.5890E—-04 NACLO 0.1882E-05 Ko 0.9908€-04 KSO4- 0.6898E-06 XCLO 0.1475E-07 BAee
BAOHe O0.0000E*00 SRee 0.0000€+00 SROHe 0.0000€E¢00 L1I* 0.8624E-04 LIOHO 0.2448t-08 LISO4-
HAS 104 0.3239E-03 HISIO4 0,4253E-04 HZ2SI04 0.2B24E-06 AL+es 0,1025E-19 ALOH+e* 0.1027E-15 ALOH2+
ALOH&— 0,.7436E-06 ALSO4* 0.6620FE~20 ALS042 0.4414E-21 FEve+ 0.00006400 FEQHee+ 0,00006¢00 FEOH2e
FEOH30 0.0000E£¢00 FEOH4- 0,0000€+00 FECLee 0.00006¢00 FECL2¢ 0.0000€¢00 FECLIO 0.00006000 FESD4e
FEeo 0.0000E¢00 FEQOHe O0.0000E+00 FEQH20 0.,0000E+00 FEOOH- 0.0000E+00 FESD40 0.0000E¢00 NH4e
NH3IAQ O0.0000E+00 NH4SOS4 0,.0000E+00 NOI- 0.00006+00 He 0.2169€-08 H2S040 0,6363E-21 HSD4-
HCLO 0.40826~-16 H2S5AQ 0.0000E¢00 HS- 0.0000€E+00 S-- 0.0000€+00 BR- 0.0000c+00 H38030
H2803- 0.1689€-04 H2C03¢ 0.7137E-05 02a0 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESC(-LOG ACTIVITY)
0OH 4.85 C0OY-- 4.25 HCN3- 2.73 S04-- 3.10 CL- 2419 CAee 4.28 CAOHe
CACO30 %.21 CAHCO3 S5.81 CASD40 5.02 HGeo 550 MNGOHe 8.07 MGCO30 6.68 MGHCO3
MGS040 6.32 NAe l.9¢ NACO]- 4.63 NAHCO) 4.92 NASO4- 4.28 NACLO 5.72 K&
KS04- 6.21 KCLO 7.83 BAee -99.99 BAOHs -99.99 SRee ~99.99 SROHe ~-99.99 Ll
L IOHO B.61 LISO4- 6.5 HASINDA 3.49 H3IS104 4.43 H25104 6,76 AlLees 20.41 ALOHee
ALOH2e 11.88 ALDH4- 6.18 ALSO4e 20.23 ALSO42 21.41 FEere -99.99 FEOHes -99.99 FEOH2e
FEOH3 -99.99 FEOHA= =99.99 FECL¢s -99.,99 FECL2¢ ~-99.99 FECLIO -99.99 FESOS¢ -99.97 FEeo
FEOHe -99,99 FEOH20 -99.99 FEODH- =99.99 FESNGD -99.99 NH4e ~99.99 NH3AQ -99.99 NH&SO04
NO3- =99.99 He 8,71 H25040 21.19 HSO&4- 9.65 HCLO 16.39 H2S5AQ -99.99 HS~
S—- -99.99 BR-- -99.99 H3I8030 4.41 HZ2803- 4.84 H2CO3 5.15 02A0 -99.99

MINERAL SATURATION INDICES
ADULARIA -1.14 ALBITE ~1443 ANHYDRIT =2.71 ANORTHIT -4.86 ARAGONIT -0.22 BARITE -99.99
BRUCITE —-3.82 CALCITE 0,06 CA-MONT -2.26 CFLESTIT -99,99 CHALCEDN -0.12 CHLORITE -0.33
GIBBSITE ~2.67 GEOTHITE -99.,99 GRIEGITE -99.99 GYPSUM -2+79 HALITE =-5.73 HALLUYST -5.40
HUNTITE ~6.%3 HYDTOMAG ~5.81 ILLITE =2.16 KADLINIT ~1.45 K-HICA -3.61 HMACKINAH -99,99
MAGNETIT -99.99 HMIRASILT <~6.48 NFESQUEND -4.39 PHLOGODPYT -2.79 PYRITE -99.99 PYR{OPHYL -1.30
SIDERITE -99,99 STRONINT -99.,99 TALC 1.29 THENARDT —6.78 HWITHERIT -99.99

SILICA SATURATION INDICES
-LOG H&S1040 3.49 QUARTZ 0.30 CHALCEDONY -0.07 A-CRISTUBALITE ~0.32 AMODRPHOUS -1.3

TOTAL INORG CARBON MOLALITY = 0,2227€-02

0.8498E-04
0,9557e~-08
0.1200E-04
0.0000€+00
0.2992€E-006
0.1500E-11
0,0000E¢00
0.0000E+00
0.0000E+00
0.2515E-09
0.3866E~-04

1.69
7.13
4.06
4.11
16.20
~99.99
- 99. 99
-99.99
-99.99

BOEHNMITE
DOLOMITE
HEMATITE
MAGNESIT
QUARTZ

8

-1 09‘
-0.99

99.99
-1.31
0.31
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TITLE 43 LOCAYION D-0B-26-17ABBB

INPUT DATA (MOLES PER LITER OF SOLUTION : FOUIVALENTS PER LITER FOR ALKALINIT
CATOT O0.13476-02 MGTOT 0.2632E-03 NATOT 0.,4198E-01 KTOT 0.,2608E-03 CLTOT O
S04TOT 0.806BE-~02 ALTOTY 0.371%6-06 FETOT 0.0000E+00 SRIOT 0.0000E+00 BATOT 0
NO3TOT 0.,0000E¢00 S102FTDT 0,3494E-03 BTOT 0.1430E-03 BRTOT 0.0000€+00 H25VOT O
PH = B8.51 PE = 99.99 TEMP = 139.00D€G C DENSITY = 1.000G6M/CC
-LOGIPCOD2) = 3.82 -LOGIPD2) = 99,79 ~LOGIPCH&) = 99,99
IONIC STRENGTH = 0.052138 TOTAL DISS SOLIDS = 2.91GM/LITER SOLN
10N BALANCE ERROR = ~0.25PERCENT CATION EXCESS ==-0,2224E-03(CHARGE *HOLES) H20 AC

INDIVIDUAL SPECIES MOLALITIES
OH- 0.1101E-04 CO3-- 0,.2516€-04 HCO3I- 0,7282E-03 SO04-- 0.6973-02 CL-
CAOHe 0.1360E~06 CACOI0 0.1094E-04 CAHCD3I 0.5310E-05 CASO40 0.3249E-03 HMGee
MGCO30 0.1293E-05 MGHCO3 0.9119€-06 HGSO40 0.564B8E-04 NAe 0.4132E-01 NACO3-
NASO&- 0.7291E-03 NACLO 0.1929€-08 Ko 0.25466-03 KS04- 0.6885E~05 KCLO
BADHe 0.0000E¢00 SRee 0.00006¢00 SROHe 0,0000€+00 Ll 0.44196-04 LIOHO
HaSID& 0.3211E-03 H3ISIO04 0.2928E-04 H2S10& 0.1529€-06 ALe¢¢s  0.50236-19 ALOHee
ALOH4~- 0.3726E-06 ALSO4A+ 0.R269E-19 ALSD42 0,2171E~19 FE*ee 0.0000E¢00 FEOHee
FEOH30 0.0000F000 FEDH&- 0.0000E¢00 FECLe+ 0.0000E*00 FECL2¢ 0.0000E¢00 FECLIO
FEeo 0.0000€¢00 FEOH* 0.0000€¢00 FEDH20 0.0000E+00 FEDDH- 0.0000E000 FESOD4O
NHIAQ O0.0000E+00 NHASOA 0,0000E¢00 NO3- 0.0000E+00 He 0.36416-08 H25040
HCLO  0.,2277€-15 H25A0 O0.0000E¢00 HS- 0.0000E+00 S-- 0.0000£+00 BR~-
HZBO3- 0.3573E-04 H2CD3* 0.3631E-0% 024AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIESE-LOG ACTIVITY)
0OH 5.0% CO3-- 4,94 HCO3- 3.22 S04~-- 2.%1 CL- 1.64 CA*
CACO30 4.96 CAHCO)} 5.36 CASDNAO 3.48 MGoo 4.02 HMGOH+ 6.78 HGC
MGSO&0 4.24 NAe 1.47 NACO3- 4.85 NAHCO3 4.94 NASO4~ 3.22 NAC
KSO4- 9.2% KCLO 6.91 BRAees ~99.99 BAQHe -99.99 SRes -99.99 SRO
L 10HO 9.13 LISO04~ 6,30 H&4SIO4 3.49 HISI0e 4,63 H25104 7.16 AL+
ALOH2¢ 11.81 ALOH4- 6.52 ALSO4e 19.17 ALSD&2 19.75 FEee¢s =99.99 FEO
FEDOHIY  <99,99 FFOH4- -99.,99 FECL++ -99.99 FECL2¢ -99.99 FECL3IO0 -99.99 FES
FEOHe  -99.99 FEDH20 -99.99 FEOOH- =99.99 FESN40 -99.99 NH4as -99,99 NH3
NO3- -99,.99 He 8.51 H2SN&O 20,20 HSD4- 8.86 HCLO 19.64% H2S
S—-— -99.,99 pBR-- -99.99 HIBO3IO 3.94 H2BUO3- 4,57 H2C03 S.43 02A

MINERAL SATURATEON INDICES
ADULARJA ~-1.10 ALBITE ~1.29 ANHYDRIT 1,17 ANORTHIT —4.58 ARAGONIT 0.04
BRUCITE -2.74 CALCITE 0.31 CA-MONT ~2.47 CELESTIT -99,99 CHALCEON =-0.11
GIBBSITE -2.80 GEOTHITE -99,99 GRIEGITE -99.99 GYPSUM -1.21 HALITE -4.72
HUNTITE -3.79 HYDTOMAG -2.34 1ILLITE -2.10 KAOLINIT -1,72 K-MICA -3.85
MAGNETET -99,99 MIRABILT =-4.96 NCESQUEHD =-3,60 PHLOGDPT 0.50 PYRITE -99.99
SIDERITE ~99.99 STRONTNT -99.,99 TALC 451 THENAROT ~5.25 WITHERIT -99.99

SILICA SATURATION INDICES

-L0G H&4STU40 3.49 QUARTZ 0.30 CHALCEDONY -0,07 A-CRISTOBALITE -0.32

Y)

«2866E~-01
+0000t+00
«0000€E+ 00

ALK 0.9300£-03
LITOY 0.4467c-04

NH&TOT 0.0000E+00

TOTAL INORG CARBON MOLALITY = 0.8037£-03

TIVITY = 0.9986

0.2873€-01 CAee 0.1010E-02

0.2051E~03 MHGOHee 0,1978£~-006

0.1709E~-04 NAHCOI 0.1122E-04

0.12196~06 BAee 0.0000E000

0.7288E-09 LISOA- 0.6075E-00

0.2570E-15 ALOH2e¢ 0.1879€-~11

0.0000€E+00 FEOM2e¢ 0.0000E*Q0

0.0000E¢Q00 FESOA* 0,0000E+00

0.0000E+00 NHAe 0.0000E«00
0.62376E~-20 HSO04~- O0,1705E~-08

0.0000t ¢00 H3B8030 0.1127€-03

. 3.33 CAOHe 6495

030 5.88 MGHCO3 6.13

LO 4.71 Ko 3.69

MHe -99.99 Ll 4044

.0 19.94 ALOHeo 15.93

Hee <-=99.99 FEOH2+ -99,99

04¢  -99,.,99 FEeo -99.99

AQ ~99,99 NH4SO4 -99.99

AQ ~99.99 HS- ~-99,.99

Q -99.99
BARITE ~99,99 BOEHMITE -2.08
CHLORITE 4.82 DOLOMITE 0.06
HALLOYST -5.67 HEHWATITE -99.99
MACKINAW -99,99 HMAGNESIT -0.51
PYROPHYL —-1.57 QUARTZ 0,32
AMUORPHOUS -le38
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TITLE 33 LOCATION
INPUT DATA [MOLES PER LITER OF SOLUTIODN
CATOT 0.1697:-03 MHGTOT  0.1316E-03
SOATOT 0.23216-02 ALTOT  0.0700E+00

NO3TOT 0.N000E*00 S10270T 0.2995€-N03

PH = B.5% PE = 99.99 TEHP = 2H.60
-LOG(PCO2) = 3.18 ~L0G(PD2) = 99.99
IONIC STRENGTH = 0.01776

ION BALANCE ERROR = 1.42PERCENT

INDIVIDUAL SPECIES MOLALITIES

OH- 0.9499E-05 CO3— 0.9535E-04
CAOH* 0.9325€-08 CACO30 0.6965E-05
MGCO30 0.3731€-05 MGHCO3 0.3068E-05
NASO&4- 0.1012F-03 NACLO 0.,1799€-05
RADHe O0,0000E¢00 SRee 0.0000€E+00
H&4S 104 0.2853E-03 HISION 0.1449E-04
ALOH&- 0,0000E¢00 ALS5S04+ 0.0000E+N0O
FEOH3IO0 0.0000F+00 FEOH4- 0.0000F¢00
FEee 0.0000€£+00 FEDH* O0.0000E+0Q0Q
NH3AQ O0.0000E¢00 NH4AS04 0.0000E+00
HCLO 0.1510&6~16 H25AQ0 0.0000€¢00
H2B03~- 0.197BE-04 H2C03* 0.2165E-04
INDIVIOUAL SPECIES ACTIVITIESt-L
NH %.41 CO3-- 4.24 HCD3-
CACO30 %.16 CAHCO3 551 CASD40
HGS040 4.82 NAe 1.89 NACOI-
¥ 504~ 5.84 KCLO 7.65 RAee
LI0HO 9.45% LISOA- 6.5%1 HASIO04
ALOHZ2s  -99.99 ALOH&- -99.99 ALS04e
FEOH3 -99,99 FEOHA- -99.99 FECL e
FEQHe <99.99 FEQH20 -99.99 FEOOH-
NO3- =99.97 He 8.54 H25040
S—- -99.99 8R-- -99.,99 HIBN30
HINERAL SATURATION INDICES
ADULARLIA -99,99 ALBITE ~99.99 ANHY
BRUCITE -3.58 CALCITE 0.16 CA-H
GIBBSITE -99.99 GEOTHITE -99.99 GRIE
HUNTITE ~2.9b HYDTOHAG -2.32 ItLl]
MAGNETIT -99.99 HIRABILT -5.63 NFSOQ
SIDERITE -99.99 STRONTNT -99.99 TALC
SILICA SATURATION INDICES
-L0G HaSI0s0 3.94 QUARTZ 0.41

NATOTY
FETOT
CREIR

DEG C

~LOGIPCHA)
TOTAL DISS SOLIDS =

HCOJ- 0.3889E-02 SO4&--
CAHCO] 0.3486E-05 CASD4O
MGS040 0.1515E-04 NA+
Ke 0.1775E-03 KSQO&-
SROHe 0.0000E+00 L1e
H2S104 0.1803E-07 ALeeo
ALS042 0,0000E+00 FEoeee
FECLe+ 0.0000E+00 FECL2s
FEQH20 0.0000€E+00 FEOOH-
NOJ- 0.0000€E+00 He
HS - 0.0000€¢00 S-~-
02A0Q 0.0000E+00
0G ACTIVITY)
2.47 SO&— 2.89
4,695 MGeo 4.18
4,83 NAHCO] 4.60
-99.99 BAOHe -99.99
3.54 H3ISI04 4.90
-99.,99 ALSO42 -Y9.99
-99.,99 FECL2¢s -99,99
~-99,99 FESN&D -~99,99
20.93 HSO&~ 9,42
4,08 HZ2BOY- 4,77
DRIT ~2.41 ANORTHIT -99,
ONT  -99,99 CFLESTIT -99,
GITE -99.,99 GYPSUM -2
TE -99,99 KAOL INIT =99,
UEHD =3,19 PHLOGOPT -99.
2.98 THENARDT -be
CHAL CEDONY 0.02

D-NR-26~080CAA

: EQUIVALENTS PER LITER FOR

0.16433E-01
0.0000€E+00
0.1018€E-013

DENSITY =

= 99,
1,08GH/LITER SOLN
CATION EXCESS =

K107

0.1790€-03

SKTOGT 0.0000€+00
BRTOT 0.0000€+00

1.000G6M/CC

99

0.2183€~-02
0.22136-04
0.1470€~-01
0.1657€~05
0.6168E-04
0.0000E+00
0.0000E+00
0.0000E*00
0.0000E+00
0.,3227€-08
0.0000€£+00

CL-
MGOH ¢
NASO&-
SRee
H2S 104
FE oo
FECL3O -9
NH4 ¢ -9
HCLO 1
H2C03

-9

-9

99
99
36
99
99
48

ARAGON
CHALCE
HALITE
K-MlCA
PYRITE
HITHER

A-CRISTOBALITE

ALKALINTTY)
CLTOT 0.6404E-02
BATOT 0.0000E¢00

H2STOT 0.0000E¢00

H20 ACTIVITY = 0.

