Oklahoma
Geological

Surve
1987 4 Special Publication 87-2

Physical and Chemical Characteristics of Water
in Coal-Mine Ponds, Eastern Oklahoma,
June to November 1977-81

Larry J. Slack, Stephen P. Blumer

ASSOCIATED
COAL BED

DAWSON

IRON POST

CROWEBURG

WEIR-PITTSBURG

SECOR

MCALESTER (STIGLER) |

HARTSHORNE




Special Publication 87-2
ISSN 0275-0929

PHYSICAL AND CHEMICAL CHARACTERISTICS OF WATER

IN COAL-MINE

PONDS, FASTERN OKLAHOMA,

JUNE TO NOVEMBER 1977-81

Larry J. Slack
Stephen P. Blumer

u.sS. Geo]o?ical Survey
Oklahoma City, Oklahoma

Prepared by the United States Geological Survey
in cooperation with the Oklahoma Geological Survey

Oklahoma Geological Survey

Charles J. Mankin, Director

The University of Oklahoma
Norman, Oklahoma

1987



Special Publication Series

The Oklahoma Geological Survey's Special Publication series is
designed to bring timely geologic information to the public quickly and
economically.

This Special Publication for the most part has been reproduced
directly from author-prepared typescript. Editorial modifications have

been minimized for the sake of efficiency.

This publication, printed by the Oklahoma
Geological Survey, is issued by the Oklahoma
Geological Survey as authorized by Title 70,
Oklahoma Statutes, 1981, Section 3310, and
Title 74, Oklahoma Statutes, 1981, Sections
231-238. 500 copies have been prepared for
distribution at a cost of $1,547.00 to the
taxpayers of the State of Oklahoma. Copies
have been deposited with the Publications
Clearinghouse of the Oklahoma Department of
Libraries.



CONTENTS

Abstract . . . . . . . .. 000 e 0.
Introduction . . . . . . .. ... ..
Purpose and Scope. . « ¢« « « ¢« ¢« o o . .
Acknowledgments . . . . . . . . . . . o
Site-Identification Systems . . . . ..
Stratigraphy of the Study Area . . . . .

Physical and Chemical Characteristics of
in Coal-Mine Ponds . . . . . « « « . .

Temperature . . « ¢ ¢ ¢ ¢ ¢ ¢ o « &
Specific Conductance . . . . . . .
Dissolved Oxygen . . . . « ¢ « « .
PH & o o i i e e e e e e e e e e
Dissolved Suifate . . . . . . . . .
Dissolved Chloride ... .. .. .
Dissolved Iron . . . . ... ...
Dissolved Manganese . . . . . . . .
Summary and Conclusions . . . . . . . .

Selected References. .'. o« o o o o o .

® ® e o o o e o+ o
*e e e o ¢ e o o oo
* e o o o ¢ o * o
oooooooo 3
® o e o o s o o .
*® & o e o ¢ e o o

11
11
12
15
15
17
18
21
22
23
25



~ LIST OF FIGURES

Page
1. Schematic sections showing stages of surface
mining for coal. . . « ¢« « ¢« ¢« ¢« ¢« ¢« « .« . O |

2. Study area, location of coal-mine ponds, and
associated coal beds « v v ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ s s e s s e s s e D

3. Generalized geologic column showing sequence
of coal beds of Pennsylvanian age in Oklahoma. . . . . . . .. 9

4. Mean specific conductance in coal-mine pond
water associated with each coal bed. . « . « « o o ¢« ¢« ¢« « « . 14

5. Mean dissolved-sulfate concentration in coal-mine
pond water associated with each coal bed . . . . . . . . . . . 19

6. Mean dissolved-chloride concentration in coal-mine
pond water associated with each coal bed . . . « . . « . . . . 19

7. Mean dissolved-iron concentrations in coal-mine
pond water associated with each coal bed . . . . . . . . . . . 20

8. Mean dissolved-manganese concentrations in
coal-mine pond water associated with each coal bed . . . . . . 20

9-57. Detailed maps of site locations . . . . . . « . . . . e ¢+ « o« o 41-65

58-159. Profiles of temperature, specific conductance, dissolved
oxygen, and pH for each sampling site and date .. ... . . . 66-116



LIST OF TABLES

Page
Maximum values for specific conductance, pH, and
concentrations of dissolved sulfate, chloride,
iron, and manganese for each site. . . . . . o e s e e e s e e 31
Minimum values for specific conductance, pH,
and concentrations of dissolved sulfate,
chloride, iron, and manganese for each site. . . . . . . . . . 33
Mean values for specific conductance and
concentrations of dissolved sulfate,
chloride, iron, and manganese for each
S‘ite ........ * * L] L] ® *® O 9 e o o L ] ® ® o e & & s o 35

Number of determinations for specific
conductance, pH, and concentrations of
dissolved sulfate, chloride, iron, and
manganese for each site. .« ¢ ¢« ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o 37

Number of analyses, standard deviation,

and percentile for selected physical and

chemical characteristics of water from

102 mine-pond STteS. « v & ¢« ¢ ¢ 4 o 4 e 4 e b e e e e e ... 39

Minimum, median, maximum, and number of pH
determinations of mine-pond water for each
associated coal bed. . « « ¢« ¢« ¢ ¢ ¢ ¢ ¢ e e b 0 . .. . . . . 40






PHYSICAL AND CHEMICAL CHARACTERISTICS OF WATER
IN COAL-MINE PONDS, EASTERN OKLAHOMA,
JUNE TO NOVEMBER 1977-81

Larry J. Slack and Stephen P. Blumer

ABSTRACT

Water at 102 sites in 59 coal-mine ponds in eastern Oklahoma was
sampled at least twice during June to November 1977-81 to determine
temperature, specific conductance, dissolved oxygen, pH, and dissolved
sulfate, chloride, iron, and manganese--as part of a study of the
hydrology of the Oklahoma coalfield. These determinations show that
during June to October water in ponds deeper than ~10 ft was
stratified; ponds which had little or no change of temperature with
depth generally were shallow or were sampled in early November.
Temperature, dissolved oxygen, and pH usually decreased with depth,
whereas specific conductance usually increased with depth. Concentra-
tions of dissolved sulfate, chloride, iron, and manganese varied from
site to site. Specific conductance, which is a measure of dissolved
solids in the water, ranged from 93 to 4,800 umho/cm at 25°C. Some
physical and chemical characteristics of the mine-pond water are
related to the coal bed adjacent to the pond. Mean specific-
conductance values and dissolved-sulfate concentrations were greatest
in ponds associated with mining of the Dawson, Weir-Pittsburg, and
Secor coals. Mean dissolved-iron concentrations were greatest in ponds
associated with mining of the Dawson, Secor, and Hartshorne coals.

Mean dissolved-manganese concentrations were greatest in ponds



associated with mining of the Dawson, Weir-Pittsburg, and Secor coals,
but greatly exceeded secondary drinking-water limits regardless of coal

bed mined.

INTRODUCTION

The coa1-miné ponds in eastern Oklahoma have a total area of
~4,000 acres (Johnson, 1974). The average measured depth of the
ponds is ~25 ft; thus, the ponds provide storage for ~100,000
acre-ft of water. These ponds provide habitat for a variety of aquatic
and semi-aquatic wi]d]ife. Many of the ponds have been stocked with
fish, and some are used for boating and swimming. Water from some of
the ponds is used for stock, irrigation, and municipal supply.

Currently (1983), Red Oak (Latimer County) is the only city in the
study area to use mine-pond water as a source for drinking water for a
community system. Keota (Haskell County) and Gans (Sequoyah County)
have used mine-pond water for their community system, but, because of
jnconsistent quantity, no longer do. An undetermined number of
jndividual households use mine-pond water for domestic supply.

The origin of the coal-mine ponds, especially those formed prior
to 1974, is illustrated by Figure 1 and the following generalized
description summarized from Johnson (1974). First, a trench, or box
cut, is made through the overburden to expose the coal, which is then
removed. As each parallel cut is made, the overburden is placed as
spoil material into the previously excavated cut. Successive cuts are
mined until the overburden thickness becomes so great that the coal can
no longer be mined profitably. The final cut leaves an open trench

bound by the last spoil pile on one side and the highwall on the other.
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Figure 1.--Schematic sections showing stages of surface mining for coal
(from Johnson, 1974).



Coal-mine ponds are formed by precipitation, ground-water seepage, and
surface-water inflow partly filling the last cut and other depressions.

Prior to passage of Oklahoma's Open Cut Land Reclamation Act
(effective January 1, 1968) and Mining Lands Reclamation Act (June
1971), most mined lands were left as shown in Figure 1C. In areas
mined since the passage of the reclamation acts, ridges of spoil are
graded, topsoil is replaced, and the area is revegetated by seeding or
planting. Revegetation is most successful when the revegetated area is

not used for pasture until the plants have become well established.

PURPOSE AND SCOPE

In 1977, the U.S. Geological Survey, in cooperation with the
Oklahoma Geological Survey, began collecting data on coal-mine ponds as
part of a regional study of the hydrology of the eastern Oklahoma
coalfield (Fig. 2). The purpose of this report is to describe the
physical and chemical characteristics of water in the eastern Oklahoma
coal-mine ponds, based on samples collected from June to November
1977-81, and where possible to relate the water quality to the
associated mined coal beds. Fifty-nine mine ponds were selected to
represent the major mined beds. Most of the larger ponds were sampled
at more than one site. Samples were collected at 102 sites in ponds
associated with 7 named coal beds and 1 unnamed coal bed in 14
counties. Detailed maps of site locations are given in Figures 9-57.

Most ponds were sampled at least twice during June to November
1977-81. On-site measurements included temperature, specific
conductance, dissolved oxygen, and pH. Measurements for most ponds
were made at 2-ft intervals. At depths >30 ft, measurements usually

were made at 5-ft intervals.
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In the deep ponds, water samples were collected at each site near
the bottom, middle, and surface of the pond. Shallow ponds were
sampled at only one or two depths. At each depth, two filtered samples
were collected--one 1left untreated for determination of dissolved
sulfate and chloride, and the other acidified for determination of

dissolved iron and manganese.
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SITE-IDENTIFICATION SYSTEMS

Each site is identified by the following systems:

1) Map-index number: an order number assigned to the mine-pond
sites after their geographic-coordinate (latitude-longitude) numbers
were ranked from smallest to largest. (Table 1.)

2) Station number: determined by geographic coordinates at the
site location. The site with map-index number 24 has a latitude of
35°10'03" N. and 1longitude of 94°57'50" E. and is identified as
351003094575001. The final two digits (01) represent the sequential
number of a site at the specific coofdinates.

3) Station name: based on township, range, section, mine pond,

site, and quadrangle.



The standard method of giving location by fractional section,
section, township, and range is replaced by the method illustrated
below. The location of site 24 normally would be described as
SEZSEINE} sec. 15, TO8N, R22E. The method used in this report reverses
the order and indicates quarter subdivisions of the section by letters.
By this method, the township-range-section part of the station name for
site 24 is given as 08N-22E-15 ADD 1. The final digit (1) is the
sequential number of a site within the smallest fractional subdivision.

Mine ponds are numbered sequentially from north to south in each
7.5' or 15' quadrangle. Within each pond, individual sites also are
numbered sequentially. By this method, the mine-pond, site, quadrangle
part of the station name for site 24 is given as pond 1, site 1,

McCurtain Quadrangle.

B A
B A
B | A
C —D—
15 <19 T. 8 N.
C D

R. 22 E. /

08N-22E-15 ADD 1



STRATIGRAPHY OF THE STUDY AREA

The mine ponds sampled in the Oklahoma coalfield are located in
pits associated with bituminous coal beds of Pennsylvanian age (Fig.
3). The northeastern part of the Oklahoma coalfield is 1in the
"northeast shelf area," which contains sandstone, shale, and 1imestone,
and the Dawson, Iron Post, Croweburg, Weir-Pittsburg, and Secor coals.
Shelf-area rocks contain more limestone than the coal-bearing rocks of
the Arkoma basin (Friedman, 1978a). The southern part of the coalfield
is in the Arkoma basin--an eroded structural and depositional basin
that contains sandstone, siltstone, shale, and the Secor, McAlester
(Stigler), and Upper and Lower Hartshorne coals.

Other named coals in Oklahoma are omitted from the discussion
because none of the sampled mine ponds are in contact with them. At
least 20 named coals and - several unnamed coals have been mined
commercially in eastern Oklahoma during the last 100 years (Friedman,
1983).

The Dawson coal (Rogers, Tulsa, and Washington Counties) is in the
middle part of the Seminole Formation. The Dawson coal has a mean
sulfur content of 4.6% (Friedman, 1974). The Dawson, Weir-Pittsburg,
and Secor coals have the largest sulfur content of the seven named
coals in this study.

The Iron Post coal (Craig, Nowata, and Rogers Counties) is the
upper principal coal of the Senora Formation, which comprises a series
of sandstones, shales, coal, and usually a limestone capping the
formation. The Iron Post coal has a mean sulfur content of 4.0%

(Friedman, 1974).

The Croweburg coal (Craig, McIntosh, Okfuskee, Okmulgee, Rogers,
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Tulsa, and Wagoner Counties), unlike most of the other coal beds in the
northeast Oklahoma shelf, has a mean sulfur content of 1.9% (Friedman,
1974). The Croweburg coal occurs about in the middle of the Senora
Formation.

The Weir-Pittsburg coal (Craig, Mayes, Rogers, and Wagoner
Counties) is the lowest coal of the Senora Formation and has a mean
sulfur content of 4.8% (Friedman, 1974).

The Secor coal (McIntosh, Muskogee, Pittsburg, and Wagoner
Counties) is the upper principal coal of the Boggy Formation, which
comprises alternating shales and sandstones with local beds of blocky
red clay. The Secor coal has the greatest mean sulfur content, 4.9%
(Friedman, 1974), of the seven named coals in this study.

The Stigier ccal of Haskell and Muskogee Counties is correlated
with the McAlester coal of Coal, Pittsburg, northern Latimer, and Le
Flore Counties (Friedman, 1983). The coal bed, usually 3-5 ft thick,
is found 350-400 ft below the top of the McAlester Formation, which is
composed mostly of shale and sandstone. The McAlester (Stigler) coal
has a mean sulfur content of 1.8% (Friedman, 1974). The McAlester
(Stigler) coal generally has many of the same impurities as the
Hartshorne coal.

The Hartshorne coal, commonly 3-5 ft thick, has been mined in
Atoka, Coal, Pittsburg, Latimer, Haskell, Le Flore, and Sequoyah
Counties. In Atoka, Coal, and Pittsburg Counties, the bed is divided
into the Upper and Lower Hartshorne coals (Fig. 3). The Upper
Hartshorne coal is at the top of the Hartshorne Sandstone; the Lower
-Hartshorne coal is ~25 ft 1lower. East of Pittsburg County, the

coals converge and in northernmost Haskell, Sequoyah, and Le Flore
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Counties are no longer distinguished as two separate beds. Hartshorne
coal with thin layers of shale and pyrite has a mean sulfur content of

1.8% (Friedman, 1974).

PHYSICAL AND CHEMICAL CHARACTERISTICS OF WATER IN COAL-MINE PONDS

The physical and chemical characteristics of the coal-mine pond

water determined for this study included water temperature, specific

iron, and manganese. Variations in degree of mixing of the water in
the ponds caused a wide range of measured values for these properties
and constituents from site to site within a pond and with depth at a
single site. Profiles of temperature, specific conductance, dissolved
oxygen, and pH for each sampiing site and date are included in Figures
58-159. Statistical data (maximum, minimum, mean, and number of
determinations) for selected physical and chemical characteristics for
each of the 102 sites are summarized in Tables 1-4. Statistical data
(number of analyses, standard deviation, and percentile) for se1ected
characteristics for all 102 sites combined are presented in Table 5.
Dissolved sulfate and chloride are reported in milligrams per
liter (mg/L) and dissolved iron and manganese are reported in

micrograms per liter (ug/L). 1 mg/L = 1,000 ug/L.

Temperature

During sampling in the summer months, surface water heated by the
sun was less dense and was not mixed well with the underlying colder,
denser water. Lack of mixing, especially in the ponds deeper than
~10 ft, resulted in thermal stratification of the water. A trend

of lower temperatures with increased depth was determined for most of
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the ponds. However, below a depth of ~30 ft the temperature
usually showed no further change with depth.

From June to October, many Oklahoma coal-mine ponds were poorly
mixed, and surface temperatures were as much as 23.5°C greater than
bottom temperatures. This variation in temperature with depth was
greatest in the ponds deeper than ~10 ft sampled during July and
August. For example, the pond at site 24 was 42 ft deep and had a
surface-to-bottom temperature difference of ~17°C in July 1977 and
19°C 1in August 1979. The pond at site 5 was 50 ft deep and had a
temperature difference of 23.5°C. Typical temperatures of a 20-ft deep
pond ranged from ~30°C at the surface to ~15°C at the bottom,
as at sites 25 and 35 (see Figs. 62, 81, 82, 92).

Ponds that had 1little or no change of temperature with depth
generally were shallow or were sampled in early November, when surface

cooling causes ponds to become well mixed.

Specific Conductance

Specific conductance is a measure of the ability of a water to
conduct an electrical current. Specific conductance is the reciprocal
of the resistance, in ohms, measured between opposite faces of a cube
with dimensions of 1 cm of an aqueous solution and is expressed in
micromhos per centimeter at 25°C.

The ability of water to conduct an electrical current depends on
the presence of ions (charged particles) in solution. As ion
concentrations 1increase, conductance of the solution increases.
Because of this relationship and the fact that specific-conductance

determinations are relatively inexpensive and can be made quickly, they
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are widely used to estimate concentrations of individual ions and of
dissolved solids in water.

The relationship between concentrations of ions and specific
-coﬁductance js linear in dilute solution. As a solution becomes more
concentrated, the relationship deviates from a straight line as further
increases in concentration cause progressively smaller increases in
specific conductance. The slope of the straight-line part of the curve
depends on the dominant ions present in the solution and differs for
natural waters‘ of different chemical type. Because changes in
concentrations of the dominant ions would obscure changes in
concentrations of minor dons (such as iron and manganese),
relationships betweea specific conductance and concentrations of minor
jons are unreliable and highly variable.

The specific conductance of the studied coal-mine ponds ranged
from 93 to 4,800 umho, based on 1,292 measurements of 102 sites
(Table §). This variation can be partly attributed to precipitation.
Periods of increased precipitation dilute the ponds, resulting in a
decrease in specific conductance. Sulfate is the principal ion in
mine-pond water. Consequently, the specific conductance of mine-pond
water varies from pond to pond in direct proportion to suifate
concentration.

The largest mean specific conductances were in ponds resulting
from mining of the Dawson, Weir-Pittsburg, and Secor coals (Fig. 4),
which have mean sulfur contents of 4.6-4.9%--the greatest for the seven
named coals in this report. The smallest specific conductances were
for ponds associated with the McAlester (Stigler) coal. The mean
specific conductances of the mine ponds associated with each of the

coal beds are: Dawson, 2,080 umho; Iron post, 791 wumho; Croweburg,

13
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1,030 umho; Weir-Pittsburg, 2,600 umho; Secor, 2,680 umho;
McAlester (Stigler), 698 upmho; and Hartshorne, 799 wumho (see
Fig. 4 and the pH and Dissolved Sulfate sections).

