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CHAPTER I

INTRODUCTION

Statement of the Problem

The objective of this investigation was to explore the effects of runoff from an

abandoned Eagle-Picher smelter site on the water quality of the two unnamed

tributaries (the northern and southern tributaries) of Coal Creek draining the

smelter site. The effects of the runoff were evaluated as follows:

1. Results of this study were compared to historical laboratory analytical data

from corresponding surface-water sample locations to determine whether

significant changes occurred over approximately a ten-year period.

2. Measurements of pH, specific conductance, and total dissolved sonds

were evaluated for surfaoe-water samples collected within the study area.

3. Potential chemical reactions and trends for major and minor constituents

and trace constituents for both the southern and northern tributaries were

evaluated.
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Location

The abandoned Eagle-Picher zinc smelter site ~ocated between the cities of

Henryetta and Dewar, Okmulgee County, Oklahoma (Figure 1) is drained by two

unnamed tributaries of Coal Creek that flow south and north from the site. The

study area is covered by a portion of the United States Geological Survey

(USGS) 7.S-minute series Henryetta Quadrangle. More specifically, the

southern portion of the study area is in the north half of Section 5 of Township

11 North, Range 13 East. The northern portion of the study area is situated in

the west half of Section 32 and the southwe'st quarter of Section 29 of Township

12 North, Range 13 East (Figure 2).

The southern tributary flows southward from the smelter site and then east

and adjacent to the north side of United States (U. S.) Highway 266. The

confluence of the southern tributary with Coal Creek ,s approximately 3,000 feet

east of the intersection of U. S. Highways 266 and 62 and 300 feet north of U. S.

Highway 266 (Figure 2). The northern tributary flows northward from the smelter

site and adjacent to the east side of U. S. Highway 62. The confluence of the

northern tributary with Coal Creek is approximately 7,500 feet north of the

highway intersection and 1,SOO feet east of U. S. Highway 62 (Figure 2).

Tri-State Mining District

The Tri-State Mining District encompasses northeastern Oklahoma,

southeastern Kansas, and southwestern Missouri. In 1933, the Tri-State District
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produced mor,e than 40 percent of the zinc and 12 percent of the lead mined in

the United States (Harbaugh, 1933). Pract.ically all of the zinc and lead

concentrates produced were processed in plants in Oklahoma, Kansas,

Arkansas, Illinois, Indiana, Pennsylvania, and West Virginia (Harbaugh, 1933).

In Oklahoma, three plants were constructed between 1907 and 1908, and 11

plants were constructed between 1910 and 1917 (Mower, 1959). By 1959, only

three of the 14 plants were in operation. These were located in Blackwell,

Bartlesville, and at the Eagle-P,icher pilant in Henryetta, Oklahoma (Figure 3).

The Eagle-Picher plant in Henryetta was operated from 1916 (Mower, 1959)

through 1968 (EPA, 1988).

The following is a partial list of minerals associated with ores in the Tri-State

5

Mining District:

Anglesite PbS04 Aragonite CaC03

Barite BaS04 Callamine (ZnOH)2 Si03

Calcite CaC03 Chalcopyrite CuFeS2

Dolomite (Ca,Mg)C03 Enargite CUyASS4

Galena PbS Greenockite CdS

Marcasite FeS2 Melanterite FeS04 + 7H2O

Pyrite FeS2 Quartz Si02 j
Smithsonite ZnC03 Sphalerite ZnS

The partial list is compil,ed from work published by Samuel Wiedman (1932)

and Edwin T. McKnight and Richard P. Fisher (1970).
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Marcasite specimens were reported to conta,ln from 0.06% to 0.09% nickel

(Barrett, 1940). Pyrite specimens had nickel concentrations of as much as

0.18% (McKnight and Fisher, 1970). Sphalerite specimens reportedly had

cadmium concentrations that ranged~rom 0.035% (Weidman, 1932) to 1.4%

(McKnight and Fisher, 1970). Additionally, trace concentrations of iron, copper,

lead, titanium, manganese, silver, g'allium, cobalt, barium, and indium were

associated with shell boundaries of sphalerite species (McKnight and Fisher,

1970). The minerals I:isted above are assumed to be the source, in part, for

concentrations of 13 dissolved metals and 16 total metals detected in surface­

water samples collected from the northern and southern unnamed tributaries

draining the smelter site.

Site Background

The Henryetta Zinc Smelter, owned by the Picher lead Company, was

brought on line in 1916. The Picher Lead Company, and the Eagle White Lead

Company merged on June 1, 1916 to form the Eagle-Picher lead Company. In

1945, the name was changed to the Eagle-Picher Company (Mower, 1959).

Smelting activities at the Henryetta plant included the roasting, sintering, and

distillation processes from 1916, through 1955 (Mower, 1959). During the

roasting process, ore concentrate (predominately sphalerite) was heated in

furnaces in the presence of oxygen to form zinc oxide called calcine and sulfur

dioxide gas (Mower, 1959). Next, the calcine powder wa.s mixed with about 10%
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coal. During the sintering process, the mixture was placed on slowly moving

pallets, passed through a combustion area to ignite the coal, and then fed into

an oven where the heat from the burning coal caused the fine calcine particles to

fuse forming sinter cake (Mower, 1959). The sinter cake was then ground to the

proper size, and mixed with about 20% coal with a small amount of water, and

0.5% salt. This mixture was then placed in retorts (clay cylinders approximately

60 inches in length with an intlemal diameter of 9 inches) within a furnace

(Mower, 1959). Each furnace contained several hundred retorts. During the

distillation process, the temperature within the furnace was increased to

approximately 1,400 degrees centigrade. .line vapor produced at this high

temperature passed from the retort to a condenser where liquid zinc was

collected. By 1955, the Henryetta plant had furnaces for approximately 8,800

retorts (Mower, 1959).

Gases produced during the roasting and sintering processes typically

contained concentrations of sulfur dioxide, cadmium, arsenic, antimony, bismuth,

and lead. These gases generally were discharged to the atmosphere (Mower,

1959), and resulted in a particulate plume that generally extended northeast

from the smelter. The roasting and sintering processes, along with the sulfuric

acid production and cadmium recovery, were transferred to a Galena, Kansas

plant in 1955 (Mower, 1959). Slag, residue from the smelting process, was

removed from the retorts and either processed for precious metals or discarded

on the smelter property.



9

Slag, mixed with retort shards and fire-brrck, now covers approximately 30

acres on the former Eagle-Picher property. The slag ranges in thickness from

less than one foot on the east side of the site to greater than 15 feet on the west

side of the site near U. S. Highway 62 (Figure 2). The slag pile is porous and

allows for rapid percolation of storm-water to the underlying soH or to

Pennsylvanian strata. Water that has percolated through the slag discharges at

the margins of the slag pile to two unnamed tributaries of Coal Creek.

During operation of the Eagle-Picher Smelter, several companies were

mining the Croweburg Coal (Henryetta Coal) beneath the smelter property and

beneath surrounding properties. The larger mines included the Dewar Coal

Company, Big Four Coal Company, Blackstone Coal and Mining Company, Starr

Coal Company, and the Cado Coal Company. The Croweburg Coal was

accessed by shafts ranging in depths from approximately 110 to 133 feet

(Dunham and Trumbull, 1955).

The Dewar Coal Company mined in the northern half of Section 5, Township

11 Nlorth, Range 13 East and the southern half of Section 32, Township 12

North, Range 13 East (Dunham and Trumbull, 1955; and State of Oklahoma

Department of Mines, 1992). The Big Four and Blackstone Coal and Mining

Company were active in the eastern half of Section 30 and the western half of

the western half of Section 32, Township 12 North, Range 13 East (Dunham and

Trumbull, 1955). The Starr Coal Company was active in the southwestern

quarter of Section 29 and the northern ha'lf of Section 32, Township 12 North,

i.'
i
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Range 13 East (Dunham and Trumbull, 1955). The Cada Coal Company mined

in the eastern half of Section 6 and the northwestern quarter of Section 5,

Township 11 North, Rang!e 13 East (Dunham and Trumbull, 1955; and State of

Oklahoma Department of Mines, 1992). Approximate locations of the mines are

shown in Figure 4.

Previous Investigations

Geological investigations into the coal resources of the area were conducted

by Chance (1890), Drake (1896) and Dunham and Trumbull (1955). Culp (1955)

reported on the roadside geology of Okmulgee County. Logan (1957) reported

on oil and gas production in Okmulgee County.

Oakes (1963), Marcher (1969) and Bingham (1975) conducted investigations

into the geology and water resources of the area. These investigations

contained limited climatological and water-quality data.

Mower (1959) investigated the zinc-smelting industry of Oklahoma, which

included the Eagle-Picher smelter located in Henryetta. Investigations into the

toxicity of the sediment, soil and surface-water of the abandoned Eagle-Picher

smelter property were conducted by the Oklahoma Water Resources Board

(1989) and the Environmental Protection Agency (1983, 1987, 1988, and 1990).
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CHAPTER II

PHYSIOGRAPHY AND GEOLOGY

Topography

The southernmost portion Okmulgee County, Townships 11 and 12 North,

Ranges 12 and 13 East where the study area is located, is within the drainage

basin of the Deep Fork of the Canadian River (Figure 2). The Deep Fork

occupies an alluvial valley that is approximately two miles wide and flows in a

southeasterly direction through Township 12 North, Range 13 East. Tributaries

of the Deep Fork in this area generally flow in a northeasterly direction to the

confluence with the Deep Fork. The tributaries and their branches form a

dendritic to sub-rectangular drainage pattern.

This area of Okmulgee County is characterized by cuestas that trend North

30° East, separated by valleys that are one-half mile to one mile wide. The

cuestas are capped with erosion-resistant sandstones overlying less resistant

shales. Sandstones and shales generally dip North 60° West at an average of

about 60 feet per mile.

Topographic relief in the study area is approximately 250 feet, measured from

th,e top of a sandstone-capped butte on the east side of the northern unnamed

tributary (860 feet above mean sea level (AMSL)) in the southeast quarter of
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Section 32, Township 12 North, Range 13 East 10 the confluence of the northern

unnam,ed tributary and Coal Creek (610 feet AMSL) in the southwest quarter of

Section 29, Township 12 North, Range 13 East. The maximum topographic

relief in the four townships surrounding the study area is approximately 390 feet.

The elevations range from approximately 600 feet AMSL on the alluvial plain of

the Deep Fork of the Canadian River in Township 12 North, Range 13 East to

990 feet AMSL in Section 34, Township 12 North, Range 12 East.

Soils

Soils of the study area are comprised of the Bates-Collinsville fine' sandy

loam, Collinsville-Talihina complex, Dennis silt loam, Hector complex, and

Lightning silt loam.. The soil lin the central portion of the study area, denuded of

vegetation by of fumes and toxic residues from smelter operations, is classified

as Smelter-waste land (Sparwasser. 1968).

The Bates-Collinsville fine sandy loam is in the extreme southwestern portion

of the study area. This complex consist of 40 to 60 percent Bates fine sandy

loam, 30 to 50 percent Collinsville fine sandy loam, and 5 to 10 percent Bates

loam. The soil is 10 to 20 inches deep, gently sloping. and formed from

weathered sandstone. The Bates-Collinsville fine sandy loam is porous,

moderately acidic, and is moderately fertile. Water-holding capacity is limited

due to the shallow depth to bedrock (about 38 inches).

.....
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Colliinsville-Talihina complex is along the s,outhern unnamed tributary in the

study area. This complex consist of 60 to 70 percent Collinsville fine sandy loam

and 30 to 40 percent Talihina clay with sl~opes of 10 to 30 percent. Soil of ttl is

series is very stony.

Denis silt loam is in the extreme southeastern portion of the study area,

adjacent to Coal Creek. Dennis silt loam is deep and moderately acidic (pH of

5.6 to 6.0). The soil is grayish brown silt loam approximately 12 inches thick,

brown heavy silt loam four inches thick and mottled light yellowish brown to

brownish y,ellow clay loam to a depth of 36 inches. Slopes range from one to

three percent.

Hector complex is on the butte in the eastern and northern portion of the site.

Hector soli is thin (five to six inches) and consists of grayish brown stony sandy

loam and light yellowish brown fine sandy loam, with fragments of sandstone.

The soil forms from the detritus of weathered sandstones. Slopes range from

five to 30 percent.

Lightning silt loam is in the extreme northern portion of the study area,

adjacent to Coal Creek. This soH type is in bottom lands that are occasionally

flooded. The soil consists of approximately 11 inches of gray silt loam, nine

inches of gray silty day loam, 16 inches of gray clay and dark gray clay below 36

inches. Slopes range from zero to one percent.

.,
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Stratigraphy

Rocks exposed in the area of study are included in the Des Moines Series of

the Pennsylvanian System. "f1he Des Moines Series is further divided into the

Kr,ebs, Cabaniss and the Marmaton Groups in ascending order.

The Cabaniss Group, which consists of the Thurman Sandstone, Stuart Shale

and Senora Formation in ascending order, is conformable with the overlying

Marmaton Group and unconformable with the underlying Krebs Group. The

oldest formation outcropping in the area of study is the Senora Formation

(Figure 4).

The Senora Formation crops out in a band that extends from the northeastern

border of Oklahoma in Craig County to Hughes County in southeastern

Oklahoma (Figure 3). This exposure of Senora Formation extends from the area

of study, east for 12 miles to the Okmulgee County line, and then three miles

east into Muskogee County. The maximum thickness in the area of study is

approximately 800 feet (Oakes and Motts, 1963). The Senora Formation in

southern Okmulgee County generally strikes North 30° East and dips North 60°

West at an average of about 60 feet per mile.

The Senora Formation is divided by the Croweburg Coal (Henryetta Coal)

into an upper portion approximately 220 feet thick and a lower portion

approximately 580 feet thick. The Croweburg Coal is generally 30 to 36 inches

thick and has been mined extensively in the Henryetta area (Oakes and Motts,

1963). Outcrop of the Croweburg Coal is shown in Figure 4. The lower portion
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of the Senora consists of si,lty-sandy shale, fine-grained sandstone and lime­

stone. The upper portion consists of shalle with lenses of silty sandstone. In the

study ar.ea, shall.e of the upper portion of the Senora formation is expos.ed in the

steam beds of the northern and southern unnamed tributaries of Coal Creek.

The Senora Formation is overlain by the Calvin Sandstone of the Marmaton

Group. The contact is irregular, characterized by an interfingering of the

discontinuous sandstones and shale. The Calvin Sandstone consists of silty

shale inter-bedded with sandstone. The maximum thickness in southern Okmul­

gee County is 440 feet. Cuestas bounding the northern portion of the study

area on the east and west are capped by resistant Calvin Sandstone (Marcher,

1988) as shown in Figure 4.

Structural Geology

The study area is situatHd 30 miles east of the Seminole arch, 55 miles

southwest of the Ozark Uplift and approximately 15 miles northwest of the

Arkoma Basin as shown in Figure 3. The most prominent structural feature in

southern Okmulgee County is the Henryetta-Schulter Anticline. The anticline is

approximately ten miles long and is one half to three fourths mile wide. The

anticline extends from four miles south of Henryetta, through Henryetta to

Schulter, Oklahoma (Figure 4). The anticline strikes North 30° East south of He­

nryetta and strikes North 15° East north of Henryetta. Strata are reported to dip



one degree on the west,ern f!lank and ten to 20 degrees on the eastern flank.

The study area is one half mi:le east of the anticline.

17
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CHAPTER III

HYDROGEOLOGY

Climate

The climate of Okmulgee County is warm and temperate. The National

Oceanic and Atmospheric Admini!stration (NOAA) reports a mean temperature of

59.4 0 Fahrenheit (F) for the years 19611hrough 1990. During this same period

of time, the normal maximum temperature was 71.9° F. and the normal minimum

temperature was 46.6° F. The average annual precipitation was 39.46 inches,

with the heaviest precipitation generally occurring during the months of April,

May, and June.. The data cited above was for the Okmulgee Water Works

Station (0700 LT), Okmulgee, Oklahoma and is considered typical for Okmulgee

County (NOAA, 1990).

The Oklahoma Climatological Survey (OCS) compiles precipitation data re­

ported by the Dewar, Oklahoma station (station index 34-2485-6). This station is

close to the study area. A summary of monthly precipitation data from January

1985 through August, 1992 (OCS, 1992), presented on Table 1, includes annual

precipitation for years 1985 through 1991 and average monthly precipitation

(eight year average from January through August and seven year average from

"



TABLE 1

SUMMARY OF MONTHLY PRECIPITATION FOR 1985 THROUGH 1992
STATION NAME: DEWAR. 2 NE
STAnON INDEX NO: 34-2485-6

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL

1985 2.87 2.83 7.88 7.01 3.30 6.32 0.87 1.35 4.42 10.87 3.60 4.02 55.35
1986 0.00 1.91 2.45 5.89 7.28 2.83 0.59 3.32 7.53 11.05 3.58 0.99 47.43
1987 2.84 4.14 3.01 0.20 7.03 3.74 3.15 6.58 3.10 1.52 4.86 7.28 47.45
1988 1.21 1.19 6.38 3.42 0.88 1.62 9.57 0.79 4.98 1.57 4.13 1.91 37.65
1989 1.61 4.92 2.46 0.23 7.92 3.43 4.34 1.27 5.74 2.25 0.06 0.32 34.55
1990 4.76 3.79 8.82 9.18 10.37 0.50 4.35 2.85 6.87 1.96 3.35 3.05 59.85
1991 156 0.39 1.86 1.61 5.23 5.71 2.65 4.50 5.52 7.36 4.44 6.48 47.31
1992 1.06 0.67 2.23 4.70 4.19 5.61 6.89 5.28

MONTHLY 1.99 2.48 4.39 4.03 5.78 3.72 4.05 3.24 5.45 5.23 3.43 3.44
AVERAGE

NOTE:
1. EIGHT -YEAR MONTHLY AVERAGE FROM JANUARY THROUGH

AUGUST AND SEVEN-YEAR MONTHLY AVERAGE FROM SEPTEMBER
THROUGH DECEMBER

....
<0
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September through Decemblsr). Annua,1 precipitation ranged from 34.55 (1989)

to 59.85 (1990) inches. Average monthly precip'tation ranged from 1.99

(January) to 5.78 (May) inches and is presented graphically on Figure 5.

Monthly precipitation for years 1985 through 1988 is shown graphically in Figure

6 and the monthly precipitation for years 1989 through August, 1992 in Figure 7.

Surface-water

The study area is drained by two unnamed tributaries of Coal Creek. The

confluence of the southern tributary with Coal Creek is approximately 3,000 feet

east of the intersection of U. S. Highways 266 and 62 and 300 feet north of U. S.

Highway 266. The northern tributary flows north from the smelter site and adja­

cent to the east side of U. S. Highway 62 as shown in Figures 2 and 8. The

natural courses of the northern unnamed tributary and Coal Creek were modified

during surface reclamation conducted during 1979 or 1980 as shown in Figure 8.

A canal was constructed from a point on Coal Creek approximately 500 feet

east of the original confluence of the northern unnamed tributary and Coal Creek

(approximately the center of the east half of the northwest quarter of Section 32,

Township 12 North, Range 13 East), north approximately 1,900 feet to a point on

Coal Creek near the center of the southeast quarter of the southwest quarter of

Section 29, Township 12 North, Range 13 East (Figure 2). After the canal was

completed, approximately 1,200 feet of Coat Creek channef was abandoned.
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The northern unnamed tributary now occupies approximately 2,900 feet of the

former Coal Creek channel. The new confluence of the northern tributary with

Coal Creek is approximately 7,500 feet north of the intersection of U. S.

Highways 62 and 266 and 1,500 feet east of U. S. Highway62.

A dam was constructed on the northern unnamed tributary approximately

1,200 feet upstr,eam from the new confluence. The resulting impoundment

measures 150 feet from east to west and 2,050 feet from north to south (Figure

8). The surface reclamation is not shown on the Henryetta Quadrangle,

photorevised in 1979. However, the surface reclamation is shown on a high-alti-

tude aerial photograph dated April, 1980.

Perennial seeps and springs occur along the northern and southern margins

of the smelter slag,and in each of the unnamed tributaries where sands and

glravels thin, exposing the underlying shale of the Senora Formation. Alluvial

fans, on the west side of a butte on the east side of the northern tributary (Figure

2), extend west to the northern tributary. During periods of heavy precipitation,

springs flow in steep washes on the alluvial fans, and flow from the base of the

fans to the northern tributary (between sample locations 5-NT62892 and 6-

NT62892 shown in Figure 8). DUrling periods of heavy precipitation, springs

discharge from mixed alluvium and slag on the west side of the northern tributary

(near sample location 4-NT62892) to the northern tributary. One spring

emanates from the base of a dam of an impoundment (measuring 400 feet from

north to south and 800 feet from east to west) along the northern limit of the
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smelter slag. The runoff from this spring flows into the northern unnamed

tributary. Subsurface flow occurs in both unnamed tributaries where sands and

gravels thicken along their courses.

The drainage area of Goal Creek is estimated to be 22.2 square miles at the

point 2,000 feet south of the study area where the Union Pacific Railroad

crosses Coal Creek (Federal Emergency Management Agency (FEMA), 1991).

The peak discharg,es for 10-, 50-, and 1DO-year floods are estimated to be 9,300

cubic feHt per s'8cond (cfs), 12,800 cfs, and 14,500 cfs, respectively (FEMA,

1991 ).

Coal Creek bifurcates approximately 2.5 miles northeast of the study area in

Section 27 of Township 12 North, Range 13 East. Most of the steam flow from

the bifurcation is toward the confluence with Wolf Creek approximately three

miles to the south in Section 1, Township 11 North, Range 13 East. The

confluence of Wolf Creek and Deep Fork of the Canadian River is in Section 32,

Township 12 North, Range 14 East.

A smaller portion of the steam flow from the bifurcation is towards the

confluence with Deep Fork approximately one mile to the north in Section 22,

Township 12 North, Range 13 East.

Groundwater

Groundwater present in alluvium deposited along the Deep Fork of the

Canadian River drainagle and assodated tributaries, and in Pennsylvanian
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bedrock throughout Okmulgee County. Groundwater resources in Okmulgee

County generally support stock and some domestic uses (Oakes and Motts,

1963).

Total dissolved solids range from 1,000 ppm to 2,000 ppm in alluvial aquifers

associated with the Deep Fork. Yields range from 1 gpm to 25 gpm (Oakes and

Motts, 1963). Groundwater quality of the younger Deep Fork alluvial aquifers is

variable, influenced in part, by recharge from poorer quality surface-water of the

Deep Fork (Oakes and Motts, 196,3). Older alluvial terrace deposits of the Deep

Fork, occupy a higher topographic position than the younger alluvial deposits.

The older alluvial terrace aquifers have groundwater of better quality because

recharge is by direct infiltration of rainfall as opposed to recharge from the Deep

Fork. Groundwater quality in alluvial aquifers associated with the tributaries of

Deep Fork is variable with total dissolved solids reported to be as low as 250

ppm. However, groundwater quality of the tributary alluvial aquifers may be

influenced by recharge from underlying, highly mineralized bedrock aquifers.

Yields from the tributary alluvial aquifers have been reported as high as 17 gpm

(Oakes and Motts, 1963). Within the study area, the alluvial deposits of Coal

Creek are considered to be an alluvial aquifer (Johnson, 1993).

Pennsylvanian sandstones comprise most of the bedrock aquifers in

Okmulgee County. Generally, each thickly bedded sandstone is a potable

aquifer over part of its outcrop area where recharge is from infiltration of rainfall.

Potable groundwater has been reported to mix with highly mineralized
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groundwater under confined conditions down dip in the sandstones. Total

dissolved solids have been reported for groundwater produced from bedrock

aquifers as ranging from 670 ppm east of Henryetta (Bingham and Moore, 1991)

to 5,000 ppm north of Okmulgee (Marcher, 1988).
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CHAPTER IV

METHODS AND MATERIALS

Data Sources

Water quality data of surface-water samples collected on the Eagle-Picher

smelter site and two unnamed tributaries that drain the smelter site were

obtained from the U. S. Environmental Protection Agency (EPA) and the

Oklahoma Water Resources Board (OWRB). These samples were collected

from D,ecember 2, 1982 through o,ecember 7,1988. A summary of the EPA and

OWRB analyses is presented on Table 2.

Water-quality data for the two unnamed tributaries of Coal Creek were

obtained from laboratory analyses of surface-water (from three locations on the

southern tributary and four locations on the northern tributary). These seven

samples were collected by the writ,er on June 28, 1992 and submitted to the

Oklahoma State Environmental Laboratory for analysis on June 29, 1992.

Field Procedures

Surface-water samples (1-ST62892 through 7-NT62892) were collected the

morning of June 28, 1992. Approximately 0.23 inches of precipitation



TABLE 2

SUMMARY OF LABORATORY ANALYTICAL RESULTS OF SURFACE WATER
SAMPLES COLLECTED BY THE EPA AND OWRB

AGENCY EPA EPA EPA EPA EPA EPA EPA EPA EPA EPA OWRB

DATE COLLECTED 12/2/82 1212/82 12/2/82 1212182 12f7188 1217168 12f7188 1217/88 1217/88 1217/88 9/28/88
SAMPLE # 458B-A 4589-A 4593-A 4594·A MFF 777 MFF 778 MFF779 MFF 780 MFF 787 MFF 788 0107

~g/L ~g/L ~g/L ~glL ~g/L ~g/L ~g/L ~g/L ~glL ~gJL mgIL

ALUMINUM - - - --- --- --- 118.00 5,530.00 1,310.00 1,110.00 6,210.00 158.00
ANTIMONY 6 <5 <5 <5 27.40 27.40 27.40 27.40 27.40 27.40
ARSENIC 83 <5 <5 <5 5.40 5.40 5.40 5.40 5.40 5,40
BARIUM - -- --- --- -.. 20.00 19.80 2.0.80 19.10 1660 23.10
BERYLLIUM <20 <20 <20 <20 0.10 1.00 130 0.56 2.40 0.14
CADMIUM 70 270 462 436 237.00 541.00 22600 572.00 74200 584.00 0.38
CALCIUM --. - -- _. - --- 127.000.00 218.000.00 96,000.00 221,000.00 319,000.00 212,000.00
CHROMIUM <20 <20 <20 <20 3.30 3.30 3.30 3.30 3.30 3.30
COBALT ... --- --- _. - 18.60 92.70 254.00 88.80 376.00 19.30
COPPER 265 22 793 <20 650.00 9.030.00 11,800.00 5.490.00 30,800.00 24.00 582
IRON --- --- --- -- . 80.80 734.00 431.00 199.00 187.00 153.00 1.1
LEAD 2,580 110 154 <30 8.70 65.30 76.90 32.70 105.00 16.90 0.54
MAGNESIUM - -- --- --- ... 29.300.00 64,900.00 25,60000 70,000.00 60,300.00 79,100.00 102.76
MANGANESE --- . -- -.. - . - 1,050.00 5,070.00 6.880.00 51.90 11,900.00 4.990.00 1.41
MERCURY 6400 0.97 <0 2 <0.2 - - - - .. --- --- --- ---
NICKEL 64 164 19,600 1,310 169.00 699.00 1,490.00 607.00 1,940.00 303.00
POTASSIUM --- - . - _. - --- 3,680.00 10.200.00 7,430.00 10.700.00 9.630.00 12,300.00
SELENIUM <10 <10 13 <10 4.20 4.20 4.20 4.20 420 4.20
SILVER <20 <20 <20 <20 4.10 4.10 4.10 4.10 7.50 4.10
SODIUM · . - -.. · _. ... 41,10000 82.700.00 43,000.00 89,200.00 85,500.00 97,900.00
THALLIUM <6 <6 <6 <6 5.20 5.20 5.20 5.20 5.20 5.20
VANADIUM - -- - - - - - - --- 5.00 5.00 5.00 5.00 5.00 5.00
ZINC 21,200 78,500 290,000 83,600 69,900.00 166,000.00 83,900.00 176,000.00 210,000.00 186,000.00 151.38

TEMPERATURE 60lF 59: F. 58: F. 59: F.
pH 6 6 5 6 -. - ... ..- .. - · .. · -. 4.57
SULFIDE <0.1 <0.1 <0.1 <0.1
CHLORIDE · .. - -- · -. ... -- . .. - - -- --- --- --- 23.9
HARDNESS - - - --- · -- . -- . -- -. - --- -_. · .. --- 4270
SOLIDES, DISSOLVED --- -_. · -. --- --- _.. --- ... - -- ·-- 3<498
SULFATE -_. ... · -. --. --- . .. . .. - - - ... --. 123
NH3-N · -. . - - _.. . .. -.. --. ._- -. - · .. --- 0.058
N02-N --- --- --. --- --- ... --. --- -.. · . - 2.2
PHOSPHORUS,TOTAL ._- --- -.. .-- .-- .-- --- --- ... --- 0.48

NOTE:
1 _.• ANALYSIS NOT PERFORMED
2. < LESS THAN DETECTION LIMIT
3. TOTAL METAL CONCENTRATIONS REPORTED

W
0
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accumulated the two hours prior to sampling (Oklahoma Climatological Survey).