CL-
HGeo
NACO3-
KCLO
LI0HO
ALOHe o
FEQHe o

0.6409c-02
0.1097e-03
0.1689e-04
0.2247€-07
0.3527E-09
0.0000€ + 00
0.0000E+00
FECL3O 0.0000E¢00
FESO40 0.0000E¢00
H25040 0.1181€-20
BR- 0.0000t +00

2.25
7.36
4.05
9.99
7.96
9.99
92.99
9.99
6.82
4.66

CAee
MGCO30
NACLO
SROH e
AL¢teo
FEOHeo
FESU4e
NH3AQ
H2SAQ
02AQ

4.08

5.43

5.74
-99,.99
-99.99
-99.99
-99.99
-99,.99
-99.99
-99,.99

17
ON

-0.10
-0.04
~5.73
-99.99
-99.99
1T -99.99

BARITE

CHLORITE
HALLOYST
MACKINAW
PYROPHYL

-0e29 AMDRPHOUS

-99.99
-99.99

) .
ALK 0.4200E-02
LITOT 0.6197E-04

NH4TOT 0.0000E+00

TOTAL INORG CARBON MOLALITY = 0.4064E-02
0.4310E-03{CHARGESMOLES)

9995

CAee
MGOHe ¢
NAHCO3
BAes
LISO&-
ALOH2»
FEOH2+
FESO4Ae
NH4 »
HSO4~
H3B8030

0.1373E-03
0.4931£-07
0.2476E-04
0.0000E+00
0.3524€E-06
0.0000€+00
0.0000E+0Q0
0,0000E*00
0.,0000E*00
0.4346€E-09
0.8213€E-04

CAOHe
HGHCO3
Ke

Lie
ALOHee
FEQH2e
FE+»
NH4 504
HS~

8.08
557
3.81
4.26
-99.99
-99.99
-99.99
-99.99
-99.99

-99.99
-99.99
-99.99

BOE HMITE
DOLOMITE

MAGNESIT
QUARTZ

-1.31

-99.99

0.31

HEMATITE -99.99
-0.1%

[V )



® SAHPLIGNUMAER 34 @@ ® ® @
TITLE O ¥i LOCAVION D-0B-26-0RDCAD

INPUT DATA (HMOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR
CATOT 0.3243E-03 MGTDY 0.2015E-03 NATOT 0.8700€-02 KTOT 0.14576E-03
SOATOT 0.1666E-02 ALTOT 0.0000€¢00 FETOT 0.0000E+00 SRYOT 0.0000E+00

NO3TOT 0.0000€¢00 SI02T07 0.3994€-03 BTUT 0.4625E-04 BRTVOT 0.0000E+00
PH = 8.36 PE = 99,99 TEMP = 25,100€G C DENSITY = 1.,0006H/CC
-LOGIPCO2Y = 3.19 -LOG(PO2) = 99.99 ~LOG(PCH4) = 99.99

IONIC STRENGTH = 0.01162
ION BALANCE ERROR =

TOTAL DISS SOLIDS =
1.72PERCENT CATION EXCESS

0.70GM/LITER SOLN
0.3286E-03(CHARGE*MOLES)

INDIVIDUAL SPECIES MOLALITIES

OoH- 0.2594€-05 CO03~— 0.3729€E-04 HCOI- 0,2%23€E-02 S04-- 0.1562€E-02
CAOH* 0.1168t-07 CACO30 0.6250€-05 CAHCO3 0.4724E-05 CASO40 0.372%E-04
MGCO30 0.2681E-05 MGHCO3 0.3403E-05 MGSO40 0.2022E-04 NAe 0.8646E-02
NASO4~ 0.¢596E-04 NACLO O.6244E-06 K+ 0.1448E-03 KSO4~ 0,1028E~-05
8AOHe 0.0000E+00 SRee 0.0000E+00 SROHes 0,0000€+00 Ll 0.3303E-04
H4S 104 0.3879€-03 H3ISI0A O.1178E-08 H2S5104 0,7663€-08 AlLeees 0.0000€+00
ALOH4- O0,0000E¢00 ALSD4e 0.0000Ee00 ALSDA2 0.0000€¢00 FEeees 0.0000E+00
FEDH30 0.0000E¢00 FEOMH4- 0,00006400 FECLes 0,0000E¢00 FECL2e 0.0000Ee0D
FEoe 0.,0000£+00 FEOHe 0.0000€¢00 FEOH20 0.0000E+00 FEDOH- 0.0000E+00
NH3AQ 0.0000€6400 NHASO4 0.0000E+N0 NOJ- 0.0000E¢00 He 0.4805€-08
HCLO 0.1129€-16 H25AQ 0.0000€¢00 HS- 0.0000€+00 S-- 0.0000€+00
H2B03~- 0.6037E—-05 H2C03* 0.2214€-~04 02A0Q 0.0000€¢00

INDIVIDUAL SPECIES ACTIVITIESC(-LOG ACTIVITY)
0H 5.63 CO3~-- 4.61 HCO3- 2.64 SO0&4-- 2.99 CL-
caColo %920 CAHCO3 5.37 CASND&O Q.43 HGeo 3.94 MGOHe
MGS040 %.69 NAe 2.11 NACDI- 5.45 NAHCUO] 5.00 NASOS4-~
KSOD4- 6.03 KCLO Te9 BAee =-99.99 BAOHe -99.99 SR+e -9
LIONHO 9.96 LISOA- 6.8R HASING 3.61 HISI04 4.98 H2S104
ALOH2¢ -99.97 ALNH4- =99.,99 ALSO4+s -=99,99 ALSO42 -99.99 FEees -9
FEOHI ~99.99 FENHA- -99.99 FECLe*e -99,99 FECL2¢s -99.99 FECL3IO -9
FEOHe -99.99 FEQH20 =-99.99 FEOUH- =-99.99 FESO40 -99.99 NH4+ -9
NO3- =99.99 " He 8.36 H25040 20.71 HSDa4- 9.37 HCLO 1
S—- -99.99 BR-- -99.99 HIBGIO 4.39 H2803- 5.2T H2CD)

HINLRAL SATURATION INDICES
ADULARLIA -99,99 ALBITE ~99,99 ANHYDRIVT -2.19 ANDRTHIT -99,99 ARAGON
BRUCITE -3.80 CALCITE 0.12 CA-HONT =-99.,799 CELESTIT -99.99 CHALCE
GIBBSITE —-99.99 GEOTHITE -99.99 GRIEGITE -99,99 GYPSUM ~2.13 HALITE
HUNTITE -3.49 HYDIOMAG -3.,03 [ILLITE -99.99 KAOLINIT -99.99 «-MICA
HAGNETIT —99.99 HIRABILT -6.11 NESQUEHO -3.34 PHLOGOPT -99.99 PYRITE
SIDERITE -99,97 STRONINT -99.,99 TaALC 3.02 THENARDY ~7.04 WITHER

SILEICA SATURATION INDICES
-LOG H&STINAQ0 3.41 QUARTZ 0.57 CHALCEDONY 0.17 A-CRISTOBALITE

®
ALKALINITY)
CLTOT 0.3611€-02 ALK
BATOY 0.0000E¢00 LITOT

H2STOT 0.0000E¢00 NHATOT

H20 ACTIVITY = 0.9997

cL-
HGe o
NACO3-
KCLO
LIOHO
ALOH+ o
FEOH+ ¢

0.3613E-02
0.1753€~03
0.3916E-05
0.1084E-07
0.1093-~-09
0.0000&t+00
0.0000t +00
FECL30 0.0000E+00
FESO40 0,0000E00
H25040 0.1940€E~20
BR- 0.0000E+00

CAee
MGOH e
NAHCO3
BAee
LISO4~
ALOH2e+
FEOHZ2 e
FESOae
NH4 o
HSD4A-
H3B030

2.49
7.36
4.38
9.99
8.30
9.99
9.99
9.99
6.95
4.65

CAeo
MGCO030
NACLO
SROH+
AL doe
FEQH e
FESO4e
NH3AQ
HZ2S5AQ
0ZAQ

374

5.57

6,20
-99.99
-99.99
-99.99
-99.99
-99.99
-99.99
-99.99

CAQHe
HGHCO
Ke
Lle
ALOHe
FEOHZ
FEeo
NH4SO
HS~-

1y
ON

~0.14

0.11
-6.18
-99.99
-99,99
17T -99.99

BARITE -99.99
CHLORITE -99.99
HALLOYST -99.99
MACKINAW -99,99

PYRUPHYL -99,.,99

-0.10 AMORPHUUS -1.

0.2660E-02
0.3315e-04
0.0000E+00

TOTAL INORG CARBON MOLALITY = 0,2613€-02

0.,2763E-03
0.4850E-07
0.9866E-05
0.0000€+00
0.1468E-006
0.0000€+00
0.0000E+00
0.0000E+00
0.0000E+00
0. 4809E-09
0.4025€~-04

7.98
5.52
3.89
4.53
~-99.99
-99.99
-99.99
'990 99
-99.99

3

*
¢

4

BOEHHITE
DOL OMITE
HEMATITE
HAGNESIT
QUARTZ

17

99.99
0.11
99.99
-0.31
0.59




® SAMPLEGNUMAL P 35 ® ® Py " ° ° .

TiTLe oflE ) LOCATION D-0R-26-070804

INPUT DATA (MOLES PER LIFER OF SOLUTION : FQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.8733F~-03 nGrOT 0.1890E~ND4 NATOU 0.3328E-01 KTOT 0,20976-03 CLTOT 0.2437€-01 ALK 0.6800:-03
SO4T0OT 0.4424E-02 ALTOT 0.3715€E-06 FETNT 0.0000E+400 SRTOT 0.0000E+00 BATOT 0.0000E+00 LITOV 0.21626-03
NO3TOT 0.0000E+00 SI102T0T 0.31661F-03 8T0T 0.92506-04 BRTOT 0.0000E+00 H2STOT 0.0000E+400 NHATOY 0,0000E+00

PH = 8,45 PE = 99,99 TEMP = 41,300€6 C DENSITY = 1.0006H/CC

-LO0GI(PCO2) = 3,87 -LOGtPO2) = 99.99 -LOGIPCH4) = 99,99

TONIC STRENGTH = 0.03870 TOTAL DISS SOLIDS = 2.16GM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.5900E-03
ION BALANCE ERRNR = 2.,34PERCENT CATION EXCESS = 0.1591E~02(CHARGE*MOLES) H20 ACTIVITY = 0.9989

INDEVIDUAL SPECIES MOLALITIES

OH- 0.1104E-04 CO3-~ O0.1594E-04 HCOI- 0.5440€~03 SO04~- 0.39128-02 CL- 0.2441E-01 CAse 0.7117€-03
CAOHe® 0,1059f-06 CACOI0 0.6189€E~-05 CAHCOI 0,3252E-05 CASO40 O0.1539€E~03 MGee 0.15876-04 NMGOHe+ 0,1 706E-07
HGCO30 0.7663E-07 MGHCO3 0.5749E-07 MGSD40 0.2916E-05 NAe 0.3296E~01 NACO3- 0.1043€~04 NAHCOI 0.6981E-05
NASO4- 0.3596E-03 NACLO O0.1370E-084 Ko 0.,2065€-03 XS04~ 0,3551E-05 KCLO 0.8837E~-07 BAee 0.0000E+00
AAOHe 0.0000£+00 SRee 0.0000E*00 SROHe 0.0000€E+00 (L[ 0.2149€-03 CLIOHO 0.39456-08 LISO4- 0.1797E-05

H4S 104 0.3380E~03 H3ISI04 0.,2894E~04 H2S5104 0.1567€-06 AL¢¢es 0,4568E~19 ALOHe¢e¢ 0.2577E-15 ALOH2¢ 0.2002€-11
ALOHA~ 0.3723E-06 ALSD4¢ 0.%5228E-19 ALS042 0,8444E~-20 FEeoe 0,0000E¢00 FEOHees 0.0000E¢00 FEOHZ2¢ 0.0000€+00
FEOH30 0.0000F+00 FEOH4- 0.0000FE+00 FECLe+e¢ 0.0000E+00 FECLZ2¢ 0,0000€¢00 FECL3IO 0.0000€+00 FESO4A* 0.0000E¢00
FEeo 0.0000€E¢00 FEOHe O0.0000Fe00 FEOH20 0,0000E+00 FEOQH~ 0.0000€E+00 FESOA0 0.0000E¢00 NHée 0.0000E+00
NH3AQ 0.0000E+«00 NHASO4L 0.0000E+00 NOD3- 0.0000€+00 He 0.4123c-08 H25040 0.568%E-20 H504~- O0.1252E-08
HCLO 0.2870E~-15 H25AQ 0.0000€¢00 HS- 0,0000€+00 S-- 0.0000E+00 B8R~ 0.00006 +00 H3IBO3OC 0.7264E-04
H2803- 0.2006E-04 H2C03¢ 0.3153E~05 O02a0 0.0000€+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)

OH 5.04 CO3~-- 5.10 HCO3- 334 SO4--— 2.72 CL- Le70 CAce 3.45 CAOHe 7.05
CACO30 5.20 CAHCO3 5.56 CASNAO 3.81 HGes 510 MGOHe 7.84 HGCO30 7.11 HMGHCO3 .32
MGS 040 5«93 NAe 1.56 NACO3- 506 NAHCO3 515 NASOA- 3.52 NACLO 4.86 Ko 3. 77
KS04- %.%3 KCLO 7.05 BAeo ~-99.99 RAOHe -99.99 SRee -99.99 SROHe -99.99 Ll 3. 74
L I0HO B8.40 LISO4- 5.82 HASI04 3.47 HISI04 h.62 H25104 Tell AL%ee 19.93 ALOHee 15.90
ALOHZe 11.79  ALOH4- 6.51 ALSO4e 19.36 ALSO42 20.15 FEoee ~99.99 FEOHe¢s -99.99 FEOH2e -99.99
FEOHI ~99.99 FEOHA- =99,99 FECL¢* ~99.99 FECL2¢ -99.99 FECLIO -99.99 FESO4e -99.99 FEee -99.99
FEOHe ~99.99 FENH20 -99.,99 FEOQUH- <99.99 FESO40 -99.99 NH4e -99.99 NH3IAQ ~99.99 NH4S504 -99.99
NO3 -~ ~99.99 TH TR RS TH2SNe0 20.24 HSO4- 8.98 HCLO 15.9%4 H2S5A0 -99.99 HS- -99.99
S$—- ~99.99 BR-- ~99.99 H3IRD30 %.13 HZ2803- 4.80 H2CO03 5.50 0249 -99.99