The specific conductance generally increased with depth for
~40% of the ponds, regardless of the coal bed that was mined,
indicating that ionic concentration in those ponds also increased with
depth. The greatest variation in specific conductance with depth was
at site 24, with a specific conductance of 2,760 umho at the
surface (depth 1 ft) and 4,440 pmho at the bottom (depth 42 ft) in
July 1977 (Fig. 81).

Dissolved Oxygen

The dissolved-oxygen concentration of the coal-mine ponds usually
decreased with depth during June to early October. Thermal
stratification resulted in warmer, less-dense water at the surface,
insulating the colder, more-dense water below, preventing it from
coming in contact with atmospheric oxygen. The largest decreases in
dissolved oxygen with depth occurred at site 8 and site 57 (August
1979), with differences of 12.4 and 11.8 mg/L, respectively, from the
surface to the bottom. By November, usually 1ittle or no variation in

dissolved-oxygen concentration with depth was detected (Figs. 65, 114).

pH
The pH of a solution 1is the negative base-10 log of the
hydrogen-ion activity and is approximately equal to the hydrogen-ion
(H+1) concentration expressed in moles per liter. The pH of pure water
at 25°C is 7.0. In natural water, the pH usually is within the range
6.0-8.5, depending upon equilibria reactions of species in the water

(Hem, 1985).

15



In coal-mine ponds, pH 1is governed by oxidation of sulfide
minerals and subsequent buffering by carbonate minerals. Iron sulfide
minerals, usually pyrite (FeSp) and marcasite (FeSp), exposed in spoil
piles and highwalls of strip pits, react with oxygen (02) and water
(Hp0) to produce sulfuric acid (HpoSO4) and ferrous sulfate (FeSO4),
with a corresponding decrease in pH of the solution:

2FeSp + 70p + 2Hp0 » 2FeS04 + 2HpSO04 » 2Fe*? + 450472 + antl,

The iron is then oxidized from the ferrous (Fe+z) to the ferric
(Fe*?) state:

4FeS0q4 + 02 + 2HpS04 + 2Fep(S04)3 + 2H20.
Hydrolysis occurs, and the ferric sulfate [Fep(SO4)3] is converted to
ferric hydroxide [Fe(OH)3], a reddish-brown precipitate commonly called -
"yellow boy," and to more sulfuric acid.

The oxidation reactions are bacterially mediated and complex
(Stumm and Morgan, 1981; and Drever, 1982). The rate-determining
(slowest) step is the oxidation of ferrous dron (Fe+z) to ferric
iron (Fe¥3). Even at a pH of 3, the preceding reaction has a
half-time of ~1,000 days (Stumm and Morgan, 1981).

The net result, whether the pyrite is oxidized directly by oxygen
or is dissolved and then oxidized, is that two molecular weights (or
four equivalent weights) of sulfuric acid are released for each
molecular weight of the original pyrite. If the concentration of
sulfuric acid (as H" in milliequivalents per liter) is greater than
carbonate and bicarbonate, the solution is acidic (pH <7). However, if
concentrations of carbonate and bicarbonate (in milliequivalents per
liter) are greater than that of the hydrogen ions, the solution is

alkaline, or basic (pH >7).
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If the pH in coal-mine ponds were dependent only upon the
equilibria reactions of sulfate and ferrous iron, pH also could be
correlated to the mined coal bed and the impurities present, especially
pyrite. However, in the Oklahoma coal region, the median pH for the
ponds associated with the Dawson, Iron Post, Croweburg, Weir-Pittsburg,
McAlester (Stigler), and Hartshorne coals showed 1little variation
(7.4-7.8; Table 6). The only significant difference was for the ponds
associated with the Secor coal.

Sites 63, 64, and 65 (pond 1, Warner NW Quadrangle, Fig. 44) had a
pH of 3.2-3.3 in June 1980. Sites 68 and 69 (pond 1, Red Bird
Quadrangle, Fig. 46) had a pH of 7.3-8.1 in June 1980. Both the Warner
and Red Bird ponds were identified as being associated with the Secor
coal. The median pH for the ponds associated with the Secor coal was
3.3. Excluding the Warner pond, the median pH for the ponds associated
with the Secor coal was 7.7, virtually the same as for the ponds
associated with all other coal beds. The pH of water in the coal-mine

ponds generally decreased with depth.

Dissolved Sulfate

Pyrite (FeSp) contains most of the sulfur in Oklahoma coals
(Friedman, 1974). The anaerobic conditions under which the coal was
deposited was a favorable environment for the formation of pyrite.
When the pyrite is Tlater exposed to aerated water it is oxidized,
producing sulfate ions in the water. (See also section on pH.)

Mean dissolved-sulfate concentrations were greatest for the water
in ponds associated with the Dawson, Weir-Pittsburg, and Secor coal
beds, which, of the seven named coals, also had the greatest sulfur

content. (Plots of the mean concentrations of dissolved sulfate,
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chloride, iron, and manganese for the ponds associated with each of the
coal beds are shown in Figures 5-8.) Sulfate concentrations were least
for water associated with the McAlester (Stigler) and Hartshorne coals.
Pond water associated with the Dawson, Weir-Pittsburg, and Secor coal
beds had mean dissolved-sulfate concentrations of 900, 1,700, and 1,700
mg/L, respectively. The greatest increase 1in dissolved-sulfate
concentration with depth was 1,200 mg/L at site 51.

More than 25% of the sulfate concentrations in water-quality
samples from the mine-pond sites exceeded the 250-mg/L 1limit in the
Secondary Drinking Water Regulations (U.S. Environmental Protection
Agency, 1979). The sulfate concentrations ranged from 3.7 to 2,300
mg/L. The median sulfate concentration was 210 mg/L (Table 5).

Sulfate affects the taste of water and may produce laxative
effects on some people but acclimation generally is rapid. Waters with
large concentrations of sulfate used to irrigate crops grown on clayey

soils may decrease soil permeability, but the sulfate itself has little

effect on most plants.

Dissolved Chloride

The most common source of chloride 1in natural waters is
sedimentary rocks. Fine-grained marine shales and clays commonly
contain sodium chloride from sea water. As the ocean regressed, sodium
accumulated in the form of sodium chloride crystals or as a brine in
the sedimentary layers (Hem, 1985). Ground water permeating these
deposits may leach the salts from the rocks or contact the brine. The
chloride in most coal-mine ponds probably originated from leaching of
sodium chloride from the surrounding shale, clay, and spoils by ground

water and surface runoff. Disposal of brines from oil-field operations
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Figure 5.--Mean dissolved—-sulfate concentration in coal-mine pond water
associated with each coal bed.
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Figure 6.-—Mean dissolved—chloride concentration in coal—-mine pond water
associated with each coal bed.
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Figure 7.——Mean dissolved—-iron concentration in coal-mine pond water
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in ponds has occurred, but this probably has not been too common.

The mean concentration of dissolved chloride in the mine ponds was
much less than the limit of 250 mg/L in the Secondary Drinkfng Water
Regulations (U.S. Enviromnmental Protection Agency, 1979). The mean
dissolved-chloride concentration was 140 mg/L for water in mine ponds
associated with the Dawson coal. For mine-pond water associated with
all the other coal beds, the mean concentration of chloride was <11
mg/L (Fig. 6).

The dissolved-chloride concentration ranged from 0.1 to 240 mg/L
for all 378 analyses of samples collected at the 102 mine-pond sites.
For 90% of the analyses the chloride concentration was <13 mg/L. The

median was 4.0 mg/L (Table 5).

Dissolved Iron

Iron is abundant in soils and sedimentary rocks both as ferrous
(Fe+2) and ferric (Fe+3) iron (see pH section). Sources of iron in
natural waters generally include soils enriched with organic material
and iron-bearing minerals, chiefly sulfides, carbonates, and silicates.
Iron is an essential element in both plant and animal metabolism.
Dissolved-iron concentrations exceeding 300 ug/L impart an objec-
tionable taste to water, cause staining and generally limit the water's
use for many domestic and dindustrial purposes (U.S. Environmental
Protection Agency, 1979).

Pyrite (FeSp), a mineral commonly occurring in coal, contains iron
in its reduced (ferrous) form. When exposed to aerated water, the
pyrite is oxidized directly by oxygen or 1is dissolved and then
oxidized. Conversely, ferric iron is dissolved in a reducing

environment such as that at the bottom of a stratified 1lake.
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The dissolved-iron concentration in the coal-mine ponds sampled in
Oklahoma usually was small; 75% of the iron concentrations were <90
ug/L (Table 5). More than 10% of the dissolved-iron concentrations
exceeded the 300-upg/L 1imit. The median for 357 samples was 40
ug/L. The greatest concentration (10,000 wug/L) was at site 77
(Dawson coal bed).

The mean concentration of dissolved iron was greatest in those
ponds associated with the Dawson, Secor, and Hartshorne coal beds (Fig.
7). The mean dissolved-iron concentration for sampled ponds associated
with the Dawson was 2,100 ug/L; Secor, 3,000 ug/L; and
Hartshorne, 800 wug/L. The mean dissolved-iron concentrations for
water in ponds associated with the Iron Post, Croweburg,
Weir-Pittsburg, and McAlester (Stigler) coals were all less than the
300-ug/L secondary 1limit for drinking water (U.S. Environmental Pro-

tection Agency, 1979).

fissolved Manganese

Hydrous manganese and iron oxides exist almost everywhere in soils
and sediments where conditions are not strongly reducing. Manganese
generally occurs as poorly crystallized birnessite or todorokite
(Drever, 1982). Hydrous manganese oxides have extremely 1érge
adsorption capacities for heavy metals. In many minerals, manganese
commonly substitutes for iron. _

The 1imited mixing and thermal stratification commonly associated
with coal-mine ponds create a reducing environment at the bottom of the
ponds. In this environment, manganese oxides are dissolved.
Therefore, an increase in dissolved manganese with depth would be

expected. The increase occurs 1in many of the eastern Oklahoma
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coal-mine ponds. For several ponds, the concentration of dissolved
manganese varied as much as several thousand micrograms per liter from
the surface to the bottom. The mean concentration of dissolved
manganese was greatest in those ponds associated with the Dawson (4,300
pg/L), Weir-Pittsburg (3,700 wug/L), and Secor (35,000 ug/L)
(Fig. 8).

Dissolved-manganese concentrations exceeding the 50-ug/L limit

I LL

in the Secondary Orinki Environmental
Protection Agency, 1979) impart an objectionable taste to water, cause
staining, and 1imit the water's use for many domestic and industrial
purposes. Manganese is readily removed by aeration or filtering and
does not have significant effect on most irrigated crops.

The mean dissolved-manganese concentrations were least for waters
associated with the Iron Post and McAlester (Stigier) coals, and
greatest for waters associated with Dawson, Weir-Pittsburg, and Secor
coals, but greatly exceeded secondary limits regardless of the coal bed
mined (Fig. 8). Dissolved-manganese concentrations ranged from 0 to
56,000 ug/L in the 356 water-quality samples (Table 5). The median
concentration was 80 wug/L. Consequently, more than 50% of the

measured dissolved-manganese concentrations in the mine-pond water

exceeded the 50-ug/L limit.

SUMMARY AND CONCLUSIONS

Water at 102 sites in 59 coal-mine ponds in eastern Oklahoma was
sampled, generally at least twice, during June to November 1977-81 to
determine temperature, specific conductance, dissolved oxygen, pH, and

dissolved sulfate, chloride,iron, and manganese. These determinations
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indicate that, during June to October, water in the deeper ponds was
stratified; temperature, dissolved oxygen, and pH usually decreased
with depth, whereas specific conductance usually increased with depth.
The variation of temperature with depth was greatest during July and
August. Ponds which had Tittle or no change of temperature with depth
generally were shallow or were sampled in early November.

Concentrations of dissolved sulfate, chloride, iron, and manganese
varied with depth and from site to site. Specific conductance ranged
from 93 to 4,800 umho/cm at 25°C. The physical and chemical
characteristics of the pond water are related to the coal bed in which
the pond is Tlocated. Mean specific-conductance values and
concentrations of dissolved sulfate were greatest for the water in
ponds associated with the Dawson, Weir-Pittsburg, and Secor coals.
Mean concentrations of dissolved iron were greatest in ponds associated
with mining of the Dawson, Secor, and Hartshorne coals.

More than 25% of the dissolved-sulfate concentrations, more than
10% of the dissolved-iron concentrations, and more than 50% of the
dissolved-manganese conceﬁtrations in the water-quality samples
exceeded the limit in the Secondary Drinking Water Regulations. The pH
of the mine-pond water generally is in the range for most natural

waters.
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TABLE 1. -- Maximum values for specific conductance, pH, and concentrations
of dissolved sulfate, chloride, iron, and manganese for each site

(micromhos, micromhos per centimeter at 25° Celsius; mg/L,
milligrams per liter; ng/L, micrograms per liter)

Map-
1ndex Station Name Specific
number Station (Township - range - section and conductance pH Sulfate Chloride Iron Manganese
(Figs. 9-57) Number mine pond - site - guadranale) {micromhos) (units) (mq/L) {ma/L) (va/L) (ug/L)
1 342353096135301 02S-10E-11 BCB 2 POND 2 SITE 2 LEHIGH 400 7.3 33 3.0 80 2000
2 342358096135701 025-10E-11 BCB t POND 2 SITE 1 LEHIGH 400 7.5 84 6.0 3600 3800
3 342807096133301 01S-10E-14 CAB 1 POND 1 SITE 1 LEHIGH 510 8.3 1o 6.0 20 180
4 343106096133801 0IN-10E-35 BBD 1 POND 1 SITE 1 COALGATE 190 7.6 19 2.0 3400 4500
5 345403094271301 05H-27E-16 DDC 1 POND 1 SITE 1 BATES 1810 2.0 60 9.0 70 4900
6 345440095404701 0O5N-15E-14 DDD 1 POND 1 SITE 1 KRERS 1650 7.2 16 3.0 490 2000
7 345506095 190001 O5N-19£-08 CAC 1 POND 1 SITE 1 WILBURTON 1070 6.5 59 85 50 50
8 345636095185601 06N-19E-32 DDD 1 POND 3 SITE 1 WILBURTON 290 8.9 260 4.0 60 350
9 345641095190301 06N-19E-32 DDB 1 POND 2 SITE 1 WILBURTON 785 8.9 260 4,0 10 10
10 345911095035101 06N-21E-14 CCD 1 POND 1 SITE 1 RED OAK NE 540 8.7 76 9.0 1900 5400
11 345915095033401 06N-21E-14 DCB 1 POND 1 SITE 2 RED 0AK NE 300 8.? 28 4,0 60 110
12 345921095031801 O6N-21E-14 DDR 1 POND 1 SITE 3 RED OAK NE 490 8.5 60 6.0 160 3100
13 350643095130001 O7N-20E-05 ABC 1 POND 1 SITE 2 KINTA 466 8.2 A3 3.2 40 130
14 350645095123401 O7N-20F-05 AAD 1 POND 1 SITE 3 KINTA 517 8.3 63 2.4 310 2600
15 350645095124701 07N-20E-05 AAC 1 POND 1 SITE 1 KINTA 497 8.3 63 3.0 40 20
16 350702094350201 0BN-26E-32 CCC 1 POND 1 SITE 1 POTEAU EAST 450 9.4 130 2.0 90 2200
17 350805095141701 08N-20E-30 CAC 2 POND 2 SITE 2 SANS BOIS 753 8.4 180 12 180 620
18 350805095142101 08N-20E-30 CAC 1 POND 2 SITE 1 SANS BOIS 794 8.4 180 10 110 400
19 350907094355001 08N-26£-19 DAB 1 POND 3 SITE 3 SPIR( 480 6.6 3 12 1500 70
20 350907094585001 08N-22F-22 CBB 1 POND 3 SITE 1 MCCURTAIN 1180 8.6 180 13 110 1900
21 350911094470901 08N-24E-16 CCD 1 POND 3 SITE 1 BOKOSHE 210 7.3 28 3.0 7100 6000
22 350913094351801 08N-26E-20 BDB 1 POND 3 SITE 1 SPIRO 480 8.5 30 13 1700 400
23 350918094352701 08N-268-20 ACA 1 POND 3 SITE 2 SPIRO 480 8.5 29 13 360 30
24 351003094575001 0BN-22E-15 ADD 1 POND 1 SITE 1 MCCURTAIN 4440 6.3 1600 56 1100 8000
25 351037094553001 08N-23E-07 CCA 1 POND 2 SITE 1 MCCURTAIN 1140 8.4 1100 10 40 720
26 351049094290701 08N-27€-08 CBB 1 POND 1 SITE 1t HACKETT 685 7.4 300 3.0 20 140
27 351130094520301 08N-23E-03 CDA 1 POND 1 SITE 1 BOKOSHE 970 8.4 250 7.0 490 13600
28 351230094340201 O9N-26E-32 DAA 1 POND 2 SITE 1 SPIRC 215 8.1 12 4,0 8100 3400
29 351247094494801 09N-23E-36 BCB 1 POND 2 SITE 1 BOKOSHE 970 8.0 250 €.0 6600 4900
30 351343094300701 09H-26E-25 ABD 1 POND 1 SITE 1 SPIRO 375 8.3 50 1 600 10000
31 351436094420901 09N-25E-19 BAC 1 POND 1 SITE 1 PANAMA 4800 8.4 350 5.0 160 3300
32 351454095113301 0O9N-20£-16 DCB 1 POND 1 SITE 1 SANS B0IS 335 7.9 25 3.0 40 4100
33 351517095095801 09N-20E-14 BCC 1 POND 3 SITE 2 STIGLER WEST 450 8.6 40 7.0 760 5000
34 351517095121501 09N-20E-17 ADD 1 POND 2 SITE 2 STIGLER WEST 615 8.6 65 4.0 40 310
35 351518095095001 09N-20E-14 BCA 1 POND 3 SITE 1 STIGLER WEST 340 8.8 39 13 920 3300
36 351522095122201 09R-20E-17 ADB 1 POND 2 SITE 1 STIGLFR WEST 685 8.5 78 4,0 30 6500
37 351602094435201 O9N-24E-11 DBA 1 POND 1 SITE 1 MULDROW Sw 1700 8.3 700 8.0 80 6100
35 351612094480301 O9N-24E-07 ADB 1 POND 1 SITE 1 R.S.KERR DAM 1620 8.3 600 8.0 30 110
39 351632095003401 O9N-22E-06 DOD 1 POND 2 SITE 1 STIGLER EAST 197 7.2 1 6.3 1800 5700
40 351925095034701 10N-21E-22 DAD 1 POND 1 SITE 1 STIGLER EAST 1380 8.3 550 8.0 2200 4400
41 352001094583101 10N-22E-16 DDD 1 POND 1 SITE 1 KEOTA 380 8.0 45 22 60 20
42 352001094583501 10N-22E-16 DDC 1 POND 1 SITE 2 KEQOTA 475 8.0 48 21 180 4000
43 352001094583901 T0ON-22E-16 DDC 2 POND 1 SITE 3 KEOTA 360 7.9 49 20 90 10
44 352054095142601 10N-19E-12 DDD 1 POND 1 SITE 3 STIGLER WEST 940 8.0 190 13 640 6400
45 352100095142301 10N-19E-12 DDA 2 POND 1 SITE 2 STIGLER WEST 1080 8.4 220 2.0 940 22000
46 352105095142301 10N-19E-12 DDA 1 POND 1 SITE 1 STIGLER WEST 490 8.0 130 5.0 50 140
47 352222095150501 10N-19E-01 BDB 1 POND 1 SITE 1 PORUM 970 5.3 230 3.0 20 20
48 352231095145061 1ON-19E-01 ABC 1 POND 3 SITE 2 HOLT MOUNTAIN 1030 8,2 310 3.0 580 3700
49 352237095143601 1ON-19E-01 ABC 1 POND 3 SITE 1 HOLT MOUNTAIN 1400 8.2 430 3.0 1300 8700
50 352513094523201 11N-23E-16 DCC 1 POND 1 SITE 1 VIAN 4Ly 8.2 340 7.0 60 1400
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TABLE 1. -- Maximum values for specific conductance, pH, and concentrations
of dissolved sulfate, chloride, iron, and manganese for each site