Surface-water samples for laboratory analysis were coll'ected at locations

downstream from the smelter property on each of the two unnamed tributaries.

The first samp,le collected on each tributary was a few feet upstream from the

confluence with Coal Creek. Subsequent samples were collected at progres-

sively upstream locations. Surface-water samples 1-ST62892 through 3-ST62-

892 were collected on the southern tributary and surface-water samples 4-

NT62892 through 7-NT62892 were collected on the northern tributary (Figure 8).

Samples submitted for laboratory analyses were collected in three one-liter

and one SOO-milliliter, precleaned laboratory containers provided by the

Oklahoma State Environmental Laboratory (OSEL). An attempt was made to

collect a representative water sample at each location by minimizing the amount

of sediment in each sample. Each sample container was labeled and stored

immediately on ice. Specific conductance, pH, and temperature of each sample

were measured in the field .. Results of the field measurements are in Table 3.

Thirteen surface-water sampl,es (8-SW through 20-SW) were collected for

field measurements of pH, specific conductance, and temperature. Ten surface-

water samples were collected from the southern portion of the study area and

three from the northern portion of the study area. Results of these field

measurements are in Table 3.

One surfaoe-wat,er sample was collected from each of four arroyos (10-SW,

12-SW, 14-SW, and 15-SW) that drain the southern portion of the smelter site.

!
!



TABLE 3

SUMMARY OF FIELD MEASUREMENTS OF SURFACE WATER SAMPLES

FIELD SAMPLE NO. 1-ST62892 2-ST62892 3-ST62892 4-NT62892 5-NT62892 6-NT62892 7-NT62892 8-SW 9-SW 1O-SW

SPECIFIC CONDUCTANCE
pH
TEMPERATURE

FIELD SAMPLE NO.

SPECIFIC CONDUCTANCE
pH
TEMPERATURE

1830.0
4.3

23.6

11-SW

1530.0
6.9

23.1

13400
6.6

238

12-SW

3950.0
6.5

23.7

1280.0
6.6

240

13-SW

1990.0
6.8

23.7

1980.0
6.7

23.8

14-SW

20100
3.9

23.1

2020.0
6.8

23.6

15-SW

590.0
5.7

23.9

1810.0
7.3

23.0

16-SW

19100
52

24.0

490.0
7.2

24.0

17-SW

1870.0
60

23.8

1120.0
6.7

22.6

18-SW

23400
6.6

29.7

870.0
7.1

23.1

19-5W

1900.0
3.8

31.1

3730.0
6.6

23.6

20·SW

4640.0
6.1

25.9

NOTE
1 SPECIFIC CONDUCTANCE IN MICROMHOS PER CENTIMETER
2. pH IN STANDARD UNITS
3. TEMPERATURE IN DEGREES CENTIGRADE

OitLAtJOl!.~JsTA'

C"J
N
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Six surface-water samples (8-SW, '9-SW, 11-SW. 13-SW, 16-SW, and 17-SW)

were collected at locations above and below the confluences of the four arroyos

with the southern unnamed tributary. These ten surface-water sample locations

were upstream from surface-water sample location 1-ST62892.

Surface-water sample SW-18 was coU8Cted from runoff above a settling pond

on the north side of the smelter site. Sample SW-19 was collected from water

flowing over the spillway of the settling pond, and sample SW-20 was collected

from a seep at the base of the west end of the settling pond dike. Field

measurements of specific conductance, pH, and temperature were performed on

these samples.

Sample Preparation

Samples placed in 500-milliliter containers were labeled Utotal metals" and

preserved with approximately one milliliter of reagent grade nitric acid to achieve

a pH less than two. The reagent grade nitric acid was provided by the OSEL. A

portion of the water from one of the one-liter containers from each sample loca-

tion was filtered into a second 500-milliliter container and labeled "dissolved

metals". The water was pumped from the one-liter container into the 500-milli-

liter container using a peristaltic pump, disposable inert tubing and a 0.45-

micron high-capacity disposable filter. After each sample was filtered, the filter

and tubing were replaced. The filltered sample was then preserved with

approximately one milliliter of reagent-grade nitric acid, to achieve a pH less
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than two. The remainder of water in each of the one-liter containers was used

for field measurements of pH, specific conductance, and temperature. A field

filter blank was prepared utilizing di,stilled, deionized water provided by the

aSEL. The distilled, deioniz1ed water was pumped from a one-liter container into

a 500-milliliter container by the method discussed above. The container was

marked "filter blank" and submitted to the aSEl for quality control.

Sample Analysis

Four sample containers from each sample location and one filter blank were

retained by the writer and submitted to the aSEl on June 29, 1992 under chain-

of-custody control. The surface-water samples were analyzed for total and

dissolved metals (aluminum, arsenic, barium, cadmium, calcium, cobalt, copper,

iron, lead, magnesium, manganese, mercury, nickel, potassium, sodium and

zinc). Results of analyses are in Tables 4 and 5, respectively. The samples

were also analyzed for chloride, sulfate, nitrate, alkalinity (carbonate and

bicarbonate), pH, specific conductance and total dissolved solids. These results

are in Table 6. The filter-blank sample was analyzed for dissolved metals only.

Method 3010, digestion procedure for the preparation of aqueous samples,

was used by the aSEl prior to the total and dissolved metal analyses by Method

6010, inductively coupled plasma atomic emission spectroscopy. These

methods were used to analyze for the metals listed above, with the exception of



TABLE 4

SUMMARY OF ANALYTICAL RESULTS (TOTAL METALS) OF AQUEOUS SAMPLES COLLECTED ON JUNE 28,
1992 DOWN STREAM FROM THE EAGLE-PICHER SMELTER SITE, HENRYETTA, OKLAHOMA.

OSDH LAB SAMPLE NO. 215447 215448 215449 215450 215451 215452 215453
FIELD SAMPLE NO. 1-ST62892 2-ST62892 3-ST62892 4-NT62892 5-NT62892 6-NT62892 7-NT62892

1J9/L 1J9/L 1J9/L IJglL 1J9/L 1J9/L ~L

ALUMINUM 30,080 518 2,154 1,325 1,576 355 1,996
ARSENIC 203 <60 <60 <60 <60 <60 <60
BARIUM 224 33 45 43 56 48 46
CADMIUM 426 263 211 432 331 22 5
CALCIUM 221,000 159,000 142,000 201,000 196,000 110,000 32,000
COBALT 105 <100 <100 <100 <100 <100 <100
COPPER 14.060 527 272 85 31 <10 38
IRON 102,400 780 3,094 625 1,528 966 3,912
LEAD 2,193 <45 61 <45 <45 <45 <45
MAGNESIUM 40,000 30,000 33,000 159,000 63.000 51,000 15,000
MANGANESE 4,881 360 1,558 4,391 3,868 3,347 1,130
MERCURY 2 <.5 <.5 <.5 <.5 <.5 <.5
NICKEL 800 334 336 939 783 75 77
POTASSIUM 11,900 13,500 13,400 27,100 23.500 15,200 6.500
SODIUM 83,000 60,000 57,000 116,000 104,000 159,000 29.000
ZINC 108,100 55,480 49,540 91,190 71.750 5,555 1,254

NOTE:
1. < LESS THAN DETECTION LIMIT
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TABLE 5

SUMMARY OF ANALYTICAL RESULTS (DISSOLVED METALS) OF AQUEOUS SAMPLES COLLECTED ON JUNE 28,
1992, DOWN STREAM FROM THE EAGLE-PICHER SMELTER SITE, HENRYETTA, OKLAHOMA.

OSDH LAB SAMPLE NO. 215454 215455 215456 215457 215458 215459 215460 215446
FIELD SAMPLE NO. 1-ST62892 2-ST62892 3-ST62892 4-NT62892 5-NT62892 6-NT62892 7-NT62892 FILTER BLANK

IJg/L 1J9/L IJg/L 1J9/L 1J9/L IJg/L IJglL 1J91L

ALUMINUM 10,950 <300 <300 <300 <300 <300 <300 <300
ARSENIC <60 <60 <60 <60 <60 <60 <60 <60
BARIUM 42 28 33 44 55 45 32 <10
CADMIUM 412 255 215 431 355 10 <5 <5
CALCIUM 222,000 159,000 147,000 203,000 214,000 111,000 32,000 <1000
COBALT <100 <100 <100 <100 <100 <100 <100 <100
COPPER 13,230 195 137 46 12 <10 <10 10
IRON 3,248 55 132 90 196 146 110 64
LEAD 333 <45 <45 <45 <45 <45 <45 <45
MAGNESIUM 38,000 32,000 35,000 62,000 71,000 53,000 16,000 <1000
MANGANESE 4,749 359 1,589 4,484 4,221 3,365 1,071 <10
MERCURY <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5
NICKEL 768 335 322 949 848 74 <25 <25
POTASSIUM 14,200 16,100 15,500 27,900 23,700 17,500 6,600 <100
SODIUM 84,000 61,000 60,000 120,000 116,000 163,000 28,000 <10000
ZINC 103,600 53,850 49,910 89,580 74,970 4,054 268 32

NOTE:
1. < LESS THAN DETECTION LIMIT

w
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TABLE 6

SUMMARY OF ANALYTICAL RESULTS (GENERAL CHEMISTRY) OF AQUEOUS SAMPLES COLLECTED ON JUNE 28,
1992, DOWN STREAM FROM THE EAGLE-PICHER SMELTER SITE, HENRYETTA, OKLAHOMA

OSDH LAB SAMPLE NO. 215447 215448 215449 215450 215451 215452 215453
FIELD SAMPLE NO. 1-ST62892 2-ST62892 3-ST62892 4-NT62892 5-NT62892 6-NT62892 7-NT62892

CHLORIDE <10 <10 10 35 39 96 16
pH 3.8 6 6.3 6.4 6.5 7.4 7.5
SULFATE 693 466 415 664 723 413 132
ALKALINITY, BICARBONATE <15 24 35 46 43 246 89
ALKALINITY, TOTAL <15 24 35 46 43 246 89
ALKALINITY, CARBONATE 0 0 0 0 0 0 a
NITRATE/NITRITE AS N 0.7 0.9 0.9 0.6 0.5 <.5 <,5
SPECIFIC CONDUCTANCE 1,716 1,262 1,211 1,867 1,918 1,716 439
TOTAL DISSOLVED SOLIDS 1,660 1,135 1,062 1,766 1,754 1,300 306

NOTE:
1. CONCENTRATIONS IN MILLIGRAMS PER LITER: pH IN STANDARD UNITS
2. SPECIFIC CONDUCTANCE IN MICROMHOS PER CENTIMETER
3. < LESS THAN DETECTION LIMIT

e."
~
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mercury_ Method 7470, a cold-vapor atomic absorption technique, was used to

analyze for mercury (EPA Test Methods For Evaluating Solid Waste

Physical/Chemical Methods" 1986).

Methods of Data Evaluation

Laboratory analytical data from this study are discussed in Chapter V. The

discussion includes: data validat;ion; a comparison of historical analytical data to

data from this study; pH, specific conductance, and total-dissolved-solids

measurements of samples collected in the study area; and chemical trends and

reactions.

The data validation includes results of the filter blank analysis, a comparison

of total versus dissOlved metal concentrations, and a comparison of field versus

laboratory measurements of pH and specific conductance.

Comparisons of historical analytical data (reported by the EPA and the

OWRB) to data from this study, are included in sections for both the southern

and northern tributaries. The purpose of this comparison is to determine

whether significant changes in total metals concentrations have occurred over

approximately a ten year period. It is assumed that any significant changes in

total metal concentrations would be reflected by similar changes in dissolved

metal concentrations.

Specific conductance, pH, and total-dissolved-solids values for sample

locations in the study area are used to assess the general water quality of the
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two unnamed tributaries and their branches. Field measurements of specific

conductance' and pH were used to evaluate samples 8-SW through 18-NiT.

Laboratory measurements of specific conductance, pH, and total dissolved

solids were used to evaluate samples 1-8T62892 through 7-NT62892.

Chemical trends and reactions were evaluated using Eh-Ph diagrams

(Brookins, 1988; and Garrels and Christ, 1965). The computer program

WATEVAL (Hounslow and Goff, 1995) was utilized for calculation of anion-

cation balance, analytical reliability, ellement ratios, and mass balance.

WATEVAL was also used to generate Piper (Piper, 1944) and Stiff (Stiff, 1951)

diagrams for graphical presentation of analytical data. WATEVAL printouts for

dissolved metal samples 1-ST62892 through 7-NT62892 are in Appendix A.

The computer program WATEQ4F (Ball, Nordstrom, and Zachmann, 1987) was

utilized for the calculation of equilibrium distribution (activities) of inorganic

aqueous species and saturations indices for solid phase minerals, for samples

collected during this investigation. Portions of each of the WATEQ4F printouts

for each of the samples are in Appendix B.
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CHAPTER V

RESULTS AND DISCUSStON

This chapter is presented in four sections: Data Validation; Comparison of

Historical Data to Data from This Study; Results of Specmc Conductance, pH,

and TDS Measurements; and Chemical Trends and Reactions. In the first

section, results from seven sample analyses, one laboratory control sample

(field-filter blank), and field measurements are compared for the purpose of

identifying anomalies in the study data, if anomalies are present. In the second

section, historical laboratory analytical data from the study area are compared to

analytical data from corresponding surface-water sample locations of this study,

to determine whether significant changes occurred over approximate-Iy a ten-

year period. In the third section, pH, specific conductance, and total-dissolved-

solids (TDS) measurements are evaluated for anomalies or trends. In the fourth

section, chemical trends and potential chemical reactions are evaluated for the

surface-water in the southern and northern tributaries that drain the smelter site.

Data Validation

Sample containers, distilled deionized water, and nitric acid were provided by

the aSEl. Inert tubing, 0.45-micron single-use filters, and a peristaltic pump
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were provided by RobeJ1s/Schomick & Associates, Inc., an environmental

consulting firm.

A field-filter blank was prepared using the materials listed above. The filter

blank was submitted to the OSEL for analysis of dissolved metals. Copper, iron,

and zinc were detected in the filter blank at concentrations of 10, 64, and 32

I-Jg/L, respectively (Table 5). The director of the OSEL indicated in conversation

that plumbing repairs had been made to the distilled-deionized-water supply

system, which possibly resulted in the detected concentrations.

Total metal concentrations are generally expected to be equal to, or greater

than the dissolved metal concentrations, due to dissolution of metals from

particulates (if present) in the sample, when the sample is preserved with nitric

acid. A comparison of 112 (seven samples, 16 metal analyses per sample) total

metal to dissol!ved metal analyses showed 35 analyses (nine metals) where

dissolved metal concentrations exceeded total metal concentrations.

The percent differences in cation and anion balances calculated with

WATEVAL ranged from -3.95 (7-NT62892) to 16.34 (3-8T62892). The percent

differences in input cation and anion balances calculated with WATEQ4F

ranged from -6.82 (7-NT62892) to 47.79 (1-8T62892). WATEVAL input

parameters are generally limited to major and minor constituent concentrations.

The constituent concentrations are used in balance calculations totally as

aqueous species with ionic charge. WATEQ4F input parameters include major,

minor, and trace constituents. Neutrally charged aqueous species are not used
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in WATEQ4F for calculation of balances. Thus, calculated percent differences

in cation and anion balances are greater with WATEQ4F. High percent

differences may indicate error in laboratory analyses.

Field measurements of pH and specific conductance were conducted on

seven samples submitted for laboratory analysis (1-ST62892 through 7-

NT62892), and thirteen additional samples (8-SW through 20-SW) collected

from branches of the northern and southern tributaries. Field measurements are

in Table 3 and laboratory measurements (1-ST62892 through 7-NT62892) are in

Table 6. Generally, field and laboratory measurements of pH differed by less

than 0.5 standard units (SU). Field and laboratory measurements of specific

conductance differed by less than 115 micromhos per centimeter (IJmhos/cm).

Laboratory measurements will be used in the following discussion.

Comparison of Historicall Data with Data from This Study

Southern Tributary

The southern portion of the smelter site is drained by several branches of the

southern unnamed tributary. Each of the branches emanates from springs along

the southern portion of the smelter slag, including the western and eastern slag

piles (shown in Figure 9).

EPA sample locations MFF778 through MFF788 are on various branches of

the southern tributary. Sample location 1-ST62892 (this study) is below the

confluences of the several branches of the southern tributary (Figure 9). A
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comparison the analytical results of EPA sample locations MFF778 through

MFF788 (1988) to sampl.e location 1-ST628912 shows total metal concentrations

of similar magnitude.

EPA sample location MFF777 corresponds with this study's sample location

2-ST62892. Results of analyses for total metals for both samp.les MFF777 and

2-ST62892 are similar. The total metal concentrations were generally higher in

sample 2-ST62892, with the exception of copper and manganese. Based on

these comparisons of total metal concentrations, it is assumed that dissolved

metal concentrations similarly have remained about the same since 1988.

Northern Tributary

The EPA collected samples from two locations on the northern tributary. One

EPA sample location (4593-A) corresponds with this study's sample location 18-

SW. Sample locations along the northern tributary are shown in Figure 10.

Sample 18-SW was collected for field measurements of pH and specific

conductance. The pH of samples 4593-A and 18-SW were 5 and 6.6 SU,

respectively. Specific conductance was not reported for EPA sample 4593-A.

The second sample collected by the EPA (4594-A) corresponds with sample

location 4-NT62892. EPA sample 4594-A was analyzed for seven total metals

(arsenic, cadmium, copper, lead, mercury, nickel, and zinc) of which three were

detected as being above the laboratory's reporting limit. Comparison of total

I'
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metals analysis of sample 4594-A (Table 2) with sample 4-NT62892 (Table 4)

shows similar concentrations between 1982 to 1992. Based on this comparison,

it appears that dissolved-metal concentratjons have remained about the same

since 1982.

Results of Specific Conductance, pH, and TDS Measurements

Southern Tributary

Field measurements of pH and specific conductance were conducted on

surface-water samples 8-SW through 17-SW (see Table 3) for the purpose of

identifying anomalous are'as (Figure 9). Generally, surface-water origlnating

from the southern portion of the smelter slag and from the western slag pile had

pH typical for stream waters. Measured pH for branches draining the southern

portion of the smelter slag and the western slag pile ranged from 6.5 (12-SW) to

7.1 SU (10-SW). Specific conductance ranged from 870 to 3950 JJmhos/cm. No

trend was apparent between pH and specific conductance. However, surface-

water from branches draining the eastern slag pile showed lower pH, ranging

from 3.9 (14-SW) to 5.7 SU (15-SW), with specific conductance ranging from

590 to 2010 IJmhos/cm for samples 14-SW through 16-SW. Approximately 200

feet downstream from the confluence of the most easterly branch of the' southern

tributary, pH was measured at 6.0 SU (17-SW).

Samples 1-ST62892 through 3-ST62892 (Figure 9) were submitted for

laboratory analysis of pH, specific conductance, and TDS (see Table 6). The pH
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was measured at 3.8 SU for sample location 1-ST62892, approximately 150 feet

downstream from location 17-SW. The low pH of this sample and of water

draining form the eastern slag pile may be the result of pyrite oxidation. Pyrite

was a gangue mineral with ores from the Tri-State District. Additionally, the low

pH may be associated with acid-water drainage from former coal mines operated

in this area. The recorded pH of samples 2-8T62892 and 3-ST62892 was 6 and

6.3 SU, respectively. Specifi,c conductance of samples 1-ST62892, 2-ST62892,

and 3-ST62892 was 1716, 1262, and 1211 j.Jmhos/em, respectively, with TDS of

1660, 1135, and 1062 mg/L, respectively.

Northern Tributary

Generally, water samples from the northern tributary showed pH that ranged

from weakly acidic (3.8 SU) for water draining from the settling impoundment

(19-SW) to weakly alkaline (7.5, SU) near the confluence with Coal Creek.

Specific conductance and total dissolved solids generally decrease in a

downstream direction.

Water samples were collected for field measurements of pH and specific

conductance at locations 18-SW, 19'-SW, and 20-SW (see Figure 10). Field

measurements of pH ranged from 3.8 (19-SW) to 6.6 SU (18-SW). Specific

conductance ranged from 1900 (19-SW) to 4640 j.Jmhos/cm (20-SW). No trend

was apparent between pH and specific conductance.

\

'j,
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Samples 4-NT62892 through 7-NT62892 were submitted for laboratory

analysis of pH, specific conductance, and TDS. The reported pH increased at

progressively downstream locations from 6.4 (4-NT62892) to 7.5 SU (7-

NT62892) (see Figure 10). Specific conductance for samples submitted for

laboratory analysis ranged from 490 (7-NT62892) to 2020 IJmhos/cm (5-

NT62892). TDS ranged from 306 (7-NT62892) to 1766 mg/L (4-NT62892}.

Chemical Trends and Reactions

The chemical trends and reactions generally are based on analyses,

calculated activities, and calculated mineral species for solutions in equilibria.

However, chemicall reactions probably do not approach equilibria for water within

the southern and northern tributaries because of highly variable stream velocity,

commingling of runoff originahng from different areas outside the smelter site,

variable groundwater discharge, and seasonal changes in temperature,

evaporation, and biological activity.

Southern Tributary

The southern portion of the smelter site is drained by several branches of the

southern unnamed tributary. Each of the branches emanates from springs along

the southern portion of the smelter slag, including the western and eastern slag

piles (see Figure 9). Downstream from the confluences of the of the several

branches of the southern tributary, flow is generally over a uniform substrate of
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silts, sands, gravels, and slag transported from the smeUer site. Very little

aquatic life is present.

Major and Minor Constituents. Samples 1-ST62892 through 3-ST62892 were

analyzed for the following major constituents: sodium, calcium, magnesium,

chloride" sulfate, and bicarbonate. Additionally, the samples were analyzed for

the minor constituents potassium and iron.

Cations (calcium, magnesium, and sodium plus potassium) and anions

(bicarbonate, sulfate, and chloride) are graphically presented in Figure 11 (Piper

diagram). The three water analyses (1-ST62892 through 3-ST62892) lie on

straight lines. The lines, when extrapolated, pass near the calcium apex of the

cation triangle and through the sulfate apex of the anion triangle. As illustrated,

magnesium and potass,ium concentrations remain relatively constant. However,

calcium and sulfate ions are removed from solution between each successive

downstream sample locat:ion. This trend is characteristic of gypsum (CaS04 )

precipitation. However, the calculated (WATEQ4F) saturation indices shows

that each of the samples are slightly under saturated with respect to gypsum.

However, high percent differences in the cation and anion balances (sum of

cations greater than the sum of anions for each of the samples) may indicate

that sulfate concentrations should be higher than reported. Higher sulfate

concentrations could result in higher calculated saturation indices. Dissolved

CaS04 in each of the samples is further evident from the Stiff diagrams

presented in Figure 12. Stiff diagrams illustrate major and minor cation and
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anion concentrations. As shown in Figure 12, the Stiff diagram for each of the

samples exhibits the shape (calcium greater than sodium plus potassium and

greater than magnesium, with high sulfate) characteristic of water with aqueous

CaS04 species.

As calcium and sulfate ions are removed from solution in a downstream

direction, the bicarbonate concentration increases. This trend of the data may

be attributed to pyrite oxidation, the reaction of carbonic acid (C02) with calcite

to form bicarbonate, the remova.1 of calcium by precipitation of gypsum, and the

removal of sulfate by preci.pitation of gypsum and of other sulfate minerals.

Pyrite oxidation ;s describ·ed by the following reaction to form iron hydroxide,

sulfate, and hydrogen ions:

The hydrogen ions react with available calcite in stream sediment to form

calcium ions, water, and carbon dioxide:

The oxidation of pyrite, resulting in low pH along with high sulfate, calcium,

and iron concentrations, is consistent with the analyses of sample 1-ST62892.

Additionally, pyrite oxidation is indicated by the Ca/(Ca+S04) ratio for sample 1-

8T62892. A ratio of less than 0.5 along with low pH indicates pyrite oxidation.

Further downstream, carbon dioxide dissolves to form carbonic acid, likely

reacting with more calcite to form calcium and bicarbonate ions:
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This is consistent with the increase in bicarbonate concentrations at both sample

locations 2-ST62892 and 3-ST62892.

Calcium is removed from solution between each successive, downstream

sample location. Similarly, TDS is lower at each successive, downstream

location. The greatest change is between sample locations 1-ST62892 and 2-

ST62892. Removal of calcium from solution probably is due to the precipitation

of gypsum even though the cafculated (WATEQ4F) saturation indices shows

that each of the samples are sli.ghtly under-saturated with respect to gypsum. It

is unlikely that calcium i.s removed by either by Ca-Mg exchange during

dedolomitization or by Ca-Na exchange in clays. Calcium exchange with sodium

in clays would likely result in higher sodium concentrations. However, sodium

concentrations decrease from sample locations 1-ST62892 to 3-ST62892.

Dedolomitization would likely result in higher magnesium concentrations. It is

unlikely that dedolomitization occurs because magnesium concentrations are

relatively constant between the three sample locations.

Sulfate is removed from solution between each successive, downstream

sample location. The greatest change is between sample locations 1-ST62892

and 2-ST62892. Removal of sulfate from solution probably is due to

precipitation of gypsum (this assumption is based on the discussion above

regarding the removal of calcium from solution). Additional sulfate probably is

removed from solution by the precipitation of other sulfate minerals. The

calculated (WATEQ4F) saturation indices show that water at each of the three
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samplie locations is over-saturat,ed with respect to barite (8aS04) and that water

at sample location 1-ST62892 is over-saturated with respect to basaluminite

(AI4(OH)10S04 ·5HzO). Thlis probablly would result in precipitation of these

minerals. It is also assumed that ang'lesite (PbS04) is precipitated even though

the calculated saturation index shows evidence of under-saturation. Eh-pH

diagrams for the Pb-S-C-O-H system show that lead would likely precipitate as

anglesite above pH of 5 SU (Brookins, 1988, and Garrels and Christ, 1965).