MINERAL SATURATION INDICES

ADULARIA -1.28 ALBITE =145 ANHYDRIT ~1.48 ANODRTHIT -4.74 ARAGONIT -0.23 BARITE -99.99 BOEHMITE -2.09
BRUCITE -3.80 CALCITE 0.05 CA-MONTY -2.59 CELESTIT -99,99 CHALCEDN -0.,12 CHLORITE =-0.70 DOLQOMITE -l.42
GIBBSITE -2.83 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM ~1.54 HALITE ~4.87 HALLOYST =5.73 HEMATITE -99.99
HUNTITE ~7.67 HYDTOMAG =-6.99 ILLITE -2.54 KAOLINIT -1.,81 K-MICA -4,08 HACKINAW -99.,99 MAGNESIT -1.73
MAGNETIT ~99.99 MIRABILY ~5.46 NFSQUEHO —4.82 PHLOGOPT -2.68 PYRITE ~-99.99 PYRUPHYL -1.35 QUARTZ 0.30
SIDERITE =-99.99 STRONTNT -99.99 7TaLC 1.18 THENARDT -5,64 WITHERIT -99.99

SILICA SATURATION INDICFS

-L0OG H4S51040 3.47 QUARTZ 0.29 CHALCEDONY -0.08 A-CRISTOBALITE -0.32 AMURPHUUS -1.38



TITLE O .3 LOCATION D-08-26-08BDCC

) SAEL(@NUHHER 36 @ ® o o o

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.7984%£-03 HGTOTV 0,1727F=03 NATOT 0.4415E-01 ¥XTOT 0.,2736£-03 CLYVOT 0.3035E-01 ALK 0.2130E-02
SO4TDT 0.7027E-02 ALTOY 0.3715¢-06 FETNT 0.0000E+00 SRTOT 0.0000E¢00 BATOT 0.0000€+00 LITOT 0.2306E-03
NO3TOT 0.0000E+00 SI02T0OT 0.3328£-03 BTOT 0.18506-03 BRTOT 0.0000E¢00 H2S5TOT 0.0000E¢400 NH&TOT 0.0000E+00

PH = B8.52 PE = 99.99 TEMP = 39,100€G C DENSITY = 1.000GM/CC

~LOGIPCOZ2) = 3.45 -LOGIPO2) = 99.99 -LOGIPCH4A) = 99.99

IONIC STRENGTH = 0.05243 TOTAL DISS SOLIDS = 2,97GM/LITER SOLN TOTAL INORG CARBON WMOLALITY = 0.1931E-02
ION BALANCE ERROR = Q. O07PERCENT CATION EXCESS = 0.62B0€E-04(CHARGE®HULES) HZ20 ACTIVITY = 0.9986

INDIVIDUAL SPECIES MOLALITIES

OH- 0.11436-04 CO3— 0.6239E-04 HCO3I-~ O0.1759€-02 SO04-~ 0.61556-02 CL- 0.3042E-01 CAee 0.6048E-03
CADHe 0.8459E-07 CACOI0 0.1634E-04 CAHCO3 0.7726E-05 CASO40 O0.1718E-03 HMGeo 0.1363€E-03 MGOHees 0,.2366E-06
MGCO30 0.2136€E-05 HGHCO3 0.,1466E-05 NHGS040 0,33156~04 NAe 0.4351E-01 NACO3- 0.4500E-04 NAHCO3 0.2854€E-04
NASO4- 0.67BlE-03 NACLO 0.,2150€E-04 Ko 0.2679€-03 KSQO4~ 0.6413E-05 KCLO 0+1358E-06 BAee 0.0000E+00
BAOHes 0.0000E+00 SRee 0.0000€+00 SROHes 0.,0000€+00 L1e 0.2285E-03 LIDHO 0.3929€-08 LISO4~ 0.2771E-05

H4S 104 0.3051E-03 HISI04 0.2871E-04 H2S104 0.1569E-06 ALese 0,4382E~19 ALOHe*e 0.2330E~-15 ALODHZe 0.1763E-~11
ALOH4- 0.3726E-06 ALSO4¢ 0.6374E~-19 ALSO42 0.1477E-19 FEees 0,0000€6¢00 FEOQOHe+ 0,0000£+400 FEOH2+ 0.0000E+00
FEOH3I0 0.0000E+00 FEOHA- 0.0000€+00 FECLe*e* 0.0000E*00 FECLZ2¢ 0.0000€+00 FECL30 0.0000E¢00 FESO4¢ 0.0000E+00
FEes 0.0000E«00 FEOHe 0.0000Fe00 FEOHZ20 0.0000E*00 FEDON- 0.0000E+00 FESO40 0.0000E+00 NHAe 0.00Q00E¢00
NH3AQ 0.,0000E¢00 NH4S04 0.0000E+00 NO3- 0.0000E+00 He 0.3559€~-08 H25040 0,5309E-20 HSO4~ 0.1479E-08
HCLO 0,2402€6-15 H2SAQ 0.0000€+00 HS- 0.0000£¢00 S-- 0.0000E+00 BR~- 0.0000£ «00 H3BO30 0.1400E-03
H2803~ 0.45957E-04 H2C03* 0.8564E-05 024AQ 0.0000€+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)

OH 5.04 C03-- 4.55 HCD3- 2.86 SO4-- 2.56 CL- 1.61 CAee 3.56 CADHe 7.16
CACO30 4.78 CAHCOD3 5.19 CAS040 3.76 HGe+ 4.19 HGOHe 6.94 HGCD30 5.67 MGHCO3 5.93
MGS 040 4.47 Nae 1.45 NACO3- 4.43 NAHCO} 4.54 NASO6- 3.25 NACLO 4.66 K¢ 3.67
KSO4- 5.28 KCLO 6.86 RAse ~99.99 BAQHe -99.99 SRee -99.99 SROMe  ~99.99 LI+ 3.72
L10KHO .40 LISO4- S.66 HASID4 3.51 H3S104 4.63 H25104 7.15 ALees 20.00 ALOHee 15,97
ALOH2¢  11.84 ALOH4- 652 ALSD4e 19,29 ALS042 19.92 FEeee  -99.99 FEOHes+ -99.99 FEOH2e -99.99
FEOH3  ~99.99 FENH4- <-99.99 FECLe+ =-99.79 FECL2¢ -99.99 FECL30 -99.99 FESD4s -99.99 FEse -99.99
FEOHe  -99.99 FEOH20  -99.99 FEDOH- =99.99 FESD40 -99.99 NH4e -99.99 NH3AQ  ~-99.99 NH4S04 -99.99
NO3- ~99.99 He 8.52 H2S040  20.27 HSU4- 8.92 HCLO 15.61 H25A0  -99.99 HS- -99.99
S— -99.99 @gR-- ~99.99 H3IR030 3.85 H2B0O3- 4.46 H2C03 5.06 02A0Q -99.99

MHINERAL SATURATION INDICES

ADULARIA -1.16 ALBITE 1435 ANHYDRIT -1.45 ANORTHIT -4.86 ARAGONIT 0.21 BARITE -99.99 BOEHMITE -2.09
BRUCITE -2.99 CALCITE O.48 CA-MONT -2.6% CELESTIT -99,99 CHALCEON -~0.14 CHLORITE 3.97 OOLOMITE 0.45
GIBBSITE ~2.82 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM -1.49 HALITE 4,67 HALLOYST -5.75 HEWATITE -99.99
HUNTITE -2.96 HYDIOMAG -1.82 ILLITE -2.24 KAOQLINIT -1.81 K-MICA =3.94 HMACKINAW -99.99 MAGNESIT -0.29
MAGNETIT -99.99 MIRABILT -4.98 NESQUFHD -3.,38 PHLOS0PT 0.02 PYRITE -99,99 PYRUPHYL -1.68 QUARTZ 0.29
SIDERITE -99.99 STRONINT -99.,99 TaAlL(C 3,96 THENARDYT =5.26 HWITHERIT -99.99

SILICA SATURATION INDICES

~LOG H4S1D40 3.91 QUARTZ 0.27 CHALCEDONY -0.,09 A-CRISTOBALITE -0.35%5 AHMORPHOUS ~1.40



TITLE

INPUT DATA (4OLES PER LITER NF SOLUTION

CATODY
SDaTOT
NO3TOT

PH =

8.51

074806 -04
0.17186~-02
0.0000E «00

PE

-LOGI(PCO2) = 3.03
IONIC STRENGTH = 0.01579

ION BALANCE ERRIR =

in numaee 37 @
iléi%]

LOCATION

neTayY
ALTOY

0.26H30E-04
0.0000€+00

$102707 0.1248E-02

= 99,99
-L0G(PO2)

NATOT
FETOT
BTOT

TEHP = 40,40DEG C

99.99

TOTAL DISS SOLIDS =
3.71PERCENT

INDIVIDUAL SPECIES MOLALITIES

OH- 0.1122E-04 CO03-- 0.1185E-03 HCO3~ 0.4169E-02 SO&--
CAOHe 0.1392E-07 CACD3D 0.7117€-05 CAHCO3 0.3126E-05 CAS040
MGCO30 0.1168E-05 MGHCO3 0.7291E-06 MGSO40 0.2526E-05 NAe
NASD4- 0.7726E-04 NACLO 0.14996-05 K+ 0.180LE-03 KSO4-
BAOHe D.0000Es00 SRes  0.0000E000 SROH* 0.0000E+00 Llie¢
HeSID& 0.1147E-02 HISI04 0.1019E-03 H2SI104 0.5006E-06 ALess
ALOH4- 0.0000E¢00 ALSO4+ 0.0000Ee00 ALSD42 0.0000E+00 FEoes
FEOH30 0.0000E+00 FEOHA~ 0.0000Fe00 FECL++ 0.0000E¢00 FECL2e
FE++ 0,00006+00 FEOH* 0.0000E000 FEQH20 0.0000E+00 FEOQOH~-
NH3AQ 0.0000E+00 NH4S04 0.0000E+00 ND3-  0.0000E+00 He
HCLO 0.5956E-16 H25AQ 0.0000E+00 HS~ 0.0000F+00 S--
H2803- 0.1027€-04 H2C03% 0.2237E-04 02A0  0.0000E+00
INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)
OH 5,01 CN3=- 8.14  HCNI- 2.43 SO&A— 3.01
CACO30 5.15 CAHCO) 5.56 CASO40 €.99 HGes 4.87
MGS040 5.60 NAe 1.91  NACDI- 4.46 NAHCO} 4.59
KSO4- 5.85 KCLO 7.70 BAse -99.99 BAQHe  -99.99
LIOHO =99.99 L{S04- -99.99 H4S[O04 2.94 H3SIN4 4.05
ALOH2¢ -99.99 ALOH&- =99.99 ALSO4* -99.99 ALS042 -99.99
FEOH3 -99.99 FEOM&e- =-99,99 FECL+s =99.99 FECL2¢ =99.99
FEOHe  —99.99 _FENH20 .-99.99. FEBOH- -99.99 FESD40 -99.99
NO3- -99.99 He 8.51 H2SN40  20.67 HSD&- 9,34
S—- -99.99 pBR~- -99.99 H3IBN30 4.44 H2B0I- 5.05
MINERAL SATURATION INDICES
ADULARIA -99.99 ALBITE =99.99 ANHYDRIT -2.67 ANORTHIT -99,
BRUCKITE -3.51 CALCITE 0.11 CA-MONT -99.97 CELESTIT -99,
GIBBSITE -99.99 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM -2.
HUNTITE -4,09 HYDTOMAG -3.19 ILLITE -99,99 KAODLINIT =99,
HAGNETIT -99.99 HIRABILT =6.39 NESQUEHD =-3.64 PHLOGOPT -99.
SIDERITE -99,.99 STRONTNTY -99,99 TALC 4,25 THENARDTY -6be
SILICA SATURATION INDICES
-L0G H4SINaQ 2.9% QUARTZ 0.83 CHALCEDONY Ueb6

D~07-07-02ADDC

2 FQUIVALENTS PER LITER FOR

0.1422¢€-01
0.0000€¢00

DENSITY =

KTO0T

0.1815E~03

SPTOT 0.0000£+00
0.46256-04 BRTOY 0.0000E+00

1.0006HK/CC
~LOGI(PCH4) = 99,99

L.06GM/LITER SOLN
CATION £XCESS = 0.10356~-02(CHARGE*MOLES)

0.1626€-02
0.1021E~-04
0.1409€-01
0.1591€-05
0.0000€+00
0.0000€+00
0.0000€E+00
0.0000€+00
0.0000€+00
0.3452€-08
0.0000&€+00

cL-
MGOHe
NASOD4&-
SRee
H25104
FEeoo
FECL30
NH4 +
HCLO
H2CO03

-9

-9
-9
-9

1

99
99
72
99
99
62

ARAGON
CHALCE
HALITE
X-HICA
PYRITE

A-CRISTOBALITE

ALKAL
CLTO
BATO
H2S T

H2

cL-
MG
NAC
KCL
Ltio
ALOD
FEO
FEC
FES

H2
BR-

2.31
7.59
4.15
9.99
6.9%2
9.99
9.99
9.99
6.25
4.65

17
DN

~9
-9

INITY)

T 0.5529€-02
T 0.0000E+00
0T 0.0000E+00

D ACTIVITY = 0.