(continued)

Map-

index Station name Specific

number Station (Township - range - section and conductance pH Sulfate Chloride Iron Manganese

(Figs. 9-57) Number mine pond - site - quadrangle) (micromhos) (units) (mg/L) (mg/L) {ug/L) (ug/L)

51 352518095134601 11N-20E-18 DCC 1 POND 2 SITE 2 HOLT MOUNTAIN 2550 8.8 1500 12 50 510
52 352519094522501 1IN-23E-16 DCA 1 POND 1 SITE 2 SALLISAW 991 8.4 350 4,7 20 300
53 352519095135001 11N-20£-18 CDD 2 POND 2 SITE 3 HOLT MOUNTAIN 900 8.1 300 3.7 - -
54 352520095135301 11N-20E-18 CDD 1 POND 2 SITE 1 HOLT MOUNTAIN 2580 8.9 640 17 60 540
55 352521095140601 1IN-20E-18 CCA 1 POND 1 SITE 2 HOLT MOUNTAIN 2200 8.6 770 6.0 530 10000
56 352521095142101 1IN-19E-13 DDA 1 POND 1 SITE 1 HOLT MOUNTAIN 1550 8.6 730 6.0 20 20
57 352522095135601 11N-20E-18 CDB 1 POND 1 SITE 3 HOLT MOUNTAIN 1540 8.6 730 12 120 880
58 352611095150401 1IN-19E-12 CDC 1 POND 1 SITE 3 WARNER 1230 8.5 630 7.0 50 3800
59 352612095152001 1IN-19E-12 CCB 1 POND 1 SITE 1 WARNER 1210 8.5 540 22 40 1200
60 352617095151101 11N-19E-12 CCA 1 POND 1 SITE 2 WARNER 1850 8.8 570 5.9 140 400
61 352619095572301 1IN-13E-08 CAD 1 POND 2 SITE 1 HENRYETTA 753 6.3 410 5.7 20 4200
62 352628095572601 1IN-13E-08 CAB 1 POND 2 SITE 2 HENRYETTA 757 6.3 400 5.2 10 4200
63 352825095251901 12N-18E-32 ACA 2 POND 3 SITE 3 WARNER Nw 3220 3.3 2200 9.8 4800 55000
64 352830095251501 12N-18E-32 ACA 1 POND 3 SITE 2 WARNER Nw 3240 3.3 2200 6.6 4900 55000
65 352834095251001 12N-18E-32 AAC 1 POND 3 SITE 1 WARNER NW 3240 3.3 2200 8.1 5000 56000
66 353805095522501 13N-13E-01 ADA 1 POND 1 SITE 2 OKMULGEE NE 630 8.1 190 22 10 600
67 353811095522601 13N-13E-01 AAD 1 POND 1 SITE 1 OKMULGEE NE 657 7.9 200 22 10 1600
68 355323095330101 16N-17E-06 CCA 1 POND 1 SITE 1 RED BIRD 1840 8.1 1000 6.4 80 2400
69 355323095330601 16R-17E-06 CCB 1 POND 1 SITE 2 RED BIRD 1950 7.9 1100 4.1 80 16000
70 360526095435401 19N-15E-29 DCD 1 POND 1 SITE 3 ONETA 3690 8.2 2300 14 2600 6600
71 360533095440101 19N-15E-29 DCC 1 POND 1 SITE 2 ONETA 3730 8.2 2200 17 2700 11000
72 360552095435801 TIN-15E-29 ACC 1 POND 1 SITE 1 ONETA 3460 8.3 2100 n 460 2600
73 361544095395101 21IN-15€-36 BAB 1 POND 1 SITE 1 SAGEEYAH 506 8.2 99 3.8 920 1300
74 361549095394601 21N-15E-36 BAB 2 POND 1 SITE 2 SAGEEYAH 466 8.3 20 5.1 160 2200
75 362249095495501 22N-14E-17 DDD 1 POND 2 SITE 3 COLLINSVILLE NE 2520 8.1 900 230 2200 12000
76 362253095500201 22N-16E-17 DDB 2 POND 2 SITE 2 COLLINSVILLE NE 3000 8.1 1100 240 8700 13000
77 362257095495501 22N-14E-17 DDB 1 POND 2 SITE 1 COLLINSVILLE NE 2860 8.0 840 230 10000 13000
78 362333095365201 22N-16E-16 BBB 2 POND 2 SITE 1 FOYIL 9217 8.4 310 29 40 400
79 362337095364601 22N-16E-16 BBB 1 POND 2 SITE 2 FOYIL 793 8.2 250 4.6 40 80
80 362618095352801 23N-16E-27 CDC 1 POND 1 SITE 3 FOYIL 554 7.9 160 8.2 70 850
81 362635095352701 23N-16E-27 CAA 1 POND 1 SITE 1 FOYIL 598 8.0 160 7.0 480 1600
82 362636095352801 23N-16E-27 CAC 1 POND 1 SITE 2 FOYIL 587 8.0 160 8.3 460 1800
83 362718095450201 23N-15E-19 CDA 1 POND 1 SITE 2 COLLINSVILLE NE 2020 8.2 1100 1 40 4400
84 362725095445801 23N-15E-19 CAD 1 POND 1 SITE 1 OOLOGAH 1730 8.2 950 6.7 40 760
85 363039095292401 24N-17E-33 ODD 1 POND 3 SITE 1 CHELSEA 552 8.4 220 6.4 30 70
86 363049095293201 24N-17E-33 DDC 1 POND 3 SITE 2 CHELSEA 559 8.4 210 6.7 40 70
87 363049095293801 24N-17E-33 DCD 1 POND 3 SITE 3 CHELSEA 588 8.3 230 6.5 40 1700
88 364109095183301 26N-19E-31 DDC 1 POND 2 SITE 2 ESTELLA 3080 7.6 2000 i 120 15000
89 364119095183101 26N-19E-31 DAC 1 POND 2 SITE 3 ESTELLA 2590 7.6 1700 12 40 2900
90 364125095182301 26N-19E-31 DAA 1 POND 2 SITE 1 ESTELLA 2710 7.7 1700 9.9 10 2200
91 364756095174101 27N-19E-29 ABB 1 POND 2 SITE 1 CENTRALIA 430 8.9 77 4,0 4200 1500
92 364756095174801 27N-19E-29 BAA 1 POND 2 SITE 2 CENTRALIA 440 8.5 72 5.0 400 1200
23 364831095172101 27N-19E-20 ADD 1 POND 1 SITE 3 CENTRALIA 3000 8.3 180 5.0 60 1100
94 364835095171801 278-19€-20 ADA 1 POND 1 SITE 2 CENTRALIA 690 8.2 190 4,1 60 680
95 364841095171901 27N-19E-20 AAD 1 POND 1 SITE 1 CENTRALIA €95 9.1 180 5.1 200 20
926 364951095132801 27R-19E-12 DCC 2 POND 2 SITE 1 PYRAMID CORNERS 715 8.4 210 2.9 1000 4700
97 365119095124701 27N-20E-06 BBD 1 POND 1 SITE 1 PYRAMID CORNERS 1520 6.3 900 10 80 1200
98 365418095123701 28N-20£-18 COB 1 POND 2 SITE 3 WELCH Nw 970 7.9 440 5.0 120 590
99 365418095124201 28N-20E-18 CCA 2 POND 3 SITE 1 WELCH Nw 700 8.3 230 13 60 60
100 365421095124001 28N-20E-18 CCA 1 POND 2 SITE 2 WELCH Nw 960 8.1 450 5.7 ~ 130 1500
101 365424095124201 28N-20E-18 CBD 1 POND 2 SITE 1 WELCH Nw 955 8.4 390 6.0 220 770
102 365549095121701 28N-20E-07 ABB 1 POND 1 SITE 1 WELCH NW 1500 8.2 €90 9.1 610 15000
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TABLE 2. -- Minimum values for specific conductance, pH, and concentrations
of dissolved sulfate, chloride, iron, and manganese for each site

(micromhos, micromhos per centimeter at 25° Celsius; mg/L,
milligrams per liter; ug/L, micrograms per liter)

Map-
index Station Name Specific
number Station (Township - range - sectlon and conductance pH Sulfate Chloride Iron Manganese
(Figs. 9-57)  Number mine pond - site - quadrangle) (micromhos) (units) (mg/L)  (mg/L) (ug/L) (ug/L)
1 342353096135301 025-10E-11 BCB 2 POND 2 SITE 2 LEHIGH 180 6.3 28 3.0 10 20
2 342358096135701 025-10E-11 BCB 1 POND 2 SITE 1 LEHIGH 160 6.6 n 3.0 10 10
3 342807096133301 015-10E-14 CAB 1 POND 1 SITE 1 LEHIGH 460 7.3 130 6.0 10 10
4 343106096133801 O1N-10E-35 BBD 1 POND 1t SITE 1 COALGATE 110 6.4 3.7 2.0 10 15
5 345403094271301 05N-27E-16 DDC 1 POND 1 SITE 1 BATES 200 7.3 7.6 4.0 10 5
6 345440095404701 OSH-15E-14 DOD 1 POND 1 SITE 1 KREBS 120 6.5 5.1 2.0 50 20
7 345506095190001 OSN-19£-08 CAC 1 POND 1 SITE 1 WILBURTON 1060 6.7 56 85 10 10
8 345636095185601 06N-19E-32 DDD 1 POND 3 SITE 1 WILRURTON 735 7.0 230 4.0 10 10
9 34564 1095190301 06N-19E-32 DDB 1 POND 2 SITE 1 WILBURTON 700 7.6 230 2.0 i0 i0
10 345911095035101 06N-21E-14 CCD 1 POND 1 SITE 1 RED OAK NE 150 6.6 16 4.0 10 10
1 345915095033401 06N-21E-14 DCB 1 POND 1 SITE 2 RED OAK NE 150 7.0 20 4,0 10 10
12 345921095031801 06N-21E-14 DDB 1 POND 1 SITE 3 RED DAK NE 150 6.3 9.0 3.0 10 10
13 350643095130001 07N-20E-05 ABC 1 POND 1 SITE 2 KINTA 455 7.6 &2 3,1 30 20
14 350645095123401 O7N-20E-05 AAD 1 POND 1 SITE 3 KINTA 445 6.8 51 2.3 10 40
15 350645095124701 O7N-20E-05 AAC 1 POND 1 SITE 1 KINTA e 7.5 63 2.9 20 10
16 350702094350201 08N-26E-32 CCC 1 POND 1 SITE 1 POTEAU EAST 305 7.3 60 1.0 10 5
17 350805095141701 08N-20E-30 CAC 2 POND 2 SITE 2 SANS BOIS 637 7.8 170 2.6 40 400
18 350805095142101 08N-20E-30 CAC 1 POND 2 SITE 1 SANS BOIS 645 7.5 160 3.0 30 10
19 350907094355001 08N-26£-19 DAB 1 POND 3 SITE 3 SPIRO 440 7.3 29 12 1300 20
20 350907094585001 08N-22£-22 CBB 1 POND 3 SITE 1 MCCURTAIN 610 6.9 140 8.0 10 5
21 350911094470901 08N-24E-16 CCD 1 POND 3 SITE 1 BOKOSHE 115 6.7 13 3.0 110 15
22 350913094351801 08N-26£-20 BDB 1 POND 3 SITE 1 SPIRO 370 7.4 20 5.0 10 20
23 350918094352701 08N-26E-20 ACA 1 POND 3 SITF 2 SPIRO 430 7.4 24 11 80 10
24 351003094575001 0BN-22E-15 ADD 1 POND 1 SI": 11 MCCURTAIN 1260 7.2 380 8.0 20 S
25 351037094553001 08M-23E-07 CCA 1 POND 2 SITE 1 MCCURTAIN 980 7.1 360 7.0 20 5
26 351049094290701 08N-276-08 CBB 1 POND 1 SITE 1 HACKEYT 680 6.7 300 2.0 10 20
27 351130094520301 08N-23£-03 CDA 1 POND 1 SITF 1 BOKOSHE 490 6.7 140 3.0 20 20
28 351230094340201 O9N-26E-32 DAA 1 POND 2 SITE 1 SPIRO 93 6.5 5.0 2.0 90 40
29 351247094494501 09N-23E-36 BCR 1 POND 2 SITE 1 BOKOSHE 230 6.7 40 2.0 30 5
30 351343094300701 09N-26E-25 ABD 1 POND 1 SITE 1 SPIRO 190 6.5 23 1.0 20 10
31 351436094420901 09N-25E-19 BAC 1 POND 1 SITE 1 PANAMA 780 7.1 280 1.0 10 10
32 351454095113301 09N-20E-16 DCA 1 POND 1 SITE 1 SANS BOIS 170 7.0 17 3.0 10 10
33 351517095095801 09N-20E-14 BCC 1 POND 3 SITE 2 STIGLER WEST 230 7.0 17 3.0 40 10
34 351517095121501 09N-20E-17 ADD 1 POND 2 SITE 2 STIGLER WEST 410 7.6 52 2.0 20 10
35 351518095095001 O9N-20E-14 BCA 1 POND 3 SITE 1 STIGLER WEST 220 7.1 17 3.0 30 90
36 351522095122201 O9N-20E-17 ADB 1 POND 2 SITE 1 STIGLER WEST 420 7.3 52 4.0 20 110
7 351602094435201 O9N-24E-11 DBA 1 POND 1 SITE 1 MULDROW Sw 1000 7.1 510 1.0 10 5
38 351612094480301 O9N-24E-07 ADB 1 POND 1 SITE 1 R.S.KERR DAM 1140 7.3 520 4.0 20 5
39 351632095003401 Q9N-22E-06 DDD 1 POND 2 SITE 1 STIGLER EAST 14 7.1 7.6 5.0 40 80
40 351925095034701 10N-21E-22 DAD 1 POND 1 SITE 1 STIGLER EAST 1060 7.4 420 2.0 20 5
41 352001094583101 10N-22E-16 DDD 1 POND 1 SITE 1 KEOTA 360 7.7 45 19 60 20
42 352001094583501 10N-22E-16 DDC 1 POND 1 SITE 2 KEQOTA 365 6.9 46 20 80 20
43 352001094583901 10N-22€-16 DDC 2 POND 1 SITE 3 KEOTA 355 7.7 48 20 40 10
4h 352054095142601 10N-19E-12 DDD 1 POND 1 SITE 3 STIGLER WEST 360 6.6 93 1.0 20 10
45 352100095142301 10N-19E-12 DDA 2 POND 1 SITE 2 STIGLER WEST 350 6.6 9% 0.1 10 10
46 352105095142301 10N-19E-12 DDA 1 POND 1 SITE 1 STIGLER WEST 350 6.6 93 0.1 10 10
47 352222095150501 10N-19E-01 BDB 1 POND 1 SITE 1 PORUM 730 6.1 190 1.0 20 10
48 352231095145001 10N-19E-01 ABC 1 POND 3 SITE 2 HOLT MOUNTAIN 657 5.1 190 1.0 10 5
49 352237095143601 10N-19E-01 ABC 1 POND 3 SITE 1 HOLT MOUNTAIN 647 6.5 180 1.0 10 20
50 352513094523201 11N-23E~16 DCC 1 POND 1 SITE 1 VIAN 894 7.4 330 4.5 30 20
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TABLE 2. -- Minimum values for specific conductance, pH, and concentrations
of dissolved sulfate, chloride, iron, and manganese for each site