Additionally, analytical results show that lead (in the presence of sulfate) is

removed from solution by location 2-ST62892.

Sulfate probably is not removed from solution by replacement of calcite with

gypsum in the presence of sulfate, because of the limited amount of calcite

available in stream sediment. Neither Hmestones or dolomites, which would

provide a continuing source of calcite in stream sediments, are exposed in the

study area.

Trace constituents. Surface-water samples 1-ST62892 through 3-ST62892

were submitted for the analyslis of 11 trace metals (aluminum, arsenic, barium,

cadmium, cobalt, copper, lead, manganese, mercury, nickel, and zinc). Trace

metals generally are defined by concentrations of less than 0.1 mg/L. The

concentrations of three metals (arsenic, cobalt, and mercury) were less than the

laboratory reporting limit in each of the samples. Six of the eight trace metals

detected (lead, cadmium, nickel, zinc, copper, and barium) are associated with

minerals contained in ore from the Tri-State Mining District. The presence of

:C:
'..
'~J

1""
,~I"."";,,,,
j
1(::\

':1
""....11

"'1

'""



55

these trace metals in samples from this study area is consistent with metals

reported in stream waters of the Picher Mining Area, northeastern Oklahoma,

and southeastern Kansas (portion of the Tri-State Mining District) (Parkhurst,

19'87).

Jenne (1968), Elder (1988), lHorowiitz (1985, and McLean and Bledsoe (1992)

have discussed the importance of metal-partitioning in natural waters. Methods

of metal-partitioning include compl,exation, sorption, precipitation, and biological

uptake. However, complexes formed with organic matter and biologic uptake of

the trace metals probably are less important, due to absence of observable

aquatic life in the southern tributary.

Results of anal'yses made during this study were used to calculate

(WATEQ4F) activities and saturation indices (Appendix B). The activities and

saturation indices were used to evaluate which ions were likely to form

complexes in the aqueous phase or were likely to precipitate, respectively.

Availability of hydrous oxides of aluminum, iron, and manganese for sorption

sites was evaluated. Additionally, the results analyses of trace metals detected

in water samples from this study were compared to Eh-pH diagrams (Brookins,

1988, and Garrels and Christ, 1965) to determine which species (aqueous or

solid phase) probably would exist for a given sample pH. The Eh for the

samples were assumed to range from 0.4 to 0.6 volts (V). This range includes

stream waters (0.4 V) to acid mine drainage (0.6 V) (Brookins, 1988).

,~
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Aluminum (10950 1..19/L) was reported in only one sample, 1-ST62892 (pH of

3.8). The Eh-ph diagram for aluminum (AI-O-H system) shows that A13
+ may be

in solution at pH than approximate,ly 3.7 5U (Brookins, 1988, and Garrels and

Christ, 1965). At pH greater than approximately 3.7 SU, aluminum precipitates

as gibbsite (AI(OHh). However, the cal.culated (WATEQ4F) saturation indices

for basaluminite (AI4(OH)10504 ·5H20) and diaspore (AIO(OH)) show that these

species are slightly over-saturated and probably would precipitate. This is

consistent with the calculated activities. The highest activities in the aqueous

phase are AIOH+2 and AISO/1species. Precipitation of aluminum is consistent

with analytical results. Aluminum was removed from solution by sample location

2-ST62892 (pH of 6.0 SU). Sample location 2-ST62892 is approximately 700

feet downstream from sample location 1-ST62892.

L,ead was reported in one sample only, 1-5T62892 (333 1J9/l). The Eh-pH

diagram for lead (Pb-S-C-O-H system) shows that Pb2
+ may be in solution at pH

less than approximately 0.5 SUo Above a pH of 0.5 SU, anglesite (PbS04)

probably would precipitate (Brookins, 1988, and Garrels and Christ, 1965). This

is consistent with the activities. The highest activity in the aqueous phase is the

Pb804 spedes. Precipitation of lead is consistent with results of analyses,

which show that lead was removed from solution by sample location 2-8T62892.

However, the saturation index shows that sample 1-ST62892 is under-saturated

with respect to anglesite.
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The Eh-pH diagram for barium indicates that barium (Ba-S-O-H-C system)

precipitates as barite (8a504) at pH greater than 1 SU (Brookins, 1988, and

Garrels and Christ, 1965). This is consistent with the calculated saturation

indices, which show that barite is slightly over-saturated in each of the three

samples. However, precipitation of barite may not occur. Barium concentrations

are about the same among each of the three sample locations. The activities

for each of the samples show that barium forms a complex with sulfate (Ba804)

in the aqueous phase.

Eh-pH diagrams are similar for cadmium (Cd-C-S-O-H system), copper (Cu-

C-S-O-H system), nickel' (Ni-O-H system), manganese (Mn-O-H system), and

zinc (Zn-O-H-S-C system) (Brookins, 1988, and Garrels and Christ, 1965). The

diagrams indicate that each of these metals should be in an aqueous phase

below pH of about 7 or 8 SU, as hydrated free ions having the general formula

M(H20)/l+ where M is the ion and n+ is the ionic charge (Elder, 1988). This is

consistent with results discussed below.

Concentrations of cadmium (412 1J9/L), copper (13230 1J9/L), nickel (768

1J9/L), manganese (38000 1J9/L), and zinc (103600 1J9/L) were high at sample

location 1-ST62892, where the pH was 3.8 SUo These me,tals were in solution at

sample locations 2-ST62892 (700 feet downstream from location 1-ST62892)

and 3-ST62892 (300 feet downstream from location 2-ST62892) where pH

measurements were 6.0 and 6.3, respectively. However, concentrations of

cadmium, nickel, and zinc were reduced by approximately 50%, manganese by
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93%, and copper by approximately 99% of the amounts reported for sample 1-

ST62892. These significant changes coincide with precipitation of hydrous

oxides of aluminum and iron. Presumably, the most important mechanism for

removal of cadmium, copper, manganese, nickel, and zinc ions between sample

locations 1-8T62892 and 2-5T62892 is sorption to hydrous oxides of aluminum

and iron. This is consistent with the calculated saturation indices, which show

that the samples are under-saturated with respect to cadmium, nickel,

manganese, and zinc solid-phase minerals, with the exception of otavite

(CdC03) in sample 3-5T62892. As discussed above, Eh-pH diagrams show that

the aqueous/solid phase boundaries are at pH of approximately 7 to 8 5U for

cadmium, nickel, manganese, and zinc.

As discussed previously, iron hydroxide is precipitated as a product of pyrite

oxidation and aluminum hydroxide is precipitated as a result of change in pH.

Both iron and aluminum hydroxides would be available as sorption sites or

sorption edges for cadmium, copper, manganese, nickel, and zinc ions. The low

pH and high dissolved aluminum and iron concentrations at sample location 1-

ST62892 indicate a continuing source for precipitation of iron and aluminum

hydroxides. Additionally, amorphous hydrous oxides of iron (and manganese)

tend to precipitate, forming coatings on clay particles. This increases their

surface area and efficiency as sorption edges (Jenne, 1968).

Eh-pH diagrams for copper show that precipitation of malachite

(Cu2C03(OHh), or tenorite (CuO) is likely at pH of approximately 6.3 SU, with a
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Cu2
+ activity of 10-7 (sample location 3-ST62892). Elder (1988) points out that

copper species are dominated by malachite below pH of 7 and tenorite above

pH of 7 SU (depending on the ratio of activ'ty of oopper species to the activity of

the copper ions). However, the saturation indices show that samples 2-ST6289'2

and 3-ST62892 are under-saturated for copper solid-phase minerals.

The saturation indices show under saturation for manganese minerals in

each of the three samples.

Northern Tributary

Water emanates from slprings along a channel cut through the slag

immediately upstream from a settling impoundment along the northern limit of

the smelter slag. Runoff and water from springs discharge into the settling

impoundment. Water flows from a spring on the west side of a settling-

impoundment dam and from the impoundment spillway across silts, sands,

gravels, and slag to sample location 4-NT62892. Additionally, stormwater runoff

from the east side of U. S. Highway flows in washes to a western branch of the

northern tributary (along the northwestern side of the smelter slag).

During periods of heavy precipitation, springs discharge from mixe,d alluvium

and slag on the west side of the northern tributary (near sample location 4-

NT62892) to the northern tributary. Water flows from sample location 4-

NT62892 across exposed Senora shale, and then flows beneath silts, sands,
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gravels, and slag within the channel before discharging from springs at sample

location 5-NT'62892 (a di'stance of about 600 feet between sample locations).

Alluv'ial fans, on the west side of a butte on the east side of the northern

tributary (Figure 2), extend west to the northern tributary. During periods of

heavy precipitation, springs flow in steep washes on the alluvial fans, and flow

from the base of the fans to the, northern tributary (between sample locations 5-

NT62892 and 6-NT62892 shown in Figure 8). Flow from sample location 5-

NT62892 to 6-NT62892 is through a wetlands covered with reeds and willows for
"~

a distance of approximately 770 feet. The water then flows north into an

impoundment that is approximately 2050 feet (south-lo-north direction) by 150

feet wide. Sample location 7-NT62892 is approximately 3200 feet downstream

from sample location 6-NT62892 (650 feet downstream from the impoundment).

Sample locations along the northern tributary are shown in Figure 10.
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Major and Minor Constituents. Samples 4-NT62892 through 7-NT62892 :~

,".,

were analyzed for the major constituents: sodium, calcium, magnesium, chloride,

sulfate, and bicarbonate. Additionally, the samples were analyzed for the minor

constituents, potassium and iron.

Cations (calcium, magnesium, and sodium plus potassium) and anions

(bicarbonate, sulfate, and chloride) are shown in Figure 13 (Piper diagram), and

these constituents show distinctive trends.

Stream flow from sample locations 4-NT62892 to 5-NT62892 is over exposed

Senora shale, subsurface flow through sands and gravels within the channel,
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and flow from springs at sample location 5-NT62892 (approximate distance of

600 feet). The analysis of sample 4-NT62892, compared to the analysis of 5-

NT62892, shows slight increases in calcium, iron, magnesium, sulfate, and

chloride, with slight decreases ~n sodium plus potassium and bicarbonate. This

trend is shown by the Piper diagram (Figure 13). Lines connecting the two data

points in both the cation and anion portions of the Piper diagram illustrate a

trend toward the calcium-magnesium and sulfate-chloride baselines,

respectively. This trend could be attributed to oxidation of minor amounts of

pyrite (increases in iron and sulfate) buffered by dissolution of dolomite

(increases in calcium and magnesium). However, bicarbonate concentrations

decreased, unlike the bicarbonate trend of the southern tributary. As discussed

previously (Southern Tributary, Major and Minor Constituents), increase in

bicarbonate is anticipated as an indirect product of pyrite oxidation.

Stream flow from sample locations 5-NT62892 to 6-NT62892 is through the

wetlands environment (approximate distance of 770 feet). The analysis of

sample 5-NT62892 compared to the analysis of sample 6-NT62892 shows

significant increases in sodium plus potassium (33%), bicarbonate (472%), and

chloride (146%) and significant decreases in calcium (48%), magnesium (25%),

and sulfate (43%). This trend is illustrated by the Piper diagram (Figure 13).

Lines connecting the two data points on both the cation and anion portions of the

diagram show a trend toward the sodium plus potassium and bicarbonate

regions, respectively.
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Changes in composition from location 5-NT62892 to 6-NT62892 are

accompanied by increase in pH from 6.5 to 7.4 SUo Increase in pH, along with

increases in sodium plus potassium, bicarbonate, and chloride, probably are the

result of commingling of runoff originating outside the smelter site. Analyses of

water samples collected by the OWRB at locations both above and below

confluences of the southern and northern unnamed tributaries on Coal Creek

(Grimshaw, Shapiro, Powell, and Black, 1986) reported pH as high as 7.4 SUo

Analyses of water samples collected from Lake Henryetta (approximately 3.5

miles southeast of the smelter site) reported pH as high as 7.4 SU, sodium plus

potassium as high as 405 ppm, bicarbonate as high as 270 ppm, and chloride as

high as 740 ppm (Smith, oott, and Warkentin, 1942). Lake Henryetta is on Wolf

Creek, in an area of similar geological setting. Therefore, pH, sodium plus

potassium, bicarbonate, and chloride reported at sample location 6-NT62892 are

consistent with natural surface-water in the area.

The change in water chemistry at sample location 6-NT62892 is illustrated by

Stiff diagrams in Figure 14. Samples 4-NT62892 and 5-NT62892 have shapes

similar to those of samples 1-ST'62892 through 3-ST62892 from the southern

tributary. The similarity is indicative of water with aqueous CaS04 species. This

is assumed to be the result of pyrite oxidation and dissolution of calcite.

However, the Stiff diagram for sample 6-NT62892 has a shape suggestive of

water associated with shale, reflecting the possible influence of commingling of

runoff from the smelter site with natural water from springs along the base of

..,
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Figure 14. Stiff Diagrams of Sample Analyses, Northern Tributary
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alluvial fans on the east side of the northern tributary, and groundwater

dischar,g:e from outcropping fractured shale of the Senora Formation.

The significant reduction of calcium, magnesium, and sulfate probably is the

result of precipitation of sulfat,e and carbonate minerals. Commingling of runoff

from the smelter site (pH of 6.3 to 6,4 SU) with natural surface-water (pH of 7.4

SU) probably would result ina pH boundary. This is consistent with the

analyses. The calculated saturation indices show that sample 6-NT62892 is

over-saturated with resped to calcit.e (CaC03). dolomite (CaMg (CaC03)2),

rh,odochrosite (MnC03), ZnC03 'H20, and otavite (CdC03). Additionally, gypsum

(CaS04 ) may precipitate even though. the calculated saturation indices is under-

saturated with respect to glypsum. High percent differences in the cation and

anion balances (sum of cations greater than the sum of anions for each of the

samples) may indicate that sulfate concentrations should be higher than

reported. Higher sulfate concentrations could result in higher calculated

saturation indices.

Water from sample location 6,-NT62892 to 7-NT62892 passes through the

impoundment (total distance between the locations is approximately 3245 feet).

Comparison of analyses of samples 6-NT62892 to 7-NT62892 shows overall

decrease in concentrations of major and minor constituents, which probably is

due to dilution from stormwat,er runoff. However, the percent milliequivalent

concentrations of calcium, magnesium, bicarbonate, and sulfate, increase, but

concentrations of sodium and chloride decrease. This trend is illustrated by the
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Piper diagram (Figure 13). Lines connecting the two data points on the cation

and anion portions of the diagram show a trend toward the calcium-magnesium

and bicarbonate-sulfate baselines, respectively. Changes in composition

(percent milliequivalent concentrations) between sample locations 6-NT62892

and 7-NT62892 are reflected in the Stiff diagram in Figure 14. The shape of the

Stiff diagram for sample 7-NT62892 is indicative of water associated with

dissolution of limestone. However, as iI1ustrated by the shape of the Stiff

diagram, magnesium and sulfat,e concentrations are higher than shown in

literature (Hounslow, 1995); they may be the result of dissolution of minor

amounts of dolomite along with sulfate from pyrite oxidation.

Trace Constituents. Surface-water samples 4-NT62892 through 7-NT62892

were submitted for analysis of 11 traoe metals (aluminum, arsenic, barium,

cadmium, cobalt, copper, lead, manglanese, mercury, nickel, and zinc). Trace

metals, as discussed previouslly, generally are defined by concentrations of less

than 0.1 mg/L. Concentrations of aluminum, arsenic, cobalt, lead, and mercury

were less than the laboratory reporting-limit in each of the samples. Five of the

six trace metals (barium, cadmium,. copper, nickel, and zinc) are associated with

minerals contained in are from the Tri-State Mining District. As discussed

previously, the presence of these trace metals in samples from this study area

are consistent with metals reported in stream waters of the Picher Mining Area,

northeastern Oklahoma, and southeastern Kansas (Parkhurst, 1987).
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Methods of metal-partitioning discussed previously (Southern Tributary,

Trace Constituents) include complexation, sorption, precipitation, and biologic

uptake. Each of these methods probably is important in varying degrees along

the northern tributary.

Calculated activities and saturation indices, as for samples from the southern

tributary, wer,e used to evaluate which ions were likely to form complexes in the

aqueous phase and which were likely to precipitate. Availability of hydrous

oxides of aluminum, iron, and manganese for sorption sites was evaluated.

Analyses of the trace metals detected in water samples from this study were

compared to Eh-pH diagrams (Brookins, 1988, and Garrels and Christ, 1965), to

determine which sp,ecies (aqueous or solid phase) probably would exist for a

given pH. Eh values of the samples were assumed to range from 0.4 to 0.6

volts (V), as was assumed for samples from the southern tributary.

Precipitation is assumed to be the most important mechanism for reducing

concentrations of cadmium, manganese, and zinc. As discussed earlier, a

significant difference in pH occurs between sample location 5-NT62892 (6.5 SU)

and 6-NT62892 (7.4 SU). This difference in pH would likely result in a pH

boundary.

Eh-pH diagrams show that the aqueous/solid phase boundaries are at pH of

approximately 7 to 8 SU for cadmium, manganese, and zinc (Brookins, 1988,

and Garrels and Christ, 1966). This is consistent with the calculated saturation

indices. Saturation indices show that the samples 4-NT62892 (pH of 6.4 SU)

'I
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and 5-NT62892 (pH of 6.5 SU) are over-saturated with respect to otavite

(CdC03)· However, at sample location 6-NiT62892 (pH of 7.4 SU), water is over-

saturated with respect to rhodochrosite (MnC03), znco3 ·H20, and otavite

(CdC03 ) and likely results in precipitation of these minerals. This is consistent

with the analyses which show the most significant reduction in concentrations

occur at sample location 6-NT62892.

The Eh-pH diagram for barium indicates that barium (8a-S-O-H-C system)

precipitates as barite (8aS04) at pH ,greater than 1 SU (Brookins, 1988, and

Garrels and Christ, 1965). This is consistent with the calculated saturation

indices which show that barite is slightly over-saturated in each of the four

samples. However, barite may not be precipitated. Barium concentrations are

about the same between sample locations 4-NT62892 and 7-NT62892.

Sorption is assumed to be the most important mechanism for reducing

concentrations of copper and nickel. As shown on the southern tributary,

concentrations of dissolved aluminum and iron are high in low-pH water (location

1-8T62892). Likewise, it is assumed that low-pH water (3.8 SU) contained in the

holding impoundment located on the north side of the slag pile would have

similar concentrations of dissolved aluminum and iron, which would provide a

continuing source for precipitation of iron and aluminum hydroxides. Iron and

aluminum hydroxides then would be available as sorption sites for ions of

cadmium, copper, manganese, nickel, and zinc. Further, the reduction in

copper, zinc, cadmium, and nickel, could be due, in part, to sorption by calcium

,'.,
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carbonate (McLean and Bledsoe, 1992), which i.s over-saturated at location 6-

NT62892 and likely precipitates.

Eh-pH diagrams show that copper precipitation as malachite (CU2C03{OHh),

and/or tenorite (CuO) is likely at a pH ofapproximately '6.3 SU (Brookins, 1988,

and Garrels and Christ, 1965). Copper is removed from solution by sample

location 5-NT62892 (pH of 6.5 SU). However, calculated saturation indices

show that tenorite and malachite are under-saturated in samples 4-NT62892 and

5-NT62892. Therefore, sorption is the likely mechanism for removal of copper

from solution.

The most significant reduction in concentrations of nickel occur between

locations 5-NT62892 and 6-NT62892. Eh-pH diagrams for nickel show that the

aqueous-Ni2
+ and solid phase boundary is approximately at 8.8 SU (with an

activity of 10-6), which is well above reported pH for samples from the northern

tributary (Brookins, 1988, and Garrels and Christ, 1965). Therefore, sorption is

the likely mechanism for removal, of nickel from solution.

Lower concentrations of trace metals could also result from uptake by

vegetation and sorption by humic materials present in water, from sample

location 5-NT62892 through 7-NT62892. Mildly reducing or gley water resulting

from decaying organic matter, present in water between sample locations 5-

NT62892 and 6-NT62892, is not indicated. Between sample locations 5-

NT62892 and 6-NT62892, iron and trace metal concentrations decrease. In gley

water, dissolved oxygen, hydrogen sulfide, and ferric oxides and hydroxides are



absent. Ferrous iron is present, and generally trace metal concentrations

increase because of the absence of ferric oxides and hydroxides (Hounslow,

1995).
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions are based on the results of this study:

1. Comparison of historical analytical date to data from this study indicates

that total metal and probably dissolved metal concentrations in water draining

from the smelter slag have not changed si.gnificantly since the 1982 and 1988

EPA sampling eVlents.

2. Generally, pH was slightly acidic to slightly alkaline for samples collected

in the study area. Three anomalous areas (pH less than 4 SU) were identified.

One area included branches of the southern tributary draining the eastern slag

pile. A second area was at sample location 1-ST62892 on the southern

tributary. The third area was water flowing from the settling impoundment at the

northern margin of the smelt,er slag. These pH anomalies probably are due to

pyrite oxidation and/or acid mine drainage from former coal mines operated in

the study area.

3. Water flows over a substrate of mixed silts, sands, gravels, and slag in the

southern tributary. The data trends of water analyses from the southern tributary

are generally described as follows:
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a. The trend of major and minor constituents, as shown on a Piper

diagram, is characteristic of gypsum precipitation. This is illustrated as removal

of calcium and sulfate between successive, downstream sample locations.

b. The trend of minor and trace constituents is pr,ecipitation of aluminum

and iron hydroxides, anglesite, basaluminite, and diaspore along with the

sorption of cadmium, copper, nickel, mang.anese, and zinc to aluminum and iron

hydroxides between each successive downstream sample locations.

4. Unlike flow in the southern tributary, flow in the northern tributary is

through three environments: over and through silts, sands, gravels, and slag;

through a weUands; and through an elongated impoundment. Each of the three

environments exhibits different data trends for major and minor constituents and

trace constituents as described below:

a. The major and minor constituent trends, as illustrated on a Piper

diagram, are as follows:

1. Flow over and through silts, sands, gravels, and slag is

characterized by a trend toward the calcium-magnesium and sulfate-chloride

baselines of the Piper diagram. This trend reflects slight increases in calcium,

magnesium, sulfate, and chloride with decreases in sodium plus potassium and

bicarbonate. This trend could be attributed to oxidation of minor amounts of

pyrite buffered by dissolution of dolomite.

2. Flow through the wetlands is characterized by a trend toward

the sodium plus potassium and bicarbonate regions of the Piper diagram. This
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trend is likely due ta the commingling of runoff from the smel,ter site with natural

water (significant increases in sodium plus potassium, bicarbonate, and chloride)

from springs along the base af alluvial fans on the east side of the northern

tributary, and groundwater discharge from outcropping fractured shale of the

Senora Formation, resulting in a higher pH (pH boundary) at sample location 6­

NT62892 and precipitation calcite. dol,omite (decreases in calcium and

magnesium), and sulfate minerals (possibly gypsum). Gypsum (CaS04) may

pr,ecipitate even though the calculated saturation indices is under-saturated with

respect to gypsum. High percent differences in the cation and' anion balances

(sum of cations greater than the sum of anions for each of the samples) may

indicate that sulfate concentrations should be higher than reported. Higher

sulfate concentrations could result in higher calculated saturation indices.

3. Flow through the impoundment is characterized by a trend

towards the calcium-magnesium and bicarbonate-sulfate baselines of the Piper

diagram. This trend reflects slight increases in the percent milliequivalent

concentrations of calcium, magnesium, bicarbonate, and sulfate with decreases

in sodium plus potassium and chloride. This trend may be the result of

dissolution of minor amounts of dolomite, sulfate from pyrite oxidation, and

bicarbonate as an indirect product of pyrite oxidation.

b. The trace constituent trends are as follows:

1. Precipitation is assumed to be the most important mechanism

for reducing concentrations of cadmium, manganese, and zinc by the
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precipitation of otavite, rhodochrosite, and ZnC03 ·H20, respectively.

Precipitation probably is in response to a pH boundary at sample location 6­

NT62892.

2. Saturation indices shows that barite is over-saturated in each of

the four samples. However, barium concentrations rema,in about the same

among the sample locations. Therefore, barite probably does not precipitate.

3. Sorption of copper and nickel to aluminum and iron hydroxides,

calcite, and humic material is assumed to be the most important mechanism for

removal of copper and nickel from solution. Calculated saturation indices show

that samples with detectable levels of copper and nickel are under-saturated

with respect to solid phase minerals.

Recommendations

The following are the author's recommendations for further study:

1. Conduct a second surface-water sampling, using existing sample

locations; the analyses could be used for comparison with data from the June

28,1992.