0.5534€E-02
0.2188E-04
0.3932¢€-04
0.1982E-07
0.0000£+00
0.0000e+00
0.0000E+00
L30 0.0000E¢00
040 0.0000€+00
5S040 0.2140€-20

0.0000E+00

3
03-
0
HO
Hee
Hee

CAe o

nGCO30
NACLO
SROH ¢

ALoeo
FEOQHee
FESO4
NH3A0Q
H2SAQ
02AQ

4.34

9.93

5.82
-99.99
-99.99
-99.99
-99.99
-99.99
-99.99
-99.99

0.16
0.42
S5.84
9.99
9.99

BARITE

CHLORITE
HALLOYST
HACKINAW
PYROPHYL

HITHERIT -99.99

0.21 AHMURPHOUS

ALK V]
LITOT o©
NHATOY O

9995

CAee
HGOHe o
NAHCO3
BAee
LISOA-
ALOH2»
FEOH2e
FESD 4
NHA»
HSO0A-
H38030

CAOHe
MCHCO3
Ke

Lie
ALOHee
FEDH2+
FE+o
NH4& S04
HS-

-99.99

-99.99

-99.99

-99.99

-99.99

~0.8

«4650E-02
«0000E +00
«0000E +00

TOTAL INORG CARBON MOLALITY = 0,4387&-~-02

0. 7443E-04
0.2916E-07
0.2560E-04
0.0000E+00
0.0000E+00
0.0000E¢00
0.0000£+00
0.0000€+00
0.0000E+00
0.5190E~-09
0.3603E~04

7.91
6.19
3.680
-99.99
-99.99
-99.99
-99.99

BOEHAHITE -99.99

DOLOMITE -0.18
HEMATITE -99,.99
MAGNESIT -U.55
QUARTZ 0.84
4



o SARPLE@NUMBER 38 @ ) ® ®

P
TITLE 0 %?1 LOCATIUN D-NDA-26-18ADDB

INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKA
CATOT 0.4491F-03 MGTOT  0.16505-04 NATOT 0.2571€E-01 KTOT O0.1841E-03 CLT
SOATOT 0.291%€-02 ALTOT  0.7430F-06 FETOT 0.0000E+00 SRTOT 0.0000E¢00 BAY

NO3TOT 0.0000E+00 SI02TDT 0.3661F-03 BTUT 0.8325t-04 BRTOT 0.,0000E+00 H2S
PH = 8.28 PE = 99.99 TEMP = &41.40D€EG C DENSITY = 1,000GNn/CC
-L0OGIPCD2Y = 3,35 -LOGIPO2) = 99,99 ~LOGIPCH4) = 99,99

IONIC STRENGTH = 0.0289)3
I0ON BALANCE ERRDR =

TOVAL DISS SOLIDS =
2.99PERCENT

L.65GHM/LITER SOLN
CATION EXCESS = 0.1947E-02(CHARGE*NOLES)

INCIVIDUAL SPECIES MOLALITIES

LINITY)

ot o0.1628€-01
0T 0.0000t+00
TOT 0.0000€+00

ALK 0.1330£-02

L1707

0.1585€E-0)

NH4TOT 0.0000€E+00

OH=- 0.73%26-05 C03-- 0.2239E-04 HCO3~ 0.1192E-02 S04-- 0.2647e-02 CL- 0.1830E-01 CAs»
CADHe 0.8020806-07 CACO3O0 0.5346E-05 CAHCO) 0.4067€-05 CASO40 0,6408E-04 NMGes 0.1423e-04 MGOHeo
MGCO0I0 O0.L116€E-06 MGHCO3 0.1207€-06 MGS040 0.2050E-05 NAe 0.2551E-01 NACOJ- 0,1227€E-04 NAHCO)
NASO&- 0.2036E-03 NACLO O0.B8303E-05 Ko 0.1820€-03 KSO4~- 0,2297e-05 KCLO 0.6112E-07 BA+»
BAOHe 0.0000E 00 SRee 0.0000€E¢00 SROHe 0,0000€+00 LI 0.1578E-03 LIOHO 0.20176-08 LIS04-
H4S 104 0.3470E-03 HISIOA 0.1971E-04 H25104 0.6913E-07 ALeve 0.3858E-18 ALOHe+ 0.1556E-14 ALOH2¢
ALOHA~ 0,7442E-06 ALSO4* 0.3573E-18 ALS042 0.4218E~19 FE*e+ 0.0000€¢00 FEOHes 0,0000E+00 FEOHZ2e
FEOH30 0.0000E+00 FEDH4- 0.00006¢00 FECL*e 0,0000E¢00 FECL2e 0,0000€6000 FECL30 0.0000E¢00 FESOAe
FEee 0.0000E+00 FEOH* O0.0000€¢00 FEOH20 0,0000E«00 FEOOH- 0.0000E+00 FESO40 0.0000E+00 NH4e
NH3AQ 0.0000E£¢00 NHAS04 0.N000E+00 NO3- 0.0000E+00 He 0.6017e-08 H25040 0.9152E-20 HSO4~
HCLO 0.3291E-15 H2SAQ 0.0000E+¢00 HS- 0.0000E+00 S-~- 0.0000E¢00 B8R~ 0.0000E¢00 H3IBO30
H2803- 0.1276E-04 H2CO3¢ 0,.1043E-04 02A0 0.0000€+00

INDIVIDUAL SPECIES ACTFIVITIES(-LOG ACTIVITY)
NH 5.21 CO3-- 4.92 HCN3- 299 S04-- 2.86 CL- 1.81 CAse 3,70 CAQHe
CACO030 5.27 CAHCO) S.46 CASN4O 4.19 MNGeo 5«11 MNMGOHe 8.03 NMGCOYO 6.95 MNGHCODI
MGS040 5.69 NAe 1.66 NACO)- 4.98 NAHCO) 991 NASOA- J.76 MNACLO 5.08 Ko
KSO&- 9«71 KCLO 7«21 RAee =-99.99 BAOHe ~99,99 SRee -99.99 SROHe -99.99 Lle
L 10HO B.69 LI1S04- 6.09 HASI104 3J.46 HISIONA 4.78 H25104 743 ALdee 18.95 ALOHee
ALOHZe 1le13 ALOH4- 6420 ALSUA4 18.52 ALSO4 19.45 FE#se ~99.99 FEOHee -99,99 FEDH2¢
FEDH) =99.99 FFOHA~ =-99,99 FECLe+s =-99.99 FECLZ2* =~99.99 FECLIO -99.99 FESO4e -99.99 FEee
FEOHe ~99,99 FEQH20 -99.99 FEQOH- =99,99 FESN40 ~99.99 NHeo ~99.99 NH3AQ -99.99 NH4SO4
NQ 3- ~99.99  He 8,28 HZ2SO40 720.04" HSD4- 8.95 HCLO 15.48 H2saQ 99,99 HS-
S-- -99.99 BR-~ -99,99 H3IBN30 4.1 H2B03- 4.98 H2CO03 4.98 02AQ -99.99

HINERAL SATURATION INOICES
ADULARIA ~0.99 ALBRITE ~1e22 ANHYDRIT ~-1.86 ANORTHIT ~-4.35 ARAGONIT -0.30 BARITE -99.99
BRUCITE ~4.15 CALCITE ~0.02 CA-HDONT -1.99 CELESTIT -99,99 CHALCEDN -0.11 CHLORITE -1.49
GIBBSITE ~-2.36 GFOTHITE -99.99 GRIEGITE -99.,99 GYPSUM -1.92 HALITE =509 HALLDYST —4&.76
HUNTITE ~7.2% HYDTOWAG ~6.85 ILLITE -~1.64 XAOLINIT -0.84 K-HICA ~2+.84% MACKINAW -99.99
HAGHNETIT -99.99 HNIRABILT -5.A0 NESQUEHO —~4.65 PHLOGDPY -3.&4 PYRITL -99.97 PYRUPHYL =-0.35
SIDERITE —-99.99 STRONINT -99,99 TALC 0.15 THENAROT ~5.99 WITHERIT -99.99

SILICA SATURATION INDICES
~LOG H4STINKO J.46 QUARTZ 0.29 CHALCEDONY -0.07 A-CRISTOBALITE ~0.32 AMUORPHOUS -1l.3

TOTAL [INORG CARBON MOLALITY = 0,1260€-02
H20 ACTIVITY = 0.9992

0.3763£-03
0.1098&-07
0.1233E~04
0.0000€+00
0.9623E-06
0.,8686E~11
0.0000E+00
0.0000E+00
0.0000E+00
0.1330E~-08
0.7063E~-04

T.46
6.99
3.81
3.87
15.08
-99.99
-99.99
-99.99

BOEHMITE
DOL OMITE
HEMATITE -
HAGNESIT
QUARTZ

7

-1.62
-l.33
99.99
~1.56

0.31




SAMPL@ NumBt P 19 @ @ ® o ®

TITLE L 33 LUCATION D=NR-26-GBACCD
INPUT DATA (MOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)

CATOT 0.2245£-02 MGTOT  0.1213E-02 HATNT 0.1153€+00 KTOT 0.51146-03 CLTOT 0.86896-01
504707 0.1718€~01 ALTOT  0.0000€+00 FETNT 0.0000E400 SRTOT 0.00006+00 BATOT 0,0000k+00
NO3ITOT 0.0000t+00 S102T0T 0.2829€-03 BTOT 0.9290E-03 BRTOT 0.0000€ «00 H2STOT 0.0000E+00
PH = 7.99 PE = 99,99 TEMP = 31.10DEG € DENSITY = 1.000GH/CC
-LOGIPCD2) = 2.69 -LOGI(PO2) = 99,79 -LOG(PCH4) = 99,97

TONIC STRENGTH = 0.13664
1IN BALANCE ERROR =

TOTAL O1SS SOLIDS =
~0.93PERCENT CATION EXCESS

7.80GH/LITER SOLM
==0.2247€~02 (CHARGE*MOLES)

INDIVIOUAL SPECIES MOLALITIES

OH~ 0.2090t-05 CO03-- 0.4129E-04 HCO3-

0.3635€6-02 SO04-- 0.1368E-01 CL- 0.8743€-01
CAOH* 0.3053E-07 CACOIO 0.1354€E-04 CAHCDI 0.264B8E-04 CASDA0 0.5558E-03 MG+ 0.9279€e-03
MGCO30 0.950226-05 HMGHCO3 0.1565€-04 HGS5040 0,2742E~03 NAe 0.1131E¢00 NACO3- 0,4031E-04
NASQOA- 0.2776E-02 NACLO 0.1349F-03 K¢ 0.,4979€-03 KS08- 0,1696€E-04 KCLO 0.5984E-06
RAQHe 0.,0000F¢00 SRee+ 0.0000E¢00 SROHe 0.0000€¢00 LI¢ 0.37026-03 LIOHO 0.7981E-~09
H&4S 104 0,2791E-03 HISIOA 0.5997E-05 H2S5104 0.5137€-08 ALe*e+ 0.00006+00 ALOH++ 0.0000€+00
ALOH&- 0.0000£ 400 ALSO4+ 0.0000E¢00 ALSD42 0,0000€¢00 FEe¢ees 0,00006000 FEDHes 0.0000t¢00
FEOH30 0.0000E+00 FEOHA- 0.0000€¢00 FECLee 0.0000E¢00 FECL2+ 0,0000E+00 FECL3O0 0.0000€¢00
FEeo 0.0000€E+00 FEOQH+ 0.0000€+00 FEOH20 0.0000E¢00 FEOOH- 0,0000£¢00 FESO40 0.0000E+00
NH3AQ 0.0000E¢00 NH4SOA 0.,0000E+00 NOI- 0.0000E ¢00 He 0.1262e-07 H25040 0.6458€~-19
HCLO 0.7555E-15 H25A0 0.0000E+00 HS~ 0.0000€+00 S-- 0.0000E+ 00 BR~- 0.0000€ +00
H2B803~ 0.849%E-04 H2C03* 0.5803FE-04 02A0 0.0000E000

INDIVIODUAL SPECIES ACTYIVITIESU-LOG ACTIVITY)
0H 5.1 CO3-- 4.84 HCN3- 255 S04-- 2.34 CL- 1.19 CAsee 3.23
CACO30 %.85 CAHCO3 4.69 CASOA0 3e24 NGeo Jebb HMGOMHe 7.03 HGCO30 5429
HGS 040 3.95 NAe 1.06 NACO3- 4.51 NAHCO) 3.87 NASO4- 2.67 NACLO 3.86
XS504- 4.89 KCLO 6.21 PRAes ~99.99 BAQHe -99.99 SRee ~-99.99 SROH+ ~99.99
LI0OHO 9.08 LISO4-~- 5.24 HaSI0O4 .54 H3ISI04 535 H25104 8.79 AL%ee ~-99.99
ALOHZ2e =99.99 ALDHA~ -99.99 ALSNA4* =99.99 ALSO42 -99.99 FEete =-99.99 FEOHesr -99.99
FEOH) -99.99 FEOH4~ -99,99 FECL*s -99,99 FECL2+ -99.99 FECL30 -99.99 FESD4Gr ~-99.99
FEOMe =-99.99 FCOH20 <=99.99 FEONH- «99,99 FESD&D -99.99 NH4e -99.99 NH3AQ ~99.99
NO3- =99.997 THETTTTTTTTTTTII99TTTH2S 0407 T 19,18 HSOD4- 8.27 HCLO 15.01 H2SAQ ~99.99
S-- -99.99 BR-- -99,99 HIR030 3.06 HZ2B03- 4.26 H2CO03 4.22 02aQ ~-99.99
MINERAL SATURATION INDICES
ADULARIA -99.99 ALBITE -99,99 ANHYDRIT ~0.,97 ANORTHIT -99.99 ARAGONIT 0.19 HAKITE
BRUCITE -3.59 CALCITE 0.4 CA-MONT -99,99 CELESTIT -99,99 CHALCEDN -0.08 CHLURITE
GIBBSITE -99.99 GEOTHITE -99,99 GRIEGITE -99.99 GYPSUM ~0.97 HALITE -3.85% HALLUYST
HUNTITE =2+10 HYDVDHAG -1.82 JLLITE -99,99 KAOLINIY -99,99 K-HICA -99.,99 HACKINAM
MAGNETIT -99.99 MIRABILT =3.45 NLESQUEHO -3.03 PHLOGNPT -99.99 PYRITE -99.99 PYRUPHYL
SIDERITE -99.99 STRONTNT -99.99 TaALC 2022 THENARDT -—4,28 WITHERIT -99,99
SHWICA SATURATION INDICES

-L0OG HaS1040 3J.5%4 QUARTZ 0.3% CHALCEDONY -0.03 A-CRISTOBALITE ~0.29 AMURPHUUS

ALK 0.4070e-02
LITOT 0.3747€-03

NH4T0T 0.,0000E+00

CA¢e

HGOHe s
NAHCO3
BAee

L1504~
ALOHZ¢
FEQHZ»
FESO4e
NH4 »

HS 04~
H3B030

CAOHe
MGHCO3
Ke
Ll
ALOHe o
FENH2e
FEeo
NHASO4
HS-

-99.99
-99.99
-99.99
-99.99
-99.99

TOTAL INORG CARBON MOLALITY = 0.3967€-02
H20 ACTIVITY = 0.9961

0.1667E-02
0.1190&-06
0.1311¢€-03
0.0000E+00
0.7474e-05
0.0000E*00
0.0000E+00
0.,0000€E+00
0.0000E¢+00
0.7100E-08
0.8473E-03

7.63
4.93
3.*3
3.54
'99099
-99.99
~-99.99
-99.99

BOEHMITE
DOLOMITE
HEHATLITE
MAGNESIY
QUARTZ

-1l.36

’99.99

0.706

-99.99

0.02
0.38



o SARPLE @MiER 40 @ Y ) ® ® ®
TITLE 04 LOCATIUN  D-0B-26H-07BDBB
INPUT DATA (HMOLES PER LITER OF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.1%97:-02 HGIOT  0,2180E-06 NATOT 0.3393E-01 KYOT 0,12536-03 CLTOT 0.2646E-01 ALK 0
SU&TNT 0.520%-02 ALTOT  0.37156-06 FETOT 0.0000E¢00 SRTOV 0.0000E+00 BATOT 0.0000E+00 LITOV

NO3TOT 0,00N0t+00 S10270T 0.3R276-03 @BTOT 0.8788t-04 BRINT 0.0000E+00
PH = 8.39 PF = 99,99 TENP = 39,90D€EG C DENSITY = 1.000GM/CC
-LOGIPCO2) = 4.02 ~-L0GIPO2) = 99.99 -LOGIPCH4) = 99,99