(continued)
Map-
index Station Name Specific
number Station (Township - range - section and conductance pH  Sulfate Chloride Iron Manganese
(Figs. 9-57) Number mine pond - site - quadrangle) (micromhos) (units) (mg/L) (mg/L) (ug/L) (ug/L)
51 352518095134601 1IN-20E-18 DCC 1 POND 2 SITE 2 HOLT MOUNTAIN 666 6.6 260 3.6 10 20
52 352519094522501 11N-23E-16 DCA 1 POND 1 SITE 2 SALLISAW 903 7.2 340 4.4 20 10
53 352519095135001 118-20E-18 CDD 2 POND 2 SITE 3 HOLT MOUNTAIN 890 7.8 300 3.5 - -
54 352520095135301 TIN-20E-18 CDD 1 POND 2 SITE 1 HOLT MOUNTAIN mn 6.6 260 2.8 20 20
55 352521095140601 TIN-20E-18 CCA 1 POND 1 SITE 2 HOLT MOUNTAIN 1040 6.5 7.7 1.0 10 10
56 352521095142101 1IN-19E-13 DDA 1 POND 1 SITE 1 HOLT MOUNTAIN 1040 6.6 €70 4.0 10 10
57 352522095135601 1IN-20E-18 CDB 1 POND 1 SITE 3 HOLT MOUNTAIN 1040 6.6 330 2.0 10 8
58 352611095150401 TIN-19E-12 COC 1 POND 1 SITE 3 WARNER 1010 6.5 440 2,0 10 10
59 352612095152001 1IN-19€-12 CCB 1 POND 1 SITE 1 WARNER 1000 6.8 440 3.0 20 10
60 352617095151101 11K8-19E-12 CCA 1 POND 1 SITE 2 WARNER 1000 6.5 440 2.0 10 8
61 352619095572301 1IN-13£-08 CAD 1 POND 2 SITE 1 HENRYETTA 750 6.1 400 5.0 10 4200
62 352628095572601 11N-13E-08 CAB 1 POND 2 SITE 2 HENRYETTA 755 6.1 400 4.2 10 4100
63 352825095251901 12N-18E-32 ACA 2 POND 3 SITE 3 WARNER Nw 3210 3.2 2000 7.5 4800 54000
64 352830095251501 12N-18E£-32 ACA 1 POND 3 SITE 2 WARNER Nw 3220 3.2 2200 6.2 4800 54000
65 352834095251001 12N-18E-32 AAC 1 POND 3 SITE 1 WARNER Nw 3220 3.2 2100 7.8 5000 55000
66 353805095522501 13N-13E-01 ADA 1 POND 1 SITE 2 OKMULGEE NE 624 7.6 190 22 10 100
67 353811095522601 13N-13E-01 AAD 1 POND 1 SITE 1 OKMULGEE NE 583 7.4 190 22 10 30
é8 355323095330101 16N-17E-06 CCA 1 POND 1 SITE 1 RED BIRD 1820 7.7 1000 1.0 50 1600
69 355323095330601 168-17E-06 CCB 1 POND 1 SITE 2 RED BIRD 1870 7.3 1000 0.7 80 3200
70 360526095435401 198-15E-29 DCD 1 POND 1 SITE 3 ONETA 3330 7.0 2000 14 80 20
71 360533095440101 19N-15E€-29 DCC 1 POND 1 SITE 2 ONETA 3340 7.1 2000 13 50 20
72 360552095435801 19N-15E-29 ACC 1 POND 1 SITE 1 ONETA 3290 7.3 2000 5.9 130 1200
73 361544095395101 21N-15E-36 BAB 1 POND 1 SITE 1 SAGEEYAH 454 7.1 95 3.7 70 820
74 361549095394601 2IN-15€-36 BAB 2 POND 1 SITE 2 SAGEEYAH 433 7.2 74 4.9 50 20
75 362249095495501 22N-14E-17 DDOD 1 POND 2 SITE 3 COLLINSVILLE ME 2090 7.1 770 220 50 400
76 362253095500201 22N-14E-17 DDB 2 POND 2 SITE 2 COLLINSVILLE NE 2150 7.0 790 220 60 320
77 362257095495501 22N-14E-17 DDB 1 POND 2 SITE 1 COLLINSVILLE NE 2150 7.0 780 220 120 320
78 362333095365201 22N-16E-16 BBB 2 POND 2 SITE 1 FOYIL 700 7.4 250 4.2 10 0
79 362337095364601 22N-16E-16 BBB 1 POND 2 SITE 2 FOVIL 790 7.8 250 4.6 40 80
80 362618095352801 23N-16E-27 CDC 1 POND 1 SITE 3 FOYIL 533 7.2 130 7.1 10 20
81 362635095352701 23N-16E-27 CAA 1 POND 1 SITE 1 FOYIL 490 | 110 6.1 40 40
82 362636095352801 23N-16E-27 CAC 1 POND 1 SITE 2 FOYIL 494 7.1 110 6.1 40 90
a3 362718095450201 2IN-15E-19 CDA 1 POND 1 SITE 2 COLLINSVILLE NE 1710 7.4 960 6.5 30 50
84 362725095445801 23N-15E-19 CAD 1 POND 1 SITE 1 OOLOGAH 1600 7.3 870 5.5 10 20
85 363039095292401 24N-17E-33 DDD 1 POND 3 SITE 1 CHELSEA 530 7.5 200 6.1 20 30
86 363049095293201 24N-17E-33 DDC 1 POND 3 SITE 2 CHELSEA 535 7.5 200 6.5 20 40
87 363049095293801 24R-17£-33 DCD 1 POND 3 SITE 3 CHELSEA 537 7.5 210 5.4 30 80
88 364109095183301 26N-19E-31 DDC 1 POND 2 SITE 2 ESTELLA 2520 6.6 1700 13 60 2000
89 364119095183101 26N-19€-31 DAC 1 POND 2 SITE 3 ESTELLA 2500 7.3 1700 6.9 40 1900
90 364125095182301 26N-19E-31 DAA 1 POND 2 SITE 1 ESTELLA 2510 7.2 1600 8.1 60 1600
91 364756095174101 27N-19£-29 ABB 1 POND 2 SITE 1 CENTRALIA 329 6.6 64 3.1 30 10
92 364756095174801 27N-19£-29 BAA 1 POND 2 SITE 2 CENTRALIA 333 6.5 61 2.6 10 B
23 364831095172101 27N-19E-20 ADD 1 POND 1 SITE 3 CENTRALIA 491 7.3 140 4.0 10 5
9% 364835095171801 27N-19E-20 ADA 1 POND 1 SITE 2 CENTRALIA 502 7.6 140 3.5 10 20
95 364841095171901 27N-19£-20 AAD 1 POND 1 SITE 1 CENTRALIA 499 7.5 140 3.0 30 20
96 364951095132801 27N-19E-12 DCC 2 POND 2 SITE 1 PYRAMID CORNERS 561 7.5 170 2.2 80 60
97 365119095124701 27N-20E-06 BBD 1 POND 1 SITE 1 PYRAMID CORNERS 1480 6.3 900 10 80 1200
98 365418095123701 28N-20£-18 CDB 1 POND 2 SITE 3 WELCH Nw 738 7.4 360 3.6 10 200
99 365418095124201 2BN-20E-18 CCA 2 POND 3 SITE 1 WELCH Nw 404 7.8 150 7.1 10 15
100 365421095124001 28N-20£-18 CCA 1 POND 2 SITE 2 WELCH MW 758 6.5 380 2.4 20 80
101 365424095124201 28N-20E-18 CBD 1 POND 2 SITE 1 WELCH W 747 6.9 370 4.7 20 270
102 : 365549095121701 28N-20E-07 ABB 1 POND 1 SITE 1 WELCH Nw 460 6.3 130 2.5 20 1
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TABLE 3. -- Mean values for specific conductance and concentrations of dissolved
sulfate, chloride, iron, and manganese for each site

(micromhos, micromhos per centimeter at 25° Celsius; mg/L,
milligrams per liter; ug/L, micrograms per liter)

Map-

index Station Name Specific
number Statfon (Township - range - section and conductance Sulfate Chloride Iron Manganese
(Figs. 9-57)  Number mine pond - site - gquadrangle) {micromhos) (mg/L) {mg/L)  (ug/L) (ug/L)
1 342353096135301 025-10E-11 RCB 2 POND 2 SITE 2 LEHIGH 230 30 3.0 40 1000
2 342358096135701 025-10E-11 BCB 1 POND 2 SITE 1 LEHIGH . 243 41 4.2 1400 1400
3 342807096133301 01S-10E-14 CAB 1 POND 1 SITE 1 LEHIGH 492 140 6.0 20 95
4 343106096 133801 01N-10E-35 BBD 1 POND 1 SITE 1 COALGATE 140 11 2.0 820 1300
5 345403094271301 O5N-27E-16 DDC 1 POND 1 SITE 1 BATES 513 b4 6.3 40 1000
6 345440095404701 OSN-15€-14 DDD 1 POND 1 SITE 1 KREBS 654 9.7 2.7 220 770
7 345506095190001 O5N-19E-08 CAC 1 POND 1 SITE 1 WILBURTON 1060 58 85 30 30
] 345636095185601 06N-19E-32 DDD 1 POND 3 STTF 1 WILRURTON R24 240 4.0 n 1720
9 345641095190301 06N-19E-32 DDB 1 POND 2 SITE 1 WILBURTON 744 240 3.5 10 10
10 345911095035101 06N-21E-14 CCD 1 POND 1 SITE 1 RED OAK NE 315 45 6.4 420 190G
1" 345915095033401 O6N-21E-14 DCB 1 POND 1 SITE 2 RED OAK NE 206 24 4.0 40 60
12 345921095031801 06N-21E-14 DDB 1 POND 1 SITE 3 RED OAK NE 287 30 4.5 70 1100
13 350643095130001 O7N-20E-05 ABC 1 POND 1 SITE 2 KINTA 459 62 3.1 40 75
14 350645095123401 07N-20£-05 AAD 1 POND 1 SITE 3 KINTA 487 57 2.4 160 1300
15 350645095124701 O7N-20E-05 AAC 1 POND 1 SITE 1 KINTA 462 63 3.0 30 15
16 350702094350201 08N-26E-32 CCC 1 POND 1 SITE 1 POTEAU EAST 344 80 1.5 50 590
17 350805095141701 08N-20E-30 CAC 2 POND 2 SITE 2 SANS BOIS 701 180 7.3 110 510
18 350805095142101 08N-20E-30 CAC 1 POND 2 SITE t SANS BOIS 733 170 6.7 70 180
19 350907094355001 08N-26E-19 DAB 1 POND 3 SITE 3 SPIRO 460 32 12 1400 45
20 350907094585001 08N-22E-22 CBB 1 POND 3 SITE 1 MCCURTAIN 704 160 9.8 30 580
21 350911094470901 08N-24E-16 CCD 1 POND 3 SITE 1 BOKOSHE 156 20 3.0 3600 3000
22 350913094351801 08N-26E-20 BDB 1 POND 3 SITE 1 SPIRO 422 26 10 700 140
23 350918094352701 08N-26E-20 ACA 1 POND 3 SITE 2 SPIRO 445 26 12 210 20
24 351003094575001 08N-22€-15 ADD 1 POND 1 SITE 1 MCCURTAIN 2280 1100 21 220 2000
25 351037094553001 08N-23E-07 CCA 1 POND 2 SITE 1 MCCURTAIN 1070 510 9.2 30 240
26 351049094290701 08N-27¢£-08 CBB 1 POND 1 SITE 1 HACKETY 653 300 2.5 20 80
27 351130094520301 08N-23E-03 CDA 1 POND 1 SITE 1 BOKOSHE 760 200 5.5 150 5000
28 351230094340201 09N-26£-32 DAA 1 POND 2 SITE 1 SPIRO 144 5.4 3.4 3100 1600
29 351247094494801 09N-23E-36 BCB 1 POND 2 SITE 1 BOKOSHE 538 10C 4.0 3100 2300
30 351343094300701 09N-26£-25 ABD 1 POND 1 SITE 1 SPIRO 280 36 7.0 320 3100
31 351436094420901 O9N-25E-19 BAC 1 POND 1 SITE 1 PANAMA 3240 310 2.4 60 1000
32 351454095113301 O9N-20E-16 DCB 1 POND 1 SITE 1 SANS BOIS 210 20 3.0 30 1100
33 351517095095801 09H-20E-14 BCC 1 POND 3 SITE 2 STIGLER WEST 306 30 4.3 280 1900
34 351517095121501 O9N-20E-17 ADD 1 POND 2 SITE 2 STIGLER WEST 475 60 3.0 30 160
35 351518095095001 O9N-20E-14 BCA 1 POND 3 SITE 1 STIGLER WEST 269 25 5.4 50 1700
36 351522095122201 09H-20E-17 ADB 1 POND 2 SITE 1 STIGLER WEST 546 65 4.0 20 3300
37 351602094435201 O9N-24£-11 DBA 1 POND 1 SITE 1 MULDROW Sw 1160 560 3.2 50 1300
38 351612094480301 09N-24E-07 ADB 1 POND 1 SITE 1 R.S. KERR DAM 1330 570 4.5 30 34
39 351632095003401 O9N-226-06 DDD 1 POND 2 SITE 1 STIGLER EAST 12 9.3 5.6 920 2900
40 351925095034701 10N-21E-22 DAD 1 POND 1 SITE 1 STIGLER EAST 1210 470 3.8 470 1000
41 3520010945583101 10N-22E-16 DDD 1 POND 1 SITE 1 KEOTA 372 46 20 60 20
42 352001094583501 TON-22E-16 DDC 1 POND 1 SITE 2 KEOTA 396 47 2t 130 1400
43 352001094583901 10N-22E-16 DDC 2 POND 1 SITE 3 KEOTA 359 48 20 60 10
4y 352054095142601 TON-19E-12 DDD 1 POND 1 SITE 3 STIGLER WEST 494 140 3.6 150 2100
45 352100095142301 10N-19E-12 DDA 2 POND 1 SITE 2 STIGLER WEST 595 160 1.4 150 7100
46 352105095142301 10N-19E-12 DDA 1 POND 1 SITE 1 STIGLER WEST 424 110 1.5 30 46
47 352222095150501 10N-19€-01 BDB 1 POND 1 SITE 1 PORWM 210 210 2.0 20 15
48 352231095145001 TON-19E-01 ABC 1 POND 3 SITE 2 HOLT MOUNTAIN 809 230 2.0 160 650
49 352237095143601 T0N-19E-01 ABC 1 POND 3 SITE 1 HOLT MOUNTAIN 951 320 2.2 190 1600
50 352513094523201 1IN-23E-16 DCC 1 POND 1 SITE 1 VIAN 923 340 5.8 40 710

35



TABLE 3. -- Mean values for specific conductance and concentrations of dissolved
sulfate, chloride, iron, and manganese for each site

(continued)
Map-
index Station MName Specific
number Station (Township - range - sectlon and conductance Sulfate Chloride Iron Manganese
(Figs. 9-57)  Number mine pond - site - quadrangle) (micromhos) (ma/L) (mg/L)  (ug/L)  (ug/L)
51 352518095134601 11N-20E-18 DCC 1 POND 2 SITE 2 HOLT MOUNTAIN 1150 780 5.9 30 270
52 352519094522501 11N-23E-16 DCA 1 POND 1 SITE 2 SALLISAW 949 340 4.6 20 160
53 352519095135001 11N-20E-18 CDD 2 POND 2 SITE 3 HOLT MOUNTAIN 897 300 3.6 - -
54 352520095135301 11N-20E-18 CDD 1 POND 2 SITE 1 HOLT MOUNTAIN 1200 410 7.6 40 270
55 352521095140601 11N-20E-18 CCA 1 POND 1 SITE 2 HOLT MOUNTAIN 1500 €50 4.0 20 1400
56 352521095142101 11N-19E-13 DDA 1 POND 1 SITE 1 HOLT MOUNTAIN 1230 700 4.8 30 18
57 352522095135601 11N-20E-18 CDB 1 POND 1 SITE 3 HOLT MOUNTAIN 1260 620 4.8 50 260
58 352611095150401 11IN-19E-12 CDC 1 POND 1 SITE 3 WARNER 1150 530 3.8 30 820
59 352612095152001 11IN-19E-12 CCB 1 POND 1 SITE 1 WARNER 1080 500 7.6 30 260
60 352617095151101 11N-19E-12 CCA 1 POND 1 SITE 2 WARNER 1330 510 4.2 40 110
61 352619095572301 11N-13E-08 CAD 1 POND 2 SITE 1 HENRYETTA 752 400 5.4 20 4200
62 352628095572601 11N-13E-08 CAB 1 POND 2 SITE 2 HENRYETTA 756 400 4.7 10 4200
63 352825095251901 12N-18E-32 ACA 2 POND 3 SITE 3 WARNER NW 3210 2100 8.6 4800 54500
64 352830095251501 12N-18E-32 ACA 1 POND 3 SITE 2 WARNER MW 3230 2200 6.4 4800 54500
65 352834095251001 12N-18E-32 AAC 1 POND 3 SITE 1 WARNER Nw 3230 2200 8.0 5000 55500
66 353805095522501 13N-13E-01 ADA 1 POND 1 SITE 2 OKMULGEE NE 626 190 22 10 350
67 353811095522601 13N-13E-01 AAD 1 POND 1 SITE 1 OKMULGEE NE 609 200 22 10 820
68 355323095330101 16N-17E-06 CCA 1 POND 1 SITE 1 RED BIRD 1840 1000 3.7 60 2000
69 355323095330601 16N-17E-06 CCB 1 POND 1 SITE 2 RED BIRD 1900 1000 2.4 80 9600
70 360526095435401 19N-15E-29 DCD 1 POND 1 SITE 3 ONETA 3440 2200 1% 1300 3300
7 360533095440101 19N-15E-29 DCC 1 POND 1 SITE 2 ONETA 3490 2100 16 9230 3700
72 360552095435801 19N-15E-29 ACC 1 POND 1 SITE 1 ONETA 3340 2000 8.4 300 1900
73 361544095395101 21N-15E-36 BAB 1 POND 1 SITE 1 SAGEEYAH 476 97 3.8 80 1100
74 361549095394601 21N-15E-36 BAB 2 POND 1 SITE 2 SAGEEYAH 452 82 5.0 100 1100
75 362249095495501 22N-14E-17 DDD 1 POND 2 SITE 3 COLLINSVILLE NE 2200 840 220 1100 6200
76 362253095500201 22N-14E-17 DDB 2 POND 2 SITE 2 COLLINSVILLE NE 2360 940 230 4400 6700
77 362257095495501 22N-14E-17 DDB 1 POND 2 SITE 1 COLLINSVILLE NE 2360 810 220 5100 6700
78 362333095365201 22N-16E-16 BBB 2 POND 2 SITE 1 FOYIL 798 280 16 30 240
79 362337095364601 22N-16E-16 BBB 1 POND 2 SITE 2 FOYIL 791 250 4.6 40 80
80 362618095352801 23N-16E-27 CDC 1 POND 1 SITE 3 FOYIL 546 140 7.6 40 440
81 362635095352701 23N-16E-27 CAA 1 POND 1 SITE 1 FOYIL 557 140 6.6 260 820
82 362636095352801 23N-16£-27 CAC 1 POND 1 SITE 2 FOYIL 557 140 7.2 250 940
83 362718095450201 23N-15E-19 CDA 1 POND 1 SITE 2 COLLINSVILLE NE 1820 1000 9.1 30 1500
84 362725095445801 23N-15E-19 CAD 1 POND 1 SITE 1 OOLOGAH 1640 920 6.2 30 270
85 363039095292401 24N-17E-33 -DDD 1 POND 3 SITE 1 CHELSEA 538 210 6.2 20 50
86 363049095293201 24N-17E-33 DDC 1 POND 3 SITE 2 CHELSEA Sth 200 6.6 30 55
87 363049095293801 24N-17E-33 DCD 1 POND 3 SITE 3 CHELSEA 562 220 6.0 40 890
88 364109095183301 26N-19E-31 DDC 1 POND 2 SITE 2 ESTELLA 2700 1800 13 80 6800
89 364119095183101 26N-19E-31 DAC 1 POND 2 SITE 3 ESTELLA 2530 1700 2.4 40 2400
90 364125095182301 26N-19E-31 DAA 1 POND 2 SITE 1 ESTELLA 2580 1600 9.0 80 1900
91 364756095174101 27N-19E-29 ABB 1 POND 2 SITE 1 CENTRALIA 378 70 3.7 900 360
92 364756095174801 27N-19E-29 BAA 1 POND 2 SITE 2 CENTRALIA n 70 4.0 140 210
93 364831095172101 27N-19E-20 ADD 1 POND 1 SITE 3 CENTRALIA 1820 160 4.5 30 240
% 364835095171801 27N-19E-20 ADA 1 POND 1 SITE 2 CENTRALIA 580 170 3.9 30 140
95 364841095171901 27N-19E-20 AAD 1 POND 1 SITE 1 CENTRALIA 584 160 3.8 120 55
96 364951095132801 27N-19E-12 DCC 2 POND 2 SITE 1 PYRAMID CORNERS 628 190 2.6 540 2400
97 365119095124701 27N-20E-06 BBD 1 POND 1 SITE 1 PYRAMID CORNERS 1500 900 10 80 1200
98 365418095123701 28N-20E-18 CDB 1 POND 2 SITE 3 WELCH Nw 862 390 4.0 40 360
99 365418095124201 268N-20E-18 CCA 2 POND 3 SITE 1 WELCH NW 582 190 10 40 37
100 365421095124001 28N-20E-18 CCA 1 POND 2 SITE 2 WELCH Nw 864 410 4.1 60 460
101 365424095124201 28N-20E-18 CBD 1 POND 2 SITE 1 WELCH MW 835 380 5.2 90 430
102 365549095121701 28N-20E-07 ABB 1 POND 1 SITE 1 WELCH MW 804 250 4.9 120 2600
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TABLE 4. -- Number of determinations for specific conductance, pH, and
concentrations of dissolved sulfate, chloride, iron, and manganese
for each site