2. A systematic study to determine the source of low pH waters.

3. Fie!ld measurements of Eh and dissolved oxygen in addition to pH.

4. Collect water samples from Coal Creek, upstream and downstream from

confluences of the southern and northern tributaries, to assess the impact of

tributaries on the water quality of Coal Creek.
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S••ple 1-ST62892
" ·Te.pC 25.0 pH 3.8
\ TDS 1660.0 COHD _1716.0

HARD 0.0 DBNS 0.0
x-cor = 0.0 y-cor = 0.0
Units mg/L rock 0.0

mg/L mlllolelL meq/L % •.eq/L
tla+ 84.0 3.6536 3.6536 19.9
Ie + 14.2 0.3632 0.3632 2.0
Ca++ 222.0 5.5389 11.0778 60.4
Mg++ 38.0 1.5630 3.1260 17.0
Cl- 0.0 0.0000 0.0000 0.0
504-- 693.0 7.2142 14.4285 99.9
HC03- 0.0 0.0000 0.0000 0.0
C03-- 0.0 0.0000 0.0000 0.0
Si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 0.0000 0.0
Sr++ 0.0 0.0000 0.0000 0.0
Ba++ 0.0 0.0003 0.0006 0.0
Pe++ 3.2 0.0582 o.116J 0.6
NOJ- 0.7 0.0113 0.0113 0.1
P- 0.0 0.0000 0.0000 0.0
Br- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGBLIER INDEX = 0.00 SAR
Conductivity 1716 umho Est. Condo

Analytical checks and comparisons

1.4
1834 umno

81

TDS entered
TDS calc 1055 mglL
Entered TDS - TDS(caIc) diff=

Sum cations 18.3376 Sum anions 14.4398
BALANCE 11.89 %

1660 IIlS/L
TDS(180) calc 105S mglL

36.4 % Entered TDS - TDS(180) diff= 36.4 %

TDS(entered)/Cond ratio
TDS(calc}/Cond
Conductivity/Sum-cations

Conductivity =
0.97

= 0.61
= 94

1716
Usual
Usual
Usual

umho
["ange
range
range

0.55 to 0.75
0.55 to 0.75

= 90 - 110

Meas. Density =
Bntered and calculated density

0.0000 Calc. Denaity 1.0011

Meaa. bardness=

Na/(Na+Cl)

Ca/(Ca + 504)
K/(Na + K)

Mg/(Mg+Ca)

Entered and calculated hardness
0.0 mg/L CaCOl Calc. hardness=

Element ratios
100.0 % Usually 50%

43.4 % Usually ) 50%
9. a % Usually ( 20%

22.0 % Usually < 40%

710.8 mg/L CaC03

Meas HC03
Calc HC03

Carbonate/bicarbonate at pH =
0.0 mglL Meas C03 =
0.0 mglL Calc COl

3.8
0.0
0.0

mglL
mglL
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Sa_pIe I-ST62892
SOURCE ROCK BSTIHATE
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Si02/(Na+K-Cl)
(Na+K-Cl)/(Na+K-Cl+Ca)= 0.42
lfa/(Na + Cl) 1.00
Kc/(Mg+Ca) = 0.22
Ca/(Ca + S04) 0.43
(Ca + Mg)/S04 1.0
'IDS calcula~ed 1055 mglL

si02 (m.ol/L)
HC03/Si02

Cl/sum aniollls
HC03/sum anions
Langelier Index

0.00
0.00

Si02 no~ analysed
Si02 no~ analysed
HC03 no~ analysed
Si02 not analysed
Plagioclase weathering possible
Albite or ion exchange
Granitic weathering
Pyrite oxidation
D.dolo.i~izatioD likely
Carbonate weathering, brine,

ev.pori~es or sea water
Silicate or carbonate wea~herin8

Sea water, brine, or evaporites

Carbonate op~ion

Hineral
HALITE
CALCITE
DOLOMITE
GYPSUM
ION EXCH
C02 GAS

Silicate option
Mineral
HALITE
ALBITE(K)
ANORTHIT(K)
DIOPSIDE
GYPSUM
C02 GAS

Analysed silica =

Mass Balance Calculation

Dissolves Precipitates
0.000

-1.412
1.563
7.214
1.827

-1.714

Dissolves Precipitates
0.000
3.654

-3.238
1. 563
7.214

-3.429

a Silica from albite and diopside 407 - 627

TBHPERATURE ESTIMATES IN DEGREES C

Good
Mg-Li
Na-Li
Na-K-Ca (Hg corrected)

for temperatures 20 - 350 C
--) a
--) a
--) 57

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures > 70 C
Quartz-no steam loss --) 0
Quart~-maximum steam 10s8 --) 0

Do not use
May not be

--)

--)

--)

--)

Na-K (Pournier)
Na-K (Truesdell)
Ha-X-Ca (t < 100 C)
Na-K-C. (t ) 100 C)

for oil-field waters
useful below 150 C

267
271

57
175



· Te.pC
Sa.ple 2-ST62892

6.02~.0 pH
IDS U3~.0 CONI> 1262.0
HARD : 0.0 DENS 0.0
x-cor 0.0 y-cor 0.0
Umits : IDg/L rock :: 0.0

mg/L mmole/L meq/L % meq/L
Na+ 61.0 2. 6532 2.6S32 19.5
Ie + 16.1 0.4117 0.4117 3.0
Ca++ 159.0 3.9671 7.9341 58.2
Mg++ 32.0 1.3162 2.6324 19 .3
C1- 0.0 0.0000 a.oooo 0.0
504-- 466.0 4.8H1 9.7023 96.0
HC03- 24.0 0.3933 0.3933 3.9
C03-- 0.0 0.0000 0.0000 0.0
Si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 0.0000 0.0
Sr++ 0.0 0.0000 0.0000 0.0
Ba++ 0.0 0.0002 0.0004 0.0
Fe++ 0.1 0.0010 0.0020 0.0
N03- 0.9 0.0145 0.014~ 0.1
p- 0.0 0.0000 0.0000 0.0
B,r- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGELIER INDEX -1.95 SAR : 1.2
Conductivity 1262 umho Est. Condo : 1363 umho

Analytical checks and comparisons
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TDS entered
TDS calc : 759 mg/L
Eatered TDS - TDS(calc) diff:

SUID cations : 13.6339 Sum anions 10.1101
BALANCE 14.84 %

: 1135 IDg/L
TDS(180) calc 747 mg/L

33.1 % Entered TDS - TDS(180) diff:: 34.2 %

TDS(entered)/Cond ratio
TDS(calc)/Cond
ConductivitY/Sum-cations

Conductivity::
0.90

= 0.60
: 93

1262
Usual
Usual
Usual

umho
range
range
range

0.55 to 0.75
0.55 to 0.75
90 - 110

Meas. Density

Maas. hardness:

Na/(Na+CI)

Ca/(Ca + S04}
K/(Na + K) ::

Mg!(Mg+Ca)

Entered and calculated density
0.0000 Calc. Density

Entered and calculated hardness
0.0 mg!L CaC03 Calc. hardness=

Element ratios
100.0 % Usual.1y > 50%

45.0 % Usually > 50%
13.4 % Ullually < 20%

24.9 % Usually 40%

1. 0008

528.8 mg/L CaC03

!'leas HC03
Cale HC03 ::

Carbonate/bicarbonate at pH
24.0 mg/L Meas C03
24.0 mg/L Calc C03

6
0.0 1IIg/L
0.0 mg/L



Sample 2-ST62892
SOURCE ROCK ESTIMATE

84

Si02 (mmo1/L)
HC03/Si02
Si02/(Na+K-Cl)
(Na+K-Cl)/(Na+K-Cl+Ca)= 0.44
Na/(Na + Cl) 1.00
Mg/(Mg+Ca) 0.25
Ca/(Ca ... S04) = 0.45

(Ca + Mg)/504
TD'S calculated

'Cl/sum anions
HC03/sum anions
Langelier Index

1.1
759 maiL

0.00
0.04

-1. 95

si02 not analysed
Si02 not analysed
Si02 not analysed
Plagioclase weathering poasible
Albite or ion exchange
Granitic weather iDS
Ca removal

ion exchange or calcite precipitation
Dedolo.~tization likely
Carbonate weatherins, brine.

evaporites or sea water
Silicate or carbonate weathering
Sea water, brine. or evaporites
Undersaturated with respect to calcite

Carbonate option
Mineral
HALITE
CALCITE
DOLOMITE
GYPSUM
ION EXCH
C02 GAS

Silicate option
Mineral
HALITE
ALBITE(K)
ANORTHIT(K)
DIOPSIDE
GYPSUM
C02 GAS

Analysed silica

Mass Balance Calculation

Dissolves Preci.pitates
0.000

-0.874
1. 316
4.851
1.327

-1.365

Dissolves Precipitates
0.000
2.653

-2.200
1.316
4.851

-3.124

0 Silica from albite and diopside 318 - 477

TEMPERATURE ESTIMATES IN DEGREES C

Good
Mg-Li
Na-Li
Ha-X-Ca (Mg corrected)

for l:em.peratures
--> 0
--) 0
--) 64

20 - 350 C

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures ) 70 C
Quartz-no steam losa --) 0
Quartz.-maxi'mulll 6~eam 106s --) 0

Do not use
May not be

--)

--)

--)

--)

Na-K (Pournier)
Na-K (Truesdell)
Na-K-C. (t < 100 C)
Na-K-Ca (t ) 100 C)

for oil-field waters
useful below 150 C

317
344

64
197



S••ple 3-S1'62892:-
Te.pe Z5.0 pR- 6.3
TDS 1062.0 COND 1211.0
HARD 0.0 DBNS 0.0
x-cor 0.0 y-'cor 0.0
Units ms/L rock 0.0

..giL IIIlDole/L meq/L % meq/L
Ha+ 60.0 2.6097 2.6097 19.7
K + 15.5 0.3964 0.3964 3.0
Ca++ 147.0 3.6617 7.3353 55.5
MB++ 35.0 1. 4396 2.8792 21.8
C1- 10.0 0.2821 0.2821 3.0
S04-- 415.0 4.3202 8.6404 90.9
HC03- 35.0 0.:5736 0.5736 6.0
C03-- 0.0 0.0000 0.0000 0.0'
si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 0.0000 0.0
Sr++ 0.0 0.0000 0.0000 0.0
8a++ 0.0 0.0002 0.0005 0.0
Pe++ 0.1 0.0024 G.0047 0.0
N03- 0.9 O.lH45 0.0145 0.2
P- 0.0 0.0000 0.0000 0.0
Br- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGELIER INDEX -1. 52 SAR
Conductivity 1211 umho Est. Condo

Analytical checks and comparisons

1.2
1323 umho

85

rDS entered
TDS calc 719 IIlg/L
Entered TDS - TDS(cslc) diff=

Sum cations 13.2259 Sum anions 9.5106
BALANCE 16.34 %

1062 mg/L
TDS(180) calc = 101 IIlg/L

32.3 % Entered TDS - TDS(180) diff= 34.0 %

TDS(entered)/Cond ratio
TDS(calc)/Cond
Conductivity/Sum-cations

Conductivity =
= 0.88
:: 0.59

92

1211
Usual
Usual
Usual

umho
ranBe
raDge
raDge

O.~5 to 0.75
= 0.55 to 0.75
= 90 - 110

Meas. Density
Entered and calculated denaity

0.0000 Calc. Density 1.0007

!'leas. hardness=

Na/(Na+Cl)

Ca/(Ca + S04)
K!(N.a + K)

Mg/(Mg+Ca)

Entered and calculated hardness
0.0 mg/L CaC03 Calc. hardness=

Element ratios
90.2 % Usually 50%

45.9 % Usually > 50%
13.2 % Usually < 20%

28.2 % Usually < 40%

511.2 mg/L CaC03

!'leas HC03
Calc HC03

Carbonate/bicarbonate at pH
35.0 mg/L Mea. C03
35.0 mg/L Calc C03

6.3
0.0
0.0

mg/L
I&g/L



Sa.ple 3-ST62892
SOURCE ROC~ ESTIMATE

86

Si02 (m.o1/L)
HC03/si02 =
Si021 (Na+IC-Cl)
(Na+K-Cl)/(Na+K-Cl+Ca)= 0.43
Ma/(Na + Cl) 0.90
Mg/(Mg+Ca) = 0.28
Ca/(Ca + S04) 0.46
(Ca + Mg)/s04 1.2
TDS calculated 719 mg/L

Cl/sum anions
a:c03/sum anions
Langelier Index

0.03
0.06

-1.52

Si02 not analysed·
Si02 not analysed
Si02 not analysed
Plagioclase weathering possible
Albite or ion exchange
Granitic weathering
Gypaum dis.olution
Ded010.itization likely
Carbonate weathering, brine.

evaporites or sea water
Silicate or carbonate weathering
Sea water. brine. or evaporitss
Undersaturated with respect to ealcite

Carbonate option
Mineral
HALITE
CALCITE
DOLOMITE
GYPSUM
ION BXCH
C02 GAS

Silicate option
Mineral
HALITE
ALaITE(K)
AHORTHIT(K)
DIOPSIDE
GYPSUM
C02 GAS

Analysed silica

Maas Balance Calculation

Dissolves Precipitates
0.282

-0.928
1.440
4.320
1.164

-1.377

Dissolves Precipitates
0.282
2.328

-2.092
1.440
4.320

-3.328

0 Silica from albite and diopllide 313 - 453

TEMPERATURE ESTIMATES IN DEGREES C

Good
Mg-Li
N.II-Li
NII-K-Ca (Mg corrected)

for temperatures 20 - 350 C
--) 0
--) 0
--) 65

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures ) 70 C
Quartz-no steam 10s8 --) 0
Quartz-maximum steam loss --) 0

Do not use
May not be

--)

--)

--)

--)

Ha-Ie (Pournier)
H.-K (Truesdell)
Na-K-Ca (t < 100 C)
Ha-K-C. (t ) 100 C)

for oil-field waters
useful below 150 C

315
340

65
196



25.0
<~"~",p.Je. ,4-NT6~289Z"

TempC pH 6.4
TDS 1766.0 COND 1867.0
I1ARD 0.0 DENS 0.0
x-cor 0.0 y-co~ 0.0
Units mg/L rock 0.0

mg/L mmole/L meq/L r. meq/L
Na+ 120.0 5.2194 5.2194 24.7
K + 27.9 0.7135 0.7135 3.4
Ca++ 203.0 5.0649 10.1297 47.9
Mg++ 62.0 2.5502 5.1004 24.1
C1- 35.0 0.9872 0.9872 6.3
S04-- 664.0 6.9123 13.8247 88.8
HC03- 46.0 0.7539 0.7539 4.8
C03-- 0.0 0.0000 0.0000 0.0
Si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 a .0000' 0.0
Sr++ 0.0 0.0000 0.0000 0.0
Ba++ 0.0 0.0003 0.0006 0.0
Pe++ 0.1 0.0016 0.0032 0.0
N03- 0.6 0.0097 0.0097 0.1
P- 0.0 0.0000 0.0000 0.0
Br- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGELIER INDEX -1. 21 SAR
Conductivity 1867 umho Est. Condo

Analytical checks and comparisons

1.9
2117 umho

87

TDS entered
TDS calc 1159 mg/L
Entered TDS - TDS(calc) diff=

Sum, cations 21.1669 Sum anions 15.5755
BALANCB 15.22 r.

1766 mg/L
TDS(180) calc 1135 maiL

34.4 r. Entered TDS - TDS(180) diff= 35.7 %

TDS(entered)/Cond ratio
TDS(calc)/Cond
ConductivitY/Sum-cations

Conductivity
0.95
0.62
88

1867
Usual
Usual
Usual

umho
~ange

~ange

~ange

0.55 to 0.75
0.55 to 0.75
90 - 110

Meas. hardness=

Na/(Na+Cl)

Ca/(Ca + S04)
K/(Na + K)

Mg/(Mg+Ca)

Entered and calculated density
0.0000 Calc. Density

Entered and calculated ha~dness

0.0 mg/L CaC03 Calc. hardness=

El,ement ratios
84.1 I. Usually 50%

42.3 r. Usually 50%
12.0 % Usually 20%

33.5 I. Usually 40%

1. 00 12

762.2 mg/L GaG03

Meas HC03
Calc HC03

Ga~bonate/bicarbonate at pH =
46.0 mg/L Meas C03
46.0 mg/L Galc C03

6.4
0.0
0.0

mg/L
mg/L



Sample 4-NT62892
SOURCE ROCK ESTIMATE

88

Si02 (mmol/L)
HC03/Si02
Si02/(Na+K-Cl)
(Na+K-Cl)/(Na+K-Cl+Ca)= 0.49
Na/(Na + CI) = 0.84
Mg/(Mg+Ca) 0.33
Ca/(Ca + S04) 0.42

(Ca + Mg)/S04
TDS calculated

Cl/sum anions
HC03/sum anions
Langelier Index

1 .1
1159 mg/L

0.06
0.05

-1.21

Si02 not analysed
Si02 not analysed
Si02 not analysed
Plagioclase weathering possible
Albite or ion exchange
Granitic weathering
Ca rem,oval

ion exchange or calcite precipitation
Dedolomitization likely
Carbonate weathering, brine,

evaporites or sea water
Silicate or carbonate weathering
Sea water. brine, or evaporites
Undersaturated with respect to calcite

Carbonate option
Mineral
HAL ITE
CALCITE
DOLOMITE
GYPSUM
ION EXCH
C02 GAS

Silicate option
M.ineral
HALITE
ALBITE(K)
ANORTHIT( K)
DIOPSIDE
GYPSUM
C02 GAS

Analysed silica

Mass Balance Ca l'cula t i on

Dissolves Precipitates
0.987

-2.262
2.550
6.912
2.116

-2.065

Dissolves Precipitates
0.987
".232

-4.396
2.550
6.912

-4 .88l.

0 Silica from albite and diopside 561 - 815

TEMPERATURE ESTIMATES IN DEGREES C

Good
Mg-Li
Na-Li
Na-K-Ca (Mg corrected)

for temperatures
--) 0
--) 0
--) 62

20 - 350 C

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures ) 70 C
Quartz-no steam loss --) 0
Quartz-maximum steam loss --) 0



Sa.pIe S-NT62892
\;rempC 25.0 pH 6.5

IDS 1754.0 COND 1918.0
HARD 0.0 DENS 0.0

·x-eor 0.0 y-cor 0.0
Units mg/L rock. 0.0

[IIg/L m[ll01e/L meq/L % meq/L
Na+ 116.0 5.0455 5.0455 22.7
K + 23.7 0.6061 0.6061 2.7
Ca++' 214.0 5.3393 10.6786 48.1
Mg++ 71.0 2.9204 5.8407 26.3
C1- 39.0 1.1000 1. !CWO 6.5
S04-- 723.0 7.5265 15.0531 89.3
ItC03- 43.0 0.7047 0.7047 4.2
C03-- 0.0 0.0000 0.0000 0.0
si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 0.0000 0.0
Sr++ 0.0 0.0000 0.0000 0.0
Ba++ 0.1 0.0004 0.0008 0.0
Pe++ 0.2 0.0035 0.0070 0.0
1'103- 0.5 O.OOBI 0.0081 0.0
P- 0.0 0.0000 0.0000 0.0
Br- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGELIER INDEX -1.13 SAR 1.8
Conductivity 1918 umho Est. Cond. = 2218 umho

Analytical checks and comparisoRs

89

TDS entered
TDS calc 1230 mg/L
Entered TDS - TDS(calc) diff=

Sum cations 22.1788 Sum anions 16.8659
BALANCE 13.61 %

1754 mg/L
TDS(180) calc 1209 m8/L

29.B % Entered TDS - TDS(180) diff= 31.1 %

TDS(entered)/Cond ratio
TDS(calc)/Cond
Conductivity/Sum-cations

Conductivity
0.91
0.64
86

1918
Usual
Usual
Usual

umho
ra,nge
range
range

0.55 to 0.75
0.55 to 0.75
90 - 110

Meas. Dens ity

Meas. hardness:

Na/(Na+Cl)

Ca/(Ca + 504)
K/(Na + K)

Mg/(Mg+Ca)

Entered and calculated density
0.0000 Calc. Density

Entered and calculated hardness
0.0 mg/L GaC03 Calc. hardness:

Element ratios
82.1 % Usually 50%

41.5 % Usually 50%
10.7 /. Usually 20%

35.4 % Usually < 40%

1.0012

826.7 [IIg/L CaC03

Meas HC03
Calc HC03

Carbonate/bicarbonate at pH
43.0 [IIg/L Meas C03
43.0 mg/L Calc C03

6.5
0.0
0.0

mg/L
mg/L



90

Sample 5-NT62B92
SOURCE ROCK ESTIMATE

Si02 not analysed
Si02 not analysed
si02 not analysed
Plagioclase weathering possible
Albite or ion exchange
Granitic weathering
Ca removal

ion exchange or calcite precipitation
Dedolomitization likely
Carbonate weathering, brine,

evaporites or sea water
Silicate or carbonate weathering
Sea water, brine, or evaporites
Undersaturated with respect to calcite

0.07
0.04

-1.13

1.1
1230 mg/L

CI/su'm anions
HC03/sum anions
Langelier Indell

.Si02 (mmol/L) =
HC03/Si02
Si02/(Na+K-Cl)
(Na+K-CI)/(Na+K-Cl+Ca)= 0.46
Na/(Na + Cl) 0.B2
Mg/(Mg+Ca) 0.35
Ca/(Ca + S04) 0.41

(Ca + Mg)/S04
TDS calculated

Carbonate option
Mineral
HALITE
CALCITE
DOLOMITE
GYPSUM
ION EXCH
C02 GAS

Silicate option
M:ineral
HALITE
ALBITE(K)
ANORTHIT(K)
DIOPSIDE
GYPSUM
C02 GAS

Analysed silica

Mass Balance Calculation

Dissolves Precipitates
1.100

-3.135
2.920
7.527
1. 973

-2.001

Dissolves Precipitates
1.100
3.945

-5.108
2.920
7. 527

-4.707

0 Silica from albite and diopside 588 - 825

TEMPERATURE ESTIMATES IN DEGREES C

Good
Mg-Li
Na-Li
Na-K-Ca (Kg corrected)

for temperatures 20 - 350 C
--) 0
--) 0
--) 61

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures ) 70 C
Quartz-no steam loss --) 0
Quartz-maximum steam loss --) 0

Do not use
May not be

--)

--)

--)

--)

Na-K (Fournier)
Na-K (Truesdell)
Na-K-Ca (t < 100 C)
Na-K-Ca (t ) 100 C)

for oil-field waters
useful below 150 C

287
299

77
191



Sa.mpl e 6-NT62892
7.4TempC 25.0 pH

TDS 1300.0 COND 1716.0
HARD 0.0 DENS 0.0
x-cor 0.0 y-cor 0.0
Units mg/L rock. 0.0

mg/I. mmole/L meq/L % meq/L
Na+ 163.0 7.0897 7.0897 40.6
K + 17.5 0.4475 0.4475 2.6
Ca++ 111. a 2.7695 5.5389 31.8
Mg++ 53.0 2.1800 4.3600 25.0
C1- 96.0 2.7078 2.7078 17.7
504-- 413.0 4.299'4 8.5968 56.1
HC03- 246.0 4 .. 0317 4.0317 26.3
C03-- 0.0 0 .. 0000 0.0000 0.0
Si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 0.0000 0.0
Sr++ 0.0 0.0000 0.0000 0.0
Ba++ 0.0 0.0003 0.0007 0.0
Pe++ 0.1 0.0026 0.0052 0.0
N03- 0.0 0.0000 0.0000 0.0
P- 0.0 0.0000 0.0000 0.0
Br- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGELIER INDEX 0.28 SAR 3.2
Conductivity 1716 umho Est. Condo = 1744 umho

Analytical checks and comparisons

91

TDS entered
TOS calc L100 mg/L
Entered TOS - TDS(calc) diff=

Sum cations 17.4421 Sum anions 15.3383
BALANCE 6.42 %

= L300 mg/L
TOS(180) calc 975 mg/L

15.4 % Entered TOS - TOS(180) diff= 25.0 %

TDS(entered)/Cond ratio
TOS(ca1c)/Cond
Conductivity/Sum-cations

Conductivity
0.76
0.64
98

1716
Usual
Usual
Usual

umho
range
range
range

0.55 to 0.75
0.55 to 0.75
90 - 110

Meas. Density

Meas. hardness=

Na/(Na+Cl)

Ca/'(Ca + 504)
K/(Na + K)

Mg/(Mg+Ca)

Entered and calculated density
0.0000 Calc. Density

Entered and calculated hardness
0.0 mg/I. CaG03 Calc. hardness=

ELement: ratios
72.4 % UsuaLly 50%

39.2 % UsuaLly 50%
5.9 % Usually 20%

44.0 % Usually 40%

1.0010

495.4 mg/L CaG03

Me as RC03
Calc RC03

Carbonate/bicarbonate at pH =
246.0 mg/L Meas CO)
245.1 mg/L Calc C03

7.4
0.0
0.4

mg/L
mgiL



Sample 6-NT62892
SOURCE ROCK ESTIMATE

92

Si02 (mlDol/L)
HC03/Si02
Si02/(Na+K-Cl)
(Na+K-CI)/(Na+K-Cl+Ca)= 0.64
Na/(Na + Cl) = 0.72
Mg/(Mg+Ca) 0.44
Ca/(Ca + S04) 0.39

(Ca + Mg)/S04
TDS calculated

CI/sum anions
IIC03/sum anions
Langelier Index

1.2
1100 mg/L

0.16
0.26
0.26

si02 not analysed
si02 not analysed
Si02 not analysed
Plagioclase weathering possible
Albite or ion exchange
Granitic weathering
Ca removal

ion exchange or calcite precipitation
Dedolomitization likely
Carbonate weathering, brine.

evaporites or sea water
Silicate or csrbonate weathering

Oversaturated with respect to calcite

Carbonate option
Mineral
HALITE
CALCITE
DOLOMITE
GYPSUM
ION EXCH
C02 GAS

Mass Balance Calculation

Dissolves
2.708

-1.519
2.180
4.299
2.191
1.191

Silicate option
MiDeral
HALITE
ALBITE(K)
ANORTHIT(K)
DIOPS!DE
GYPSUM
C02 GAS

Dissolves
2.708
4.382

2.160
4.299

Precipitates

-3. HO

-1.650

Analysed silica o Silica from albite and diopside 525 - 789

TEMPERATURE ESTIMATES IN DEGREES C

Mg-Li
Na-Li
Na-K-Ca (Mg corrected)

for t,emperatures
--) 0
-- > 0
--) 43

20 - 350 C

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures ) 70 C
Quartz-no steam loss --) 0
Quartz-maximum steam loss --) 0

Do not use
May not be

-->
--)

-->
--)

Na-K (Pournier)
Na-K (Truesdell)
Na-K-Ca (t ( 100 C)
Na-K-Ca (t > 100 C)

for oil-field waters
useful below 150 C

223
212

85
169



25.0
Sa.ple 7-NT62892

7. ':>;. Tem"pC pH
TDS 306.0 COND 439.0
HARD 0.0 DBNS 0.0
x-cor 0.0 y-cor = 0.0
Units mg/L rock 0.0

mg/L lllmole/L meq/L % lIIIeq/L
Na+ 28.0 1.2179 1.2179 28.3
K + 6.6 0.1688 0.1688 3.9
Ca++ 32.0 0.7984 1.5968 37.1
Mg++ 16.0 0.6581 1.3162 30.6
CI- 16.0 0.4513 0.4513 9.7
S04-- 132..0 1.3741 2.7463 59.0
HC03- 89.0 1.4586 1.4586 31.3
C03-- 0.0 0.0000 0.0000 0.0
Si02 0.0 0.0000 0.0000 0.0
Li+ 0.0 0.0000 0.0000 0.0
Sr++ 0.0 0.0000 0.0000 0.0
8a++ 0.0 0.0002 0.0005 0.0
Pe++ 0.1 0.0020 0.0039 0.1
N03- 0.0 0.0000 0.0000 0.0
P- 0.0 0.0000 0.0000 0.0
8r- 0.0 0.0000 0.0000 0.0
B 0.0 0.0000 0.0000 0.0

LANGELIER INDEX -0.47 SAR
Conductivity 439 umno Est. Condo

Analytical checks and comparisons

1.0
430 umho

93

TDS entered
TDS calc 320 mg/L
Entered TDS - TDS(calc) diff=

4.6582
-3.95 %

Sum cations 4.3041

-4.5 %

Sum anions
BALANCE

306 mg/L
TDS(lBO) calc 275 mg/L
Entered TDS - TDS(180) diff= 10.3 %

TDS(entered)/Cond ratio
TDS(calc)/Cond
ConductivitY/Sum-cations

Conductivity
0.70
0.73

102

439
Usual
Usual
Usual

umho
range
range
range

0.55 to 0.75
0.55 to 0.7~

90 - 110

Heas. Density

Heas. hardness=

Na/(Na+Cl)

Ca/(Ca + S04)
K/(Na + K)

Hg/(Mg+Ca)

Entered and calculated density
0.0000 Calc. Density

Entered and calculated hardness
0.0 mg/L CaC03 Calc. hardness=

Element ratios
73.0 % Usually ) 50%

36.7 % Usually ) 50%
12.2 % Usually < 20%

45.2 % Usually < 40%

1.0003

145.8 mg/L CaC03

Heas HC03
Calc HC03

Carbonate/bicarbonate at pH =
89.0 mg/L Heas C03
88.7 mg/L Calc C03

7.5
0.0
0.2

mg/L
mg/L



Sample 7-NT62892
SOURCE ROCK ESTIMATE

94

si02 (mmol/L)
HC03/Si02
Si02/(Na+K-Cl)
(Na+K-Cl)/(Na+K-Cl+Ca)= 0.54
Na/{Na + Cl) 0.73
Mg/(Mg+Ca) 0.45
Ca/(Ca + 504) 0.37

(Ca + Mg)/S04
TOS calculated
Cl/sum anions
HC03/sum anions
Langelier Index

1.1
320 mg/L

0.10
0.31

-0.47

Si02 not analysed
Si02 not analysed
5i02 not analysed
Plagioclase weathering possible
Albite or ion exchange
Granitic weathering
Ca removal

ion exchange or calcite precipitation
Dedolomiti~ation likely
Silicate weathering possible
Silicate or carbonate weathering

Undersaturated with respect to calcite

Carbonate option
Mineral
HALITE
CALCITE
DOLOMITE
GYPSUM
ION EXCH
C02 GAS

Silicate option
Mineral
HALITE
ALBITE(K)
ANORTH IT ( K)
DIOPSIDE
GYPSUM
C02 GAS

Analysed silica

Mass Balance Calculation

Dissolves Precipitates
0.451

-0.851
0.658
1.374
0.383
0.993

Dissolves Precipitates
0.451
0.767

-1. 234
0.658
1.374
0.527

0 Silica from albite and diopaide 125 - 171

TEMPERATURE ESTIMATES IN DEGREES C

Good
Mg-Li
Na+-L i
Na-K-Ca (Mg corrected)

for temperatures
--) 0
--) 0
--) 53

20 - 350 C

Chalcedony
Good for low temperatures 30 - 70 C

--) 0

Good for temperatures ) 70 C
Quart~-no steam loss --) 0
Quart~-maximum steam loss --) 0

Na-K (Fournier)
Na-K (Truesdell)
Na-K-Ca (t < 100
Na-K-Ca (t ) 100

Do not use
May not be

--)

--)

C} --)
C) --)

for oil-field waters
useful below 150 C

304
323

62
191
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1"ST62892 Date; 9/24/95 13: 18

DOX= .0000 DOC = .0 INPUT l'IlS = 1660.0
Anal Cond = 1716.0 Calc Con<! = 1727.5
Anal 8PMCAT ~ 23.5372 AIIal IU'tlAN = 14.4567 PerceDt differenee ift in.put cAtion/anion balooct! .; 47.7995
BRROR IN CALCULATED CHARGB BALANCB GREATER TItAN 30 PERCmf. CRBCI: INPUT DATA.