ICNIC STRENGTH = 0.04226
TON BALANCE ERROR =

TOTAL DESS SOLIDS =
0.31PERCENT

2.FJ4GH/LLITER SOLN

CATION EXCESS = 0.2291E-03(CHARGE®*MOLES) H20

INDIVIDUAL SPECIES MOLALITIES

H25TOT 0.0000£+00

.5*0“‘03

0.2450e-03

NH&4TOT 0.00C0t+00

OH=- 0.8794€-05 CO3-- 0.8680E-05 HCO3- O0.3410E-03 SO4~~ 0.4497€-02 CL- 0.2651E~01 CAre
CADHe 0.1480E—-06 CACO30 0.5580€-05 CAHCOI 0.3460E-05 CASO40 0,3031E-03 MGee 0.18126-04 MHGOHes
MGCO30 0.4473E~-07 HMGHCO3 0.3994E-07 MGSO40 0.I6IBE-05 NAe 0.3358€-01 NACO3- 0.53126-05 NAHCO3
NASU4- 0.4084E-03 NACLO 0.1497€E-04 Ko 0.1232€-03 KSO4- 0.,2327E-05 KCLO 0.5548E—07 BAee
BAOH+ 0,0000F ¢00 SRee 0.0000€000 SROHe+ O0,0000E+00 LI+ 0.2433E-03 LIOHO 0,3396E-08 LISO4-
H4S104 0,3982€-03 HISI0A 0.2537E-04 H2SINS 0.1063€E~06 ALeee 0,1120€-18 ALOHes 0.4866E~-15 ALOH2e
ALOHA- 0,3724E-06 ALSO4* 0.1378E-18 ALSD42 0.2487E-19 FE+e+e* O0.0000E+00 FEQHee 0,0000E¢00 FEOH2+
FEOH30 0.0000€¢00 FEOMHA- 0,.0000E+00 FECLe+ 0.0000E+00 FECLZ2¢ 0,0000E+00 FECL30 0.0000€6000 FESO4e
FEeo 0.0000€000 FEOHe O0.0000FE¢00 FEOHZ0 0.,0000€E+N0 FEVUH- 0.0000E*00 FLSO40 0.0000E+00 NHAe
NHIAQ 0.00000¢00 NH4SO4 0,.0000£+00 NOUI- 0.0000€+00 He 0.4752€-08 H25040 0.7836E-20 HS04-
HCLO 0.3109E-1% H25AQ0 0.0000E+00 HS~- 0.0000€¢00 S-- 0.0000E+00 BR~- 0.0000t ¢+00 H3IBO3O
H2B03- 0.1670E-04 H2C03¢ 0.2268E-05 02A0Q 0.0000E+00

INDIVIDUAL SPECIES ACTIVITIES(-LOG ACTIVITY)
OH S5.14¢ C0O3¥-- 5.38 HCN3~ 3.55 S04-- 2.67 CtL- 1.66 CAse 3.20 CAOHe
CACO30 925 CAHCO) 5.54 CASN40 3.51 MGee 505 MHGOUHe 7.90 MGCO30 7.35 MGHCO3
HGSO40 H5.44 NAe 1.56 NACDO3- 535 NAHCO) 535 NASO4- 3,47 NACLOD 4.82 Ko
XSOa- el KCLO— — 7524 —RASs— 99.99 BAOH+ -99.99 SRee¢ -99.99 SROHe =99.99 Lle
L I0HO He86 LISOA- 5.72 H4S5104 J.44 HISI04 .68 H2SI104 7429 ALtes 19.55 ALOHee
ALOH2e 11.60 ALNH4- 651 ALSN4e 18.949 ALS0O4Z 19.69 FEeeo ~99.99 FEOHer -99.,99 FENH2e
FEOH] =99.97 FEOH4- =99,99 FECL** -99.99 FECL2e -99.99 FECLIO -99.99 FESUA* =99,.99 FEes
FEOHe =99.99 FEOQOH20 -99.99 FEOOH- =99,99 FESOD40 -99.99 NH4e -99.99 NH3AQ -99.99 NH&SOD4
NO3- -99.99 He 8.397H2S0407 TT20.10 "HSO 4~ B8.89 HCLO 19450 HZ2SA0 -99.99 HS-
S-- -99.99 @B8R-- -99,99 HIRN30 4.14 H2803- 4.88 H2C03 5.64 02AQ -99.99

MINERAL SATURATION INDICES
ADULARTIA -1.33 ALBITE <1229 ANHYDRIT —1.20 ANURTHIT ~-4,39 ARAGONIT -0.26 HBARITE -99.99
BRUCITE -3.9% CALCITE 0.01 CA-MONT -2.16 CELESTIV -99.99 CHALCEDN -0.08 CHLORITE -1.02
GIBBSITE -2,72 GEOTHITE -99.99 GRIEGITE -99.99 GYPSUM ~1.24 HALITE -4.83 HALLOYST -5.42
HUNTITE -8.49 HYDTOMAG -7.90 ILLITE —2+.34 KAOLINIT -1.49 K-HICA -3.9F HMACKINAW -99,99
MAGNETIT -99,99 HIRABRILT -5.34 NFSQUFHO -5.06 PHLOGOPT =3.30 PYRITE -99.99 PYROPHYL -1.13
SIVDERITE -99,99 STRONTNT -99.,99 TALC 0.95 THENARDT -=5,58 HWITHERIT -99.99

SILICA SATURATION INMDICFS

-L0OC HaSIL40 .44 QUARTZ 0.33 CHALCEDONY -0.03 A-CRISTUBALLITE ~0.28 AHORPHIUS -1.3

TOTAL INORG CARBON MOLALITY = 0,3708E-03
ACTIVITY = 0.9988

0.1288E-02
0.1 494E-07
0.4406E-05
0,.0000E+00
0.2288E-05
0.29087e~-11
0.0000E* 00
0.0000£+00
0.0000E+00
0.1560E~-08
0.7119€E-04

6.91
T.48
4.00
3.69
15.63
-990 99
-99%.99
-99.99
-99.99

BOEHMITE
DOLOHITE
HEMATLTE
MAGNESIY
QUARTZ

4

-1.99
-1070
99.99
-Le97

0.35




L r@ wunare
TITLE %83

CAatTOT
504707
NO3TOT

PH =

7«94

0.8234E-03
0.5726t-02
0.0000f +00

PE = 99.99
~-LOGIPCD2) = 2.66
IONIC STRENGTH = 0.05375

1@

LOCATINON

0.185

N-06-25-2388AD

1€£-03

INPUT DATA (MOLES PER LITER 0OF SOLUTION
HGTOT
ALTOT

NATOT 0.4611E-01
0.,0000E+00 FETDT 0.0000E+00
S102707 0.1215E-02

TEMP = 19,.60DEG C
-L0GtPO2) = 99.99
TOTAL DISS SOLIOS =

BTOT 0.1202E-03 BRTOT 0.0000E+00
DENSITY = 1,000GM/CC
~LOGIPCH&) = 99,99

EQUIVALENTS PER LITER FOR
0.4807€-03
SRTDT 0.0000E+00

J.ISGH/LITER SOULN

KT0T

ALKAL
cLv0
BATO

INITY)

T 0.3436t-01
T 0.0000E+00

H25TOTY 0.0000E+00

ION BALANCE ERROR = -0,10PERCENT CATION EXCESS =—0.9610E-04{CHARGE #MOLES) H20 ACTIVITY = 0.

INDIVIDUAL SPECIES MOLALITIES
OH~ 0.31176-05 CD3— 0.2710E-04 HCOI- 0.2868E~02 SD4-- 0.4982E~02 CL~ 0.3444E-01
CADH¢ 0,2489E-07 'CACO30 0.7698E-05 CAHCO? 0.1376E-04 CASO40 D.1489E~03 MGe+  0.1523E-03
MGCDI0 0,1029€-05 MHGHCO3 0.2663€-05 MGSU40 0.2962E-04 NAs 0.4559E~01 NACO3- 0.2079€-04
NASQO4~ 0.5720€E~03 NACLO 0.25396~04 K¢ 0.4728€-03 KSO4- 0.9156€~05 KCLO 0.2700E~06
RAQHe O0,0000E+00 SRes  0.0000E+00 SROMe 0.0000E+00 (L1I¢ 0.1861E~03 LIDHO 0.87996-09
H4SI04 O0.1189€E-02 H3IS104 0,3013E-04 H2SI0& 0.4558E-07 ALe¢*es O0.0000E¢00 ALOH+e¢ 0.0000E+00
ALOH4- 0,0000E+00 ALSC4* 0.0000E*00 ALSD42 0.0000E+00 FE+ee 0,00006400 FEOHee 0,0000€+00
FEOH30 0.0000E*00 FEOH&A- 0.0000E000 FECLes 0.00006400 FECL2+ 0.0000£400 FECLIO 0.0000€+00
FEee+ 0,0000€¢00 FEOHe O0.0000E¢00 FEOH20 0.00006+00 FEUDH- 0.0000E+00 FESO40 0.0000€+00
NHIAQ 0.0000E¢00 NHASO4 0,N0N00E+0D NO3- 0.0000E¢00 He 0.1355€~07 H25040 0.6320E-19
HCLO  0.1082€-14 H25AQ 0.0000E¢00 HS- 0.0000£+00 S-- 0.0000E000 BR- 0.0000€+00
H2B803~ 0.96226-0% H2C03* 0.528%€-04 0240 0.0000£+00 '

INDIVIDUAL SPECIES ACTIVITIES(~LOG ACTIVITY)
OH 5.60 CN3-- 4.91 HCO3- 2.63 SOA-- 2.66 CL- 1.56 CAee 31.53
CACO030 S.11 CAHCO} 4.94 CASD4O 3482 MGee 415 MGOHe 7.46 MGCO10 5.98
MGS 040 4.52 NAs 1.43 NACODI- 4.77 NAHCO3 4.31 NASC4- 3.33  NACLO 4.59
XSD&- 5«12 XCLO 6.56 BAes ~99.99 BAOHe -99.,99 SRes -99.,99 SROHe -99.99
L10HO 9.05 L1504~ 5.83 H4SIN& 2.92 H3ISING 4.61 H25104 7.68 ALtes  ~-99.99
ALOH2¢ -99,.99 ALDH4- -99.,99 ALSO4+ -99.99 ALS042 -99.99 FEses -99.99 FEOHes -99,.99
FEOH)  =99.99 FEQHA- =-99.99 FECL+s =-99.99 FECL2¢ ~99.99 FECL30 -99.99 FESD4s -99,.99
FEOHe  =Y9.99 FENH20 -99.99 FEDNOH~ -99.99 FESO40 =99.99 NH4s ~99.99 NH3AQ0  -99,99
NO 3- -99.99 He 7.94 H2S040 19.19 HS04- B.43 HCLO 14.96 H25A0 -99,.99
S=- -99,99 gR-- -99.99 HIBR0DIO 3,95 H2813- 5.14 H2CD3 4.27 02aQ -99.99

MINCRAL SATURATION INDICES
ADULARIA ~99.99 ALBITE =99.99 ANHYDRIT -1.51 ANDRTHIT -99.99 ARAGONIT -0.12 BARITE
BRUCITE  -3.97 CALCITE 0.15 CA-MONT -99.99 CELESTIT -99.99 CHALCEDN  0.45 CHLURITE
GIBBSITE =99.99 SGEDTHITE <99.99 GRIEGITE ~99.99 GYPSUM ~1.55 HALITE —4,60 MALLUYST
HUNTITE  ~4.22 HYDTOMAG ~-3.84 ILLITE -99.99 KAOLINIT -99.99 K-MICA =99.99 MACKINAW
MAGMNETIT -99.99 HIRABILT -5.06 NISQUEHU ~3.69 PHLOGUPT -99.99 PYRITE -99.99 PYRUPHYL
SIDERITE -99.97 STRONTNT -99,99 TaLC 3.02 THENARDY =5,32 HITHFRIT -99.99

SILICA SATURATION INDICES

—LOG HaSIN&Q 2.92 QUARTZ 0.86 CHALCEDONY 0.49 A-CRISTOBALITE 0.24 AHMOURPHOUS

. L]
1
ALK 0.3080e-02
LITOY 0.1873E-03

NH&4TOT 0.0000€ +00

9984

CAse

HGOH ee
NAHCO3
BAese

LESD4~
ALOHZ2e
FEOH2e
FESQ4e
NH4 e

HS 04~
H38030

CAOHe
NGHCO3
Ke

Lle
ALOHee
FEQH2e
FEeo
NH4S D4
HS -

-99.99
-99.99

-99,99
-99.99
-99,99

=0.8

TOTAL INORG CARBON MOLALITY = 0,3043E-02

0.6556€-03
0.4159€-07
0.4856E~-04
0.0000E+00
0.1812€-05
0.0000€+00
0.0000E°00
0.0000&°00
0.0000€+00
0.45089€e-08
0.1110€-03

7' 69
5.67
342
3. al
-99.99
-99.99
-99.99
-99.99
~99.99

BOEHNMITE
DOLOMITE
HEHATITE -
MAGNESIT
QUARTZ

2

99.99

-0. 19

99.99
-Oobl
0.87
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HTE LOCATEIN D-N6-25-36CR8H

INPUT DATA (NOLES PER LITER DF SOLUTION : EQUIVALENTS PER LITER FOR ALKALINITY)
CATOT 0.2969c-02 MGTOY 0.2961E-03 NATOT 0.1131£+00 KTOT 0,4909E-03 CLTOF 0.1019€¢00 ALK 0.1270£-02
SOATOT 0.78076-02 ALTOY 0.0000€6+00 FETUT 0,0000£+00 SRTNT 0.0000E+00 BATOT 0,00006¢00 LITOT 0.2450e-03
NO3TOT 0.0000L¢00 SINZTOT 0.10826-02 BTGV 0.1480E-03 BRTOT 0.0000E«00 H2STOT 0.0000E¢00 NH4TOT 0.000CE+00

PH = 7.81 PE = 99.99 TEMP = 46.10D€EG C DENSITY = 1,000GHM/CC

-LOGI(PCO2Y = 2.92 -LOG(PO2) = 99,99 -LOGIPCHAY = 99.99

IONIC STRENGTH = 0,12681 TOTAL DISS SOLIDS = 7.25GHM/LITER SOLN TOTAL INORG CARBON MOLALITY = 0.1221E-02
ION BALANCE ERRNR = O0.69PERCENT CATION EXCESS = 0.1627E-02(CHARGE®MOLES) H20 ACTIVITY = 0.9961

INDIVIDUAL SPECIES MOLALITIES

OH~ 0.3896F-05 C03— 0.1020E-04 HCOI~- 0.,1098E-02 S04-- 0.6069€~02 CL- 0.1025€+00 CAee 0.2544E-02
CAOHe 0,9¢64E-07 CACO3D 0.B144€E-05 CAHCOI 0.1917E~04 CASO40 0.4192E-03 MGes 0.25926-03 MGOHee 0.7 342€E-07
MGCOJ0 0,4315€E-06 MGHCOI 0.14464E-05 HGSU40 0.3714E-04 NAe 0.1124E+00 NACO3- 0.19676-04 NAHCO3 0.3928E-04
NASO4~ 0.1326E-02 NACLO 0.1569€-03 Ke 0.4845E-03 KXSO04- 0.9278t-05 KCLO 0.6829E-06 BAee 0.0000E+00
BAOHe 0,0000£400 SRee 0.0000E¢00 SKOHe 0,0000€+400 Ll 0.2646E-03 LIOHO O0.1432E-08 LIS04- 0.2184E-05

H4SI0& 0.1061£-02 HISIO4 0,2871E-04 H25104 0.7091€~07 AlLese 0.0000€400 ALOHee 0.00006¢00 ALOH2e¢ 0,0000E+00
ALOH4- 0.0000E+00 ALSOA+ 0.0000E+00 ALSO42 0,0000E¢00 FEoees 0,0000E*Q00 FEOHee¢ 0.,00006¢00 FEOHZ+ 0.0000€+00
FEDH30 0.0000E°00 FEDHA- 0.0000E+00 FECL*+ 0.0000E*00 FFCL2e 0.,0000€¢00 FECLIO 0.0000e200 FESO4¢ 0.0000€¢00
FEeo 0.00006¢00 FEOH* O0.0000€E+00 FEOH20 0.0000€E+00 FEDDH- 0.0000£400 FESO40 0,.,0000E¢00 NH4e 0.0000E+00
NH3AQ 0.0000€¢00 NH4S04 0.N000E+00 NO3I- 0.0000E¢00 He 0.1913e~07 H25040 0.1427€~18 HSO4- O0.7352E-08
HCLO 0.7219€~-14 H25AQ 0.0000E¢00 HS- 0.0000E+00 S~-- 0.0000E+00 BR- 0.0000£+00 H3IBOIO 0.1374E-03
H2B03- 0.1172E-04 H2CO03* 0.2459E-04 02AQ 0.0000E+00