Map-

index Station name Number of Determinations

number Station (Township - range - section and Specific

(Figs. 9-57)  wumber mine pond - site - quadrangle) conductance  pH Sulfate Chloride Iron_ Manganese

1 342353096135301 025-10E-11 BCB 2 POND 2 SITE 2 LEHIGH 9 9 2 2 2 2
2 342358096135701 025-10E-11 BCB 1 POND 2 SITE 1 LEHIGH 13 13 5 5 5 5
3 342807096 133301 015-10E~14 CAB 1 POND 1 SITE 1 LEHIGH é 4 2 2 2 2
4 343106096133801 01N-10£-35 BBD 1 POND 1 SITE 1 COALGATE 17 17 5 5 5 S
5 345403094271301 05N-27£-16 DDC 1 POND 1 SITE 1 BATES 22 22 6 [ 6 6
[ 345440095404701 O5N-15€-14 DDD 1 POND 1 SITE 1 KREBS 18 6 3 3 3 3
7 345506095190001 O5N-19E-08 CAC 1 POND 1 SITE 1 WILBURTON 2 2 2 2 2 2
8 '345636095185601 06N-19E-32 DDD 1 POND 3 SITE 1 WILBURTON 12 12 3 3 3 3
9 345641095190301 06N-1SE-32 DDB 1 POND 2 SITE 1 WILBURTON 9 ° 4 4 4 4
10 345911095035101 06N-21E-14 CCD 1 POND 1 SITE 1 RED OAK NE 19 19 5 5 5 5
11 345915095033401 06N-21E-14 DCB 1 POND 1 SITE 2 RED OAK NE 6 6 2 2 2 2
12 345921095031801 06N-21E-14 DDB 1 POND 1 SITE 3 RED OAK NE 20 20 5 5 5 5
13 350643095130001 O07N-20E-05 ABC 1 POND 1 SITE 2 KINTA 8 8 2 2 2 2
14 350645095123401 O7N-20£-05 AAD 1 POND 1 SITE 3 KINTA 10 10 2 2 2 2
15 350645095124701 07N-20E-05 AAC 1 POND 1 SITE 1 KINTA 8 ] 2 2 2 2
16 350702094350201 08N-26E-32 CCC 1 POND 1 SITE 1 POTEAU EAST 13 13 4 4 4 4
17 350805095141701 08N-20E-30 CAC 2 POND 2 SITE 2 SANS BOIS 9 9 2 2 2 2
18 350805095142101 08N-20E-30 CAC 1 POND 2 SITE 1 SANS BOIS 9 3 3 3 3
19 350907094355001 08N-26E-19 DAB 1 POND 3 SITE 3 SPIRO 9 9 2 2 2 2
20 350907094 585001 08N-22E-22 CBB 1 POND 3 SITE 1 MCCURTAIN 28 25 8 8 8 8
21 350911094470901 08N-24E-16 CCD 1 POND 3 SITE 1 BOKOSHE 7 7 2 2 2 2
22 350913094351801 08N-26E-20 BDB 1 POND 3 SITE 1 SPIRO 25 25 S 5 5 5
23 350918094352701 08N-26E-20 ACA 1 POND 3 SITE 2 SPIRO 17 17 3 3 3 3
24 351003094575001 08N-22E-15 ADD 1 POND 1 SITE 1 MCCURTAIN 19 19 6 [3 6 [
25 351037094553001 08N-23E-07 CCA 1 POND 2 SITE 1 MCCURTAIN 15 15 5 5 4 3
26 351049094290701 08N-27E-08 CBB 1 POND 1 SITE 1 HACKETT [ 6 2 2 2 2
27 351130094520301 08N-23E-03 CDA 1 POND 1 SITE 1 BOKOSHE 17 17 4 4 4 4
28 351230094340201 09N-26E-32 DAA 1 POND 2 SITE 1 SPIRO 17 17 5 S 5 5
29 351247094494801 09N-23E-36 BCB 1 POND 2 SITE 1 BOKOSHE 20 20 4 4 4 4
30 351343094300701 09N-26E-25 ABD 1 POND 1 SITE 1 SPIRO 14 1% 5 5 5 5
3N 351436094420901 09N-25E-19 BAC 1 POND 1 SITE 1 PANAMA 27 8 S 5 5 5
32 351454095113301 09N-20E-16 DCB 1 POND 1 SITE 1 SANS BOIS 12 " 4 [ 4 4
33 351517095095801 O9N-20E-14 BCC 1 POND 3 SITE 2 STIGLER WEST 12 12 3 3 3 3
34 351517095121501 O09N-20£-17 ADD 1 POND 2 SITE 2 STIGLER WEST 3 3 2 2 2 2
35 351518095095001 09N-20E-14 BCA 1 POND 3 SITE 1 STIGLER WEST 16 16 5 5 5 5
36 351522095122201 O9N-20E-17 ADB 1 POND 2 SITE 1 STIGLER WEST 7 7 2 2 2 2
37 351602094435201 O9N-24E-11 DBA 1 POND 1 SITE 1 MULDROW SW 16 17 5 5 5 5
38 351612094480301 09N-24E~07 ADB 1 POND 1 SITE 1 R.S. KERR DAM 13 13 5 S S 5
39 351632095003401 09N-22E-06 DDD 1 POND 2 SITE 1 STIGLER EAST 8 2 2 2 2 2
40 351925095034701 10N-21E-22 DAD 1 POND 1 SITE 1 STIGLER EAST 20 20 5 5 5 5
41 352001094583101 10N-22E-16 DDD 1 POND 1 SITE 1 KEOTA 5 5 2 2 2 2
42 352001094583501 10N~22E-16 DDC 1 PONG 1 SITE 2 KEOTA 5 5 3 3 3 3
43 352001094583901 10N-22E-16 DDC 2 POND 1 SITE 3 KEOTA 5 5 2 2 2 2
44 352054095142601 10N-19E£-12 DDD 1 POND 1 SITE 3 STIGLER WEST 33 33 5 S 5 5
45  352100095142301 1ON-19E-12 DDA 2 POND 1 SITE 2 STIGLER WEST 43 43 13 13 10 10
46 352105095142301 10N-19E-12 DDA 1 POND 1 SITE 1 STIGLER WEST 16 16 S S S 5
47 352222095150501 10N-19E-01 BDB 1 POND 1 SITE 1 PORUM 4 [ 2 2 2 2
48 352231095145001 10N-19E-01 ABC 1 POND 3 SITE 2 HOLT MOUNTAIN 20 19 6 [ [ 6
49 352237095143601 10N-19E-01 ABC 1 POND 3 SITE 1 HOLT MOUNTAIN 31 31 10 10 8 8
50 352513094523201 1IN-23E-16 DCC 1 POND 1 SITE 1 VIAN 10 10 2 2 2 2
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TABLE 4. -- Number of determinations for specific conductance, pH, and
concentrations of dissolved sulfate, chloride, iron, and manganese
for each site

(continued)
Map-
index Station name Number of Determinations
number Station (Township - range - section and Specific
(Figs. 9-57)  Number mine pond - site - quadrangle) conductance  pH  Sulfate Chloride Iron Manganese
51 352518095134601 11N-20E-18 DCC 1 POND 2 SITE 2 HOLT MOUNTAIN 9 10 4 T4 4 4
52 352519094522501 1IN-23E-16 DCA 1 POND 1 SITE 2 SALLISAW 8 8 2 2 2 2
53 352519095135001° 1IN-20E-18 CDD 2 POND 2 SITE 3 HOLT MOUNTAIN 4 4 2 2 0 [}
S4 352520095135301 11IN-20E-18 CDD 1 POND 2 SITE 1 HOLT MOUNTAIN 8 9 3 3 3 3
55 352521095140601 11N-20E-18 CCA 1 POND 1 SITE 2 HOLT MOUNTAIN 31 36 12 12 9 9
56 352521095142101 1IN-19E-13 DDA 1 POND 1 SITE 1 HOLT MOUNTAIN 13 16 5 5 5 5
57 352522095135601 11N-20E-18 CDB 1 POND 1 SITE 3 HOLT MOUNTAIN 14 18 5 5 5 5
58 352611095150401 1IN-19E-12 CDC 1 POND 1 SITE 3 WARNER 24 26 [ 6 6 [
59 352612095152001 1IN-19E-12 CCB 1 POND 1 SITE 1 WARNER 15 21 6 6 [ 6
60 352617095151101 TIN-19E-12 CCA 1 POND 1 SITE 2 WARNER 29 35 1 " 8 8
61 352619095572301 1IN-13E-08 CAD 1 POND 2 SITE 1 HENRYETTA 5 S 2 2 2 2
62 352628095572601 11N-13E-08 CAB 1 POND 2 SITE 2 HENRYETTA 6 6 2 2 2 2
63 352825095251901 12N-18E-32 ACA 2 POND 3 SITE 3 WARNER Nw 3 3 2 2 2 2
64 352830095251501 12N-18E-32 ACA 1 POND 3 SITE 2 WARNER Nw 4 4 2 2 2 2
65 352834095251001 12N-18E-32 AAC 1 POND 3 SITE 1 WARNER MW 4 4 2 2 2 2
66 353805095522501 13N-13E-01 ADA 1 POND 1 SITE 2 OKMULGEE NE 4 4 2. 2 2 2
67 353811095522601 13N-13E-01 AAD 1 POND 1 SITE 1 OKMULGEE NE 4 4 2 2 2 2
€8 355323095330101 16N-17E-06 CCA 1 POND 1 SITE 1 RED BIRD 7 4 2 2 2 2
69 355323095330601 16N-17E-06 CCB 1 POND 1 SITE 2 RED BIRD 6 [3 2 2 2 2
70 360526095435401 T9N-15€-29 DCD 1 POND 1 SITE 3 ONETA 10 10 2 2 2 2
7" 360533095440101 19N-15E-29 DCC 1 POND 1 SITE 2 ONETA 8 8 3 3 3 3
72 360552095435801 TIN-15E-29 ACC 1 POND 1 SITE 1 ONETA 7 7 2 2 2 2
73 361544095395101 21IN-15E-36 BAB 1 POND 1 SITE 1 SAGEEYAH 7 7 2 2 2 2
74 361549095394601 21IN-15E-36 BAB 2 POND 1 SITE 2 SAGEEYAH 8 8 2 2 2 2
75 362249095495501 22N-14E-17 DDD 1 POND 2 SITE 3 COLLINSVILLE NE 6 6 2 2 2 2
76 362253095500201 22N-14E-17 DDB 2 POND 2 SITE 2 COLLINSVILLE NE 7 7 2 2 2 2
77 362257095495501 22N-14£-17 DDB 1 POND 2 SITE 1 COLLINSVILLE NE 7 7 2 2 2 2
78 362333095365201 22N-16E-16 BBB 2 POND 2 SITE 1 FOYIL 19 18 [ [3 3 3
79 362337095364601 22N-16E-16 BBB 1 POND 2 SITE 2 FOYIL 7 7 1 1 1 1
80 362618095352801 23N-16E-27 €DC 1 POND 1 SITE 3 FOYIL 5 H 2 2 2 2
81 362635095352701 23N-16E-27 CAA 1 POND 1 SITE 1 FOYIL 7 7 2 2 2 2
82 362636095352801 23N-16E-27 CAC 1 POND 1 SITE 2 FOYIL 3 é 2 2 2 2
83 362718095450201 23N-15E-19 CDA 1 POND 1 SITE 2 COLLINSVILLE NE 11 1 3 3 3 3
84 362725095445801 23N-15E-19 CAD 1 POND 1 SITE 1 OOLOGAH 7 7 [ 6 6 [
85 363039095292401 24N-17E-33 DBD 1 POND 3 SITE 1 CHELSEA [ é 2 2 2 2
86 363045095293201 24N-17E-33 DDC 1 POND 3 SITE 2 CHELSEA 7 2 2 2 2
87 363049095293801 .2hN-17E-33 DCD 1 POND 3 SITE 3 CHELSEA 1 1 2 2 2 2
88 364109095183301 26N-19E-31 DDC 1 POND 2 SITE 2 ESTELLA 9 9 3 3 3 3
89 364119095183101 26N-19E-31 DAC 1 POND 2 SITE 3 ESTELLA 7 7 2 2 2 2
20 364125095182301 26N-19E-31 DAA 1 POND 2 SITE 1 ESTELLA 10 10 2 2 2 2
9 364756095174101 27N-19E-29 ABB 1 POND 2 SITE 1 CENTRALIA 22 22 5 5 5 5
92 364756095174801 27N-19E-29 BAA 1 POND 2 SITE 2 CENTRALIA 21 21 6 6 [ 6
93 364831095172101 27N-19E-20 ADD 1 POND 1 SITE 3 CENTRALIA 23 15 5 5 5 5
9% 364835095171801 27N-19E-20 ADA 1 POND 1 SITE 2 CENTRALIA 26 21 8 8 é [
95 364841095171901 278-19E-20 AAD 1 POND 1 SITE 1 CENTRALIA 15 12 3 3 2 2
96 364951095132801 27N-19E-12 DCC 2 POND 2 SITE 1 PYRAMID CORNERS 6 6 2 2 2 2
97 365119095124701 27N-20E-06 BBD 1 POND 1. SITE 1 PYRAMID CORNERS & 4 1 1 1 1
98 365418095123701 28N-20E-18 CDB 1 POND 2 SITE 3 WELCH MNw 17 13 5 5 5 5
99 365418095124201 28N-20E-18 CCA 2 POND 3 SITE 1 WELCH Nw 5 3 2 2 2 2
100 365421095124001 28N-20E-18 CCA 1 POND 2 SITE 2 WELCH MW 36 28 9 5 [ 6
101 365424095124201 28N-20E-18 CBD 1 POND 2 SITE 1 WELCH NW 19 1% 3 4 4
102 365549095121701 28N-20E-07 ABB 1 POND 1 SITE 1 WELCH NW 24 19 11 1 8 8
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Table 6. -- Minimum, median, maximum, and number of pH determinations of
mine-pond water for each associated coal bed

pH of mine-pond water

Number of
Associated coal bed Minimum Median Maximum determinations
Dawson 7.0 7.7 8.2 38
Iron Post 6.3 7.4 8.0 22
Croweburg 6.1 7.8 9.1 263
Weir-Pittsburg 6.6 7.5 7.7 26
Secor 3.2 3.3 8.1 21
Secor* 7.3 7.7 8.1 10
McAlester (Stigler) 5.1 7.6 9.4 588
Hartshorne 6.3 7.5 9.0 262

*Excluding the pH values for Warner Pond.
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Figure 47.--Sites 70-72,



“6.-8. ®0l|8—"09 9.nBi4

*12-92 s0)18—"6¢ e.nb)3

cw._.wiol__x } % 0

LR % 0

Joquinu pue UCHEI0| IS QN’

0,61 ‘lHAoyd
Aeasns 1821801000 ‘SN Wo4) esE]

s NE2'L

HILINOWN |

=3
-2

-‘
IuN

%

10QWNY pue UO|IBI0|

0s ON’

6661 "IN 0lI1AsU11]10)
' 9G61 ‘O111ASVI0D
Aeasng jesiBojoep) *S'N wol) eseq

AL G (0 s

61



*‘$9-£8 so)g~—'29 eunbiy

HILINOMY | w 9
i % ]

JoQuNU pus VOHIEIO| 9IS cghA

0L61 ‘yebojoQ
E 6861 ‘3IN e{iiasujiiod
'35ty "arly Aoaing [89§060106D *S°'N WoJ) oseq

== 'NE2"L

0E.LZDE

*28-08 80)ig~-"19 endid

HILINOTN %

1 8
Eall Y

%

10QuWNY puUs UONIEIO| 8IS oo’

Qo=

‘NEZ'L

62



*‘06-89 80)IS—'bg eJnbid +19-98 801S-—"€9 0.nByg

HILINOMN ¢ * 0 HILINOTUN ¢ 4 0
[ v ) 4 12 L) ) |
N L} - ] 3N L L] 0
Jjequinu pue UOIEI0) 8IS gg A sequinu pus UCHEI0) BIIS  go A
0261 ‘uouebuim
0L6L ‘11A04
0l61 ‘e8si8yn
Zl6l ‘®BilO18] 0L61 ‘Peeyhiysng
‘36L°Y Aeaing 1821601009 ‘S°'N WOJ) oseg . -

Aeaing je2160|00D "$°N WOJ} eseq -

ImaiEE

0E.9¢

‘NSZ°1L
‘N92°L

S LI'NeRTL
‘N¥2'L

63



1 MILE

.8 -
:—“ 3 s
3 'E =
2
2 |3
B =]
- - x
Sl w
§ § I
« -
o §
g e
. L]
~¢ -
(7] L5
- [ -]
. ';h @
N\l =2 »
N8~
N R oo
* -
3.
5, e
;6
"]
:‘0
34
=g
H
' da
w
2
-]
-
2 |E
E -
5 w
< 3
2 2
- X
[ =
. 2
w -
Y -
- g ¥
c s
3} . :
o g @ s
- 3
.'n -1
o @ g
- [- ]
| 8 >
-J
(- -]

Base irom us Geolo

Centralia, 1972

pevwrsor-

64

Figure 56.—-8ites 96-97.

Figure 55.—Sites 91-95.
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Figure 67.--Site 10.