Cal c 8PMCAT = 18.8484 Calc BPIlAN = 9.8175 Pe:rcent difference in calc cation/anion balance = 63.0080
Total Ionic St<elllth ('j' .1.5.) f<otIl input data = .036H
8ffecti v& Ionic Strength (11.1.5.) f<OlO apeciation = .02671

Sato Calc
InpuL Si&... Pe3/P02 Si8""' H202/02 Si&J08 N03/N02 siS- 1lO3/NJl4 Si_ 11202/02 Si_ S04/S= Si.- Aa~/AB3 8i_
- ~ - - - ~ .. - - - - - - - - - - - - - - - - - - - - - - - Ilh - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9.900 .000 9.900 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

- - - - - - - - - - - pB - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000

Effective
l' I'll TDS ppa> Ionic Stl' p02 H .. pC02 At.. pCII4 Atol CO2 Tot Uncoil co2 Jl-PW Uncol:U CO2 Nc<b Alk aH20

25.00 3.800 1109.2 .02671 0.008+00 0.002+00 O.ooB+OO .00000 0.008+00 0.008+00 7.488-11 .9997

I S~cie6 Anol ppu' Calc PpIII Anal Molal Calc Mold Acthity Act Cocff -LoS Act
0 Ca 2 222.000 171.599 5.5461-03 4.2861-03 2.366B-03 .5520 2.626

28 CaOH 1 .000000 4.391B-12 3.7598-12 .8561 11.425
31 CaS04 oq 0 171.125 1. 258E-03 1.266B-03 1.0062 2.897
81 CoHS04 1 .184 1. 343n-06 1.1508-06 .0561 5.939

1 Mg 2 30.000 30.161 1.5658-03 1.242E-03 6.9572-04 .5601 3.158
10 MgOH 1 .000000 8.2331\-12 7.048n-12 .8561 11.152
22 MilS04 aq 0 38.838 3. 230E-04 3.250B-04 1.0062 3.488

2 No 1 84.000 82.907 3.658B-03 3.6118-03 3.0988-03 .8580 2.509
43 N.S04 1 5.665 4.7648-05 4.0798-05 .8561 4.389

3 II: 1 14.200 13.944 3.6368-04 3.5708-04 3.041B-04 .8518 3.517
1,5 1:504 -I .885 6.558B-06 5.6158-06 .8561 5.2$1
63 H 1 .182 1.8048-04 1.585B-01, .8700 3.800
26 011 -I .000001 7.3888-11 6.3251\-11 .8561 10.199

5 S04 -2 693.000 1102.H4 7.2238-03 4.8208-03 2.6278-03 .5451 2.581
62 11504 -1 4.577 4.7218-05 4.0428-05 .8561 4.393
84 N03 -I .700 .700 1.1308-05 1. 130B-05 9.677E-06 .8561 5.014
50 Al 3 10.950 5.503 4.0638-04 2.0428-04 5.0468-05 .2471 4.297
51 AI0H 2 .266 6.063B-06 3.2578-06 .5373 5.407
52 AI(OH)2 1 .011 1.8638-07 1.595B-07 .8561 6.797

181 Al(0II)3 0 .00.0098 1.2598-09 1.2668-09 1.0062 8.897
53 A1(OH)4 -1 .00000o 9.330B-13 7.9888-13 .8561 12.098
58 A1504 I 19.928 1.6228-04 1.3888-04 .8561 3.858
59 AI(S04)2 -I 7.401 3.3821!-o5 2.8958-05 .8561 4.538

203 AIHS04 2 .001357 1.0958-08 5.8828-09 .5373 8.230
16 Pe tote I 2 3.2',8 5.8238-05

109 PIn 2 4.749 3.784 8.6558-05 6.895£-05 3.7058-05 .5373 4.431
114 MnOIl 1 .00000o 7.016£-12 6.0068-12 .8561 11.221
115 !!n(01l) 3 -1 .00000o 1. 7218-28 1.4738-28 .8561 27.832
118 Mn(N03)~ 0 .00000o 1.3738-14 L3818-14 1.0062 13.860
117 MnS04 "'I 0 2.655 1.760B-05 1.7718-05 1.0062 4.752
130 CU 2 13.230 10.286 2.0845-04 1.6218-04 8.7068-05 .5373 4.060
138 CeOIl I .000516 6.4148-09 5.4928-09 .8561 8.260
139 Cu(OU)2 0 .000007 7.1938-11 7.2378-11 1.0062 10.140
140 Ce(OH)3 -J .00000o 3.2138-20 2.7518-20 .8561 19.561
141 Cu(OH)4 -2 .00000o 6.4438-29 3.4628-29 .5373 28.461
142 Ce2(OR)2 2 .000004 2.4548-11 1.3198-11 .5373 10.880

CD
0>



I-ST62692

I Specieti Alltil PlAD Calc p",a Anal Molal Calc Molal Aotivity Act CoeH -Log Act

l!o3 CUSO~ a'l 0 7.399 4.64111-05 4.6708-05 1.0062 1,.331

145 Zn 2 103.600 77 .211 I. 587B--03 1. 183B-03 6.3538-04 .5313 3.197

151 ZnOIl 1 .000422 5.1328-09 4.3948-09 .8561 8.357

152 2n(01l)2 0 .000000 3.1638-13 3.1828-13 1.0062 12.497

153 2n(OH)3 -I oo0סס0. 7.4148-21 6.347B-21 .8561 20.197

154 20(OH)4 -2 OOסס00. 1.1818-29 6.3458-30 .5373 29.198

158 2n504 aq 0 62.703 3.8898-04 3.9138-04 1.0062 3.408

159 2n(504)2 -2 3.997 I. 5548-05 8.350B-06 .5373 5.078

160 Cd 2 .1012 .289 3.6708-06 2.5738-06 1.3838-06 .5313 5.859

161 CdOIl 1 OOסס00. 8.4121l-13 7.253B-13 .8561 12.139

168 Cd(OIl)l 0 OOסס00. 2.442&-19 2.457B-19 1.0062 18.610

169 Cd(01l)3 -1 .o00ooo 2.0311l··28 I. 139B-28 .8561 21.160

110 Cd(OH)4 -2 oo00סס. 1.819&-38 9.1158-39 .5313 38.010

111 Cd2011 3 .000000 I. 963B-11 4.900B-18 .2471 17.310

113 edN03 1 .000001 3.9258-11 3.3618-11 ,8561 10.474

114 CdS04 aq 0 .211 1.0418-06 1.048B-06 1.0062 5.980

211 Cd(S04)2 -2 .012 5.6138-08 3.0168-08 .5313 1.521

182 Vb 2 .333 .184 1. 6091l--06 8.8961l-07 4.7198-07 .531) 6.321

192 PI>OH 1 .000015 6.8668-11 5.81811-11 .8561 10.231

193 Pb(OIl}~ 0 oo0סס0. 1.4341l-16 1.442B-16 1.0062 IS .841

194 PL(OH}3 -1 .o00ooo 1.220B-23 1.0/,5&-23 .8561 22.981

242 Pb(OH)4 -2 .000000 2.8108-31 I. 5098-31 .5313 30.821

195 Pb2011 3 .000000 2.536B-15 6.261E-16 .2411 15,203

200 Pb3(OH}4 2 .000000 4.211&-28 2.2628-28 .5313 27. 61,S

196 PbN03 1 .000021 1.9901!-11 6.8418-11 .8561 10.165

197 PbS04 aq 0 .213 7.0118-01 7.0618--07 1.0062 6.151

243 Pb(50 f,)2 -2 .001222 1.8118-08 9.7298-09 ,5313 8.012

204 Ni 2 .168 .603 1.310£-05 1.028£-05 5.5268-06 ,5313 5.258

208 NiOIl 1 .000000 5.6198-12 4.811£-12 .8561 11.318

209 Ni(01l)2 0 .000000 2.1858-11 2.1988-17 1.0062 16.658

210 Ni(OH)J '1 .o00ooo 1.620£-21, 1.3878'-24 .8561 23.858

211 NiS04 aq 0 .435 2.813&-06 2.8308-06 1.0062 5.51,8

283 Ni(501.)2 2 .000186 1.4288-10 3.9918-10 .5313 9.399

89 Ba 2 .042 .025 3.0621l-01 1.7981l-07 9.6618-08 .5313 7.015

90 BaOH 1 oo00סס. 3.1298-11 2.6198-11 .8561 16.512

201 llaS04 aq 0 .029 I. 2648-07 1.2728-07 1.0062 6.895

~
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Phase Log !>PIn Sipa(A) Sis-('e) Los AI'/HinKl' Log 4P/MaxIIT Log AI' Log KT Los HinKT Log MaxKT

140 AlOH3 (a) -3.283 -2.594 -34.894 -31.611 -32.300
471 AI01I504 .H2 .312 -.OOB -3.078 -3.230 -3.390 -3.070

472 AI4(OH) 10S04 -4.470 18.230 22.700
338 Alum k -7.807 -12.977 -5.170

50 Alunite 2.571 -02.763 -85.33/,
17 A"hydrite -.569 -5.206 -4.637

144 Barite .301 .176 -9.595 -9.976 -9.773

52 Boeluoi te -1.478 -.965 -34.894 -33.416 -33.929
19 Brucite "12.351 -23.555 -11.204

154 Diaspore .227 -31, .894 -35.121
340 Rpsomi te -3.599 -5.739 -2.140

51 Gibbsite (0) -1. 667 .200 -1. 3114 -2.337 7.103 8.770 8.487 9.41,0
18 Gypsum -.607 -5.207 < -4.600
66 Micabilio:e -6.486 -7.600 -I. 114
65 Thcuurdite -7.419 -7.598 -.179

188 pyrooroite -11.920 -12.213 3.168 15.088 15.381

182 Mn504 -9.681 -7.012 2.669
234 Cu(01l)2 -5.100 -5.660 3.540 8.640 9.200
238 Gu2(OH)3N03 -10.975 -11.045 -1. 735 9.240 9.310
239 A.ntler-ite -7. 852 -8.462 .438 8.290 8.900
240 Bl"ochantite -11.362 .160 -11.172 -11.522 3.978 15.31.0 15.1SO 15.500

241 LsI'llit. -12.812 -13.422 3.978 16.790 17 .400

242 TenOl"ite -4.080 -3.810 -4.350 3.540 7.620 7.350 7.890

2/03 CuOCuSO/• -22.231 -10.701 11.530
247 CuS04 -9.651 -9.291 -10.061 -6.641 3.010 2.650 3.420

248 Cha108nchi te -4.001 -3.681 -4.506 -6.641 -2.640 -2.960 -2.135

271 Zo(OH)2 (a) -8.047 -7.857 -8.077 4.403 12.450 12.260 12.480

272 Zn(OH)2 (c) -7. 797 4.403 12.200
273 Zo(OH)2 (b) -7.347 .020 -6.917 -7.487 t•• 403 11. 750 11.320 11.090

274 Zn(OH)2 (C) -7. 307 -6.787 -7.437 4.403 11.710 11.190 11.840
275 z.n(01l)2 (e) -7.097 .030 -6.547 -7.217 4.403 11.500 10.950 11.620

270 202(0II)2S04 -8.875 -1.375 7.500
279 Z04(08)6504 -20.969 7.431 28.400
280 ZnN03)2. 6H20 -16.666 -13.226 3.440
281 z.nO(aotive) -6.907 -7.167 -7.457 4.403 11.310 11. 570 11.860

282 Zineite -6.737 -6.587 -7.137 4.403 11.140 10.990 11.540

283 2030(504)2 -26.172 -7.152 19.020
290 Zinco9ite -8.788 -9.706 -5.778 3.010 3.930

291 z"S04, 11120 -5.208 -5.278 -5.778 -.570 -.500

292 Bianchi te -4.013 -4.758 -5.778 -I. 765 -1.020

293 Goalor i te -\: 818 -3.900 -5.778 -1.960 -1.870

320 Cd(OH)2 (.) -11.990 -11.870 -12.560 1.740 13.730 13.610 14.300

321 Cd(OU)2 (e) -11.910 .01,0 1. 740 13.650
323 Cd3(OH)4S04 -27.519 -4.959 22.560
324 Cd30H2(S04)2 -21.849 -15.139 6.710
325 Cd4(OIl)6S04 -31.619 -3.219 20.400
326 Monteponite -13.379 -13.999 I. 741 15.120 15.740

329 CdS04 -8.340 -0.310 -0.3l)() -8.440 -.100 -.130 -.OSO
330 CdS04. Hl20 -6.783 -6.U.O -6.810 -8.440 -1.657 -1.680 -1.630

331 CdS04 .2. 7820 -6.567 -6.550 -6.500 -8.440 -1.073 -1.8l)() -1.860

367 MaS& icot -11.631 -11.511 1.279 12.910 12.790
366 Lith....ge -11 .441 -11.361 -11. 791 1.279 12.720 12.640 13 .070

369 PbO, .3U20 -II. 701 1.279 12.980
371 LarnaJdce -7. 342 -1.322 -7.622 -.280 -6.300
372 Pb302504 -16.743 -6.343 10.400
373 Pb403S04 -27.163 -5.063 22.100
384 Anslesite -1.111 .020 -1.031 -0.l)()1 -7.790 -7.070

<0
00
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Phaae Lug AP/KT Si_(A) Sigtll'l(T) Log AP/MinKT Log AP/MaxKT Log AP Log KT Log MinXT Lo6 MaxKl'
369 Fb(OH)2 (e) -6.871 -12.351 1.279 8.150 13.630
393 Pb20(OH)2 -23.642 -24.542 2.558 26.200 27.100
394 Pb4(OH)6S04 -26.164 -5.064 21.100
411 Ni(OH)2 -8.458 .100 -8.248 -10.958 2.342 10.800 10.590 13.300
412 Ni4(OH)6S0/• -32.812 -.812 32.000
413 Dun8<:!nite -10.108 -10.048 2.3/,2 12.450 12.390
1.16 Retgors i te -5.199 -1.839 -2.040
411 Moreno8itc -5.419 -7.839 -2.360

<0
C&>
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2-ST62892 Date 9124/95 13: 18

OOX : ooסס. OOC : .0 INPUT TDS = 1135.0
Anal Cond = 1262.0 Gttlc Cond = 1252.1
Anal 81'MGAT = 15.3302 Alln! IlPMAN = 10.1.182 Percent difference in input cation/linion balance
8RROR IN CALCVI.ATIlD CHAI\GE BALANCIl GRIlATIlR THAN 30 PERCIl!fT. CHIlGJ: INPUT DATA.

40.9615

Clilc fiPMCAT: 12.784/, Calc P.PMAN : 7.5739
'fotal 10nio So.r~lIgth (T .I.S.) from i.nput data
Effective 10llic Strength (8.1.S.) froa speciation

Pel'cent difference in oalc
.02371
.01861

cacion/anioll balance 5l.1879

Sato <;ale
Input Sil<U"' Pe3/Pe2 SiUuoa H202/02 SillU\U 003/002 SigmD N03/NH4 Si8Jllll H202/02 Sigma S04/S= sigma AsS/As3 Si(lll!Q
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Bh - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9.900 .000 9.900 .000 9.900 .000 .000.000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

- - - - - - - - - - - - - - - - - - - - - - pH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
100.000 .000 100.000 .000 100.000 .000 100.000 .000 loo.00U .000 100.000 .000 100.000 .000 100.000 .000

Effacti va
T pll TDS ppm Ionic Str p02 At.. pC02 Atm pC114 Atlll CO2 Tot Vncom CO2 ppm Uneom CO2 Herb Alk al/20

2:>.00 6.000 814.1 .01861 O.OOE+OO 2.108-02 0.008+00 .00110 3. 621l-04 1. S9fi+01 1.lSE-08 .9998

I Specic~

0 Co 2
28 eaOH 1
31 CaSOI, aq 0
81 CoHS04 1
29 CaHC03 1
30 CaC03 d'l 0

1 Mg 2
18 MgOII 1
22 MgS04 aq 0
21 MgHC03 1
20 MgC03 aq 0

2 Na 1
43 NaS04 -I
42 NnllCOJaq 0
41 NaUlJ -I

3 I( 1
4:> 1(504 -,
63 II I
26 OK (

17 ('.03 "2
6 YCOJ "I

85 I12C03 'q 0
5 504 -2

62 11504 -I

84 N03 -(

16 Pe tota,) 2
109 PIn 2
119 MnllG03 I
114 HllOII 1
115 Mu(01l)3 -(

118 Hn(N03)2 0
117 MnS04 Bq 0
no Cu 2
271 CullG03 I
131 CuG03 ,,~ 0
132 Cu(G03)2 -2

Anal l-IPOl
159.000

32.000

61.000

16.100

24.000

466.000

.900

.055

.359

.195

Calc ppm Anal Molal Calc Molal Activity Act eo<:ff -Log Act
126.280 3.9708-03 3.15311-03 1. 883B-03 .5971 2.725

oo31סס. 5.4228-10 4.7411l-10 .8744 9.324
109.949 8.083B-04 8.118B-04 1.0043 3.091

.000729 5.319B-09 4.650B-09 .8744 8.333

.01l2 8.732Jl-06 7.635B-06 .8744 5.117

.004684 4.6848-00 4.7048-08 l.0043 7.328
26.042 1.317Il-03 1.072B-03 6.471B-Q4 .6036 3.189

.000049 1. 188B-09 1.0398-09 .8744 8.983
29.168 2.4251!-Q4 2.4361l-Q4 1.0043 3.613

.233 2.736B-06 2.39211-06 .8744 5.621

.000773 9.HOIl-09 9.2108-09 l.0043 8.036
60.347 2.6568-03 2.6278-03 2.3018-03 .8759 2.631l
3.321 2.7928-05 2.4411l-05 .8744 4.612

.034 4.Q97B-07 4.1148-07 1.0043 6.386

.000060 1.2158-10 6.361B-I0 .874'. 9.196
15.864 4.1211!-04 4.0618-04 3.S31l8-o4 .8714 3.451

.813 6.0198-06 5.263B-06 .8744 5.279

.001129 1. 1211!-o6 l.oooB-06 .8922 6.000

.000195 1.14711-08 1.0028-08 .8744 7.999

.001497 2.4978-08 1.4911l-08 .5973 7.826
22.047 3. 937!1-0-4 3.6168-04 3.1791l-04 .6791 3.498
44.090 7.1158-04 7.1478-04 l.0045 3.146

343.263 4.85511-03 3.5768-03 2.11711-03 .5918 2.674
.023 2.3501l-07 2.0558-07 .8744 6.667
.900 1.4538-05 1.4538'-05 l.2701!-05 .8744 4.896

9.8568-07
.292 6.5408-06 5.3258-06 3.1138-06 .5646 5.507
.002442 2.1088-08 1.8438-08 .8744 7.735
oo7סס0. 9. 1491!-11 8.oooB-ll .8744 10.097
.o00ooo 5.6388-23 4.9308-23 .8744 22.307
.o00ooo 1. 9911!-15 1.999B-15 1.0043 14.699
.180 1.1948-06 1.1998-06 l.0043 5.921
.137 3.0711!-o6 2.157B-06 1. 261J1-o6 .5846 5.899
.029 2.2988-07 2.0098-07 .8744 6.697
.012 1.0068-07 1.0108-07 1.0043 6.996
.o00ooo 3.2428-12 1.8958-12 .5846 11. 722 .....

0
0
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[ Speciet> Anal ppm Ca[c ppm N'sl /1Qlal Calc Holal Actiyity Act Coeff -Log Act
138 CuOIi 1 .001161 I. 442B-08 1.2618--\18 .8744 7.899
139 Cu(01l)2 0 .002556 2.6221!-oS 2.6348-08 1.0043 7.579
140 Cu(01l)3 -I .000000 1.8141!-15 1. s87U-Is .87/,4 14.800
141 Cu(01l)4 -2 .000000 5.414E-Z2 3.1658-22 .58f.6 21. 500
142 c..2(01l)~ 2 .000019 1.1901!-10 6.9588-11 .5846 10.157
143 CuJi04 aq 0 .087 5.4271!-07 5.450g-07 1.00t,3 6.264
145 211 2 53.850 40.594 8. ~44E-04 6.215E-04 3.633E--\l4 .5846 3.440
272 2nllCO) 1 2.100 1.6631l-05 1. 4548--\15 .8744 4.837
273 2nC03 0 .135 1.016U-06 1.00IE--\l6 l.oot,3 5.966
274 21l(C03)~ ·2 .000109 5.8938-10 3.4458-10 .5846 9.463
151 2..011 I .037 4.5558-07 3.9838-07 .81t.4 6.400
152 Zo(01l)2 0 .000452 f,.552P.--\l9 4.5128-09 1.00f,3 8.31.0
153 20(011)3 1 .000000 I. 6531l-lf, 1,1,458-14 .0144 13.640
154 Zo(OH)4 -2 .000000 3.9101l-21 2.2901l-Z1 .58/.6 20.640
158 ZnS04 aq 0 ~8.95~ 1.195E-04 1.8038-04 1.0043 3.144
159 Z..(S04)~ ·2 1. 365 5.3048-06 3.IOIE-06 .5846 5.509
160 Cd 2 .~55 .182 2. 271E--\l6 1.6248-06 9.4918-07 .5046 6.023
166 Cd(C03)3 -4 .000000 4.46'1l-23 5.218&-24 .1160 23.283
275 CdJIc03 1 .007528 f,. 3441~-08 3.7998-08 .8144 1.420
276 CdC03 0 .000610 3.5401!·-o9 3.5558--\19 1.0043 8./,49

167 CdOIl 1 .000012 9.0261!-1l 7.8938-11 .0144 10.103

168 (;(j(Oll)~ 0 .000000 4.2191\-15 4.2388-15 1.0043 14.313

169 Cd(OH)3 --I .000000 5.4361l-22 f,.7548-22 .0744 21. 323

170 Cd(OH)4 -2 .000000 1.246E-30 4.2368-30 .5846 29.313
171 Cd20H 3 .000000 1.2278-15 3.666E-16 .2988 15.436

113 CdNO] I .000006 3.463B-11 3.0281l-11 .81104 10.519
171• CdS04 3q 0 .120 5.769E-Ol 5.7948-07 1.0043 6.231
277 Cd(SOf, )2 2 .004790 2.300E-08 1.3448-08 .50f,6 7.871
204 Hi 2 .335 .251 5.1118--\16 4.281&--\16 2.502&-06 .5846 5.602
280 HillC03 I .015 1.256B-07 1.0988-07 .8744 6.959
281 NiC03 0 .033 2.7551!-07 2.766E--\l7 1.0043 6.558
282 Hi(C03)~ -2 .0000U2 1.2261!-11 7.1658-12 .5fJ/16 11.145

206 NioH I .000030 3.950E-IO 3.45411-10 .8744 9.462

209 Ni(OH)2 0 .000000 2.4918-13 2.5018-13 1.001.3 12.602

210 Ni(OH)3 -I .000000 2.8608-18 2.5018-18 .8744 17.602

211 NiS04 '''' 0 .159 1.0208-06 1.033E--Q6 1.0043 5.986

263 Hi (S04)2 -2 .0000,0 2.008E-1O 1.1748-10 .5046 9.930
09 8a 2 .020 .017 2.040E-07 1.2628--\17 7.3758-08 .58f,6 7.132

90 8,,011 I .000000 3.706E-15 3.24IE-15 .0744 14.409

~Ol Ua~O/.i.l<l 0 .018 7.790E-08 7.823E-08 1.0043 7.107

......
o-.
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l'haoe /.og AP/Kl' liillJlll1(A) 5i gIII8(T) Log AP/tlinKT LOll AP/MaxJcr Loa AP Log KT Log tlinK'l' Loll MaxKT

17 Anhydrite -.763 -5.400 -4.637

21 Anllonlte -2.216 .020 -10.552 -8.336
150 Artinite "10.677 -1.277 9.600
144 norile .169 -.034 -9.807 -9.976 -9.773

19 Brucit. -7.983 -19.187 -11.204
12 C.lcite -2.072 .020 -1.992 -10.552 -0.400 -8.560

11 Dolomite -4.567 -21. 567 -17 .0Uo
]40 Bpsomi te -3.724 -5.864 -2.140

18 Gypsum -.800 -5.',00 -f, .600

117 Huntit. -13.630 -43.598 -29.960
30 lIyd1'11>0 glle. i t -26.487 -63.249 -36.762
10 Macnesite -2.906 -2.736 -3.236 -11.015 -8.029 -8.279 -7.779

66 tli rubi lit. -6.837 -7.9H -L.lI4
56 N.hcnl i te -5.588 -6.136 -.540
60 Naeron -11.793 -13.104 -1.311

149 NeBqueliol\lu~ -5.395 -5.803 -6.47U -11.016 -5.611 "5.1H -4.546

65 The"srdite -7.771 -7.950 -.179
61 Thurwonatr -13.228 -13.103 .125
59 Trone -10.44) -19.236 -.795

JI,5 Witherito -6.37/. -1.624 -14.959 -8.585 -13.335

108 Pyroeroit" -8.595 -6.080 6.1,93 15.080 15.301

190 Rhodoehro. it -2.923 -2.314 -3.340 -13.333 -10.410 -11.019 -9.993

182 HIIS04 -10.850 -8.181 2.669
231 CuC03 -4.096 -4.076 -4.lI6 -13.726 -9.630 -9.650 -9.610

234 Cu(01l)2 -2.539 -3.099 6.101 8.6f10 9.200

235 Malaohile -2.446 .060 -1.796 -2.656 2.704 5.150 4.500 5.360

236 Azurite -'I.l.ta) .090 -1.873 -.693 3.750 1.180
238 Cu2(01l)3N03 -7.935 -8.005 1.305 9.240 9.310

239 Antled te -4.662 -5.272 3.628 8.290 6.900

240 Brochonti le -5.612 .160 -5. 42~ -5.772 9.728 15.340 IS .150 1).500

241 Laogi to -7.062 -7.672 9.728 16.790 17.400

242 Tenedto -1.519 -1.249 -1.789 6.101 7.620 7.350 7.890

20 CuOCnS04 -26.003 -14.473 11. 530
247 CuS04 -lI .584 -11.224 "11.994 -8.574 3.010 2.650 3.420

248 Chaleonthice -5.934 -5.614 -6.439 -8.574 -2.640 -2.960 -2.135

268 S.,ith.o"it. -1. 266 -.456 -1.446 -11.266 -10.000 -10 .810 -9.820

269 lnC03. IH20 -1.006 -11.266 -10.260
271 2,,(011)2 (a) -3.890 -3.700 -3.920 8.560 12.450 12.260 12.480