INDIVIDUAL SPECIES ACTIVIVIES{-LOG ACTIVITY)

OH 5.54 C0NI—~ 5.45 HCOI- 3.07 SO04-- 2.70 CL- 1.12 ChAse 3.05 CAOHe 7.13
CACO30 5.08 CAHCO3 4.83 CASD40 3.36 HGee 4.02 MGOH+ 7.24 HGCOIO 6.35 MGHCO3 5. 96
NGSD40 4.42 Nae 1.07 NACO3- 4.82 NAHCO) 4.39 NASO6- 2.99 NACLO 3.79 Ke 3.45
KSO4~ 5.1% KCLO 6.15 BAee -99.99 BAOHs -99.99 SRee -99,99 SROHs -99,99 (L]e 3.72
L10HO ‘A.83  LISO4- 5.7%  HASID4& 2.96 H3ISING .67 H2S104 7.61 ALees  ~99.99 ALOHee =99.99
ALOH2¢  =99,.97 ALOH4- -99.99 ALSU4® -99.99 ALS0O42 -99.99 FEeese  —-99.99 FEQHee -99.99 FEOHZe =-99.99
FEOHI  -99.99 FENH&- =-99.99 FECL+¢ =-99.99 FECL2+ =-99.99 FECLIO ~99.99 FESU4* -99.99 FE+e -99.99
FEOHe  =99.99 FEOH20 -99.99 FEQNH- =-99.99 FESNAD =-99.99 NH4+ ~99.99 NH3IAQ  -99.99 NH4SO* -99.99
NO3- -99.99 He 7.81 H25040 16.83 HSOa- 8.26 HCLO 14.13 H25A0  -99.99 HS~ -99.99
LT -99.99  BR-- -99.99 HIBN30 3.85 H2B03~ 5.12 H2C03 4.60 U2AQ -99.99

MINERAL SATURATION INDICES

ADULARIA -99.99 ALBITE -99,99 ANHYDREIVT -1,02 ANORTHIT -99.,99 ARAGONIT -0.14 BARITE ~-99.99 BOEHHITE ~99.99
RRUCITE -3.74 CALCITE 015 CA-MONT -99.99 CELESTIT -99.99 CHALCEDN 0.34 CHLORITE -99.,99 DOLOMITE -0.55
GIBBSITE -99.99 GFOVYHITE -99.99 GRIEGITE -99.99 GYPSUM -1.09 HALITE ~3.82 HALLUYST -99.99 HEHATITE -99.99
HUNTITE -5«16 HYDTOMAG —4.47 ILLITE ~-99.99 KAOLINIT -99,99 K-HICA 99,99 HACKINAMN -99.99 MAGNESIT -0.93
MAGNETIT -99.99 HIRABILY -—4.66 NESQUEHO -4.05 PHLOGOPT -99,99 PYRITE ~99.,99 PYROPHYL -99.99 QUART!Z 0.75
SIDERITE =99.99 STRONTNT -99,99 TALC 296 THENARDT -4,63 WITHERIT -99.99

SILICA SATUQATION INDICES

-L0G H4SIN40 2.76  QUARTZ 0«73 CHALCEDONY 0.38 A-CRISTOBALITE 0.13 AMORPHOUS ~0.92
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HATSPEC

REFFRENCE 2 WIGLEY 4ToMolool?77WATSPEC-A COMPUTER PROGRAM FOR DETER-
MINING Tnf EQUILIBRIUM SPECIATION OF AQUEOUS SOLUTIONS:3RITVISH
GEOMORPHOLDGICAL GROUP TECHNICAL BULLETEIN 204 GEOQ ASSTRACTS LTD,
UNIVERSITY OF EAST ANGLIAJNORWICH NR4& 7TJ+ENGLAND,4OP,

WATSPEC IS AN AQUEOUS MODEL FOR DETERMINING EQUILIBRIUM CHEMICAL
SPECIATION IN NATURAL WATERS. 1T ACCEPTS UP TO 18 TOTVAL SPECIES
CONCENTRATIONS AS INPUT. EH INPUT CAN BE INCLUDED IN ANY OF 5
DIFFERENT WAYS, NR MAY SE OMITTED. WATSPEC ACCOUNTS FOR uP TO 70
AQUEOUS-PHASE SPECIES AND COMPUTES SATURATION INDICES FOR 49
MINERALS
INPUT DETAILS = EACH SAMPLE REOQOUIRFS 24344 OR 5 CARDS.
CARD 1 (2114+F10.0)
FLAGl= 1 IF SAMPLE INCLUDES REDUCTION-~OXIDATION DATA (CARD 3)
FLAG2= NUMBER NF MINOR SPECIES CARDS (CARDS & AND/OR 5)
t6 MINOR SPECIES PER CARD SO FLAG2= 0y 1 OR 2)
OENS= DENSITY (GM/CC UR KG/LITER) : IF DENS IS MISSING OR INPUT
AS LESS THAN 1.0¢ WATSPEC PUTS DENS = 1.0
CARD 2 (9F6.0) = TENMP (DEG Chs PH AND MAJOR SPECIES.
20I1)yI=19e7 = MAJOR SPECIES TOTAL CONCENTRATIONS IN MILLIMOLES PER
LITER OF SOLUTION (MILLIEQUIVALENTS FOR TITRATION
ALKALINITY) : SPECIES ORDERs 1 = CALCIUMN,
2 = MAGNESIUM,y 3 = SODIUM,s & = POTASSIUM, 5 = CHLORIDE
6 = TITRATION ALKALINITY, 7 = SULPHATE
CARD 3 (11+2F10.0) : OXIDN-REDN DATA (OHIT IF FLAGL NOT EQUAL TO 1).
THERE ARE 5 INPUT OPTIONS INDICATED BY FLAG3. ZIZ IS THE
APPROPRIATE DATA VALUE., EZ IS LEFT BLANK UNLESS FLAG]I = 3. EM
VALUES IN VOLTS,

FLAG3 VALUE 1224
1 MEASURED EHy, TEMPERATURE CORRECTED
2 MEASURED EHy NDOT TEMPERATURE CORRECTED
3 MEASURED EHy NOT TEMPERATURE CORRECTED. EZ MUST BE

SPECIFIED WITH THIS OPTION., EZ = EH OF STANDARD
ZOBELLS SOLUTION

4 OXYGEN CONCENTRATION AS ~LOG(MOLES OF 02 PER LITER
OF SOLUTION)
5 TOTAL SULPHIDE AS -LOG(MULES OF H2S PER LITER

OF SOLUTION)

CARDS & AND 5 (6812+GL0s4) 2 MINDR SPECIES., OMIT IF NO MINDR SPECIES

DATA., DATA INPUT ]S IN PAIRS WITH SPECIES NUMBER FOLLOWED BY TOTAL
CONCENTRATIUN IN MILLIMOLES PER LITER OF SOLN = SPECIES NUMBERS
8 C(ALUMINIUM): 9 (IRON), 1O (STRONTIUM)y 11 (BARIUM)s 12 (LITHIUM),
13 (NITRATE), 14 (SILICATE AS SI102)s 15 (BORATE A3 8)y 16 (BROMIDE)
17 (SULFIDE AS H2S)s 18 (AMMONIA AS NHée),
IF SULFIDE IS ENTERED ON CARD 4 OR 5 THIS VALUE WILL BE USED FOR
CALCULATION OF SPECIATION EVEN IF MEASURED EH DATA IS GlVEﬁ ON
CARD 3. TQ FIND SPECIATION WITH SULPHIODE DETERMINED 8Y MEASURED
EH DATA OMIT SULPHIDE FROM CARD &, !

END OF DATAS A CARD WITH 99 IN COLUMNS 1 AND 2 SHOULD ALWAYS' BE

INCLUDED AFTER THE LAST DATA CARD TO DENOTE END OF DATA

I//IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII//IIIII%IIIIIII/

DIMENSION RU72)9B(72) o IPAIRI2LIIRIC21 )4 IR2(21)DsGFNILB)oNXILL)
LoCHHIT72) o XLOC( &)

INTEGER CHG+CHHFLAGLWFLAG24FLAG]

REAL KoKMIN

REALS®B ATITLE |
CUHHUNA(?S)QF(72,0X(72"1|7Z,OAAOBBQCHG|7Z)9CTUT,DEN50FLAF3QGHHZOQ
LPPCMASEZ4PEPH Ty TEMP 9 TOS U222 +KET7)oKMINIGO)4PRUT7)+PKHINI(4O)}

DATA TPAIR/19920921922+2342%+25026427+28929+30+31+32+33+35+458459,
150¢60068/7¢IRL/G%19482,403 4383714719104 L114123120717+1R2/72+4303647,
32019=i00900=1909lols0sle0s1ls09ls0s09=1409=1909=1909=29=1909=19=2,
43929l wlo=lo=193924092910-Llols2919l909s=190s24s2s0s=1e=19-2+09-1,5%0,
519=1/79CFH/40:0892%.312422499939¢102439453961.017196.062+26.981,
655.047087.621137.36496.939462.005960.085410.811+77.909,34.08,
T1Be03N/ oR/59e95¢504092%3051509150180590035¢95e96093e900925340900
800900900900 90¢ 160651003909 0090095¢4930099¢410¢99¢%906¢19a834.5400940
954990 92%5c¢492%4.590099¢35090¢95¢92%5¢895096¢950695090095¢900+549
$5¢90e99¢930595¢90095¢95%0099¢93¢5/98/01659e29e07542%.01549009-.044
16580/ +ELIMIT/1.E~06/yNDATA/O/+TKEEP/1000./

PP PFPEPEPEDEPP PP



Ces

901

902

30

40

60

70

OPEN FILES

TYPE 901

FORMATL® INPUT FILE? ®8)
CALL ASSIGN{(S5,0,-1)

TYPE 902

FORMATE® OUTPUT FILE? *48)
CALL ASSIGM{640,~-1)

DDNE CPENING FILES

D0 20 I=1,72
CHGUI¥I=CHHLT])
2t =0
X(l)=0
ALI)=0
F(l1=1
NOATA=NDATA+L
READES59220END=23)FLAGLFLAG2+DFNSATITLEXLOC
IFUIFLAGL.EQ.9 ). AND.IFLAGZ2,EN.9))GOD TO 130
READCS54230) TERPYPHe(ZUId ovI=147)
IF(FLAGL.EQLIREADIS+240)FLAGIZ222Z4E2
IF(FLAGZ2.GE.LIREAD(S4250) CINXIT I« ZINXII)))yI=140b)
IF(FLAG2.GE2IREAD(54250) L INXITIIoZUINXILI}))oI=1y6)
WRITEC(H+LT70) NDATA
NRITEU6+211) ATVITLEXLOC
IFC(DENS.GTo0D) o AND. (DENSLT 1) IMRITE(O6+210)DENS
IFU(DENSeGEeQe ) o ANDL (DENSLT.1.))IDENS=1.0
T=TENP#273.15
IFLABSUTENP-TKEEP).GT.0.1)CALL FOUCDN
TKEEP=TEMP
PPCH&4=99.99
PE=99.99
CT07=1000
TDS=0
GMSOLN=1000.*DENS
00 30 1=1,18
TOS=TNS*24{1)*GFW(]1)/1000.
GMH20=GMSOLN-TDS
DO 40 I=1,18
2¢I)=l01)/GMH20
Xt1y=241}
[FUUZULT7).GTa0e)eAND(FLAGL.NE. 1))} GO TO 120
AlT713=10.¢0{~PH)
X(71)=A¢71)
X{72)=xX(23)/7a071)
aAl{73)=1.
FIRST FSTIMATE OF HCO3- ACTIVITY,
X(a)=CZ(Aa)eX{71)=XUT72))/ ool (1) eKI2]1)¢212)¢K(25)¢213)8K(29)¢
12000, ¢2€L)0KI20)e2(2)0K(24)213)0K(2B8))/TKIK)I®ALTL)))
IFIXt6)LY.0.20G0 TC 120
ITEP=0
IFLITFR.GELSND) GD TN 120
CALCN (OF IDNIC STRENGTH AND ACTIVIYY CCEFFICIENTS
D0 60 I=1s72
UsiJe 5o X{I)*CHGULI)SCHGL T !
XT0T=0
CO 7C 1=1.72
C=SORT(UISCHG U [IOCHG(T)*1A
IFICHGE D) o5 0)F(])=10,%¢(0.1%01) .
IF(CHGITIANE,DIFII)=10.0¢{=C/UL.+RB¢SURTIUISR(T}IeusEL]))
IFC(T.MELTL) At )=Ftl)eX(])
XTOT=XTOTex(])
C=TEMP*TLENP

FI68)=10.,¢0(U®{33,5-,109¢TENMP+ ., 0014¢C-U*(1.5+.015¢TEMP-,0004%C))

\VAR]
ACTIVITIES OF H20y OH-4AND CO3Y--, ;
A(73)=1,-,017¢XT0T
ALT2)=X{73)*a0 73)/7ACT1)
X(T2)y=A022V/F(72)
AL&)=A(G )/ (KI6I®ALTL))
TEST FOR CONVERGENCE.
TEST=CTYOTV
CTOT=X{6)eX(20)oX121)+XE24)eX(25)4X(28)+X(29)+X(36)eX(68)
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C
> c
o
C
C
o
L
C
o
®
A0
® ¢
® c
90
100
C
®