70

0 T 9 T T T T e O LB I -
0 x4 T T 11 | A I T lm 2
QO (¢ 0] O (0]
o @ - o 4 F _ooo 41 F o A
(0 (o} o o
1w} 4 4 F 1 F -
27| -4 F -1 4 F -
-
i
z 3 4 F - b 4 -
z
=
L a5 =4 4 4 -
o
2
F s < F -1 F 4 ¥ -
s
H
.a— - p— — — — - -
12}~ 4 F = F 4 -
8t 4 F =4 4 -
i 1 1 Lt S T T T 0 N T T8 O O IO O OO [ L1ttt 11
s 15 25 35 0 1000 2000 3000 4000 0 4 8 12 18 68 7.4 82 90 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG LNITS)
PLOT SYMBOL DATE OF SAMPLE
o August 30, 1977
(¢ ] August 9, 1979
Figure 66.~Site 9.
orr T I(Dg L B B L B L B B B T 1|||8|1| Hldcd)'
[0 a0 (0] [ Jo)
o a0 - | 0 41 £ a0 4F 0 O -
D 0] D O D
[« Ju] 0] [ Xo 0]
1~ QD 4 F O 41 90 1 - o0 -
Q o0 oD ()
[0) (¢ 0} ¢ 0] o O
a7 @ 11 o) 9 @@ 1ir @ .
- [ o [¢ ]
i
T s 4 F <4 -4 | -
3
& 45| 4 - |- - —~
o
[~ ]
4
Z sl q4 |- 4 = 4 —~
x
P
63 |- 4 -4 4 F -
2|~ -1 -1 — 4 F -
81| - 4 + -4 F .
L1 ] HEEEEEEENE NN T B B [ N
8 185 26 8 O 1000 2000 3000 4000 0O 4 8 12 18 6.8 7.4 8.2 90 o8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) UNITS)
PLOT SYMBOL DATE OF SAMPLE
0] August 31, 1977
o August 8, 1979



o T — & MOrTT T T T T T T T T T T T T T T 9T T e
o| |® ® o
(00 (] (0] ()
oF @ o O {1+ wo 1F o -
(000 ] (0.0) 0]
@ (o) 0] ()
18 . - -4 .
27 4 F 4 F 41t -
-
w
w
'; as |- -4 —4 -4 -
£
-
S ast o= F - -1 -
o
[}
S
2 64l 4 + 4 4 - .
3
<
0
e | 4 F 4 F 4+ .
72} 4 F 4} 4 + .
8l -1 = - |- -1 r -
] 1 I I IR IR N A B IR BN B Y A N A A A NN L1l
] 16 28 38 0 1000 2000 3000 4000 O 4 8 12 16 6.6 7.4 8.2 8.0 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) (MICROMHOS) (Masw (LNITS)
PLOT SYMBOL DATE OF SAMPLE
August 8, 1979
Figure 68.--Site 11.
0 S ' T T T T T T T
T oo gy TT T T T T T T T T T T T T 2 o7 o
(0 ad oD 0 @
ok e - F 0 4L aoo0 Lo o -
D (¢ 0} (0] e 0
(¢«  Ju) (0] (¢« J0) a O
1w~ oD - - O — 90 —1 1 O -
oD (0] ((Jo} 0]
o ) « 3 Q@
27 O 4 F o 49 1 @ .
-
o
s - -1 F 1 F 1 r -
F3
-
&l 48 |- - - - |- -5 — —~
o
2
3 84 4 4 =4 + .
=
<
a3
o3l 4 F 4 F 4 F -
12| 4 | i R 4 L -
81}~ 4 F . 4 F .
| ! \ NI IR NN 0 I B SR AN I B N B B B B B I bt Lt
3 18 25 38 0 1000 2000 3000 4000 O 4 8 12 16 6.6 7.4 8.2 9.0 938
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICRONHOS) Mam (UNIT3)
PLOT SYMBOL DATE OF SAMPLE
0] August 31, 1977
o August 8, 1979

Figure es.—-s_lte 12.

71



T —& T T T7T T Ior 17 I - N
o ® T T T T T T 17 dIb qﬂ;
(O] o (] (0 0]

ol (ORI B (0] 14 F O 1 r o -
18 4 F 4 F 4+ -
27}~ 4 -4 4 =

-
w
E
z % - 4 4 -
F3
[=3
& oasi- . 4 4 F -
o
[
z
7 sl 4 4 - 4 -
3
<
@
e3l- 4 4 -4 -
72}~ - = 4 -
81}~ - 4 + 4 F -
] ] ] I I O A B 11 L4l N T O I S I [T A O I O
s 15 26 35 0 1000 2000 3000 4000 0 4 8 12 16 68 74 82 9.0 08
TEMPERATURE SPECIFIC GONDUCTANCE DISSOLVED OXYGEN pH
_ (DEGREES CELSIUS) (MICROMHOS) _(MG/L WNITS)
PLOT SYMBOL DATE OF SAMPLE
o July 1, 1980
Figure 70.--Site 13.
o T T L L T T T T T 71 T | S T g N N T 171 T
o| [T o T o b
o 0] () D
o o 4 r O 4 F @ 4 F 0] -
o [} o o
0] o . (0} o
18- o 1 r Q 4rFr O 1 r ) B
] o 0] o
) 0] 0] (o}
27~ @ 1ir @ 1@ 1r. 0 n
- o o ) (0]
é
z %[ -4 - 4 -1
z
=
o oasl 4 } 4 4 -
[=]
(o)
z
3 sl 4+ 4k 4 F .
s
<
w0

63| 4 4 I -

72} 4 F 4 - 4 -

-3 B ol -1 r - - - -

| ] ] T I B | [T NN N S N O O O B | [ T O I I I Lt
5 15 25 LT 1000 2000 3000 4000 0 4 8 12 16 66 7.4 82 90 0.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (UNITS)

PLOT SYMBOL
0]

DATE OF SAMPLE
July 1, 1980

Figure 71.--Site 14.

72

(MG/L)



o T — O T T T T T T I T T T T T T8 T
o o o o
@ (O] (0] (o)
or (O o - ) <4 o) .
(0] [ 0] D
(] () @ (0]
18 - 4 4 F -
27} . 4 F 4 F -
-
w
v
z el - 4 - 4 L -
F3
-
& a5 - - - - .
o
2
2 54l - 4 -4 -
-3
<
-]
o3 |- . 4+ 4 - =
r2l- . 4L 4 L R
81| - 4 4 F -
] ! i RS EN NI N N Y I 556 B B A I O O O L3 L1l t11
] 18 25 as 1000 2000 3000 4000 © 4 8 12 16 0.8 7.4 8.2 9.0 0.8
YEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (Mas (LUNTS)
PLOT SYMBOL DATE OF SAMPLE
(0] July 1, 1980
Figure 72.—Site 186.
o T 190 BT T T 7T e1‘!"?1"‘
T & 2 N R N I B B e > P\
(004 ] 0] 0] ()
ol a0 - (004 ] 1 r [« J¢ O] 1 O O O
(¢ ¢ O o [« Ju] () (]
o O o (b0 (0] o
18 |~ -1 - - - L -
27 - ~ -1 - -1 -1
-
w
¢
s s - 4 L 4k g
F3
-
& 45 - -1 1 r -
a
[«
z
2 54| - 4 L I .
3
<
o
“— - — - —t - -
12 4 4 4 k- .
81| - 4 |- 4 F .
| I ! /R BN AN B B N G B B A SN SN AN A L4141 RN
5 18 25 95 1000 2000 3000 4000 0 4 8 12 18 66 7.4 82 00 0.8
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) ) (NTS)
PLOT SYMBOL DATE OF SAMPLE
0] September 28, 1977
o August 6, 1979

Figure 73.——Site 16.

73



o T T T 1 T T 1 T T T 1T 11 11 LA T 1 T T T
0 (b T T d) T dID T 1
o ® - L) 1F o 1F o .
0] o 0]
18 - () - 0] 1 F 0] e I () -
(0] (0] 0] (]
27~ @ - () 1 rF0 91 0] -
-
] () () (0] (]
3 38 ~ - - 4 -
ot o () ) o
=
Les- - <4 4 } -
o
Q
2
F sl ~ -4 -4 -
3
<
(]
03 |- - 4 -4 -
r2f- — <4 -4 |- -
81|~ ~ -4 -1 ~
1 1 | I O | I I I T T I O O (| 1 11 1 1t 111
s 15 28 35 1000 2000 3000 4000 © 4 8 12 16 68 7.4 82 9.0 08
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN PH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] July 1, 1980
Figure 74.—Site 17.
o : T 11 1T 11 T T T 11
T T o0 T 11 d) FrT T T T T T T 7T 1T T T 1T 171771 dXD o
° ) - D 4 L o 4 = o _
() (0] (0] 0]
18 0] -1 @ - o 41 r 0] N
o 0] [ ()
27 -4 -4 b - -
- (0] () 0] (0]
r 0] 0] o) (0]
S 36 <4 F 1 F 1 .
= O] ) ()] o
z
& 45 4+ 4 F 4+ .
Q
<]
z
Z 54 - - -~ + —
=
<
-]
83 =1 - - - L -
72 - - - -
81 -1 4 |- I .
L ! I R N N T Y T Y O O O O I | I | i I T I I |
15 25 s o 1000 2000 3000 4000 0 4 8 12 16 86 74 82 90 0.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) (LUNITS)

DATE OF SAMPLE
July 1, 1980

PLOT SYMBOL

Figure 76.--Site 18.

74



T |
T o LIS ™ B L L L B B URLELIP SUBL B EREL R
() © (0] ()
o o - ) 1 fo 1F o .
(0] (] () (]
18 O - (0] 4 O -1 0] -
() (0] (0] (]
a7~ @ - 0] 91 ro 14+ O -
= QO (o) (] (0]
w @ (0] 0]} (0]
% a8 - -4 | 4 -
F3
=
& a5 - -4 + 4 - -
a
Q
z
2 84 . 4 4 }+ -
=
<
(]
o3| . 4 - 4 -
72| - 4 4 F -
81~ = r -] | -
[ 1 S T 0 N O I O N O A O O B0 IO B AN A TS T Y N I O B I U O O Y A O
[} 15 25 3s 1000 2000 3000 4000 O 4 8 12 18 6.6 7.4 8.2 8.0 o8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) WNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] July 24, 1980
Figure 76.--Site 19.
o T 908 T T ™ T T T T T T T T T TT T 11 T T T8 TT
(¢« ] @
(¢ 0] 0] 0]
o @60 O- F a0 - - o o A
o« (¢ (¢« J
(] (o) . O Q
18- OO0 —1 - - T
oD (0 o D
(¢ )
27 4 F - - .
= @ e 0]
w
S~ 0 -4 - o ~
= ) oe o
E
a5 O 4 - = ~
o
2 l0e ] o D O [0)
g5 @ 1 F 1P 1r .
x
E a0 () 10 °
63} -4 - - - -4 F -
(04 0] D O
() D
72 14 F 4 -~ -
() D
81} 4 9 1 F -
1 I ! TN N N OO WK N WY N W O O HA OO O A A O O (B I O I Ll 131111
18 26 s o 1000 2000 83000 4000 O 4 8 12 16 8.6 74 82 80 08
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) {MICROMHOS) Ma/L) (UMITS)
PLOT SYMBOL DATE OF SAMPLE
0] July 26, 1977
o July 31, 1979
L August 6, 1979

Figure 77.—8Site 20.

75



° TOr—T7 T T T T T T T T T T 17011 T T 11 1O T T 717
o (0] 0} )
o 0] -1 O -4 0) 1 1 ~
0} 0] (0] 0}
18 -1 F 41 F - r ~
(O] (o] (0] (o)
() (0] [0} (0]
27- @ 4 F0 -4 @ 1 F o -
-
o
s 3’ 4 F 4 F 4 -
E
& a5 1 F 4} 4+ -
o
2
g 54 4 | = 4 = -
x
<
[}
63| 4 F -4 4 —
72|~ 4 k 4 4 F -
st 4 F 4 - 4 | -
1 ] L1 JE O O N O B A O B O A O Lt 1y L1114 4
16 28 35 o 1000 2000 3000 4000 0 4 B8 12 16 68 74 82 9.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) B (MICROMHOS) {Ma/0) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
o September 29, 1977
Figure 78.--Site 21.
o T i TP T T T T T T T T T T 71 T 1T T T e
© de o > e
(0] Q « ] 0}
of @0 4} o i@ o0 4 F oo s
o0 () (X J o«
[ X« Jo) (0] (0] aa»
18- 4 | . = 1 F -
oD (0] o [0]
D (04 o« (04
7 @ “F e 1re 1r o .
= (¢ 0] 0] O (0]
w [ [ } @ ®
L~ @ “F e 1 re 1F @ -
= ® ® @ ®
z
& 45| -~ - | - -
Q
Q
=
2 s4- 4 4 4 -
=
«<
@a
63 |- 4 4 4 + ~
72| - - |- -4 -
81= 4 + 94 4 F
! [ 1 N I O T I T Y O I I O A A A [ I A A Lt L1 g
5 18 26 36 0 1000 2000 3000 4000 0 4 8 12 16 6.0 7.4 8.2 9.0 938
TEMPERATURE SPEGIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) Maw (aTs)

PLOT SYMBOL
(0]

o
[ ]

DATE OF SAMPLE

September 27, 1977

August 15, 1979
July 24, 1980

Figure 79.--8Site 22.

76



SAMPLING DEPTH, IN FEET

SAMPLING DEPTH, IN FEET

° 1 I (5 | IR (D' crttrqrrerriryrerrrirrid L de' | UL T T T 6 T
(0) () (0] o
°- OO0 1F © 41 @0 1 o .
(0) (0] 0] 0]
(0} QO (0] 0]
180 4 (0] 4 F @ -4 [0) -
0] (0] D - (0]
(0] (0] Q (0]
270 -1 Q 4+ 0 - - 0} -
0} [0) 0) 0]
o () () (00
a8 - -1 -1 4 -
45 - - - - - -
54 - - - =
63 [~ =1 -1 =1 -
72| - q4 4 -
8t - - -4
| 1 1 Lt 1t 11 l. | I N N T AN O T S I O O A ot 1t 1941 | S Y N O I |
-} 185 23 as o 1000 2000 3000 4000 O 4 8 12 16 8.6 7.4 8.2 9.0 0.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS} (MICROMHOS) (MG/L) (LNITS)
PLOT SYMBOL DATE OF SAMPLE
0} July 24, 1980
Figure 80.—-Site 23.
o —T—T-6— T T TP T T
o 0 TT T 1T T T T T 1T 1T 11 g T T 1 o
[} (0] (0] 0]
Js o0 1 9 o} 1r Q0 1F 00 .
0o o o
a0 O o (0] a0 O Qo (]
18 <4 -4 4 - ~
[ X0 o () [« 0] [
[« X0 o (0] [« I (¢ ]
27 O 4 F 4 o 4 F =
[« X o 0] o0 o0
- 00 4 F O o 4 oo 1 oo .
(¢ ] Qo o (¢
00 o o o
45 = - - -t b -t - -
54 = - - - — - b -
o3| - - - 4 -4
72| 9 I -4 - <4 -
81|~ =1 F - -1 F -
1 i t ) A Y I N S N O NN NN Iy N (N N N A ) R N O I I | ) I T T Y I |
s 15 25 a8 1000 2000 3000 4000 8000 O 4 8 12 16 6.6 7.4 8.2 9.0 9.8
TEMPERATURE SPECIFIC CONODUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIVY) (MICROMHOS) {(Ma/L) (UNITS)

PLOT SYMBOL
o
o

DATE OF SAMPLE
July 27, 1977
August 13, 1979

Figure 81.-—Site 24.

77



LT mns s o 2 TR o e 2 e e e e e e e e e Y 0 T T T
o (¢ o o
(0] (0] o (0]
of o - 0 1L a0 1+ oo .
o O 0 (« JO D
o0 O (04 o0 oD
8- (0] 41 () 41 F @ -1 [0)) -
o0 o o0 o
o o
27|-0 1F ® i to 1to -
-
w
w
z % 4 F 4 | 4 F -
I
&
& 45| 4 L 4 k- 4 .
a
[}
Z
3 sel 4 L 4k 4+ 4
=
<
-]
- 4 F - 4 -
721~ 4k 4 L 4 = .
81l 4 F 4 L 4 -
] 1 LN A R T S T 0 0L OO N 0 A OO RO A RN L4 1 1ty
15 25 35 O 1000 2000 3000 4000 © 4 8 12 16 6.0 7.4 8.2 9.0 08
TEMPERATURE . SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) {MICROMHOS) {MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(] July 26, 1977
Qo August 14, 1979
Figure 82.--Site 25.
0 7 & S B a1 Y At B S B A B B e T T T r'§§ T T
(0] o (0}
0] () (6] (]
o o F ) 4k o 41F o0 -
(0] (0] () (o)
() 0] @ ()
18- -4 4 4 F -
27| -4 F 4 F 4 -
=
i
z %o 4 F -4 <4 -
E
L oasl- -4 = - - - -
(=3
[« ]
z
3 s -4 4k 4k -
=
<
-
63l 4 + 4 4 ~
2| - 4 I -
81} -4 4 - -
y ! L Lt bt v bt
-3 15 26 38 o0 1000 2000 3000 4000 0 4 8 12 18 6.6 7.4 8.2 8.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) MG/ (UNITS)

PLOT SYMBOL
o

DATE OF SAMPLE
September 28, 1977

Figure 83.-—Site 26.

78



oy T l?“lll%{'hlllllllilllrIF rllgllll |r|$|g|||
() () 0] D
of o 4+ o0 1+ oo 1+ oo -
(] (¢} (¢ ] (¢ ]
[ ¢ J) (04 ] () o O (¢}
18 |- 4 |- 4 | 4 F -
oD (o) ] [« X)) (O«
(¢« O (0¢] [ JO LN
ol 0 4 F o 1l 1F o -
= () 0] (] ()
5 | o o ® o
“ 30 [ 4 F 4 F 4 F 4
z
B | 1L 4L 1L i
-1
[}
z
3 sl 4 F 4 F 4 F -
=
-
63l 4 F -4 - 4 F -
721 4 F 4k 4 L 4
81 -1 P~ - - - - -
) ! 11 RN EENEEEE NN NN Lt 11
-1 15 25 s o 1000 2000 3000 4000 © 4 8 12 16 6.8 7.4 8.2 9.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) MGrL )
PLOT SYMBOL DATE OF SAMPLE
() July 28, 1977
Qo August 16, 1979
Figure 84.—Site 27.
o r"v\lf;‘ LI |||8|3|!rr |$rlgr|||
P [ [ e 0]
0 o0 4 |o {1l o 1 to .
o o (]
(¢ 0] o - o Q ()
18 4 F 4 F 4 F .
D (] ] (0]
D 0] [0} ¢« O}
27 (¢ 4 =4 9 4 -
- (« Jo) [« 0} oo oD
w o ()
z¥®F O 1FrQ 4 to 4 o .
z
&L a5 -4 - - -1 -
(-}
2
3 54 4 F 4+ 4 -
=
3
63 -1 - - - - - -
72 - 4 4 F —
81 —4 F 4 + 1 F -
) I [ S T O W N O A S O B B B O AN B A Lttt L1t
15 28 as o 1000 2000 3000 4000 © 4 8 12 16 6.8 7.4 8.2 8.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (Ma/7L) (UNTS)

PLOT SYMBOL
o
¢

DATE OF SAMPLE

October 5, 1977

August 8, 1979

Figure 85.--Site 28.

79



SAMPLING DEPTH, IN FEET

18

27

36

45

54

[ -]

72

81

| 1

-

O $00T00d

=]

o8

=]
o

6 © 06 66

18

27

SAMPLING DEPTH, IN FEET

é3

72

81

15 25
TYEMPERATURE

(DEGREES CELSIUS)

36

45

54

16 26
TEMPERATURE

(DEGREES CELSIUS)

SPECIFIC CONDUCTANCE
(MICROMHOS)

PLOT (’IS)YMBOL DATE OF SAMPLE

Qo August 8, 1979

Figure 87.--8ite 30.