272 20(OH)2 (c) -3.640 8.560 12.200
273 2n(01l)2 (b) -3.190 .020 -2.760 -3.330 8.560 11.750 11 .320 11.890

274 2n(01l)2 (8) -3.150 -2.630 -3.280 8.560 11. 710 11.190 11.840

275 2,,(OH)2 (0) -2.940 .030 -2.390 -3.060 8.560 11.500 10.950 11.620

278 202(OH)2S04 -5.054 2.446 7.500

279 2"4(OH)6504 -8.834 19.566 28.400

2AO 2nN03)2.61120 -16.673 -13.233 3.440

281 2"U(aetive) -2.750 -3.010 "3.300 0.560 11.310 11.570 11.860

282 2ineit. -2.580 -2.430 -2.980 8.560 11.1',0 10.990 11.540

283 2n30(S04)2 -22.668 -3.668 19.020
290 ZineoMi\..~ -9.124 -LO.044 -6.lIf. 3.010 3.930

291 Z"SOf,. 1H20 -5.5l,4 -5.614 -6.114 -.570 -.500
292 Bianchile -4.350 -5.095 -6.115 -1 . 76~ -1.020

293 Goalarite -4.155 -4.245 -6.115 -I. 960 -1.870

Jt~ Otsyite -.109 -.039 -2.639 -13.849 -13.740 -13.810 -11.210

320 Cd(OH)2 (a) -7.753 -7.633 -8.323 5.977 13.730 13.610 14.300

321 Cd(01l)2 (c) -7.673 .040 5.977 13.650
323 Cd3(OH)4S04 -19.303 3.257 22.560

324 Cd30H2(S04)2 -18.127 -11.417 6.710 ......
0
N
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Phaae Log AJ'!trr Sisma(A) 5ig... (T) Lo8 AP!PlinltT L08 AP!MaxXT !.og AP Log KT LoC PlinKT Log MaxJ('j'
325 Cd4(OH)6504 -19.166 9.234 20.400
326 Monteponite -9.143 ·-9.763 5.977 15.120 15.740
329 CdS04 -0.597 -8.567 -0.647 -0.697 -.100 -.130 -.050
330 CdS04. 1H2O -7.040 -7.011 -7.067 -0.697 -1. 6~ 7 -1.600 -1. 630
331 CdS04. 2. 7H20 -6.024 -6.807 -6.037 -8.697 -1.873 -1.090 -1.860
410 NiC03 -6.500 -13.428 -6.8100
411 Ni(01t)2 -4.402 .100 -4.192 -6.902 6.390 10.800 10.590 13.300
412 Ni4(OH)6S04 -21.001 10.919 32.000
413 I:lunfienit~ -6.052 -5.992 6.390 12.450 12.390
416 Rety:el'site -6.237 -0.277 -2.0/,0
It J7 Marcno8 i tf' -5.917 -0.277 -2.360

.....
o
w



3-ST62892 Date = 10/14/95 21:45

POX = .0000 DOC = .0 UlPUT TDS = 1062.0
Anal CoD<! = 1211.0 Calc eo.d = 1196.0
Allal IIPMCAT = 14.1419 Aaa1 UIIAM = 9.5178 PerceJlt differ...... in input cation/anion babnce
1lII1IOR IN CALCULATID alARGI BALAIICII GRlATBIl TIL\1I 30 PIlIICIlIft'. amc:r: lllPlll' DU'A.

Calc BPIlCAT = 12.5613 Calc IPIlAN = 1.2423 Percent differonce in calc "ation/nnion balanco
Total Ionic Strenath (T.LS.) f ..... in....t data = .OU42
BffectiYa Ionic St......th (l.l.S.) fre- o~clatlOD = .01786

43.7122

53.7180

Sato
fo3/fo2 Slgae H202/02 SigaeInput Sl~

9.900 .000 9.900 .000 9.900 .000

Calc
N03/N02 Sis-a N03/NH4 Sis-a H202/02 9i..- S04/S= 81... .,,5/~3 lis-a

- - - - - - - Bh - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
.000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

100.000 .000 100.000 .000 100.000 .000 100.000
- - pI - - - - - - - - - - - -
.000 100.000 .000 100.000 .000 100.000 .000 100.000 .000

Iffective
T pll TDS PVlt Ionic 8t.. 1'02 At. pCQ2 At. pCll4 A~ 002 Tot Uuc_ CO2 _ UncOIl CO2 Ncrb AU

25.00 6.300 170.7 .01786 0.001+00 1.53£-02 0.008+00 .00109 5.268-04 2.311+01 2.218-08
aH20

.9998

I Speci,s
o Ca 2

28 CaOB 1
31 CaS04 0'1 0
81 CaIlS04 1
29 CaItc03 1
30 CaC03 aq 0

1 lis 2
18 JIsQII 1
22 "'504 "'I 0
21 IlFIC03 1
20 1laC03 0'1 0

2 Me I
43 IlaS04 -1
42 IlaHCOJaq 0
41 IlaCOJ -1

3 It I
45 1tS04 -I
63 H 1
26 011 -1
17 C03 -2

6 1lC03 -1
85 H2003 aq 0

5 504 -2
62 1IS04 -1

4 01 -1
84 N03 -1
16 ra total 2

109 "" 2
119!1i>1lOO3 I
111 MDCl 1
112 MnC12 Dq 0
113 ....013 -1
114 IlnOII 1
115 ""(011)3 -1
118 ....(1103)2 0
117 1lnS04 ~ 0

Anal ppe
147.000

35.000

60.000

15.500

35.000

415.000

10.000
.900
.132

1.589

Calc PVIt Anal Kolel Calo Holal Actiyity Act Gooff -Loa Act
118.853 3.6708-<l3 2.96811-03 1. 7878-03 .6021 2.748

.000058 1.0251-09 8.9791-10 .8764 9.047
93.958 6.9011-04 6.9351-04 1.0041 3.159

.000311 2.2728-09 1.9911-09 .1764 8.701
1.216 1.20411-05 1.05511-05 .8764 4.977

.013 1.2921-07 1.2971-07 1.0041 6.887
28.948 1.4U8-03 1.19211-03 7.2511-04 .6085 3.140

.000109 2.6518-09 2.32311-09 .8764 8.634
29.428 2.4478-04 2.4571-04 1.0041 3.610

.380 4.4548-06 3.9031-06 .8764 5.409

.002516 2.9868-08 2.9981-08 1.0041 7.523
59.416 2.6121-03 2.5878-03 2.2711-03 .8779 2.644
2.943 2.4748-05 2.1688--05 .8764 4.664

.049 5.8861-07 5.9108-07 1.0041 6.228

.000113 2.0808-09 1.8238-09 .8764 8.739
15.295 3.9671-04 3.9158-04 3.4208-04 .8735 3.466

.706 5.2251--06 4.5798-06 .8764 5.339

.000~5 5.6081--07 5.0121-07 .8937 6.300

.000388 2.2821-08 2.0008-08 .8764 7.699

.004312 7.1911-08 4.332Jt-08 .6024 7.363
32.032 5.741B-04 5.2548-04 4. 629B-04 .8810 3.335
32.180 5.1921-04 5.215B-04 1.0044 3.283

306.289 4. 323B-03 3.1911-03 1.9051-03 .5971 2.720
.010 1.058Jl-07 9.2698-08 .8764 7.033

9.9B9 2.82.38-04 2. 820B-04 2.4631-04 .8735 3.609
.900 1.453.1-05 1.4538-05 1. 273B-05 .8164 4.895

2.3451-06
1.313 2.895l!-o5 2.3921-05 1.41111-05 .5899 4.850

.016 1.38810007 1.2161-07 .8764 6.91S

.001449 1.6041-08 1.4068-08 .8764 7.852

.00000o 9.3698-13 9.4088-13 1.0041 12.027

.00000o 1. 192B-16 1.0451-16 .8764 15.981

.000059 1.255B-I0 1.2351-10 .8164 '.141

.00000o 2.0268-21 1.7H8-21 .8764 20.751

.00000o 9.06U-1S 9.1041-15 1.0041 14.041

.735 4.8728-06 4.1921-06 1.0041 5.S11 .-
2
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I Specie. And Pi'll Calc Pi'll Anal Molal Calc Mo181 AotiYity Aot CO"ff -Loa Act
130 Cu 2 .137 .086 2.U8B-il6 1.362B-06 8.034B-.o7 .5899 6.095
271 CuR003 1 .026 2. 127B-il7 1.864B-il7 .8764 6.730
131 CuOO3 8\1 0 .023 1.861B-il7 1.869B-il7 1.0041 6.728
132 Cu(003)2 -2 .000003 1. 727B-ll 1.019B-11 .5899 10.992
133 Cucl 1 .000060 6.0778-10 5.326B-I0 .8764 9.274
134 Cue12 aq 0 .00000o 7.0168-14 7.045B-14 1.0041 13.152
135 Cue13 -1 .00000o 7.0258-20 6.Un-20 .8764 19.211
136 CuC14 -2 .00000o 1.288B-25 7.6011-26 .5899 25.119
138 CuOII 1 .001472 1.8298-il8 1.603B-il8 .8764 7.795
139 Cu(0ll)2 0 .006484 6.652B-ilS 6.6798-oa 1.0041 7.175
140 Cu(0fI)3 -1 .00000o 9.1618-15 a.0288-iS .8764 14.095
141 CU(OO)4 -2 .00000o 5.4178-21 3. 195B-21 •!HI99 20.495
142 Cu2(OH)2 2 .000031 1. 9<>68-10 1. 124B-I0 .5899 9.949
143 CUS04 8\1 0 .050 3. 1121l-il7 3. 125B-07 1.0041 6.S05
145 Zu 2 49.910 37.939 7.641B-D4 5.8088-04 3.426B-D4 .5699 3.465

272 ZoH003 1 2.876 2.2788--{)5 1.9978-05 .6764 4.700

273 ZnC03 0 .369 2.949B--{)6 2.9628-06 1.0041 5.526

274 Zo(C03)2 -2 .000861 4. 6478--{)9 2.7418-09 .5699 8.562

146 ZoCl 1 .026 2.592B-.{)7 2.2718-07 .6764 6.644

147 ZuC12 8Cl 0 .000008 5.834B-ll 5.6568-11 1.0041 10.232

148 ZoC13 -] .00000o 1.647B-14 1.6191-14 .8764 13.791

149 ZnC14 -2 .00000o 3.388B-18 1.9998-16 .5899 17.699

151 ZuOfI 1 .070 8.5SlB-'{)7 7.49411-07 .8764 6.125

152 Zn(0II)2 0 .001698 1. 709B--08 1.716B--08 1.004] 7.765

153 Zn(00)3 -1 .00000o 1. 235B-13 1.083B-13 .8764 12.965

154 2n(0II)4 -2 .00000o 5.803B-20 3.423B-20 .5899 19.466

155 ZlIOllClall 0 .000654 5. 552B-'{)9 5. 57S8-'{)9 1.0041 8.254

158 tnS04 all 0 24.583 1. 524B--{)4 1. 53OB--{)4 1.0041 3.815

159 Zo(S04)2 -2 1.033 4.017B-Q6 2.369B-06 .5899 5.625

160 Cd 2 .215 .154 1.914B-<16 1. 371B-.{)6 8.0908-07 .5899 6.092

166 Cd(00J)3 -4 .00000o 9.005£-22 1.090B-22 .1211 21.962
275 CdllOO3 1 .009321 5.379B~ 4.714B-Q8 .8764 7.327
276 Cd003 0 .001510 8.7678-09 8.80JB-il9 1.0041 8.055

161 CdCl 1 .003208 2.1718-08 1.90JB-il8 .8764 7.721

162 CdC12 all 0 .llOOOO4 1.94611-11 1.9548-11 1.0041 10.709

163 Cdc13 -1 .00000o 3.465B-15 3.037B-15 .8764 14.518

167 CdOn 1 .000020 1.5328-10 1.3428-10 .B764 9.872

168 Cd(0II)2 0 .00000o 1.4328-14 1. 438B-14 1.0041 13.842

169 Cd(0II)3 -1 .00000o 3.613B-21 3.2198-21 .8764 20.492

170 Cd(oH)4 -2 .00000o 9.7008-29 5.7228-29 .5899 28.242

171 Cd20H 3 .00000o 1.1438-15 5.3158-16 .3050 15.274

172 CdOllClu'f 0 .000003 1. 5621l-11 1.~8B-11 1.0041 10.805

173 Cdl103 1 .000005 2.9528-11 2.5871-11 .8764 10.587

174 CdS04 aq 0 .092 4.4278-07 4.4458-i17 1.~1 6.352

277 Cd(S04)2 -2 .003278 1.5741-08 9.2851-09 .5899 8.032

204 IIi 2 .322 .222 5.489.-06 3.784B-il6 2.2328-il6 .5899 5.651

280 lliHC03 1 .019 1. 628B-il7 1.4261-07 .8764 6.846

281 lIi003 0 .085 7.139B-il7 7.169B-07 1.0041 6.145

282 llHOOJ)2 -2 .000016 9.144B-ll 5.3948-11 .5899 10.268

206 Nicl 1 .000148 1.5768-09 1.3318-09 .8764 8.860

279 Nic12 0 .00000o 1.2308-12 1.235B-12 1.0041 11.908
208 NiOIl 1 .000053 7.0148-10 6.1478-10 .8764 9.211
209 111(011)2 0 .00000o 8.84611-13 6.8838-13 1.0041 12.051

210 111(011)3 -1 .00000o 2.0228-17 1. 7728-17 .8764 16.752

211 Ills04 ~ 0 .128 8.2591-07 8.2931-07 1.0041 6.081

283 111(904)2 -2 .000036 1.4388-10 8.4831-11 .5899 10.071
89 Ba 2 .033 .021 2.4058-07 1.541B--07 9.0lI81-il8 .5899 7.042 0

C11
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I Spt>d08
90 BaOlJ 1

201 BaS04 8'1 0

Anal PI* Calc PI*
.o00ooo
.020

Anal Molal Calc Molal
9.092B-n
a.642B-oa

Acthity
7.96aB-n
a.6781-.08

Act Coeff
.6764

1.0041

-Log Act
14.099
1.062

-'-

8
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Phass Loa AP/r.t Sillllol(A) SiPM(T) Log AP/Minl'r Log AP/Mul'r Loll AP Log KT I.og MillET Lo._T
11 Afthydri u -.a31 -5.468 """.637
21 AralODi te -1.775 .020 -10.111 -8.336

150 ArtiDi te -9.1160 -.260 9.600
144 Barits .214 .011 -9.762 -9.976 -9.773

19 Brucite -1.333 -18.537 -11.204
12 c..1dto -1.631 .020 -1.551 -10.111 -8.480 -8.560
11 Dolo.ih -3.614 -20.614 -17 .000

340 I!psaal te -3.720 -5.1160 -2.140
18 C1PS_ -.1168 -5.468 -4.600
64 Halite ~7 .834 -6.252 1.582

117 lIuetit. -11.652 -41.620 -29.968
38 1lT4~anesi t -23.787 -60.549 -36.762
10 Magnesite -2.474 -2.224 -2.721< -10.503 -8.029 -8.279 -7.779
66 Miubillte -6.1195 -11.009 -1.114
58 Kahcolite -5.430 -5.978 -.546
60 Matron -11.341 -12.652 -1.311

149 Nesquebonite --4.882 -'.370 -5.957 -10.503 -5.6Z1 -5.133 -4.546
65 Thaoardite -7.1129 -8.008 -.179
61 Therwonatr -12.776 -12.651 .125
59 Trona -17.835 -18.630 -.195

145 Witherite -5.820 -1,070 -14.405 -8.585 -13.335
188 Prrocroite -7.339 -7.632 7.749 15.088 15.381
190 Rhodoebro. i t -1. 801< -1.195 -2.221 -12.211< -10.410 -11.019 -9.993
191 IlnCI2. 4820 -H.778 -12.068 2.710
182 IInSOI< -10.240 -7.571 2.669
230 MBla.Dotha11 i -17,042 -17.762 -13.312 3.730 4.450

231 euC03 -3.828 -3.808 -3.81<8 -13.458 -9.630 -9.650 -9.610

234 eu(OH)2 -2.135 -2.695 6.505 8.640 9.200

235 Ma!Behita -1.775 .080 -1.125 -1. 985 3.375 5.150 1<.500 5.360

236 A&urite -3.505 .090 -.935 .245 3.750 1.180
237 Atees.ita -4.239 -4.139 -4.389 3.101 7.340 7.240 7.490

238 Cu2(08)3J103 -7.426 -7.496 1.811< 9.240 9.310

239 Antler i tt -4.096 """.706 1<.194 8.290 8.900
240 llrocb.ntite -1<.641 .160 -4.451 -4.801 10.699 U.340 15.150 15.500
241 Lus1u -6.091 -6.701 10.699 16.790 17.400
242 Tenor! te -1.115 -.845 -1.385 6.505 7.620 7.350 7.890

243 CUOCUS04 -26.440 -14.910 11.530
247 CuS04 -11.825 -11.465 -12.235 -8.815 3.010 2.650 3.420

248 Cluoleanthit. -6.116 -5.856 -6.681 -8.816 -2.640 -2.960 -2.135

267 ZnC12 -11.712 -17.742 -10.682 7.030 7.060

268 s.itbsonite -.828 -.018 -1.008 -10.828 -10.000 -10.810 -9.820

269 ZD<:03. IH20 -.569 -10.829 -10.260
271 Zn(Ol1)2 (a) -3.315 -3.U5 -3.345 9.135 12.450 12.260 12.480

272 Za(OB)2 (c) -3.065 9.135 12.200
273 Zn(OB)2 (b) -2.615 .020 -2.185 -2.755 9.135 11. 750 11.320 11.890

274 ZD(OII)2 (I) -2.575 -2.055 -2.705 9.135 II. 710 11.190 11.1140

275 Zn(0lI)2 (e) -2.365 .030 -1.815 -2.485 9.135 11.500 10.9SO 11.620
276 Zn2(0lI)3C1 -6.839 8.361 15.200
277 Za5(Qft)8CI -12.644 25.156 38.500
278 za2(0lI)2S04 ~o\.551 2.90\9 7.500
279 ZD4(OU)6S04 -7.181 21.219 28.400
280 ZnlI(3)2.61l20 -16.696 -13.256 3.440
281 ZnO(aetin) -2.175 -2.435 -2.725 9.135 11.310 11.570 11.860

282 Zineite -2.005 -1.855 -2.405 9.135 11.140 10.990 11.~

283 Za30(S04)2 -22.256 -3.236 19.020
290 ZineoBit,Q -9.195 -10.115 -6.185 3.010 3.930

291 ZaS04. 1N20 -5.615 -, .685 -6.115 -.570 -.500
0....,
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Pbaoe Loa "pIn 8i_(O\) Sipa(T) Loa Al'/MiaQ' Log Al'/MlurJ: Loa AI' Log KT Loa Mian Lo, IIuU

292 Bi...ehlte -4.421 -5.164 -6.186 -1.765 -1.020

293 Goelarite -4.226 -4.316 -6.186 -1.960 -1.870

315 Ot:nite .285 .355 -2.245 -13.455 -13.740 -13.810 -11.210

316 Cdcn -12.629 -12.839 -13.309 -.680 -.470

317 Cdc12. 11120 -11. 599 -13.309 -1.710

318 CdCI2.2.5H20 -11.369 -13.309 -1.940

320 Cd(0II)2 (a) -7.222 -7.102 -7. 792 6.50B 13.730 13.610 14.300

321 Cd(0Il)2 (c) -7.142 .040 6.508 13.650

322 CdOlICI -6.921 -6.701 -3.401 3.520 3.300

323 Cd3(0II)4S04 -18.357 4.203 22.560

324 Cd3Oll2(S04)2 ·17 .826 -11.116 6.710

325 Cd4(OR)6S04 -17 .689 10.711 28.400

326 Mootepoaite -8.612 -9.232 6.508 15.120 15.740

329 CdS04 -8.712 -8.682 -8.762 -8.812 -.100 -.130 -.050

330 CdS04. 11120 -7.155 -7.132 -7.182 -8.812 -1.657 -1.680 -1.630

331 CdS04. 2.71120 -6.939 -6.922 -6.952 -8.812 -1.873 -1.890 -1.860

410 NiC03 -6.175 -13.015 -6.840

411 lIi(08)2 ·3.851 .100 -3.641 -6.351 6.949 10.800 10.590 13.300

412 lIi4(08)6504 -19.526 12.474 32.000

413 Buo.Daiu -5.501 -5.441 6.949 12.450 12.390

416 RatSenita -6.332 -8.312 -2.040

417 MoreMait. -6.012 -8.372 -2.360

~



Percent differeoca in input catioo/anion balanco
PIRCINT. CHICI INPUt DATA.

4-NT62892

DOX = .0000 DOC = .0
Anal Cond = 1867.0 Calc Cond = 1846.0
ADel BPMCAT ~ 24.1202 Anal BPKAN = 15.5948
BRROR IN CALCULATID CHARGB BALANCB GRBATBR THAN 30

INPUT TDS = 1766.0

Oata 10/12/95 19:20

42.9328

Calc 8PMCAT = 19.9265 Calc 8PHAN = 11.4044
Total IODic Stren.th (T.I.S.) fro. inpot data
Bffecti.e lonio Strenath (I.I.S.) fro. apeciatioD

Porcent difference in calc
.03588
.02749

c~tjon/Qnjon balance 54.4004

S.to Calc

Input Sig_a Pe3/Pa2 SislII. 8202/02 Sis"s 1I03/N02 Sis..a 1I03/N1I4 Sia_a H202/02 Sipa S04/8= Sis•• Aa5/h3 Si
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Bb - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9.900 .000 9.900 .000 9.900 .000 .000' .000 9.900 .000 9.900 .000 9.900 .000 9.900

- - - - - - - - - - - pB - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000

Sffective
l' (>11 'COS Pl'. Ionic Str 1'02 .H. pC02 At. pCII4 At. C02 Tot Unco_ CO2 1'1'. Uncolo CO2 Herb Alk all2

25.00 6.400 IH3.2 .02749 0.001+00 1.508-02 O.OOltOO .00125 6.618-04 2.91S+01 2.95a-08 .9

I Sp.cl".
0 Ca 2

28 CaOH 1
31 CaS04 aq 0
81 CeH804 1
29 CeHC03 1
30 CaC03 aq 0

1 H8 2
18 1I1l0H 1
22 MIlS04 ''1 0
21 MIlHC03 1
20 HIlC03 a" 0

2 Ha 1
43 llaS04 -1
42 Na1lC030'1 0
41 NaC03 -1

3 I 1
45 1804 -1
63 H 1
26 011 ~1

17 C03 -2
6 8C03 -1

85 H2C03 a'i 0
5 S04 -2

62 8504 -1
4 Cl -1

84 N03 -1
16 ro total 2

109 II. 2
119 IIDHC03 1
111 HnCI 1
112 IInC12 ~q 0
113 MDC13 -1
114 HDOH 1
115 IID~On)3 -1
118 IID(1I03)2 0
117 IInS04 aq 0

Anol pp.
203.000

62.000

120.000

27.000

46 .000

664.000

35.000
.600
.090

4.484

Calc PI'.
156.844

.000091
154.306

.000417
1.841

.024
49.169

.000220
62.485

.743

.006031
118.413

8.037
.118
.000532

26.516
1.672

.000457

.000500

.007323
40.267
31.312

462.476
.011

34.939
.600

3.558
.050
.012
.000003
.000000
.000188
.000000
.000000

2.461

Ana 1 110 Ia 1
5.0718-03

2.5531-03

5.2268-03

6.914H-04

7.5488-04

6.9218-03

9.8851-04
9.6891-06
1.6141-06
8.1721-05

Calc 110101 Activity Act Coeff -LOI Act
3.91&1-03 2.1498-03 .5484 2.668
1.5901-09 1.359B-09 .8546 8.867
1.135B-03 1.1428-03 1.0063 2.942
3.0481-09 2.6058-09 .8546 8.584
1.8231-05 1. 5581-05 .8546 4.807
2.3961-07 2.4121-0' 1.0063 6.618
2.0251-03 1.1278-03 .5S67 2.948
5.3201-09 4.5461-09 .8546 '.342
5.1981-04 5.231B-04 1.0063 3.281
8.7221-06 7.4548-06 .8546 5.128
7.1621-08 7.2071-08 1.0063 7.142
5. 1578-03 4.417Jl-03 .8565 2.355
6.7591-05 5.7778-05 .8546 4.238
1.4038-06 1.4121-06 1.0063 5.850
6.4188-09 5.4851-09 .8546 8.261
6.7908-04 5.7721-04 .8501 3.239
1.2391-05 1.0591-05 .8546 4.975
4.53611-07 3.98U-07 .8777 6.400
2.9461-08 2.5188-08 .8546 '.599
1.2221-07 6.6991-08 .5483 7.114
6.6081-04 5.6868-04 .8605 3.245
5.05511-04 5.0898-04 1.0067 3.293
4.8211-03 2.6098-03 .5413 2.583
1. 180B-07 1. 0081-07 .8546 6.996
9.8681-04 8.3898-04 .8501 3.076
9.6891-06 8.2801-06 .8546 5.082

6.4841-05 3. "98-05 .5335 4.461
4.2851-07 3.6628-07 .8546 6.436
1.3748-07 1.1741-07 .8546 6.930
2.6588-11 2.6751-11 1.0063 10.573
1.1841-14 1.0121-14 .8546 13.995
2.6121-09 2.2321-09 .8546 8.651
1. 0161-20 8.6791-21 .8546 20.062
9.3821-15 9.4428-15 1.0063 14 .025
1.6321-05 1.6428-05 1.0063 4.785 ...

a
<0



4-HT62892

I Specie. Anal pp. Calc pp. Aoal Holel Calc Holal Activity Ac~ Coeff -LoS Ac~

130 Cu 2 .046 .026 7.24811-07 4.17111-07 2.22S1l-07 .5335 6.653
271 Oulle03 1 .009229 7.4t9ll-08 6.3418-08 .8546 7.198
131 CuC03 aq 0 .009815 7. 95411-08 8.005B-08 1.0063 7.097
132 Ou(C03)2 -2 .000002 1.26411-11 6.74511-12 .5335 11.171
133 OuCI 1 .000058 $.8788-10 5.0248-10 .8546 9.299
134 CuC12 ''1 0 .000000 2.2498-13 2. 263R-13 1.0063 12.645
135 CuC13 -1 .000000 7.882*-19 6.737B-19 .8546 18 .172
136 CuC14 -2 .000000 5.3098-24 2.8328-24 .5335 23.548
138 OuOH 1 .000526 6.5378-09 5.5878-09 .8546 8.253
139 C,,(01l)2 0 .002838 2.9128-08 2.931ll-08 1. 006 3 7.533