IF{(ABSI{TEST-CTDT)/CTOT).LT.ELIKITIGO TO 110
ITER=ITERe]
CALCULATION OF PEs 029 CH4 AND SULPHIDE SPECIES.
IF(FLAGLl.EQ.1)CALL PECALC
SILICATE SPECIES.
AL149=20140/11./F(14)+(KI3TI/FI37)+K(3B)/FL38))/7ALT1))
A(37)1=K(37)6AC14)/ALTL)
A{381=K(IBIOACLA)/CALTLI®ALTL))
BORATE SPECIES.
ACLSI=ZE15) /01 /F(15)eK(44)/IF(AGICALTL)))
ACRA)=X144)OA(15)/7A171)
ALUMINIUN SPECIES.
ALIDNI=ZUBI/ (L /F(3FVA(T2ISALT2)SLALT2)*ALT2)*KIB)I/FIB)*K(40)/
LUFLA0I*ALTZ)I oK (4L JF(QLI)+AITIIKIAZ)/FLA2Z)+K(4I)I*ALTI/FL4GIN) )
C=A(39)ea172)
ALB)=aK(BISCeAL T2) %]
A(40)=N([40)*C
ALSLI=K(GL)SCOA(T72)
AL42)=K(42)¢4(39)%A(T7)
AL431=K143100(39)%A(T7)*ALT7)
IFCIFLAGL.NE, L) AND.(2(9).GT.0.)) PE=10.
IF(C(FLAGL.NE.]1)AND.(Z19).FQ.0.)) GO TOD 80
IRON SPECTIES.
Ex10.9%(-PE)
AlT4)=E
C=A(71)7A073)
G=CeC
ALS2)2ESZU9)/ (E/FIS2)eK{F)/IFIO)ISCHGI+KI4S5)/FL45)eK(46)*A(5)/FL4b)
1oK{47V*A0S)ISCI/F(47)eK14B)/IF(48)0CIeR(49)/(FI49)EG)eK (501 /(F(50)¢
2G%G) ek {SLI*ALTI/FISLIAK(5IISA(SI*ALS)I/F (53 eKI5a)*E/IF(54)¢C)
JeK(55)CEZ(F(55)0G) oK (56 )ISE/IFISAISGEALTL) )oK (STISESALTI/F(5T7))
Y=A(52)/E
AL9)=K19)eY/(C *G)
AL4S)I=K (45) ey
Al46)=K(46)¢YeA{S5)
Ala7)=xX{67)eYe(A(5)¢e])
Al4RY=X(4B)SY/C
A{a9)=x(49)eY /G
ALS0)=KE90)0Y /7 (GeG)
ALS1)=N(51)even(7)
AlLS3)=X{53)even(5)ea(s)
A(S4)=K(54)0a052)/C
A(S5)=K155)¢A152)/G
ALS6)=K15K)*a152)/(GOALTL))
ALST7)=K(H7)¢A(52)%aL(T)
FUR THYSE SPLLILESe
IFC21190.6Tela) AGLBI=ZILAM/U1./FILB)eK(64)/(FLALI®ALTLIIOK(bY)
L/(FLeS1*at 7))
IF(FLAGLAEQLLIC=10.8¢(PK{7H)e 0. *PHeBR ¢PESI, *ALDGL10LAL23)))
IFCEZ0L 10T a0 ) aAND (FLAGLLED.LIDXLB=A(L3)/(COF(LB))
IF(CZ018).5Ta0a)AND (FLAGLLEN.L)IXL3=A(LB)®C/F(LD)
IF(ALLB) oGT .0, VAL64)2K{54)CA(18)Y/A(7))
IF(ALL1E).GT.0.02L65)=K{65)A(1G)/ALT) .
ALL OTHER [NN PAJIRS '
00 90 I=1421
ALIPATRUIN)=KCIPAIRITIDII®ALIRL(IDI®A(IR2(I))
AL369=K(36)¢aA(71)*A(T71)*A(T7) :
DO 100 I=146% ;
X(1e70sAC1e7)/F (17} i
KEY SPECIES . |
[FOXEL)aCT a0 IX(1)=Z(1D/01aotXT19)oXE20)eX{2LIeX(22))/X11))
[FIX12)26Te0.1X02)=2€2)/C1as(XI23)eX(24)eX(25)4X126)3/X12))
IFIXU3)eGT a0 dXEII 213D/ (Lao{XC27)eX(28)eX(29)¢X(30}2/X13))
IFIX(a1oGT 0o IX(AIBZ(&)/CLas(X(3LIeX(32)D/X(4))
TFIXUS) 6T 0. IX(5)=205) /0 e e UXI27)eX031)oX(33)eX(46)e3.¢X(4T7)02,*
1X(5300/XL5)) |
IFIXCZ)aGT.0.0XE7)=207) /010 iX022)eX{26)¢X(30)¢X132)eX(35)eX(36)
L1eX (42042, ¢X(4314X(SLI+XISTIeXI61LIeX{695))I/X(T))
IF(XC10).5T.0.)X(10)=2ZC10)/(1.+X(58)/X(10))
IFAXC110a6Ta0aIXCLL)=ZCLLD/7CLaoX{59)/X(1L))
TFIXE120.GTa0.0X01202Z(12)/¢0 ¢ (X(60)eX{6L))/X112))
CxX{37)42.0X(38)eX(44)eXCR)EX{62)42,.9X(631eX(72)e+X(60)-X(71)
CaX{370142.8X{38)4X(44)+X{ 60042, ¢X(41)+4,¢X(B)+X(62)42.¢X(63)+X(64)
LeXUT72Ve X419 eX(23)4X(58)¢X159) eX(601=X(71)=X{33)=X(35)=2.¢X(36)
XE6)=0Z16)=CI/(LaoiX(21)¢X025)eX(29)42,8(X120)4X124)eX(28)eX(34)))
1/7%x16))
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110

120

130
140

150
160

170
211
180

190

200

2290
230
240
250
c220
€230
€250
23

GO TO SO
IFC(FLAGL EQ. 1) oAND(Z(18).6T40.0) WRITE(6,140) X13
IFUIFLAGL.EQ. 1) .AND.(Z(13).GT.0.)) WRITE(6,150) X18
IF{(FLAGLONELL) oAND.(Z(9).GT.0.)) HRITE(64160)
CALL PRINT
GO 10 10
IFUITER.GY.50) WRITE(6,180)
IFIXC€L) LT o0.) WRITE (64190)
TFUU{Z17.6T7.00) cANDS (FLAGL.NF.1)) WRITE (645200)
IFCITER.GT.50) CALL PRINT
GO YO0 10
CONTINUE
FORMAT(/7+® NH3 AND PE DATA GIVEN : NH3s PH AND PE IMPLY ND3- MOL
LALITY =%,E11.4)
FORMATU(//4+* NO3 AND PE DATA GIVEN : ND3y PH AND PE IMPLY NH4+ MOL
LALITY =2%,E11.4)
FORMATU//+* FE TOTAL > ZERD BUT NDO EM DATA CARD : PE ARBITRARILY
LASSUNED EQUAL T0 10.0°)
FORMAT(1IH]L,"* SAMPLE NUMBER®,]14)
FORMATU/92Xe " TITLE® 32X eAhelOXy *LOCATION® 42X03A44A2)
FORMAT(//4* NOT CONVERGED AFTFR S50 ITERATIONS. RESULTS AT THIS S
LAGE ARE *) }
FORMATUIX,"* SAMPLE REJECTED : HCC3 < Oy POSSIBLE PH NR ALKALINIT
LY ERRMOR®)
FORMATtIX," POSSIBLE DAYA INPUT ERRQOR : TOTAL SULPHIODE SPECIFIED
1 3UT NO EH DATA CARD')
FORMAT(LIX,® WARNINGs DFNSITY SPECIFIED AS*+Fho3e® : VALUE CHAN
LGED T2 1,0°%)
FORMATIZILoFLl0.00A643A4442)
FORMATIIFE.4)
FORMATIIL2F10.0)
FORMATINIT2:C10.4))
FORMAT(214F)
FORMATLIF)
FNRMAT{H(14G))
STnP
END
SUBROUT INF EQUCON
THIS SUYROUTINE CALCULATES ALL EQUILIBRIUM CONSTANTS AND
DERYE~-HUCKEL CONSTANTS
DIMENSION J1U39)412015)¢PX25073)4DELHIT78)ALIL15),A2(15)443115)
INTEGER CHGOFLAGLFLAG2sFLAGS
RFAL X oKM{N
COMMONA LTSI F (T2 o XU72)92(T72)sAABBCHGI72) 4CTOT4DENSFLAGIHGMH20,
1POPCHAsEZ Gy PEGPH T TEMP 4 TDS UG ZLZZoK(TT) o KMIN(AO) oPKITT)HPKMINL4O)
DATA 11/78,9419922926927+289299309319339364340+81442¢43445446447448,
149450¢51953954+55956457+453959+609614631965966473974475476/412/64+20,
22192392492993213%903743B984+162+64468477/
DATA PK29/-33.938¢ 26571y —leb s =~2.309s ~2.238s 1.6029 =-1.268,
e25 9 =0472 » 145854 6.1 » 1. s —8.908,-18.235, =3.2
-5.1 L ] 130013' llob L] 1109250 l50“73! 200173' 34089" 8-8869
109199 943199 20457 » 29.4584 ~2.2 » -0.32 4 -0.64 4 -0.2
~0e68% ¢ 12,9185 =1ol1l » 210495y 13.998,=40.6444-30,7419-119.077
[ 6.215' 5.558, 802‘ v ~la582y 11le41 ] 5.97*' 9.756. 13.32 *
10.55 » «179s 1141 4 32.77 5 3.523y 4005+ 17.02 ¢+ 4.759
5.211’ 101130 *.631’ 30-51 5102 L 33.~l l’Z“.lS B J 18. ]
63.%3 ¢ 20.57 s 49.09 o 19.33 62¢29 o 3691 o+ 32.82 v 90,061
42.43 4 37.82 +-32.67 5 18.48 17.97 4 40.31 4 45. /
DATA DELH/ -9.32 » «0 + 1a19 1¢5 9 127 «0 » 8.911,
’
.

VBT NS WA >

® @ ¢ w o

co L l.l L J -o * 18063 lo. ] 1099 ] oo 2-29 L]
3.07 1] 907 * 180152' -0 L 20.1150 oo A ] oo 15-92 *
e0 s 13.218, 28.56%, 32.995, 56 5 lel5 3 1,75 s 4,832,
.0 L 12.1 v 00 * 3}.*57. 1303~5"65.~~ "570*39"1870055
s =2.95%s =3.769y ~6.169, 918y 2.361, =-1.054, o.lﬁﬂ. 6.95
-5.328y ~0.5729 e85 5 18467 5 4.615s 6422 9 =B.29 1y o261y
~4.551, 18,987, 0 3=25.76 5 25.5559 11.905+-49.65 'y 25.896,
eO o 30,82 o 67.86 ¢ 17.53 5 ©5.0655 49.15 4 44.68 5 54.76 »
e0 3=25.52 4y=68.86 4 11,3 e0 ¢ 54.6B4y S8.373/
DATAAL/=6.4983-27¢3933-2:959¢6R43:991120319+43.106¢-5.3505+64368,39
1a47842Re60599 110179463229 ~14.84354~14.01847/9427/,023794.056175.0133
24400512954 .0066794=¢011056+009s20183412+-201634643-.065927+.0120784~,
3023864~,0012254e0327864++0152664/+43/290239+411%¢30e30490.40.9-673,
4695574259 ~3805 e99=12355e191573.219=3279.9-2835.76+3404,71+2385.73/
DO 10 f=1,139
PKCILEII)=PK2S (1 )*DELHII)S (25, -TEMP)/(T®]1.3642378)

OBVIYT NS WN

Alsab
Al47
Al4asd
Alé49
A150
Al151
Al52
AlS3
Al54
A155
Al56
ALS7
Al58
Al59
Al60
Al6l
AL62
Al63
Alb64
AX1l64
Al65
Albon
Alb?7
Alo8
Al69
Al70
Al71
AL72
A173
Al74
ALT7S
Al7o
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10

20

30

10

10

20

TFCUTLCIYaNELTO) AND L (=PK({T1(1))eGTa35.0)) PKITIL(T1))==35.0

TEFCILUEVNELZ79) KUTLUI))I=10.¢¢(=PK(IL1(1)))

D0 20 I=1,415

PKUI2UT M) ==ALC1)=A20(])*T=-A3C1) /T

IFUI.EQeHIPKITI2(I))I=PKITI21(1))=2,29812E~05¢TeT

IFUTEQeILIPKCI2CT D) =PKIL2(T))e13,2258%AL0GLO(T)ePK(73)}

K(I2€1) )=10.¢¢ (~-PK(]2([)))

00 30 I=1,39

PKMINCI#1)=PK2501039)¢DELH(1+39)¢(25,-TEMP)/IT®1,36423728)

PUMINTEL)==13,543¢,0401¢T7¢3000./7

PKMINCL7)=24,6535-TEMP*{ .004545-,000101¢TEMP)

AA= 488634 TEMP 7  4BE~4+TEMPETENP*3 85E-6

BB=,32415°TEMPS] . 65C-4¢TEMPOTENP*2,.0E~7

RETURN

END

SUBROUTINE PECALC

THES SURROUTINE CALCULATES PE, 02y CH4& AND SULPHIDE SPFCIES.

INTEGIR CHGFLAGLWFLAG24FLAG)

REAL XosKNIN

COMMONACTS Y oF L 7209 X 17219 T2V 9AAGBRICHGIT72)sCTOTLDENSFLAGIZGHH2O0,
LPPCHO o 7y PEQPH o ToTEMP ¢ TDS oUW Z72 X (779 KMINLGO)4PX(77) 4PXHMIN(GO)

C=ALLGLOCACT78))

IFIFLAG3. EQ.L)FH=27?

TFAFLAGILEGCL2IEH=2]2¢,244+4,00084¢125.-TENP)

IF(FLAGI LT 4) PE=EH/U 14214225 -0)4%T)

IFIFLAGILNELY) GO TO 1O

217=10.¢8{=-277)/7(GCMH20/71000,)

ACLTI=Z L7/ L /ZF LLTYeK162)C11/7F(62)VeXtBAY/IFLO3Y®A(T7L)))/7A4T1))

PE=L=ALOGICIALL17) )= ¢Leal NGICIALT7))=10,9PH4=PX(T74))

IF(FLAGI.EQL4) ALLOI=1N ¢ ¢ (-] )*F(H6)/(5MH20/10020,.)

IF(FLAGTILEQUIPE=ZPKIO6)=,5¢C=PHe 25%AL0G10LALALY)

IFUACT)GT0.)G==PK(74)eALNGLO(ALT7))=10,¢PH=B ,¢PE=4 . *(

IFC(AL7)eCTo0a)eANDelGoGTa=35.)A0LT7)=10,%¢G

IFCZOLT)eOTaDe)ALL7)=2UL7 Y/ L/ FLLTIOX(H2)8(L/F(62)eK1L3)/(F(BI)
1A(713337A(71))

Al62)=K(H2V®A(LTYI/A(T])

AL6I)I=X163)®ALB2)/7A1T71)

G4 , ¢(PE~-PK(HA)+,5¢CePH)

[FCIFLAGIcNELA ) AND o (GaCGTa=35.))A166)=10,%¢C

PPCHA=A ¢PE+] ¢CePK(75)¢3,¢PH=-ALOGCIO0(ALG))

RETURN

END

SUBROUTINE PRINTY

THIS SUBROUTINE CALCULATES SATURATION INDICES AND OTHER QUTPUTS.

DIMENSION 1S1(38)4152¢(383,1S3(3R)4IS4(38IsN1(3B)I4N2133)4N3I(38),
ING(38)+51(460),101¢(69),102(40)

INTEGER CHGWFLAGLIFLAG24FLAG3
REAL KoKMIN
COMMOMALTSDFET2) o XU 7202 C72)9AABBeCHG(T72)+CTOTLOENS+FLAG3I+GMH20
IPPCHAZE ZsPE JPH o ToTEMP gTDS gUSZZZ+K{77)oKMINTA0)oPK(T77)PAXMIN(40)

DATA 1S1/301,24342%1002%101¢52+74293992%18442%19247+52+1+4593945243»
1304410298082, 3074/4N1/23%142+5%14394%24493%=2/9152/2%3497+34,+5,
239079702‘34v3v2‘7202‘73'2,7v3503.62'212‘7Zo7105‘8'72'2‘71}72'71'72
393871/ eMN2/10¢1 9292939282338 01324103%39-693%1¢3929692%2:8+2%24~-8+~2
bo=4/9153/715%7543493073,71934415¢73,2¢62/4N3/15%092%24939109=194,
52¢=1433=B89=109=09=129=R9=1092¢~79=100=12039892+84/1564/23%75,74,
610814434,3852/ N&/23%00=2+84%3429492%2+334434+341+3/ )

DATA 101772438969 745¢191902002102292+23424925026+3928+29030+2744,3
12031'11059010058‘12060061'1‘937'38'39'~0o§l.8"2'43,ﬁ5'ﬂ8:§999'50'
2464953047950 452 9549559569579 1%+64965+13971936935433417+62+63416415,
344468066/ 132/72792503929+298023912010%4067914933416913922438417+59
©3242%921935439931928+2094%¢36919+18+26937934+15+10+6+30511499/

ALT75)=1, i

PP02=299.99

SUNMCAT=0.