80

I I I I S A A L0t
1000 2000 3000 4000 O 4 8 12
SPECIFIC CONDUCTANCE DISSOLVED OXYGEN
(MICROMHOS) MG/
PLOT SYMBOL DATE OF SAMPLE
[0)] July 27, 1977
Qo August 16, 1979
Figure 86.--Site 29.
Wlllllrllllfllllll llllgl‘T’ll
D
4 F & ()
(¢ ¢ ]
0]
4{ Lo
[N ]
IS N B A B A A B B O A A A N
1000 2000 3000 4000 0 4 8 12

DISSOLVED OXYGEN
(MG/L)

September 27, 1977

-—
-

®e0 0.9, 1
%%

B e'ee'ee
=




SAMPLING DEPTH, IN FEET

SAMPLING DEPTH, IN FEET

° T laiz"' N T A N L O L L B lgil T T Icii T T T T T
0 ¢ (1] [
ol o 1 F o <4 o) - ) -
o ) 0
[)
(04 ] (0] (0]
e o 4 F o | 0 1F .
[« X0 (0 ¢ ] (0]
o) © P o Q0 ]
27 o 4 F o 4 |- o 4 -
o 0] Qo O 0 (0]
0oo0 0] o o0 (0]
sl E; 4k o 4 Fo 4k i
o Qo
o o o
sl o {1+ 4 te {F -
o Qo o
54 (- 4 4 F H - .
63l 4 4 F 4 F .
72} 4 F 4 4 d
1| 4 + 4 F 4k -
) i i PN S O A0 TN NN N A S N YO T K S N OO0 A I 'E U I I O A
[ 15 25 35 1000 2000 3000 4000 5000 O 4 8 12 16 6.8 7.4 8.2 9.0 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) (MICROMHOS) (MGID (rs)
PLOT SYMBOL DATE OF SAMPLE
0] September 29, 1977
o August 16, 1979
Figure 88.--Site 31.
0 T & - T T 117 T T T T
4 T T T T T T T T T 17T 7 554 N
D Q [« o [0¢]
oF om0 4+ oo 4 Fado 41 I o000 .
(¢« 1 0} (04 [« X0 [« X0
18 4 F ' 4 -4 .
27| 4 b 4 F 4+ 4
ae - 4 |- -4 4 .
48 |- - - -t - - -
54— 4 F 4 4 F -
ea|- - | 4 L 4 F -
72| 4+ 4 4 F -
s 4 F 4+ -4 .
) ! j [ U S N N T 100 N TU T A A OO OO A A O A L1111t L0110 g g
8 18 25 38 0 1000 2000 3000 4000 O 4 8 12 18 8.6 7.4 8.2 9.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) Mar (UNITS)

DATE OF SAMPLE
July 19, 1977
August 2, 1979

PLOT SYMBOL
(0]
(¢ ]
Figure 89.--Site 32.

81



0 T —® T T T T T T T T T TTT T TP ‘
oo | [T do o0 R S
(6] O (OJN ] O
o o0 4 F O =1 20 1~ O -
(04 ] (0. [« X0 oD
(0] () (¢ X (0]
Ty 4 4 F 4 F -
27| 4+ 4 4 .
[
w
o
z a6 - ud - — - - -
-3
=
& a5 |- 4k 4 k- 4 F N
o
o
z
3 84 4 4+ 4 F -
-3
<
o
o3l 4 + 4 k- 4 -
12} 4 - -4 -
81} 4 4 F 4 - -
1 1 Lt g1 RSN | L1114y
5 25 35 o 1000 2000 3000 4000 0 4 B8 12 16 66 7.4 82 9.0 0.8
TEMPERATURE SPEGIFIC CONDUGTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) MG/ (UNTS)
PLOT SYMBOL DATE OF SAMPLE
(0] July 19, 1977
o August 1, 1979
Figure 90.——Site 33.
o Fan¥ Voo ¥ D PanY
T T T TT 9T T 717 L I Y B B e TT T T T T T T T
) d
o o oD :
oF 004 O {1to oo 1+ o -
18 4 4 L 4 -
27| 4 | 4+ 4 F .
[
w
[
z o 4 F 4 | 4 .
b3
=
& ast- 4 - |- -4 | -
=1
[«
z
D sS4l 4 4 4 -
<
<
@«
63| 4 | 4 | 4 F -
721~ 4 F 4 F 4k 4
81} -4 41 F 4 F -
) L ) N ) ] Ll it Lt 1111
5 16 25 3 O 1000 2000 3000 4000 O 4 8 12 18 6.8 7.4 8.2 6.0 908
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN pH
(DEGREES GELSIUS) (MICROMHOS) (Ma/w (UNTS)
PLOT SYMBOL DATE OF SAMPLE
) August 2, 1979

Figure 91.~-Site 34.

82



o T lml&llllllllllirlrﬁrll T3] T T T T T
(¢ 0] (« 0] [« X0
(0] () O 0D 0] (0]
o o 4 F O -1 190 4~ F 000 -
(¢ ) (0¢ ] 0 o
D () Q0 (¢ 2N
wk o 1F o 4 o 1F o .
(0} (0] (« X0 [« XO)
27 |- -4 - 4 4 L -
-
w
- s~ 4 4 -~ ~
k3
&
8 a5 |- 4 L 4L 4 F ]
Q
[~}
E
7 sl 4 4 4 .
b
<
w
ea| 4 F 4 4 =
72| 4 F 4 + 4 | -
8t~ -1 -4 1 F -
! 1 BRI 11ty N
18 25 s o0 1000 2000 3000 4000 O 4 8 12 18 6.8 7.4 8.2 9.0 0.8
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (Mas (uNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] July 19, 1977
Qo August 1, 1979
Figure 92.--Site 35.
o T lmligrlllrrlllllilllll lllg_lrl 1:11181:
oD
() ()
of o0 F 0O 1+ ow 1F o© o -
(oo} 0] 0] ()
oD Q@ (00 ()
18- O - F - D 1 F -1
(0] (0] [ (0]
27| 4 4 F 4 F .
"
[
z % 4 F -4 4 .
x
.
& oas- - - - |- - -
Q
[<]
2
7 sl 4 4 4 F .
=
<
o
e 4 4 + 4 -
721 4 4 L 4 - .
81} -4 -4 4 F -
{ I ! NN N Lt I I
-] 18 25 as o 1000 2000 3000 4000 0O 4 ] 12 16 6.8 7.4 8.2 8.0 048
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) ) (uNTS)

PLOT SYMBOL DATE OF SAMPLE
o August 2, 1979

Figure 93.—Site 36.

83



o » ("3 ~
» (] - ~

SAMPLING DEPTH, IN FEET

SAMPLING DEPTH, IN FEET

T T 5 I L B B L B T T T
(0] () (0]
- o 0 @ 1F g
o o o
[OX4 (0} 00
~ U 1 F 1 r. o
D O o [« ] (0]
[« 0] (O] KD
- o O 1 r o 4 @
(¢ ] (] €
[¢ ] o
- 0 4 F o {1t
(¢ ) (¢ ]
i L ! (O N N A B B A O O A IR I B A
s 16 26 385 O 1000 2000 3000 4000 O 4 8 12
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN
(DEGREES CELSIUS) (MICROMHOS) (MG/L)
PLOT SYMBOL DATE OF SAMPLE
(] September 29, 1977
(¢ ] August 9, 1979
Figure 94.——Site 37.
0 D I '
T T L L L A B L L L B B ||||$9|—|"T—lr||gflflx
() o ()
o O 4 F o 4 ()
o (¢ ] ()
oD o O (0]
- o A 4 F o
() o (OJE¢
(0] 0] Q
27 —4 F 4
0] o o
38 |- -~ F 4
45 |- -t - - f—
54| <4 4 =
a3 I~ -1 — - p—
72~ 4 F 4 +
8t} -4 4 |-
! ! 1 RN B N B A0 B B N S B B B B B B I I A
] 18 25 as o 1000 2000 3000 4000 0 4 8 12
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN
(DEGREES CELSIUS) (MICROMHOS) (Ma/L)

PLOT SYMBOL DATE OF SAMPLE
0] July 28, 1977
(¢ ] August 14, 1979

Figure 95.—Site 38.

84



SAMPLING DEPTH, IN FEET

SAMPLING DEPTH, IN FEET

0 T e I 10 B B B L A B L L T T T o T
(O] (0] (0]
of o0 4 }o 4 too 1t -
V] (0] [}
(0] 0] o
18- 4 F 4 F 4 F 4
27| 4 4 i -
36 |- 4k 4 4k -
45 - - — - = ] - — -
sa - 4 b 4k 4 L -
63 4 F 4 - 4 -
721 4L 4k 4+ —
81— - b= -4 f— -t - —
! | ) [ N 0 N N A 0 NS N A A O O O B Lt 1oritl Lt vl
8 18 28 38 O 1000 2000 3000 4000 © 4 8 12 168 6.8 7.4 8.2 9.0 98
TEMPERATURE : SPECIFIC GONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) ) (NT3)
PLOT SYMBOL DATE OF SAMPLE
(0] July 9, 1980
Figure 96.—Site 39.
° —or-9 I S 0 A B B Y S S R B A B e e
[OJN¢ ) () ] ()
ol © 04 F 0 4k 0 4t O .
(¢ ] (¢ ]
(¢ 0] (O @ [« IO}
18 4 4 4 .
o D o0 o (¢« JO
0 [0 (0] (¢ o)
7k o 4} 14k o 4 r -
0 @ () (¢ (0]
el a0 1F ) “Fo o 1+ o -
@ () [0) (¢ (6]
sb 0 4 F o) 1o 1F o .
() (0] D ()]
54 4 k 4 F 4 .
a3l 4+ 4 L . 4 F -
72 4 + 4 | 4+ .
811 -~ +4 4 -
| ! I I B S A A B B Y A A S N O B A N Lot
5 15 26 36 0 1000 2000 3000 4000 0 4 8 12 18 88 74 82 80 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
{DEGREES CELSWS) (MICROMHOS) (MG/L) (UNITS)

PLOT SYMBOL DATE OF SAMPLE
October 6, 1977
(¢ ] August 1, 1979

Figure 97.--Site 40.

85



18 —

»
M
|

©
®
1

[
>
I

o
©»
I

72

81—

SAMPLING DEPTH, IN FEET
»
-]
I

(S]]

11
4000 0

TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MasL) (UNITS)

PLOT SYMBOL DATE OF SAMPLE
(] July 22, 1980

Figure 98.--Site 41.

18

27

a8

45

54

SAMPLING DEPTH, IN FEET

72

81

26

4000 0

TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) LNITS)

PLOT SYMBOL DATE OF SAMPLE
(0} July 22, 1980

Figure 99.--Site 42.

86



0 I T >3 P I T 1T T T T 11T T T 1T TriP1unl T Q V1 I P T 1 1 1
o o oD o
()] D () (0]
ol _ 4L 4L i
18 - -4 4 F -
Fi= — 4 4 | .
[
w
e
z % ~ -4 - 4 } -
£
&
o 45 — - - - - - -
a
Q
2
3 s~ - 4 | 4 -
z
<
o
63l - 4 F 4 F ~
72[- - 4 F -4 F -
81| - 4 | 4 -
1 1 P 1 | IO T T VO I N S T A T I B | T S I N T U | Lt vt 1011
15 25 35 1000 2000 3000 4000 © 4 8 12 16 8.6 7.4 8.2 9.0 0.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) {MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
o July 22, 1980
Figure 100.~-Site 43.
° P L T L L L L L L L L R AL T 1 1 |
T Tep o SR B o
o« (0] [} o o o« J
[l od o 0P o 4 e & 0D 4 F 00 -
00000 @ o O o
® 00 (000 ] [« JH0) [¢ ]
nf . - @00 4 Fo o 4F o -
27 |- - 4 4 | -
-
. i
‘; 36 4 4 b -
=
&
w 45 = -1 - b - = -
a
[}
z
3 84l — 4 4 -
=
<
[
a3 - - - - - -
12~ - - - - - -
81}~ - 4 L 4 b N
| | 1 | A I 1 O Y O A W T T O I [ N N A I O I | | I A T I I S
-1 15 25 38 0 1000 2000 3000 4000 © 4 8 12 16 6.6 74 8.2 090 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) LUNITS)
PLOT SYMBOL DATE OF SAMPLE
o September 6, 1978
o July 23, 1979
® June 10, 1980
Figure 101.—-Site 44.

87



PLOT SYMBOL
()

o
®

DATE OF SAMPLE
September 6, 1978
July 24, 1979
dJune 10, 1980

Figure 103.~-Site 48.

88

° T b4 H‘% - T T T T T T 7T —I—I—T'%I T QT T
m 3 T T 1 T 5 > T
o« [COX“) [ 1¢ ¢ 0] O 009
of oo - [ e 4 | esede0 - F oe .
[ J¢ ¢ 00 (o =) 0 o 0 @
e o« e O o
18~ Q0@ =1 oD 4 9 O 1 D00e -
(0=] e« O e« O o e
27 -4 I - F 4 F -
[
]
s 36 4 4 = 4 L _
£
=
& 4l 4 F 4 b 1 F .
[~}
[<]
4
2 4 - -4 = -—4 -
3
<
0
63 4 + - -4 + .
72} 4 -4 4 F -
1| -4 4 -4 F .
1 ! 1 [ A A B BN GE N AN B B B B B AN A I | L1 tto1y Lt
s 15 28 36 0 1000 2000 2000 4000 0 4 8 12 18 68 74 82 90 0.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) Mo/ LNITS)
PLOT SYMBOL DATE OF SAMPLE
(1] September 6, 1978
¢ July 24, 1979
[ J June 10, 1980
(=} July 8, 1981
Figure 102.-~Site 45.
o T — T T T T T T T D1 T T
T o4 >0 T T T 1 11 T b 3 “
0¢ ] oD [ e Jo) [ONN« I
o ©Q - - O 4k o 4 | oee -
[ O] (o] 0 () [
18- 4 4+ 4 F -
27 |- 4 = -4 4 .
™
w
w
> 38 4 - -4 4 -
z
S a5 4 F 4 4 F -
(=]
[}
<
3 sl 4+ 4+ 41t -
s
<
]
o3 4 -4 |- 4 + -
72} -4 F «4 + 4 F -
a1 4 4 k- 4 k -
| ] ) N O G N SN T S N O N N A IO O [ N T N R T
s 15 28 35 o0 1000 2000 3000 4000 0 4 8 12 18 668 74 82 90 9.8
TEMPERATURE SPECIFIC GONDUCTANCE DISSOLVED OXYGEN PH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) (UNITS)



o T T T O T T T T T T T T T T T T 79T T T T T 9T
) o o o
ol 4L 4L 4 L 4
18 <4 - 4 L 4 .
27 -4 - 4 4 F .
-
w
o
z 3o - 4 4 F .
F3
o
& a5t 4 F 4 L 4 L .
[-]
[<]
Z
2 54 4 L 4 4 - -
=
<
(-]
o3l 4 F 4 K 4 -
12 4 F 4 F 4 F -
81~ 4 | 4k 4 L .
) I BN N NN N
18 28 as o 1000 2000 3000 4000 © 4 8 12 16 6.8 7.4 82 9.0 9.8
TEMPERATURE - SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) ) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] September 6, 1978
Qo July 24, 1979
Figure 104.—--Site 47.
0 T S T T T T T T T T T T T T T T TET T BT P T T T
0 o o ® 00
[ 0 (O ] [« _ (O] () [
o D> 1 F [O0X¢ ] EG, (Jooo] -4 [ e -
(¢ ¢ ¢ O [ Yo (¢ ¢ JO)] [
(¢ ] [ ] o« [
18 4 4k 4 -
27 |~ -1 =4 -1 - -
"
w
o
z 36 4 F 4 F 4 + .
F3
=
& a5 = F -4 | 4 -
[~}
[v]
z
3 sel 4k 4 F 4k 4
:
<
(]
6af- 4 F 4 |- 4 -
72~ 4 F 4 -4 -
81 4 F -~ ~4 -
) ) I I N I i I A | Lt Ly
1 15 25 3 0 1000 2000 3000 4000 O 4 8 12 168 6.6 7.4 8.2 8.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (Marw (UNTS)
PLOT SYMBOL DATE OF SAMPLE
0] September 6, 1978

o
[ ]

July 24, 1979
June 10, 1980

Figure 105.--Site 48.

89



° T T 9T T T T T T T TTT T T 1991711
€0 e 3% o e D e
[ 04 o 09 ® a0 O 0 @9
o [ T COONNES B o o o -1 [9000DD -1 o ee -
e O T80 [« IO o0
(¢« JH0) [ o o0 o 00
1w} oD 4 F o O 4@ o 4 F .
27 -4 F -4 | 4 - _
[
w
u
z 36 - - - = - - .
z
-
& 45l 4 b 4 | 4 k- -
a
[
z
2 S| =4 4 F -4 -
3
<
[
ea— - — — — o —
72 -1 - 4 F -
stl- - - | -
1 1 ! ] I OO N I RO Y PO U N N N O Y O O | I [ A I
- 18 25 as o 1000 2000 3000 4000 © 4 8 12 16 86 7.4 8.2 9.0 988
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) Ma/L) (uNTS)
PLOT SYMBOL DATE OF SAMPLE
(0} September 6, 1978
Qo July 24, 1979
o June 10, 1980
(=] July 8, 1981
Figure 106.-~-Site 49.
o T T T T I T T T T T T T T T T 7T T T T 17T T T T T 7T T T (TT T T [TTT
! o ) od Iy
(O] () ) (]
o @ 4 r (0] - (00 1 F (0o -
) ® [ o 0
[00)] (0] D (00)
18- 0 1 F - 41 1@ 91 r O ]
() 0] 0] (0]
27 =4 4 4 -
-
w
v
z 3 - «4 4 -
z
[=3
L e - - -/ | - - -
o
-]
z
2 sS4 4 4 4k i
=
<
]
83 |- 4 - - - | -
72 <4 F - - |- -
81— - =4 =4 | -
) ] ] TN DR N OO S I T O A A I O B B B B NS S B A | I A A
5 18 28 35 O 1000 2000 3000 4000 0 4 8 12 16 8.8 7.4 8.2 9.0 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (Ma/L LNITS)
PLOT SYMBOL DATE OF SAMPLE
0] July 2, 1980

Figure 107.--Site 50.

90



0 T )0 N B )4 { N S SO N O A 1 St e e e
(0 0 ® o0ee
o 0] o)
9 - - |- - - -
18- 4 4 - 4 F -
27} 4 -4 4 } .
-
= .
&
z % 4 «+4 4 -
k3
-
& a5 +4 4 L 4 L _
Q
[-]
z
3 54 +4 4 L 4 L .
=
<
o
o3l 4 F 4 4 -
72| 4 F 4 + 4 F -
81 4 - 4 F 4
1 L ! [ T TN SO0 O S N N O NS A A IO | b ror S S B B )
s 15 25 35 0 1000 2000 3000 4000 0 4 8 12 16 86 74 82 00 0.8
TEMPERATURE SPECIFIC CONOUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) MG/ NITS)
PLOT SYMBOL DATE OF SAMPLE
()] September 6, 1978
(¢ July 25, 1979
[ ] June 11, 1980
Figure 108.—8Site 51.
°
T T T I 0 R P A N R 2 A O B L | B I S Y R | L T P W
0 o) ) oD
() 0} @ o
- o oD 4 FF OO 4 F [0) -
) 0] (] o
oD o (0] oD
18- 4 F 4 F 4 -
27} 4 4 - 4 |- -
-
w
o
z % «4 - 4 4 k -
k3
-
& 45| 4 F 4 F 4 F -
Q
(e
<
2 s4f- 4 b 4 4 ~
s
<
w0
o3}~ 4 4 4 -
72}~ 9 F - - —4 F ~
st} 4 4 4 F -
] 1 ] T T T T T S T 16 OO S S A A A B O 1)t 111 Lttty
[ 15 26 35 O 1000 2000 3000 4000 0 4 8 12 16 668 74 82 90 9.8
TEMPERATURE SPECIFIC CONDUCTANGCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) Ma/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(6] July 2, 1980

Figure 108.--Site 52.