140 Cu(OH)3 -1 .000000 5.1898-15 4.43411-15 .8546 14.353
141 Ou(OU)4 -2 .000000 4.1648-21 2.2228-21 .5335 20.653
142 0,,2(011)2 2 .000004 2.5598-11 1. 3658-11 .5335 10.865
143 CuS04 aq 0 .019 1.1788-07 1.1858-07 1.0063 6.926
145 ZII 2 89.580 64.347 I. 37211-03 9.8568-04 5.2588-04 .5335 3.279

H2 ZoIlCO) 1 5.558 4.4048-05 3.7648-05 .8546 4.424
273 ZoC03 0 .815 6.9848-06 7.0288-06 1.0063 5.153
274 Zo(C03)2 -2 .003490 1.88S1l-08 1.00n-08 .5335 7.997
146 hCl 1 .140 1.3898-06 1.1878-06 .8546 5.925
147 ZnC12 .'1 0 .000141 1.0368-09 1.0438-09 1.0063 8.982
148 ZoC13 -1 .000000 1.1498-12 9.8168-13 .8546 12.008

149 ZnC14 -2 .000000 7.7368-16 4.1278-16 .5335 15.384

IH 200n 1 .139 1.6948-06 l.U88-06 .8546 5. 839

152 ZD(OH)2 0 .004116 4.1418-08 4.1738-08 1.0063 7.380

153 Zo(OH)3 -1 .000000 3.8188-13 3.3148-13 .8546 12.480

154 Zo(OH)4 -2 .000000 2. H28-19 1.3198-19 .5335 18.880

155 Z"OnCla<l 0 .004289 3.6448-08 3.6678-08 1. 0063 7.436

158 ZnS04 aq 0 51. 527 3.1968-04 3.2168-04 1.0063 3.493

159 Zo(S04)2 -2 3.287 1. 2188-05 6.81911-06 .5335 5.166

160 Cd 2 .431 .283 3.8398-06 2.5198-06 1. 344&-06 .5335 5.872

166 Cd(C03)3 -4 .000000 8.2648-21 6.6948-22 .0810 21.114

275 CdUC03 1 .019 1.1258-07 9. U9lt-08 .8546 7.017

276 CdC03 0 .003869 2.2418-08 2.2618-08 1.0063 7.646

161 CdCl 1 .019 1. 260B-07 1.0778-07 .8546 6.968

162 CdC12 nq 0 .000068 3.7418-10 3.7658-10 1.0063 9.424

163 CdCll -1 .000000 2.3328-13 1.9931-13 .8546 12.701

167 CdOU 1 .000042 3.2841-10 2.8068-10 .8546 9.552

168 Cd(OH)2 0 .000000 3.7608-14 3.7848-14 1.0063 13.422

169 Cd(OK)3 -1 .000000 1.2488-20 1.0668-20 .8546 19.972

170 Cd(OH)4 -2 .000000 4.4738-28 2.3868-26 .5335 27.622

171 Cd20H 3 .000000 7.5628-15 1. 8448-15 .2432 14.734

172 CdOBCln'l 0 .000018 1.1098-10 1.1178-10 1.0063 9.952

173 CdK03 1 .000006 3.270B-11 2.1958-11 .8546 10.554

174 CdS04 aq 0 .209 1. 0058-06 1. 0 1111-06 1.0063 5.995

277 Cd(S04)2 -2 .Oll 50 421ll-08 2.8928-08 .5335 7. 539

204 Iii 2 .949 .599 1.6188-05 1.0228-05 5.4538-06 .5335 5.263

280 NillC03 1 .060 5.0088-07 4.280B-07 .8546 6.369

261 NiC03 0 .319 2.6918-06 2.7088-06 1.0063 $.567

282 Ni(C03)l -2 .000105 5.9058-10 3.1508-10 .U35 9.502

206 Hiel 1 .001264 1.3458-08 1.1498-08 .8546 7.940

279 NiC12 0 .000005 3.478B-ll 3.500B-11 1.0063 10.456

208 NiOU 1 .000167 2.2128-09 1.8908-09 .6546 11.724

209 Ki(OH)2 0 .000000 3.4161-12 3.4388-12 1.0063 11.464

210 IIi(OHl3 -1 .000000 1.0108-16 8.6338-17 .1I5U 16.064

211 IliS04 aq 0 .426 2.7578-06 2.7748-06 1.0063 5.S57

283 Ni(S04)2 -2 .000182 7.2858-10 3.8168-10 .5335 9.410

89 Ba 2 .044 .026 3.2088-07 1.119511-07 1.0111-07 .5335 6.995 ..........
0



~-NT62692

I Speci8l:J
90 BeOU 1

201 BaSO~ Q'I 0

A".l pp. Calc Pp.
.000000
.031

A"a1 Ho1a1 Calc Ho1al
1. 3051-14
1.3141-07

A.ctivity
1.1168-14
1.32U-07

Act Coaff
.6546

1.0063

-Log Act
13.953
6.879

-->......



4-NT62892

Phase LoS APj"'T Sis·a(A) Sig.a(T) Log APjMin"'T Log APjMa.KT Log AP LOll itT LOB MioKT Log lola

17 Anhyd ri t e -.614 -5.251 -4.637

21 Ar••onite -1. 506 .020 -9.842 -1.336
150 Artinite -9.310 .290 9.600
144 lIarita .397 .194 -9.579 -9.976 -9.77

19 Brueite -6.942 -18.146 -11.204

12 Calcite -1.362 .020 -1.282 -9.842 -8.480 -8.560

11 Doloajt~ -2.964 -19.964 -17.000

340 Sp.oai t. -3.393 -S.533 -2.140

18 Gyp .... -.652 -5.252 -4.600

64 Oalite -7.013 -5.431 1.512

117 Huatite -10.240 -40.208 ~29.968

36 Hydr••lIusait -21.872 -58.634 -36.762

10 Ma.a•• ite -2.093 -1. 843 -2.343 -10.122 -6.029 -8.279 -7.77

66 Mirabilite -6.161 -7.295 -1.114

58 N.hcolito -5.052 -5.600 -.546

60 lIatroD -10.574 -11.865 -1.311

149 N~aqu.ho"ic& -4.501 -4.989 -5.576 -10.122 -L621 -5.133 -4.54

65 TheDardite -7.114 -7.293 -.179

61 Theraonatr -12.009 -11.884 .125

59 Trona -16.689 -17.484 -.795

145 Witherite -5.584 -.834 -14.169 -8.585 -13.335

188 pyrocroits -6.749 -7. 042 8.339 H.088 15.38

190 Rhodochroait -1.225 -.616 -1.642 -11.635 -10.410 -11.019 -9.99

191 M"e12. 41120 -13.324 -10.614 2.710

162 MnS04 -9.714 -7.045 2.669

230 Melanotholli -16.53$ -17.255 -12.805 3.730 '•• 4S

231 CuC03 -4.19 7 -4.177 -4.217 -13.827 -9.630 -9.6$0 -9.61

234 Cu(OH)2 -2.493 -3.053 6.147 8.640 9.20

235 Ha1achito -2. 501 .080 -1.851 -2.711 2.649 5.150 4.500 5.3'

236 A,urite -4.599 .090 -2. 029 -.849 3.150 1.180

237 Ataoa.ite -4.522 -4.422 -4.672 2.816 7.340 7. 240 7.49

238 Cu2(OH)3N03 -8.428 -8.498 .812 9.240 9.31

239 Antlarita -5.232 -5.842 3.058 8.290 8.90

240 Broch"Dtite -6.135 .160 - 5.945 -6.295 9.205 15.340 15.150 15. 50

241 Lanaite -7.585 -8.195 9.205 16.790 11.40

242 Tenorit" -1.473 -1. 203 -1.143 6.147 7. 620 7. 350 7.89

243 CuOCuS04 -27.419 -15.889 11. 530

247 CuS04 -12.246 -11.886 -12.656 -9.236 3.010 2.650 3.42

248 Cbalcanthite -6.597 -'.277 -7.102 -9.237 -2.640 -2.960 -2.13

267 ZoC12 -16.462 -16.492 -9.432 1.030 7.06

268 S.itheoDite -.453 .357 -.633 -10.453 -10.000 -10.810 -9.82

269 he03. 1820 -.193 -10.453 -10.260
271 ZIl(OH)2 (a) -2.930 -2.740 -2.960 9.520 12.4$0 12.260 12.48

272 ZIl(OH)2 (c) ·2.680 9.520 12.200

213 Zn(OB)2 (b) -2.230 .020 -1. 800 -2.370 9.520 11. 750 11. 320 11.89

274 Zn(OH)2 (I) -2.190 -1. 670 -2.320 9.520 11. 710 11.190 11.84

275 Zn(OH)2 (e) -1.980 .030 -1. 4 30 -2.100 9.520 11.500 10.950 11.U

276 Zn2(OU) 3Cl -5.635 9.565 15.200
277 Zn5(OH)8C1 -9.850 28.650 38.500

278 Zn2(OH)2S04 -3.842 3.656 7.500
279 Zn4(OH)6S04 -5.701 22.699 28.400

280 ZnN03)2.6820 -16.884 -13.444 3.440

281 ZnO(active) -1.789 -2.049 -2.339 9.521 11.310 1l.HO 11.86

282 Zinc i ta -1.619 -1.469 -2.019 9.521 11. 140 10.990 11. S4

283 Zn30(S04)2 -21.225 -2.205 19.020

290 Zillcoeita -8. el3 -9.793 -5.863 3.010 3. 93

291 ZDS04. 1820 -5.293 -5.363 -5.863 -.570 -.50 ~....
N



4-N'1'62892

Pbaaa Log AP lIT SiS8a(A) Sig8a(T) Log AP/MiolT Log AP/Me.KT Log AP LoS IT Loa MinKT Log He

292 8ia"obite -4.099 -4.844 -5.864 -L?65 -1.02

293 Goa1arita -3.904 -3.994 -5.864 -1.960 -1.81

315 Otayite .694 .764 -1.836 -13.046 -13.740 ~13.810 -11.21

316 CdC12 -11.344 -11.554 -12.024 -.680 -.47

317 Cdc12. 1820 -10.314 -12.024 -1.110
318 CdC12.2.5d20 -10.085 -12.025 -1. 940
320 Cd(08)2 (a) -6.802 -6.682 -7. 312 6.928 13.130 13.610 14.30

321 Cd(OR)2 (e) -6.722 .040 6.928 13.650
322 CdORCl -6.068 -$.848 -2.548 3.520 3.300
323 Cd3(OB)4S04 -17.159 5.401 22.560
324 CdJ082(S04)2 -16.692 -9.982 6.710
325 Cd4(08)6S04 -16.071 12.329 28.400
326 Honteponite -8.192 -8.812 6.928 15.120 15.74

329 CdS04 -8.355 -8.32S -8.405 -8.455 -.100 -.130 -.05

330 CdS04, 1820 -6.798 -6.775 -6.825 -8.455 -1.657 -1.680 -1.63

331 CdS04,2.1U20 -6.583 -6.566 -6.596 -8.456 -1.873 -1. 890 -1.86

410 NiC03 -5.H7 -12.437 -6.840

411 N1(08)2 -3.264 .100 -3.054 -5.164 7.536 10.800 10.590 13.30

412 1114(08)6904 -17.238 14.762 32.000
413 8unaenite -4.914 -4. 854 7.536 12.450 12.39

416 Retger.ite -5.808 -7.848 -2.040

417 MoreDosite -5.488 -7.848 -2.360

-'"
-'"
W



Parcent difference in input cation/enion balance
rlaCIRT. CBBCI INPUT DATA.

~-HT62892

DOX = .0000 DOC = .0
.na1 Cond = 1918.0 Calc Coad = 1953.~

.oal 8PHCA~ ~ 24.6947 An81 IPHAII = 16.8878
;1111011 til CALOUI.A'Ull CIIAIlGS 84U\lCI GIlU'rIla THAI 30

IIIPUT TDS = 1754.0

Date 10/12/95 19:30

H.5486

:alc SPMCAT = 20.1298 Calc RPM"N = 12.3301
'otal Ionic Stren.th (T.l.S.) fro_ input data
.frecti.e Ionic Strensth (8.1.8.) frOM .peeletloD

Pereent difference in caJc
.0378~

.02871

c.tioJI/anion b.l.nce 48.0~73

Sato Calc
Input Si8MU Pe3/P02 Si8M. 8202/02 Sig_. 1l03/flOZ Sig-.. 1I03/NH4 SiS" 8202/02 SiIlM. S04/1I= IIi II". Aa5/h3 8icM'
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Sb - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - •
9.900 .000 9.900 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 •000 9.900 .000

- - - - - - - - - - - - - - - - - - - - - - - pB - - - - - - - - - - - - - - - - - - - -
00.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000 100.000 .000

BffectiYo
T pll TOS ppM Ionic St:r p02 AtM pC02 AtM pCH4 AtM C02 Tot UneOM CO2 ppM UIlOOM CO2 Herb A1I< 81120

25.00 6.~no 1310.9 .02871 0.008+00 1.128-02 O.OOS+OO .00107 6.238-04 2.741+01 3.721-08 .9996

I Sp.cies
a C. 2

28 CaOIl 1
31 CaS04 aq 0
81 CaRS04 1
29 CallC03 1
30 CaC03 aq 0

1 HC 2
18 IIC08 1
22 IICS04 .'1 0
21 MCHC03 1
20 MSC03 aq a

2 lIa 1
43 lIaS04 -I
42 Ra8C030q 0
41 ftaC03 -1

3 I 1
45 1S04 -1
63 R 1
26 OH -1
17 C03 -2

6 HC03 -1
05 82003 DOl a

5 S04 -2
62 8S04 -1

" C1 -I
84 N03 -1
16 f. total 2
09 "n 2
19 "n1lC03 1
11 "nCl 1
12 lIae12 .'1 0
13 IIne13 -1
14 MD08 1
15 IIn(OU)3 -1
18 lIa(1I03)2 0
17 "_S04 .'1 0

Anal ppM
214.000

71.000

116.000

23.700

43. 000

723.000

39.000
.~OO

.196
4.221

Cal0 ppM
162.986

.000118
170.884

.000368
1.785

.029
55,570

.000310
75.300

.784

.007986
114.355

8.358
.107
.000608

23.243
1. 578

.000363

.000632

.008753
37.939
23. 367
~03.291

.009809
38.943

,500

3.307
.043
.013
.000004
.000000
.000211
.000,000
.000000

2.436

Anal "alaI
5.34 61-0J

2.9248-03

5.0521-03

6.0691l-04

7.0561-04

7.5361-03

1.1011-03
8.0141-06
3. Sl4l-06
7.6938-05

Calc Molal Acthity Act Coeff -LoC Act
4.0721-03 2.2118-03 .5429 2.656
;l.OUI-09 1.7601-09 .8523 8.754
1.2571-03 1.2651-03 1.0066 2.898
2.6891-09 2.292S-09 .s523 8.640
1.7681-05 1.5078-05 .8523 4.822
2.9168-07 2.9361-07 1. 0066 6.532
2.2891-03 1.2621-03 .5514 2.899
7.5181-09 6.4071-09 .8523 8.193
6.2648-04 6.305S-04 1. 0066 3.200
9.2021-06 7.8438-06 .8523 5.106
9.4841-08 9.5471-08 1.0066 7.020
4.9811-03 4.2551-03 .8542 2.371
7.0301-05 5.9911-0~ .8523 4.222
1.2701-06 1. 2798-06 1.0066 5.893
7.3341-09 6.2511-09 .8523 8.204
5.9521-04 5.0451-04 .8476 3.297
1.1691-05 9.9621-06 .8523 5.002
3.6101-07 :I .1628-07 .8760 6.500
3.7191-08 3.1701-08 .8$23 7.499
1.4611-07 7.9271-08 .5427 7.101
6.2261-04 5.3441-04 .8583 3.272
3.7721-04 3.7991-04 1.0070 3.420
5.2461-03 2.8101-03 .5356 2.551
1.0121-07 8.6248-08 .8523 7.064
1.1001-03 9.3231-04 .8476 3.030
8.0741-06 6.8821-06 .8S23 5.162

6.0278-05 3.1811-05 .5277 4.497
3.7138-07 3.1651-07 .8523 6.500
1.4081-07 1.2001-07 .8523 6.921
3.0181-11 :I .0381-11 1.0066 10.517
1.4981-14 1.2771-14 .8523 13.894
3.0321-09 2.5848-09 .8523 8.588
1.8681-20 1.5921-20 .8523 u.f98
5.9571-15 5. 99711-15 1.0066 14.222
1.6158-05 1.6261-05 1.0066 4.789 ~

~

~



5-HT62892

I Species Anal PI'. Calc PI'. Anal Mol,,1 Calc Molal Activity Act Coaff -LOI Act
.30 Cu 2 .012000 .006593 1.8911-07 1.0391-07 5.4828-08 .5277 7.261
.71 CuHC03 1 .002143 1.7238-08 1.4681-08 .8523 7.833
31 CuCOS aq 0 .002861 2.3181-08 2.3341-08 1.0066 7.632
32 Cu(C03)2 -2 .000000 4.4091-12 2.32711-12 .5277 11. 633
33 CuCI I .000016 1.6141-10 1.3761-10 .8523 9.861
34 CuC12 aq 0 .000000 6.84311-14 6.8888-14 1.0066 13.162

35 CuC13 -1 .000000 2.6738-19 2.279B-19 .8523 18.642

36 CuCH -2 .000000 2.0188-24 1.065B-24 .5217 23.973

38 CuOH 1 .000164 2.0338-09 1.7331-09 .8523 8.761

39 Cu(OU)2 0 .001108 1.137B-08 1.1458-08 1.0066 7.941

40 Cu(OR)3 -1 .000000 2.5588-15 2.1808-15 .8523 14.662

41 CU(01l)4 -2 .000000 2.6068-21 1. 3758-21 .5277 20.862

42 CII2(08)2 2 .000000 2.4898-12 1.3138-H .5277 11.882

43 CIlS04 aq 0 .004980 3.12411-08 3.1458-08 1.0066 7.502

45 2.D 2 74.970 53.019 1.1488-03 8.1218-04 4.2868-04 .5277 3.368

72 20HC03 I 4.269 3.3838-05 2.88311-05 .8523 4.540

"3 hCOS 0 .843 6.1348-06 6.7181-06 1. 0066 5.169

'14 2.0(C03)2 -2 .004026 2.1758-08 1.14U-08 .5277 7.940

46 InCI 1 .127 1.2628-06 1.0751-06 .8523 5.968

47 2.nC12 aq 0 .000142 1.0431-09 1.0501-09 1. 0066 8.979

48 ZnCI3 ··1 .000000 1.2891-12 1.098B-12 .8523 11. 959

49 ZnC14 -2 .000000 9.7251-16 5.132B-16 .5277 15.290

.51 Z.OH 1 .143 1.7431-06 1.485B-06 .U23 5.828

52 2.n(08)2 0 .005316 5.3561-08 L 3911l-08 1.0066 7.268

53 b(OB)3 -1 .000000 6.3231-13 5.3898-13 .8523 12.268

54 2.n(08)4 -2 .000000 5.1168-19 2.70011-19 .5277 18.569

55 2.nOHC1aq 0 .004889 4.1558-08 4.18311-08 1.0066 7. 379

58 ZnS04 lilq 0 45.210 2.8048-04 2.82311-04 1.0066 3.549

59 2.n(S04)2 -2 3.140 1.2218-05 6.4458-06 .5277 5.191

60 Cd 2 .355 .228 3.16311-06 2.0311l-06 1.0728-06 .5277 5.970

66 Cd(C03)3 -4 .000000 1.1401-20 8.8431-22 .0176 21.053

75 CdllC03 I .015 8.4591-08 7.210B-08 .8523 7.142

'76 CdC03 0 .003650 2.UOI-08 2.134B-08 1.0066 7. 671

61 CdCl 1 .017 1.120B-07 9.5428-08 .8523 7.020

62 CdCI2 aq 0 .000067 3.6848-10 3.7098-10 1.0066 9.431

63 CdC13 -I .000000 2.560B-13 2.182B-13 .8523 12.661

67 CdOR 1 .000043 3.306B-IO 2.818B-IO .8523 9.550

68 Cd(OH)2 0 .000000 4.7528-14 4.78411-14 1.0066 13.320

69 Cd(01l)3 -1 .000000 1. 991B-20 1.697B-20 .8523 19.770

70 Cd(OB)4 -2 .000000 9.0581-28 4.7801-28 .5277 27.321

11 Cd20R 3 .000000 6.2201-15 1.4761-15 .2374 14.831

12 CdOllClaq 0 .000020 1.2381-10 1.2461-10 1.0066 9.905

73 CdH03 1 .000004 2.1741-11 1.8538-11 .8523 10.732

74 CdS04 A'l 0 .180 8.6271-07 8.6851-07 1.0066 6.061

17 Cd(S04)2 -2 .011 5.0688-08 2.675B-08 .5277 7.573
04 Hi 2 .848 .516 1.4468-05 8.8061-06 4.647B-06 .5271 5.333

80 HiHC03 I .048 4.0221-07 3.4281-07 .8523 6.465
81 lIiC03 0 .322 2.113B-06 2.731B-06 1.0066 5. S64
82 lIi(C03)2 .. 2 .000127 7.1218-10 3.7588-10 .5277 9.425
06 lIiCI I .001201 1.21711-08 1.088ll-08 .8523 7.963
79 lIiC12 0 .000005 3.66011-11 3.6848-11 1.0066 10.434

08 lIIi08 1 .000180 2.3791-09 2.02811-09 .8523 8.693
Q9 lIi(OH)2 0 .000000 4.613B-12 4.643B·12 1.0066 11. 333
10 1'1i (OR)3 -I .000000 1.7221·16 1.4681-16 .8523 U.833
11 "i804 aq 0 .391 2.5291-06 2.5461-06 1. 0066 5.594
83 lIi(904)2 -2 .000182 7.2771-10 3.840ll-10 .5217 9.416 ....
89 B. 2 .055 .032 4.0101-07 2.3011-07 1.2181-07 .5217 6.915 ......

CJ1
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I Species
90 bOH 1
01 8a904 a" 0

Anal pp. Calc pp.
.000000
.040

Anal H01a1 Calc Ho1a1
1.9851-14
1.7031-07

Activity
1.6921-14
1.71U-07

Act Coeff
.8523

1.0066

-Loll Act
13.772
6.766

->...
(J)



5-NT62892

Pb.... e LOB AP/~T 8i8·a(A) 8i8... (T) Loa AP/HinIT Loa AP/HoxIT Los AP l.oa IT LOB HinlT LOB Max~1

17 Anbl'd <i t .. -.570 -5.207 -4.637
21 Aragonite -1.420 .020 -9.756 -8.336
SO Arthita -9.013 .587 9.600
44 B.. rite .510 .307 -9.466 -9.976 -9.173
19 B.. ucite -6.693 -17.897 -11.204
12 Celcite -1.277 .020 -1. 196 -9.7S6 -8.480 -8.560
11 Dolo.it .. -2.756 -19.756 -17 .000

·40 Ip ..o.i t .. -3.311 -5.451 -2.140
18 G7peu. -.607 -5.207 -4.600
64 H.. lite -6.984 -5.402 1. 582
17 "Ufttit. -9.788 -39.756 -29.968
38 ''''dr....R ... it -21.135 -57. 897 -36.762
10 ""Shulte -1.971 -1.721 -2.221 -10.000 -8.029 -8.279 -7.779
66 Hirabilit. -6.181 -7.295 -1.114
58 H"bcolite -5.095 -L643 -.548
60 Hatron -10.534 -11.845 -1.311
49 Meaquehouice -4.379 -4.867 -5.454 -10.000 -5.621 -5.133 -4.546

65 Tb .. n .. rdita -1.1 IS -7.294 -.179
61 Tba ...o"atr -11.968 -11.843 .125
59 T..ona -16.692 -17.487 -.795
45 Witberite -5.430 -.680 -14 .015 -8.585 -13.335
88 pyroc:roite -6.586 -6.879 8.502 15.088 15.381

90 Rhodochroeit -1.188 -.579 -1.605 -11.598 -10.410 -11.019 -9.993

91 lIoC12, 4"20 -13.269 -10.559 2.710
82 NoS04 -9.718 -1.049 2.669
30llalanothulli -11.052 -17.712 -13.322 3.730 4.450

31 CuC03 -4.732 -4.712 -4.752 -14.362 -9.630 -9.650 -9.610

34 Cu(011)2 -2.901 -3.461 5.739 8.640 9.200
35 Halachite -3.445 .080 -2.795 -3.655 1.705 5.150 4.500 5.360

36 Azurite -6.078 .090 -3.508 -2.328 3.750 1.180
37 Ataca.ite -5.393 -5.293 -5. S43 1.947 7.340 7.240 7.490

38 Cu2(OH)3N03 -9.425 -9.495 -.185 9.240 9.310

39 Aotl.rite -6.625 -7.235 1. 665 8.290 8.900
40 Brocbantitu -7.936 .160 -7.746 -8.096 7.404 15.340 15.150 15.500

41 Langite -9.387 -9.997 7.403 16.790 17.400

42 tenarite -1.881 -1.611 -2.151 5. 739 7. 620 7. 350 7.890

43 CuOCuS04 -28.604 -17.014 11. 530
47 CuS04 -12.822 -12.462 -13.232 -9.812 3.010 2.650 3.420

48 Cha1cantbito -7.173 -6.853 -7.678 -9.813 -2.640 -2.960 -2.135

67 ZOC12 -16.459 -16.489 -9.429 7.030 7.060

68 S.itblonito -.469 .341 -.649 -10.469 -10.000 -10.810 -9.820

69 he03, 1820 -.209 -10.469 -10.260
71 211(08)2 (a) -2.818 -2.628 -2.848 9.632 12.450 12.260 12.480

72 20(08)2 (c) -2.568 9.632 12.200
73 ZII(OH)2 (b) -2.118 .020 -1.688 -2.256 9.632 11.750 11.320 11.690

74 Zn ( OH ) 2 ( 8 ) -2.078 -1.558 -2.208 9.632 11.710 11.190 11.840

7S In(OH)2 (e) - 1. 668 .030 -1. 318 -1. 988 9.632 11. 500 10.Ho 11.620

76 Zn2(OH)3C1 -5.467 9.733 15 .200
17 hS(OH)8cl -9.402 29.098 38.500
76 Zn2(01l)2S04 -3.788 3.712 7.500
79 2D4(08)6804 -5.424 22.976 28.400
80 2n1l03)2,6H20 -17.134 -13.694 3.440
81 ZnO(acti .. ) -1.678 -1.938 -2.228 9.632 11. 310 11. 570 11.860

82 Ziocite -1.508 -1.358 -1.908 9.U2 11.140 10.990 11.540

83 11030(804)2 -21.227 -2.207 19.020
90 zincQai te -8.n9 -9.849 -5. 919 3.010 3.930

91 h804, 11120 -5.349 -5.419 -5.919 -.570 -.500 ........
~



S-HT62892

Phase LOll I>PIn Sig_s(A) Sis_seT) LOB AP/MiolT LOB AP/HazlT Loa AP Loa U Loa "iolT LOll "aaKl