SUMAN=0

DO 10 I=1,40

SIt1)=-99,99

DO 20 1=1.38

TFCCACTSLUT)) eGTa0e) o ANDe (ACIS2UI1)eGTa0e) e ANDLIALIS3(1))GTaOe)e
LIANDLLATISOLIN) GTo0.))STIT)=N1(TIVCALOGLOCACISLI(TI)))eN2(T)®ALOGIO(A
201S20T1D I eNILI ISALOGLOCATISI(ID ) eNACII*ALOGLOLALISA(I)) JePKMINC])

IF(ST{26).GT4-99.99)S1(26)=ST(26)¢3. ¢ALOGLO0LA(2Z2))*6.,%ALOGI0LALT2))

IF(SI(28)a6Te-99.99)S1(28)=S1(28)+2.%ALOGLO(ALTL))

IF{SI€33)eGTa~99.99)51(33)=S1133)+5.¢AL0GLOLAL2))

AP IPROTEFREOIEETX
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22

50

60

70

TFECALZ2)eCT a0 ) oANDL(ALS) cGT o0 )eAND (A(B)aGTo04) e AND.1A(14)GTL0.
LIISIC39)=425¢AL0GLOTA(2)) ¢+ 6¢ALNGLO(A(&))42,3¢ALOGLO(A(B))¢3,5
2ALOGLOCALL4)) ¢l ,2¢AL0GLO0CA(T71))~11.2%AL0GI0CA(73))ePXKMINCI9)

IFCGALL ) aGOT N} aAND L (ALB)GT 0. ) AND (A(L4)GT.0.))SIt40)=,17*ALOG
L10CACLD))*2.33¢ALDGLO(A(B))*3,67¢AL0GCLO0(A(L14))e2,%AL0G1O(A(T7]1))~
2124 %ALUNGLOCACTI) IePKMIN(GN)

0C 30 1=1,72

IFICHGUIY GCT. D ISUMCAT=SUCAT+CHGLTI)®XI(])

IFICHGUIY LT N)ISUMANSSUMAN=CHG(TI)eX(])

00 40 I=1,1%8

Z(IY=211)eGMH20/1000.

HRITHEI6,50) (7(1)el=1,18)

PXHNZ2322 ed90=2. (29, ~TEMP ) /({Te1,3642378)

IF(ALEO)aGTN) PPO2=<ALUS1ICLALER) )=PKO2

CATXS=SUMCAT=-35UMAN

ERRNR=LN0 ., *CATXS/(SUMCAT+ SUMAN)

ACPST=(=y.0321-988,2)/T

AAMOR=(0D,I38N-T#(-7,849/13000)~(840.1/77))

ACHAL=0.11-1101/7

AQTZ2=0.41-1309/T7

NN 22 I=1,+69

IFIALINLLI))ebQ.0)ALIOLIT))=~9T,99

TFCACINLETI) ) uNE=99.99)ALTITLUI) ) ==ALCGLOMALIDLI(I)) )

ACRST==A(]01831))~-ACRST

BAMOF=~A(T01(31))=-AANMOR

BCHAL==a(101(31))-ACHAL

8ATZ=-A€101(31))=AQTZ

IFLACTIOLU3L)) eECe=99.99)4CRST==-99,99

IFLACIOLIU3]1)) . EQ.~99,99)3AHOR==99,99

IFLALIDLI(31)) .EQa=99,99)NCHAL==-99,99

IFOACIOL(D1)).€Q.-99.99)80T22-99.99

HRITELG4H0) PHoPESTEMP sDENS 4PPCN24yPPU2yPPCHAsULTDOS+CTOTHERROR,
1CATXS4ALT73)

WRITEC64,70)(XCI0LCI))s1l=1469)

HRITECO+D2I(ALIOLIT) ) o I=1+69)

WRITEC64B0)(STICI02(1) )oI=1y40)

WRITECOH+95JATTI01(31))+BATZ9BCHAL +BCRST 4BANOR

FORMATU/7,° INPUY DATA (MOLES PER LITER OF SOLUTION : EQUIV
1ALENTS PER LITER FOR ALKALINLITY) 4/,
2° CATOT®4EL12.%9% MGTOT 4EL13.49" NATOT®,ELll.6y* KTOT®,EL12.4
3 CLYOT®,E12.4," ALK®oE1l4abe/+® SUOGTOT*4ELlL.%y* ALTOT sEL13.4,
4 FETOT® oELl o 4,* SRTOT*4ELlLl 4" BATOT®4E12.4s" LITOT®9EL12.%0/
5%  NO3STOT®4Ell.ée® SID2TOT'4ELll.4e® BTOT*4EL12.49° BRTOTY,
6ELle%e® H2STOT®4Elle®s® NHGTOT'GELLl.4)

FORMAT(//s® PH =" 3F6a2s° PE =2*,Fbe2y"° TEMP =% ,F6,2y*DEG C D
LENSITY =%, F6a3+4°GM/CC%s /9*' ~LOGIPCO2) =°4F5.24" -L0G(PD2) =*,
2F6e24" =LOGIPCH4) =*oFbe2y /9* IONIC STRENGTH ='4FBe9¢* TOTA
L DISS SOLIDS ="3Fb642+°GM/LITER SOLN TOTAL INDRG CARARON HMOLALITY
4 =%3Ella%s I°® ION S ALANCE ERRQOR =° 3Fb,.2¢ *PERCENT CATION EXCESS
S 2% gElle%.*(CHARGE®*MOLES) H20 ACTIVITY ='4F7.4)

FORMAT L/ /"* INDIVIDUAL SPECIES POLALITIES C/ /92X 3'0H=
1 CeE11le%9® CO3== *4Ell.ée® MHCO3I= *sEll.%e® SO6— °'sEllaé,* C
2L- P eE1la4s® CA®e  *,ELll.49/e¢® CAOHe *of11.49* CACD3U*9ELLla 4y
3% CABCOI®+ELlledy® CASDCO'oFll.49" MGoe "2Ell.4s® HMGOHeo!

4 9yE1le®e/s® MGCNIO®*9ELlle%s® MGHCUI®9Ellebs® MGSO40"9ELLl.4y
5% Nae CyEll % o' NACO3I="3Elle49® NAHCDI®€EL1.49/+" NASQ4-=',

6ELle%s® NACLO °*yEll.84° Ko *vElle4 »* KSO4&- '4Ell.4
7' XCLO "4Ell.4,° BAse T Fll.4e/s® BAOHe *4Fll.4s°' SRes 9,
BELLla%e® SROMe *4Ell.4e® L1 *sElleéy® LIDHO *oEll.4 . ’

9 LISD4="yEllebe/e? HESINA' T L1.4e* HISION"4ELL 4" H?Slu#'

* (Flle®+® AL®®¢ *,ELl.4&y" ALOHe**ELlL.4s" ALOHZ"'Ell.ﬁv/O' AL
10HA=® o E11o84° ALSO4®*4E1lo4s' ALSOG2°4EL1l.49* FE+ees "4Ella4y

2% FEDHee®4EL]l o69* FEOH2¢°4ELllobe/9® FEOHIO09FLllo4y® FEQOHG-',
3ELLl.4+® FECLee¢',E1l1.4 9* FECL2¢°4Fllo%e® FECLIO*sElllets *
QFESO&e® JE1leb9/9® FEee "4Ell.4y* FEQH® "SELll.4s' FEOH20'4El1l.
563° FEOOH="9E1l1.8e° FESDNDGO®4S11.4,"° NH4 o Y oFEllehe/e®  NH3AQ

6ELlleby ° NHOSD& ,ELll.4y" NO3- 'eEll.4y * He *SELll ey *

7 H2SDA0®4FLl1lo4 s HSOA= 4 E11.49749° HCLO *oFll.4s*® H252Q ",E1l.
844° HS- PeElleby °*° S-- *svEllety * 8BR- *9Ell.®%y* H3B8030
9° yFllebo/s" H2B03-4E1lled ' H2C0I®* ELlLl.49* 1N2AQ °*4Fll.4)
FORPMATL// " INDIVINDUAL SPECIES ACTIVITIES{-LNG ACTIVITY) ¢
19/7+% 0OH '9F6.2+° CN3=- *yF6a24* HCN3=- *yFbe2e" S04-~-
2 *eFbe29* CL- *eF 6.2+ CAee Y9Fbe2e* CADOHe *9Fbeln

379° CACOI0D *4F5.29" CAHCDY  *yFeel2s® CASD40 'oFte2,' HGee

COoOOOCOO0OO0CODOCOQCOC O
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80

95

4 TeF6e2v? MGTIH® S F6e2s" MGCOI0  *4Fhe2e® MGHCNT  *4Fb6el2s/s

5% MGSNA0 3 Fhe24' NAe *yFbe24' NACN3~ *4F6.2,' NAHCO3 °
G6eFBl29" NASDG~ *3FH.2s" NACLO YeFB.2¢" Ke YsF6e24/
?7° KSO4~ *eF6a2y" XKCLD *eFbels"* HAse *eFb.2s" BA0H ¢
3,F6ele"’ SRee LY X YW SQTOHe *WFb.2y" Lle *sF6e24v/

*sFbelo" H2SI4 *eFbe2y* ALs e ®eFbe2s* ALOHe ¢ *9F6e29/
1° AL{IHZ2e *yFbhe20" ALDH4=  *,Fba2,° AL S04 *eFba.2," ALSO42 ¢
29F6.29° FEsee teFba2s* FENHe *aFBe24s" FENH2e 'sFbe24/
3* FEUHTI ‘eF6.29" FEOHG - *aFb.20" FECL e *eFbHe2s" FECL2+ .

Q4F6a20® FECLIO *4F6.2¢' FESOGe *FHel2+® FEee *eF6s20/y

95' FENHe *F6a29® FECH20 *2F6e2+° FEODH- *yF6.2," FESO40 °
bpFbe29® NHb&e "oFba2y* NH3AC *oFb6e2y" NH4SD4 " oyF6e24/

7¢*  NOJ- *9F6e2+" He *yF6e20"' H2SD40 *»F6.2y* HSODG- ¢
AeFbel2s® HCLO *9Fbe2s" H2SA0Q *9Fbe29" HS- *2F6e2v/

9t S-- *yFbe2s' BR=- *9F6.29' H3IBNIOD *4FH.2+" H2B03~ !
¢yF6e2+° H2CO3 *eF6.2+° 02A0 *9F6.2)

FORMAT(//,° MINERAL SATURATYION INDICES /7% ADULARIA?

19F7.2+° ALBITE *3F7.29" ANHYDRIT®3F7.2+° ANORTHIT'4F7.24" ARA
2GONIT®+F 7.2+ BARITE *eF7.2+° BOEHMITE®9F7.24/+" BRUCITE *»F7,
32+ CALCITE "3F7.29" CA-MONT *4F7.2+% CELESTIT®4F7.2+" CHALCED
4N® 4 F7.29* CHLORITE®*4F7.2+" DOLOMITE"+F7.2+7/5% GIBRSITE*9F7.24"
5 GEOTHITE®9F7.2+° GRIEGITE"sF7424* GYPSUM *,F7.2,' HALITE °,F
67.2+% HALLOYST®3F7.2+° HEMATITE'4FT7.24/9" HUNTITE *3F7.2+' HYD
TTOMAG® 3F7.2+° ILLITE *9F7.29" KAOLINIT®4F7.2¢" K=MICA ‘*4F7.2s
8° MACKINAM®LF7.2+" HMAGNESTT®sF7.24/+°" MAGNETIT®4F7.2,' MIRABIL
IT*4F7e2+° NESOUEHD' F742+% PHLOGOPT® F7.24" PYRITE *4F7.2+* P
SYROPHYL® 4F7.2¢9*% QUARTZ "9F7e29/¢* SIDERITE®4F7.24° STRONTNT',F
17.2+° TaALC CeFT7e29' THENARDT®4F7.24° HITHERIT®3F7.2)
FORMAT(//,"° SILICA SATURATION INDICES Yol

1° ~LNG HASION0 °*4Fbe2¢® QUARTZ *9yFT7.2+° CHALCEDONY *4F7.2,
2' A-CRISTOBALITE *oF7.,2+" AMORPHOUS '",F7.2)

RE TURN

END

OO0 O0OUCOO0OODOUOC

D 99
0100



INTEGER FLAGLls FLAG2s FLAG3, FLAG4, FLAGS

DIHENS NN ANCLEB) 9 XMULB) o XLOC(4) oADIT7)oBNIL3) s YM(13)eYLOC(4),8D17)
REAL®R ATITL: y SOURCEWXTITLE

DATA FLAGAWFLAGS+FLAGLFLAGI/4%Q/FLAG2/2/

C
TYPF 901
901 FORMATI(® [NPUT FILE? *,%)
CALL ASSIGN(140s~1)
TYPE 902
902 FORMAT(® QUTPUT FILE? *,3)
CALL ASSIGNI2404s~1)
C CALL ASSIGNCE1 4*CHEMA®,40,°0LD")
[ CALL ASSIGNI23'XB3*304°"NEN®*{*NC*)
1 READ(Y1 +5004END=23) ATITLEs XLOC,TEMP, PH,1DySOURCE

READCL+525)AD

READ(1+550) AN
500 FORMATIAS93A40A29F06.2+F6.29A10%44)
525 FORMATC(7F10.0)
550 FORMAT{9FB8.2)

[FITEMP.EQ.~9.9 )GO TO 2

GO TO o

2 TENP=224.99

4 [F(PH.EQ.~9.9 )GO TO 3
GD 10 5

3 PH=6,99

S CONTINUE

DO 55 1=1,18
IFCANCT) LEQ0e ~9.99) AN(I) = 0.0

55 CONTINUE
00 175 1=1,18
XMU1¥=0

175 CONTINUE
AN(171=20.0
XM(1)=AN(1)%0,04350
XM{2)=AN(2)%0.02557
XM{3)=AN(3)*0.02495
XM(4)=AN(4)90.06113
XM{S)=AN(S)%0,02821
XM(AI=AN(6)*0.01041
XH{TI=AN(7)%0.01639
XM{B8I=ANI(B)*0,01666
XM{II=AN{9)#0.01664
XHE10)=4ANC100*0.09250
XMI11)=ANT(1L)®0.16411
XMI{12)=AN{12)%0.03715%
XM{13d=aN(13)1%0.01791)
XM(16)=AN(14)°0.0114l
XM{15)=AN{15)¢0.00728
XMU16Y=aNI16)%0.01251
XMEL7)=AN(L7)¢0.01613
XM(18)=AN{ 18)
HRITEE24700) FLAGLyFLAG2+NENSsATITLE . XLOC
WRITEL24300) TEMPsPHy XMI3) o XMIA D oXMUL) o XHE2 D9 XMIS) o XM(LB) 9 XH(6)

c WRITE(2+900) FLAG3+2224F2 g
WRITEC(2+600) XMEL12) oXMO13) o XMIL18) 4XMILS o XMILY) o XMIL7)eXMI9)yXHM{LO
12aXMELO) o XMULT D o XMELT) XML T)
G0 T 1 :

700 FORMAT(2I14F1N0,00sA64344,42) |

300 FORMAT(9F B . &) ‘

€900 FNRMATIIL42F10.0) i

600 Fcn*arc'ow'.s1n.~.'09°.F10.~"1o'.ixo.«.'11'.510.4,°127.e1o.~.
101390t 10a@e/e 10 sE10a00°15%1F 10449 1 ¢EL0.4s*17%,E10044°18"%,
2EL10.40°13°4EL1D &)

23 STO®

i
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