91



SAMPLING DEPTH, IN FEET

Fan¥ Pany
T |4 TT T 1T I rrrrsyrrror717.1vnry LI
o oY)

€
8o

SAMPLING DEPTH, IN FEET

-4 - = - -
1 ! I T OO T VY N T N U (O O AN S DR O I | L.t ¢t t 1 | N TR O A I I |
15 285 3 0 1000 2000 3000 4000 © 4 8 12 16 66 74 82 00 08
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) {MICROMHOS) (MG/L) (UNITS)

PLOT SYMBOL DATE OF SAMPLE
o July 7, 1981

Figure 110.—Site 53.

T T 1898 ® o 8—|—r—|—|—!:r1—
a0e L I.Tol | L L $ | L LR L il I“ % LI o
o' ™

L4 o

| 1 | | S N OO U N I N N S U (NS W S B P i | A I O | I A T O I I o

] 15 25 s o 1000 2000 3000 4000 O 4 8 12 16 66 7.4 82 00 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH

(DEGREES CELSIUS) {MICROMHOS) (mMasL) (uNITS)

PLOT SYMBOL DATE OF SAMPLE
[0} September 6, 1978
o July 25, 1979
[ ] June 11, 1980

Figure 111.--Site 64.

92



0 T P d T T 8T T T T T T T T T T T PBr— ST T T T
00 o 'ed ® ® o o6
(0] Qo [ =] oD 0 [0 ==) oe
o o« - o (0] (~] =4 19 00 4 r @00e@ ~
(¢ 0~ () ® Q o® O oe
ode o e (~~] Q () o e
el o - o 1o 1F o -
27 |- - 4 -4 - .
[
w
w
s ool 4 4 - 4 F .
£
g 45
S as| i JdL 4 L i
a
[~ ]
z
2 84l - 4 4 -
S
«<
[
63| - 4 F 4 F -
72} . 4 4 F .
at - - - - - -
1 ! 1y LU Lttt NI NN
15 28 a5 1000 2000 3000 4000 O 4 8 12 18 6.8 7.4 8.2 9.0 98
TEMPERATURE SPECIFIC CONDUCTANGE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) (MICROMHOS) MG/L) (UNTS)
PLOT SYMBOL DATE OF SAMPLE
[0)] September 5, 1978
Qo July 25, 1979
[ J June 11, 1980
(=] July 6, 1981
Figure 112.--Site 55.
o T T T 9T I®rTTr T T T T T T T TTTT T 4 I I A
o0 o' e P ) LY
(00 o e (00« X Xe ] (0] oe
o o« - o e /1 90O -1 o° -
o Qo (¢ ] 0o
8- -1 - - -4 F -
27| - 4 F 4 E -
-
i
z 36 — - - f— - - -
z
L - - - -
o
[«]
Z
3 sel - 4 4 F .
=
<
(-]
03|~ - 4 L 4 |- -
12|~ - -4 -~ -
81 |- -1 wd e - — -
| | | 1 | I U N T N N A N O N O N A O O | 0 S IO T T T O | | S I T S 2 !
-1 18 25 3s 1000 2000 3000 4000 0 4 8 12 18 6.8 7.4 8.2 9.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
{DEGREES CELSIUS) (MICROMHOS) (Ma/L (UNTS)

PLOT SYMBOL
0]

o
®

DATE OF SAMPLE
September 5, 1978
July 25, 1979
June 11, 1980

Figure 113.--Slte 56.

93



o T 1 I D B B N I Tt A B B T T 71 S o110 T
10 o' e ® & 0 dé
(0 o o o0 O D oe
o e« - | o e 1 |eo oo 1 F o e e -
o (] ® e O o o
18 -~ 4 - -
27} 4 + 4 -4 F -
-
&
z % 4 ¥ -~ 4 F -
£
e
& a5l 4 -4 - -4 -
o
]
4
g 54 - 4 4 F -
3
s
n
63 |- 4 4 <4 -
r2}- - + 4 4 F .
8t~ - - | <4 F -
1 ] [ N R T N WO OO OO O 0 AU OO O N O O | [ I | [ N T O I O O
15 26 s o 1000 2000 3000 4000 0 4 8 12 16 66 74 82 9.0 9.8
TEMPERATURE SPEGIFIC CONDUCTANCE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) (MICROMHOS) Ma/L UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0} September 5, 1978
o July 25, 1979
L ] June 11,1980
Figure 114,--Site 5§7.
°T"I"""ig lllllwlrlllllllllll Tll%lll m—l—l_
[ 0¢] oD (0] (0] ®
9 o« - oD 1r (0] 4 0 -
o 00 o9 o @ (O] ®0
® oD (¢« X0 [ ¢ 0] o
18 QDD - | (0} 4 oad O 4 F ® -
a0 oe o O (¢ )
(] oe e O oe
27 [~ o 1 F 41 ro 1 F -
-
&
z - - 4 4 -
b3
-
Loas - - -4 -1
a
o]
F4
Z 64 4 4 4 -
3
<
0
63|~ 4 - | 4 F —
72} <4 | 4 + +4 -
81|~ -1 - = -1 P~ -1
] ] 1 N A IO T U N T AN OO TN T N Y T VN AU A A O I I O O O B | [ I A B
5 15 28 s 0 1000 2000 3000 4000 0 4 B8 12 16 68 7.4 8.2 8.0
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES GELSIUS) (MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] September 5, 1978
Qo July 26, 1979
o Jure 11, 1980

Figure 115.—~Site 58.

94



S8AMPLING DEPTH, IN FEET

SAMPLING DEPTH, IN FEET

LAY P LD
T P L L L B L L L B T T T T LILILIP
o0 Qe e O e
e« 4 o® 4+ o o 1 F o0
o0 oe [ Jo o} [6> )
[ X0l [ J o O [OX
8l 000 - 00 -4 Fooo 4 oo -
21l 4 + 4 4 + .
as 4 F 4 4 + .
as |- 4 F 4 F 4 + -
s4|- 4 L 4 - 4 -
eaf- 4 4 F 4 } =
72| 4 4 4 F .
81} 4 F 4 F 4 F -
] 1 \ [ NS W O 0 TN T N OO T I [ I B A Pyt
15 26 35 © 1000 2000 3000 4000 0 4 8 12 168 66 7.4 8.2 90 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
0] September 5, 1978
o July 26, 1979
® June 12, 1980
Figure 116.—Site 58.
orT T i T 9T T T T T T T T T T T 8T T @ T T T T
o 000 o ®
0 e O | o)~ ] [y~
o o« 1 g O 4 - [ Jo=J=] = 1 0 -
[ 0¢] oe (=] o O (0] [
[ 3 0] o0 o o8l 0 [ ¢ ~N=)
| < A F e o 4 e o 4F ee -
27} 4 4 F 4 F -
as |- 4 - 4 + 4 .
a5l 4 F 4 4 - -
sS4 4 4 4 .
63 4 F 4 4 F -
721~ 4 = -4 4 F -
81} - - - - - - -t
] ] ) ] (I T T N YN VOO O Y O W A O I AN | Lt 1 t1d
s 18 26 38 0 1000 2000 3000 4000 0 4 8 12 16 68 T4 8.2 00 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS} (MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0} September 5, 1978

o July 26, 1979
® June 12, 1980
[~} June 29, 1981

Figure 117.—Site 60.

95



Figure 119.~-Site 82.

96

o T T T 11 T T T I T 1T T T 1T 1.0 T 11 TT L T 1T 11 T T T T T 11
o @b o
(0] 0] o
o O A (0] -4 |- (0] -4 - -
18 B ~ 4 -~ —
27~ - - = F -
-
w
-
z %[ - - = 4 F -
£
(=
o a5 - 4 4 kL .
o
a
z
3 54 - 4 -4 -
3
a
63 - 4 - —4 F N
72} - -4 - -
81— - 4 L 4 .
I ! O T O | | T I T T I I IO O | | O I T O A |
15 28 35 1000 2000 3000 4000 0 4 8 12 16 68 74 82 0.0 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN oH
(DEGREES CELSIUS) (MICROMHOS) (MG7L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] June 10, 1980
Figure 118.——Site 61.
0
T T T FrT T L T T T T T T FT T T I T rrT T T 11711 T T 1T T 11
o o ©
o 0] 0]
or O A (0] -4 (0] -4 =
0] (0] (0]
18 - - 4 L+ 4 L .
27 - 4 L 4 - .
[
[}
&
z 3¢ - 4 4 L .
b3
-
&‘ 48 |- ~ - - -1 -1
Q
a
z
3 54 - - - -
=
<
]
63 |- -1 — . - - -
72~ ~ - b -4 |- -
81} ~ 4 4 | 4
1 1 ] N N O O O T A OO O Y I T O T O OO | § I T B | | S I T
s 15 28 as 1000 2000 3000 4000 0 4 8 12 18 668 74 82 90 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
o June 10, 1980



0
T T | L L L L L I O B L B I T T T T LT T T T T T T 171
o o b
(0] (1)) (]
° - — = — - - - -d
18- 4 F 4 4 -
27 - | o |- -4 -
-
w
iy
E 36 — - P - p— - - -t
-3
= 48
g a
e
z
g 64}~ 4 4 F 4 -
3
<
[
63 -4 + 4 4 } .
72| - 4 4 -
81} - F 4 - 4 -
b1 L 1 S T T A I T I O I | [ I I |
s 18 25 s 0 1000 2000 3000 4000 0 4 8 12 18 88 7.4 82 00 9.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) Masy) . (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(o} June 11, 1980
Figure 120.—Site 83.
[
T T T T T T T T T T T T T T T T [ TT1 | I B Y R I T T T T T T 11
o @ od
0] (] (0]
9 O 4 0] 4 - @ 4 .
18 [~ - |- -4 | 4 F -
27} - 4 4 -
[y
w
r
z 36 |— - - - = - = -
T
&
o o4sf- 4 F - 4 -
o
)
F
3 sef- - 4 4 -
3
«
(-]
63 4 F 4 4 -
72| 4 F 4 - 4 -
81}~ 4 4 4 -
] ] 1 1 TR N I U N O U UG N T O A O T T O N IO I | U I O I
s 15 28 s o0 1000 2000 3000 4000 0 4 8 12 16 66 74 82 90 0.8
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) MG/ UNITS)

PLOT SYMBOL
o

Figure 121.~—Site 64.

97

DATE OF SAMPLE
June 11, 1980



SAMPLING DEPTH, IN FEET

LT e e - T 1 N O S o e e e e T T T&T T B e e |
o 8T o
(0} (] ()
of- . 4k -4+ 4
18} - 4+ 4 -
27} 4 4k 4 4
as |- - 4 F 4 F .
asl- - 4 L 4 F ]
sel- . 4k 4 F 4
63 [~ - 4 -4 -
721 = 4 4 F -
8t - 4 4 F -
1 ] L I A I AN N S A N I A I I A A I Ll 4 Lttt
5 15 28 a5 0 1000 2000 2000 4000 0 4 8 12 16 68 7.4 82 90 08
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) MG (wNTs)
PLOT SYMBOL DATE OF SAMPLE
o June 11, 1980
Figure 122.--Site 66.
0 T @ T | S I S O A R B S T T T T T T &7
T 2 T‘l_l'g T T T o &
(o) (0] () (0]
' - — —d - - - - —
18 -4 | 4 4 F -
27} 4 F 4 F 4 F .
- i
w
o
L sl 4k 4 4 | .
-4
-
S 45~ - 4 | 4 -
o
2
3z 84| 4 k- 4 b 4 F .
-
4
@
o3| - 4 4 + -
72|~ 4 F -4 F 4 .
81| 4 F 4 F 4 F .
i ] ! I N A IR I A I A A A I R I Y NN LI L1311
s 15 25 a8 0 1000 2000 3000 4000 O 4 8 12 10 8.8 7.4 8.2 9.0 9.8
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN . oH
(DEGREES CELSIUS) {MICROMHOS) (Marw (UNITS)

DATE OF SAMPLE

PLOT SYMBOL
0] June 10, 1980

Figure 123.--Site 686.

98



S8AMPLING DEPTH, IN FEET

SAMPLING DEPTH, IN FEET
»
-]
T
1

2T -

45 |- -

54 |- =

81— -

rrir7rirvrr17 i P onh Tl

5 15 28 3s
TEMPERATURE
(DEGREES CELSIUS)

1000 2000 3000 4000

SPECIFIC CONDUCTANCE
(MICROMHOS)

PLOT SYMBOL DATE OF SAMPLE

June 10, 1980

Figure 124.~-Site 87.

4 L] 12
DISSOLVED OXYGEN
(MG/L)

27 |- -

84 — -

72 - -

81 |- -1

Lt 1 1 1 1 1

s 16 25 <

TEMPERATURE
(DEGREES CELSIUS)

&
L IKI rr17 1717 17 1171
¢ ]
R N R N S N TS N N oy Sy |
1000 . 2000 3000
SPECIFIC CONDUCTANCE
(MICROMHOS)

PLOT SYMBOL
June 1, 1980
Qo June 4, 1980

Figure 125.—Site 88.

99

DATE OF SAMPLE

4000 © 4 8 12

DISSOLVED OXYGEN
(Ma/L)




° T T T T T T T T T T T 7 7T T T T T T T T T T T 7T 17 T T [ TT
oo o o o' '
V] (0] [0} (0]
o o0 A F o 4 oo 1+ o -
(0] o (o} (0}
.- -1 -1 1 F -
27 - 4 4 -
]
o
z 36 |- - = - = - o
3
& a5 - - |- -~ -
Q
o
z
g 84 4 F <4 4 F .
X
<
-]
63 - - -1 - -
72¢= - 4 o -
81|~ - -4 - -
1 ] N N O N N N S O O I O O O O | T T O B [N
15 25 a8 o0 1000 2000 3000 4000 O 4 8 12 16 686 74 82 00 9.0
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMMHOS) Men) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] June 4, 1980
Figure 126.——8Site 69.
o i 1 LI rt1 710 17T1rynrruriu L LI L UL LIRS 11
é 1 q)I o© d>
(0] 0] 0] 0]
o D 4 F [0} 4 F ©O 1 r o0 -
) () 0] 0]
(V] o) )] o
- O 1 F o 1r® 19 _ O -
o 0} (00} o
27 - - -1 =1 F ~
]
w
z -1 -1 - -1 -
z
[
L ast- - |- - |- 4 - -
o
Q
z
a‘_ 54 |- - - - - - - -
=
<
]
63 |- -4 - - |- - - -
72| - F q4 <4 -
81— - -4 -4 -
] l ! 1 T O T S OO N RO O S O OO O | A I | I A
] 18 28 a8 O 1000 2000 3000 4000 O 4 8 12 16 66 74 8.2 9.0
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L (UNITS)

PLOT SYMBOL
0]

DATE OF SAMPLE
June 4, 1980

Figure 127.—S8ite 70.

100



° T T 1 T 1 | AL AL L UL 11 1 11 U L | |
o o ) o
o O 1 F (0]} 4 F ) - [0} -
(] () (0] U]
(0] (0] o ()
18| 4 } -~ -4 | -
(0] 0] 0] (0]
() (0] o @
27~ () 1 r o4 rQ 14 F O -
-
w
&
z e - 4 4 4 |- -
£
.
(L] - F 4 <4 - -
a
e
Z
3 ser 4 | 4 4 -
3
<
[ ]
63 |- 1 r -1 - -1 r -
72 1 F 4 -1 -
81}~ - - |- 4 ~
| ! 1 [ 11 (I T OO O O I I T T Y I | O Y A I N |
15 25 s o 1000 2000 3000 4000 0 4 8 12 16 66 7.4 82 5.0 98
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] June 4, 1980
Figure 128.—-Site 71.
[
T T T T T 1 LI DR L I B U L T I T T 1 11 LI N T 1
o o OO0 o
(1)) 0] ] [}
o 0] 1 r (0] 1 r o -1 (0] 1
0] (0] ) ()
o 0} o 0]
18} 4 -4 4 | -
27~ -1 4 4 b
-
i
z 3 <4 - 4 e
z
-
[ 4 = 4 } < —~
(-]
[~ ]
H
g s - - - - -
z
<
-]
63| -1 F - = -4 -
72~ -1 - 4 -1 r -
at|- - o - - -
] ] ] | ! [ O O S I O O O O N S A VO I I | [ N O I S |
[ 15 28 36 o 1000 2000 3000 4000 0 4 8 12 16 68 74 82 9.0 0.8
TEMPERATURE SPECIFIC CONDUGTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (Ma/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] June 4, 1980

Figure 129.--8Site 72.

101



SAMPLING DEPTH, IN FEET

o T T 1 T T ™ T T T USRI BEL
T Cb @ T T T | B B I T 11 dlD T lmbl T
(0] [} ()]
L o (00) 1 F O 4 @ 4 o -
] (o} (0] (]
0) (6] (0] 0]
1 4 -4 - -4 -
27} -4 <4 F 4 F -
sel- 4 F 4 -~ | -
pry- 4 F -4 4 F -
sa |- 4 L 4 - 4 = -
e[~ <4 4 F <4 F .
12}~ <4 <4 4 F -
L RN od -1 - -1
] ] 1 ] Logobbotoby o gt L1 bttty [ A A
[ 16 26 35 0 1000 2000 3000 4000 0 4 8 12 16 68 74 8.2 90 9.8
TEMPERATURE SPECIFIC CONOUCTANGE DISSOLVED OXYGEN pH
(DEGREES GELSIUS) (MICROMHOS) (Ma/L) (UNITS)
PLOT SYMBOL DATE OF SAMPLE
(0] June 3, 1980
Figure 130.-~8ite 73.
o T d) T d'>1ﬁ| | N R Y Y B B Y N N R I R | llxd)TrTI LINLE B B L
(0] 0] o (0]
° o0 1F o 4 fo 1 F o .
Q o 0] (0]
o o ) )
18 4 4 L 4 N
27 4 4 F 4 -
w
o
z 3 4 F 4 4 -
£
-
& oas - - |- -4 —
Q
Q
z
2 54 <4 - 4 4 F -
3
<
-
63 4 4 L 4 L A
72 4 F -4 -4 -
81 - |- -4 |- 4 L N
] 1 I ! [ T A Y A N N N O O T 1 Lttt L1 ytoly
15 28 35 0O 1000 2000 3000 4000 0 4 8 12 18 668 7.4 8.2 9.0
TEMPERATURE SPECIFIC CONDUCTANCE DISSOLVED OXYGEN pH
(DEGREES CELSIUS) (MICROMHOS) (MG/L) wNTs)
PLOT SYMBOL DATE OF SAMPLE
(] June 3, 1980

Figure 131.——8ite 74.

102
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