92 Bi.oobite -40155 -4.900 ~5.920 -1.165 -1.020

93 Goahrite -3.960 -4.050 -5. 920 -1.960 -1.870

·15 Ota.ite .669 .739 -1.861 -13.071 -13.740 -13.810 -11.210

·16 CdC12 -11.351 -11.561 -12.031 -.680 -.410

.17 CdCI2. Ilt20 -10.321 -12.031 -1. 710

·18 CdCI2.2.51t20 -10.091 -12.031 -1. 940

,20 Cd(OH)2 (a) -6.700 -6.580 -1.270 7.030 13.130 13.610 14.300

·21 Cd(OH)2 (c) -6.620 .040 7.030 13.650

.22 CdOHCl -6.021 -5.801 -2.501 3.520 3.300

·23 Cd3(08)450 t• -17.022 5.538 22.560

·24 Cd30H2(804)2 -16.123 -10.013 6.110

·25 Cd4(OB)6S04 -15.832 12.568 28.400

·26 Hoat_pooi te -8.090 -8.710 1.030 15.120 15.140

·29 CdB04 -8.421 -8.391 -8.411 -8.S21 -.100 -.130 -.050

.30 CdS04. 11120 -6.864 -6.841 -6.891 -8.521 -1.657 -1.680 -I. 630

31 CdS04.2.11l20 -6.649 -6.632 -6.662 -8.522 -1.873 -1.890 -1.860

10 tHC03 -5.594 -12.434 -6.840

J1 "1(08)2 -3.133 .100 -2.923 -S.633 7.667 10.800 10.590 13.300

12 1114(08)650 1• -16.884 15. 116 32.000

13 Buo.eoite -4.183 -4.123 1.667 12./oS0 12.390

16 Kat.areite -5.845 -7.885 -2.040
17 MOr6ftoaite -5.525 -7.885 -2.360

-'"
-"
00



b-NTb"M~L Date = ~(3U(95 9:47

OOX = .0000 DOC = .0 INPlT1' TDS = DOO.O
An.l Cond = 1116.0 Calc (;ond = 1651.9
Anal EI'MCAT " 17.7113 And81'!'lAN = 15.3551, I!ercent diff~['ence in input cation/woion balance == 11, .2498
C.le BPMCAT = 15.7107 Cal c 8f'MAN = 13.3615 Percent di fference j lJ CHIc cation/anion balanoe = 16.1611
'fotal Ionic :i r renftth (T.1.5.) ftOlll i"put data -. .02592
Effective Jonic Stronglh (B.I.S.) frQall speei.otioo.: .02194

SalO Cule
Inpll\. Sigllwl l'eJ/r.2 Si&ma 11202/02 Sill= 1'03(1'02 Sigma N03/NH4 Sis- H202/02 Sill'"" S04/S" Si_ A85/A03 Sigma- - - - - .. . - - - - - - - - - - - - - - .• - - - - - - - Hh - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9.900 .000 9.900 .000 9.900 .OUO .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

- - - - - - - .. - - - - - - - - - - pB - - . - - - - - - - - - - - - - - - - - - - - - - - -
100.000 .()()(l lUU.OOO .000 100.000 .000 100 000 .000 100.000 .000 100.000 .000 100,000 .000 100.000 .000

Hffective
'l' I'll TOS PVUl Ionic Str 1'02 At .. pC02 Alm pCII4 Atm C02 'rOL Uneom CO2 pplll UnCOID (;02 Herb Alk aH20

<5.00 7.40U 1107.2 .02194 0.00£.00 8. HE-03 o.OOE.OO .00429 3.8/,B-03 1. 69E+·02. 2.91£-07 .99%

I S(JC!clcl; Ann! PPIJI Calc VP'O AHaJ Molal C81e Mol al Activity Act Cod( -Lug Act
0 Ca 2- 111.000 80.330 2.77 3B-03 2.2061l-0J 1.272B-03 .5766 2.095

28 CaOH 1 .000530 9.288E-09 8.0468-09 .0663 8.094
31 CaSOI. oq 0 67.3JO 4.9518·{)4 4.9768-04 1.0051 3.303
81 CaH504 1 .000018 1.3108-10 1.135£-10 .8663 9.945
29 C.HC03 1 6.313 6.2518-05 5.415£-05 .8663 4.266
30 CaC03 8'1 a .834 8.338£-06 8.381K-06 1.0051 5.077

1 Mg 2 53.000 43.200 2.182B-03 1.779£-03 1.0398-03 .5839 2.984
18 MgOII 1 .001990 4.8368-08 4.18911-08 .0663 7.370
22 MgS04 "'I 0 42.429 3.529£-04 3.547B-04 1.00H 3.450
21 MgHC03 1 3.966 4.653£-05 4.0318-05 .8663 4.395
20 MgC03 aq 0 .327 3.878£-06 3.898£-06 1.0051 5.409

2 Na 1 163.000 161.170 7.0988-03 7.0108-03 6.0928-03 .8679 2.215
t,3 NdSOl, -I 0.048 6.767£-05 5.8628-05 .8663 4.232
42 HaHC03aq 0 .954 1. 1371!-05 1.143&-05 L0051 4.942
41 NaC03 I .042 5.125£-07 4.4408-07 .0663 6.353

3 K I 17.500 17 .268 I, .480P.-04 4.421C-04 3.014£-0/, .8627 3.419
1.5 K~U/l -I .802 5.9418-06 5.1478-06 .8663 5.288

63 H I .000045 4. I,92E-08 3.981B-08 .8862 7.400

26 011 I .004938 2.906&·-{)7 2.518£-07 .0663 6.S99
17 C03 2 .409 6.817e-06 3.9328' ()6 .5760 5.405

6 llCO) -I 246.000 233.393 4.036B-03 3.829E-03 3.3378-03 .8715 2.477
~5 H2C03 8'1 0 18.405 2.971E-04 2.9878-01, 1.0054 3.525

5 504 "2 413.000 322.053 4.304£-03 3.365e-03 1.9208-03 .5707 2.717
62 HS04 .. I .00UM31 8.566P.-o9 7.4208-09 .8663 8.130

I, Gl -I 96.000 95.982 2.7118-03 2.7108-03 2.330E-03 .8627 2.631
16 (te t.otal l .146 2.61711-06

109 /'I"
,

).36~ 2.707 6.132£-05 4.934P.-05 2.718P.-05 .5631 4.556
119 /'IoftC03 I .231 1.9931!-06 1.7261!-o6 .8663 5.763
111 M.IlCI I .027 3,034P'-'07 2.628B-07 .8663 6.S80
I) 2 M"CI2 8'1 0 .000021 1.661£-10 1.6698-10 1.0051 9.777

113 MnC13 "I .000000 2.0311l-13 1. 760B-13 .8663 12.755
Ill, /lnOH I .001488 2.070K-00 1.7938-08 .8663 7.746
) 15 Mo(0103 -I .000000 8.047£-18 6.971B-I0 .8663 17.157
117 M"S04 a4 0 1.451 9.659B-06 9.708R-06 1.0051 5.013

145 Z" 2 4.0% ) .963 6.20BB-QS 3.0061l-0S 1.69311-05 .5631 4.771
272 ?n1lC03 1 1.036 8.210e-06 7.112&-06 .8663 5.148
273 ZoC03 0 1.655 1. 321£-oS 1.3288-05 1. OOSI 4.877

27'i 2n(C03)2 2 .367 1. 982B-06 1.116£-06 .5631 5.952 -"
-"
<0



6-N'f62892

I Species Anal 1){llD Calc ppm Anal 1'Io1sl (;alc 1'10181 Activity Act Coef[: -LOll Act

146 ZnCl I .012 1.2308-07 1.0658-07 .8663 6.973

147 ZnC12 aq 0 .000035 2.5958-10 2.6088-10 1.0051 9.584

140 Z"CI3 -1 .000000 7 .9008-13 6.8438-13 .8663 12.165

149 ZuC14 -2 .000000 1.4248-15 8.0208-16 .5631 15.096

lSI Z"OIl I .044 5.380H-07 4.6608-07 .8663 6.332

152 Z"(01l)2 0 .on 1. 337B-07 1.3448-07 1.0051 6.872

153 ZU(01l)3 I .000001 1.2328-11 1.0678-11 .0663 10.972

1)4 Zu(01l)4 -2 .000000 7.539H-17 4.2458-17 .5631 16.372

1)5 ZnOIlCI.q 0 .003854 3.2748-08 3.2918-08 1.005 I 7.483

156 ZuS04 0'1 0 1.222 7.5618-06 7.620g-06 1.0051 5.116

159 Zn(SO" )2 2 .05', 2 .1138-07 1.1908-07 . 5631 (,.925

160 Cd l .010000 .004 J).'l U.9078-06 3.077e-Oo 2.183K-00 .5631 7.661

166 Gd(C03)J 4 .000000 2.18n-17 2.2018-16 .1005 17.657

275 CdUC03 1 .00183', 1.0598-00 9.1728-09 .0663 8.036

276 CdC03 0 .003695 2.1450-08 2.156B-08 1. 005 1 7,666

161 CdCl I .000831 5.627e-09 4.0758-09 .6663 0.312

162 CrlC12 "'I 0 .000009 4.7268-11 4.7528-11 1.00S! 10.323

163 CdCn -I .000000 8.0938-14 7.010B-14 .8663 13.154

167 CdOIl I .000007 5.263B-11 4.5598-11 .8663 10.341

1GO Cd(01l)2 0 .000000 6.117£-14 6.1488-14 1.00)1 lJ.211

169 Cd(01l)3 -1 .000000 1. 999£-19 1.7328-19 .8663 18.761

170 Cd(OH)4 2 .000000 6.8838-26 3.8768-26 .5631 25.412

171 Cd20H 3 .000000 L. 7540-17 4.0168-10 .2747 17.317

172 GdOIlClaq 0 .000008 5.030£-11 5.0568-11 1.0051 10.296

174 CdS04 ''1 0 .002505 1.2038-08 1.2098-08 1.0051 7.918

277 Cd(S04)2 . 2 .000094 ',.5228-10 2.5470-10 .5631 9.594

204 tli 2 .074000 .004102 1.2(,28-06 6.995E-oO 3.9390-08 .5631 7 :405

280 tlillCO) I .002505 2.0958-08 1.8150-08 .8663 7.7'>1

281 tliCO) 0 .135 1.1428-06 1.1480-06 1.0051 5.940

282 tli(C03)2 ., .002486 1.3938,-00 7.0420-09 .56)1 H.106

206 Nicl I .000025 2.6710-10 2.3148-10 .8663 9.636

279 NicH 0 .000000 1.9540-12 1.9648-12 1.0051 II. 707

206 NiOH 1 .000012 1.5768-10 1. 365E-I0 .8663 9.865

209 rli(01l)2 0 .000000 2.4710-12 2.4038-12 1.0051 11.605

210 Ni(0li)3 I .000000 7.1990-16 6.2368-16 .8663 15.205

211 NiS04 a'l \) .002269 1.4(,78-00 1.4751l-00 1.0051 7.831

283 Ni(S04)2 2 .000000 2.70211-12 1. 5221l-12 .5631 11.818

89 Da ? .045 .029 ).280E-07 2.131e-07 1.20011-o7 .5631 6.921

90 BaOIl l .000000 L529E-13 r,3241l-13 .0663 12.878

~Ol DnS04 ile.l 0 .027 1.149e-07 1.1558-07 1.0051 6.938

......
I\)
o



U"l'I1 UL.U'JL.

Phase Log AP!Kl' Sigma(A) S.igma(T) Loll AP!Mil\J('l' Log AP!M<lIKT Log AP Log KT Log HillJcr Log H....KT

17 Anhydr i te -,9?S -5.612 -4.637

21 Aragoni te .035 .020 -8.301 -8.336

L50 Artinite -5.997 3.603 9.600

144 8ad te .330 .135 -9.630 -9.976 -9.773

19 Brllcit~ -I, .977 -16.181 -11.204

12 Calcite .179 .020 .259 -0.301 -8,1,00 -8.5&0

11 DololJ..it~ .310 -16.690 -17 .000

340 Bpa...i te -3.561 -5.701 -2.1',0

16 Gyp."Ol -1.012 -5.612 -4.600

64 Halito -6.426 -4.0',6 1.502

117 Huntite -3.500 -33.466 -29.968

38 lIydr818gnesit -12.976 -49.738 -36.762

10 Mtjgne-aite -.360 -.110 -.610 -0.369 -6.029 -8.279 -7.779

66 Hirabilite -6.035 -7.149 -1.111,

56 Nahcolite -4.144 -4.692 -.548

60 Natron -0.527 -9.636 -1.311

149 Nesquehonil I' -2.766 -3.2~6 "3.843 -6.389 -5.621 -5.133 ,,4.5/,6

65 Tln!Oun.litc -6.968 -7.1'l7 -.179

61 Thel'lUoootr -9.961 -9.836 .12~

59 Trona -13.733 -14.528 -.795

l'.S Witherite -3.741 1.009 -12.326 -8.585 '13.335

108 Pyi'Ocr'Oj tl' -4 .045 -5.130 10.243 15.068 15.301

190 Rhodochroa i \ .41,6 1.057 .031 -9.962 -10.410 -11.019 ·9.993

191 /\nC12. 4H20 -12.529 -9.619 2.710

182 M"S04 -9.942 -7.273 2.669

267 7.nC12 -17.06
'
, -1'1.091, -10.034 7.030 7.060

266 Smi thtWlI i ,. (' -.177 .633 -.357 -10.177 -10.000 -10.610 -9.620

269 2nC03, IH20 .003 -10.117 -10.2&0

271 2n(OH)2 (a) -2.422 -2.232 -2.452 10.028 12.450 12.260 12.480

272 2n(01l)2 (c) -2.172 10.028 12.200

273 Zn(OH)2 (b) -1. 722 .020 -1.292 -1.062 10.028 11. 750 11.320 11,890

274 2,,(0102 (,,) -1.682 -1.162 -1.812 10.020 11.710 11.190 11.840

275 2n(0I1)2 (e) -1.472 .030 -.922 -1.592 10.020 11 .500 10.950 11.620

276 2,,2(OH)3C1 -5.174 10.02& 15.200

277 Zn5(01l)OCl -6.421 30.079 38.500

278 2n2(01l)250:. -4.960 2.540 7.500

279 7.n4(OH)6S0 I, -5.803 22.597 26,1.00

261 2,,0(activo) "1.282 -I. 542 -1.032 10.028 11.310 11.570 11.8&0

262 2i"cite -1.112 -.962 -1.512 10.028 11.140 10.990 11. 540

283 Zn30( S04 )2 -23.9&0 -4.948 19.020

290 Zincosite -10.498 -11.416 -7.486 3.010 3.930

291 ZnS04. 1H2O -6.918 -6.968 -7.488 -.570 -.500

292 Bianchite -5.724 -&.469 -7.409 l.nS -1.020

293 COli lar i te -5.529 -5.619 "7.409 - 1.9&0 -1.670

3150tavite .674 .744 -1.856 -13.0&& -13.740 -13 .610 -11.210

316 CdCl2 -12.243 -12.453 -12.923 - .600 -.470

317 edC12. 11120 -11.213 -12.923 -1.710

316 CdC12.2.5H20 -10.964 -12.924 -1. 940

320 C.I(OH)2 (a) -&.591 -6.1071 . 7.161 7.139 13.730 13.610 14.300

321 Cd(01l)2 (c) -&.511 .040 7.139 13 .650

J22 CdOtlCI -6.412 -6.192 -2.892 3.520 3.300

323 C.rl3(OH)4S0 f , -10.&&0 3.900 22.560

324 C<l30H2(S04)~ -20.32& -13.616 6.710

325 Cd4(01l)6S04 -17. 361 11.039 28.400
32& Hont_pontte -7.981 -0.&01 7.139 lS,120 U.740

329 CdS04 -10.278 -10.248 -10.328 ~10.376 -.100 -·UO -.050
330 CdSOit. 11120 -6.721 ·8.698 -6.748 -10.378 -1.651 -1.610 -1.6~ ....

~



()··N'I'b~U'JL

Phase I.og AI'/KT SilllllQ (A) Sig,ua(T) (.us APj'!iIlKT LOI: AP/MHlIJCT Lol' AP Log KT Log HinJ(T Log HuK1'
~31 CdS04. 2. 7H~O -6.505 -8.408 -8.518 -10.378 -1.873 -1.890 -1.860
410 NiC03 -5.970 -12.810 -6.840
411 Ni (OH)2 -3.405 .100 -3.1 ?5 -5.905 7.395 10.800 10.590 13.300
412 Ni4(OH)6S04 -19.936 12.064 32.000
413 Bunsenite -5.055 -4.995 7.395 12.450 12.390
416 Retgeraite -0.082 -10.122 -2.040
417 Morenosite -7.762 -10.122 -2.360

....
~



'-I'll OLO,)~ vate -= '1/ JV/'J;) 1;~b

oox= .0000 DOC 0 .0 IHPlTf TDS = 306.0
Anal Cond : ',,)9.0 Cole Cond = 494.4
Anal OPMCAT = 4.3528 Allal 8PMAN = 4.6600 Purcflnt difference in input cation/onion baloneo ;: -6.8166
Calc RPMCAT : 4.0085 Cole BPMAN = 4.3194 Percent diffenmce in calc eation/anion balance ;: -7.4676
Total Ionic Sl,nm"lh (T.I.S.) from ;nput data = .00736
Rftec d ve 10.,; c Snenflth (n. I. S.) frOlil apeciation = .00668

Soto Calc
Input Sigllia Ye3/Pe2 Si sma H202/02 SilllU" 1l03/H02 Sill"'" N03/IlH4 Sigma H202/02 SifllDll S04/S: Sigma Aa5/As3 Sigma
--_ .. _- - - - - - - - - - - - - - - .. - - - - - - - 811 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9.900 .000 9.900 .000 9.900 .000 .000 .000 9.900 .000 9.900 .000 9.900 .000 9.900 .000

- - - p~ - - - - - - - - - - - - - - - - . - - - . - - - - - - -
100.000 .001l 100.000 .000 100.000 .000 100.000 .000 100 .000 .000 100.000 .000 JOO.OOO .000 100.000 .000

l!ffectj ve
T 1111 TDS PVUl Ionic Str pOZ Alm pe02 Atm pCll4 At'o CO2 Tot UncoUl CO2 PI'd6 UI1C\}U!, <':Q2 Herb f.Jk 01120

25.00 1.51111 321.1 .00668 0.008+00 2.74E-{)3 O.ooE+OO .00155 1. 438-03 6.318+01 3.4U-07 .99~9

I Spec icn Anal ppm Go.!c WUl Anal 110101 Galc Molal Activity Act CocH -Log Act
0 Ca 1 32.000 28.042 7.9871!-04 6.999E-04 5.004E-0'. .711,9 3.301

20 CoOH I .000248 4.3440-09 3.985E-{)9 .9173 8.400
31 CaSO', 104 0 11.977 8.800E-05 8.814H-05 1.0015 4.055
81 CaHS04 1 .000002 I. 741f-ll 1.5971!-11 .9173 10.797
29 CoIIC03 I .924 9.1458-06 8.389B-06 .9173 5.076
30 Co(;03 oq 0 .163 1. 632R-{)6 1. 634B-06 1.0015 5 . .,87

1 ~ 2 16.000 J/I.2/.0 6. 583f-{)4 5.859B-04 '•• 2088-04 .7182 3.316
18 Ma°ll 1 .000962 2.3308-08 2.1371l-08 .9173 1.670
22 MaS04 "1 0 7.774 6,1,608-05 6.4708-05 1.0015 " .189
21 !'IcHC03 1 .598 7.011n-06 6.4320-06 .9173 5.192
20 MaC03 a'l 0 .066 7.817E-07 7.8298-07 1.0015 6.106

2 Na 1 28.000 27.059 1.218B-03 1.2128-03 1. .1138-03 .9181 2.95',
43 NaS04 - J .626 5.2588-06 4.8238-06 .9113 5.317
42 NaHC03aq 0 .069 8.2ln-07 8.226£-07 1.0015 6.08~

41 NaC03 J .003638 4.3848-08 4.022f-08 .9173 7.396
3 K J 6.600 6.560 1.6880-04 1.610R-04 I. 5381l-04 .9163 3.813

45 I\SO', -I .138 1.0198-06 9.3458-07 .9173 6.029
63 H I .000034 3.416E-08 3.1626-08 .9257 7.500
26 011 -1 .005876 3.456e-07 3 . 17 lB-{)7 .9173 6.499
17 C03 -2 .163 2.7258-06 1.9508-06 .7154 5.710

6 HCO) -1 89.000 87.175 1.459E-{)3 1.429B-03 1.314B-{)3 .9197 2.881
05 112C03 .q () 5.784 9.320E-05 9.3448-05 1.0016 ',.029

5 SO', -l 132.000 116.516 1.3758-{)3 1.2136-03 8.647£-04 .7127 3.063
G2 HS04 -\ .000201 2.8938,,09 2.654£-09 .9173 8.576

4 Cl I 16.000 15.999 4.5148'-04 4.514B-04 ',.1368-()J, .9163 3.383
16 l/fl totuJ l .110 1.910B-{)6

109 Mil 2 1.07l .946 1.9500-05 1.723n-05 1.l20B-05 .7082 4.914
119 MnllC03 1 .038 3.255K-07 2. 986~.-{)7 .9173 6.525
III MIIG! J .002011 2.225£-08 2.0418-{)8 .9173 7.69{)
112 MIIC12 aq 0 .00000o 2.290B-12 2.2948-12 1.0015 1.1.639
113 MuCI3 I .000000 4.6631!-J6 4.2778-16 .9173 IS .369
114 HnOIl I .000777 1.001B-{)8 9.914£-09 .9173 8.004
liS Mn(OH)3 -J .000000 6.6632-18 6.112B-18 .9173 17.214
117 MnS04 .q 0 .289 1.9170-06 1.9201l-{)6 1.0015 5.117
145 Zn 2 .~68 ,167 4,10lB-06 2.562B-06 1.8U8-{)6 .7082 5.741
27l Z"HC03 1 .041 3.2738-07 3.0031-07 .9113 6.523
27] ~~C03 0 .038 1.0.81-07 7.0~9'-O7 1.0015 6.lS1
274 2:n«(',03)2 '2 .007697 4.1541-0& 2.941'-{)& .7082 '.Ul ..

t:i



J -t'(J.lJ'::'O~L.

I SpeCil::5 Anal PPIU (;alc ppm Anal Molal Calc Molal Activity Act CosH -Log ACt

146 ZnCI I .000222 2.202R-09 2.0201!-Q9 .9173 8.695

147 ZnC12 .'. a .000000 8.737B-13 8.750B-13 1.0015 12.058

148 ZIlC13 -1 OOסס00. 4 .427B~16 4.0611!-16 .9173 15.391

149 ZnC14 -2 .o00ooo 1.189B-19 8.419B-20 .7082 19.075

151 ZIIOH I .0056/,8 6.858B-08 6.291B-OB .9173 7.201

152 ZIl(OH)2 0 .002266 2.280B-08 2.28/,E-08 1.0015 7.641

153 ZIl(OH)3 -1 .000000 2.4891.-12 2.284E-12 .9173 11. 641

154 Zn(01l)4 -2 .o00ooo 1.616E-17 1.1It4H-17 .7082 J6.941

155 ?nOHCla'l 0 .000092 7 .8471l-l0 7.8591!-10 1.0015 9.105

158 ZnSOit aq 0 .059 3.67311-07 3.6701!-07 1.0015 6.434

159 Zn(S04)2 -2 .0009/.0 3.651&-09 2.5851!-09 .7082 8.587

89 8a 2 .032 .024 2.3311.-07 l. 784&-07 1.263B-07 .7082 6.690

90 8aOli 1 .000000 1.9J48-13 1. 756&-13 .9173 12.756

~Ol 80S04 OIJ () .013 5.',6 n-OA 5.4751!-08 1.0015 7.262

....
~



PhaQc LOB AP!KT Sigma(A) Sill=(T) loB AP!llinKT Log Al'!MoxK'f Loll AI' LOB itT Log llinKT Log !\axKT

17 Anhydr i Le -1. 727 -6.364 -4.637
21 Aragonite -.675 .020 -9.011 -6.336

L50 Artinite -6.912 2.666 9.600
144 Barite .OJ4 - .109 '-9.962 -9.976 -9.773

19 Brucite -5.170 -16.374 -11.204
1.2 Calcite -.531 .020 - .451 -9.011 -0.400 -0.560
11 Dolomite -1.097 -18.097 -J 7 .000

340 6PBOI1Ii te -4.299 -6.439 -2.140
10 GYP"WII -1. 764 -6.364 -4.600
64 lla1ite -7.919 -6.337 1.5u2

ll7 Hunt i tP. -6.301 -36.269 -29.960
36 Hydnnagner. i I -15.956 -52.718 -36.762
10 HaUllet:liCe -1. 057 -.607 - 1.307 -9.066 -0.029 -8.279 -7.779
60 Hi L'obi 1itt:! -7.857 -8.971 -l.UI,
58 HahnoL i te -5.287 -5.835 -.540
60 Natl"on "10.307 -1l.618 -1. 311

14 9 N~Hqueh(j1l j I I~ -3.465 -3.953 -I•• 5(.0 -9.086 '-5.621 -5.133 -4.546
65 '1'hcl1l1.rdi, l' -8.791 -8.970 - .179
61 The L'I1~na l r -11.742 -1l.617 .125
~9 1'1'0118 -16.657 -17 .1,52 -.795

145 Witll.rite -4.024 .726 -12.609 -0.505 -13.335

JOO pyrocroite -5.002 -5.295 10.086 15.080 IS .381

190 Rhodc><hroB i I -.214 .395 -.631 -JO.624 -10.410 -J 1.019 -9.993

19J MnCI2. I,H20 ··J4.391 -11.601 2.710
162 HnS04 -10.646 -7.977 2.669
267 Z"CI2 -19.538 -19.568 -J2.508 7.030 7.060

268 Smi thsoni \ L' -1.1.51 -.641 -1.631 -11.451 -10.000 -JO.810 -9.820

269 Z"C03. JHlU -l.191 -1l.4S1 -10.260
271 Z,,(01l)2 (d) -3.191 -3.001 -3.22J 9.259 12.450 12.260 12.480
272 Zn(OH)2 (e) -2.941 9.259 12.200
273 Zn(OH)2 (b) -2.491 .020 -2.061 -2.631 9.259 11. 750 11.320 11. 890
274 1.,,(011)2 (8) -2.451 -1.93J -2.581 9.259 11.710 11.190 11.640
275 Z,,(oll)2 (0') -2.241 .030 -1.691 -2.361 9.259 11.50U 10.950 11.620
276 Z,,2(OH)3Cl -7.566 7.634 J S.200
277 ZnS(OIl)OCl -13.973 24.527 38.500
278 Z,,2(OH)2S0r, -7.046 .454 7.500
279 ~n4(OH)6S01, -9.428 18.972 28.1.00
281 ZnO(active) -2.05J -2.311 -2.601 9.259 11.3JO 11.570 11.840

262 ZincJte -1.881 -1.731 -2.281 9.259 11.140 10.990 11. 540
283 Z,,30(SQI,)~ -27.370 -8.350 19.020
290 Zincositc -11.814 -12.73« -8.804 3.010 3.930

291 ZflS04, ) H2U -8.234 -8.304 -8.804 -.570 -.500

292 Bianchi te -1.040 -7.785 -8.805 -1.765 -1.020

293 Gos]ul'itc -6.845 -6.935 -0.805 -1. 960 -1.870

...
~
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