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CONVERSION FACTORS
Factors for converting U.S. Customary units to metric units are

shown to four significant figures.

U.S. Customary Multiply by Metric

acre-ft (acre-feet) 1.233 % 10—3 hm3 (cubic hectometers)

ft (feet) . .3048 m (meters)

ft3/s (cubic feet per 2.832 x 10—2 m3/s (cubic meters per
second) second)

in (inches) 25.40 mm (millimeters)

mi (miles) 1.609 km (kilometers)

ton | 9.072 x lO_2 t (metric ton)
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. EXPLANATION OF SITE NUMBERING SYSTEM .

The standard method of giving location of fractional section, section,
township, and range is replaced by the method illustrated in the diagram
below. The location of the site indicated by the dot normally would be
described as NW1/4SE1/4SE1/4 sec. 16, T. 29 N., R. 23 E. The method
used in this report reverses the order and indicates quarter subdivisions
of the section by letters. By this method the location of the site is
given as 29N-23E-16DDB 1. Final digit (1) is the sequential number of a

site within the smallest fractional subdivision.
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.iEHICAL QUALITY OF WATER IN ABANDONED ZINC MINE&'

N

IN NORTHEASTERN OKLAHOMA AND SOUTHEASTERN KANSAS
By Stephen J. Playton, Robert E. Davis, and Roger G. McClaflin

ABSTRACT

Onsite measurements of pH, specific conductance, and water tempera-
ture show that Ygsgg_ig“sgyen_mine,shafgs_1n»northeag;ern‘Oklaboma and
southeastern Kansas is stratified. With increasing sampling depth,
sgecifig_qgnductance and water temperature tend to increase, and pH
tends to decrease. Concentrations of dissolved solids and chemical
constituents in mine-shaft water, such as total, and dissolved metals and
dissolved sulfate also increase with depth. The apparently unstable
condition created by ¢ooler, denser water overlying warmer, less-dense
water is offset by the greater density of the lower water strata due to
higher dissolved solids content.

Correlation analysis showed that several chemical constituents and
properties of mine-shaft water, including dissolved solids, total hardness,
and dissolved sulfate, calcium, magnesium, and lithium, are linearly
related to specific conductance. None of the constituents or properties
of mine-shaft water tested had a significant linear relationship to pH.
However, when values of dissolved aluminum, zinc, and nickel were

transformed to natural or Napierian logarithms, significant linear

correlation to pH resulted.



During‘e course of the study--September 1975 to June 1977--the
" water level in a well penetrating the mine workings rose at an average
rate of 1.2 feet per month. Usually, the rate of water-level rise was
greater than average after periods of relatively high rainfall, and lower
than average during periods of relatively low rainfall.
fWater in the mine shafts is unsuited for most uses without treatment.
The<;;ability of current domestic water treatment practices to remove

high concentrations of toxic metals, such as cadmium and lead, precludes

. use of the water for a public supply.



INTRODUCTION -

Purpose and Scope

Increasing demands for water and decreasing water levels in the

heavily-pumped Roubidoux Formation_in northern Ottawa County, Oklahoma,

have led to a search for an alternative source of water. Water in

abandoned zinc mines within the Boone Formation represents a potential

alternative supply. However, before any use can be made of the water

within the mines, information about its quality is imperative.

In order to provide water—quality information, a study by the U.S.
Geological Survey, in cooperation with the Oklahoma Geological Survey,
was made. The principal objective of the study was to determine
the suitability of the water in the zinc mines for public supply, ¥
inéustrial cooling, and irrigation.

The study originally consisted of three phases:

Phase I.--An intensive reconnaissance of the accessible mine shafts to
(a) make field measurements of pH, specific conductance, and
water temperature, (b) collect water samples for chemical and
physical analyses, and (c) evaluate the data.

Phase II.--Collect and analyze water samples once every two months for

one year to determine any variations in water quality.

Phase III.--Collect and analyze water samples twice a year for four

years aftervcompletion of phase II to determine any annual

variations and long-term trends in water quality.



The ress of phase 1 were reported by Playton and DavisW@977).
Results of phase 11 are presented in this report. The principal
objective of this study has been fulfilled by phases I and II; therefore,
phase III will not be¢ pursued.

Historical Backgroundl/

Lead and zinc ore was first discovered in the study area (fig. 1)
in 1901, and the first recorded output of sulfide concentrates was made
in 1904. During the early years of mining, operations were relatively
shallow, extending from 50 to 130 ft in depth. However, as mining
progressed, depthg to 385 ft were reached.

Land ownership in the area was diverse with many owners holding
Small tracts, which allowed numerous small companies to obtain leases
and siﬁulténeously run mining operations. In 1918 approximately 230
mills were built or were under.construetion in Oklahoma alone, a figure

that approaches the number of individual operations.
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Ore bod’z; reached from one leased tract to the next, ana.ghning
activities were extensive throughout the area. Therefore, nearly all
of the mines were interconnected, and distinguishing one mine from
another was difficult. In fact, even the smaller connective workings
were large enough to allow passage of ore trucks.

Production of ores from the mines expanded rapidly from 1915 to 1920;
output jumped from 28,000 tons to 502,000 tons. However, the 1920's marked
the maturity of the mine field. In the five years from 1921 to 1925,
the mines in and near the study area yielded 55 percent of the total zinc
produced in the United States. The total production through 1964 amounted
to over 7 million tons of zinc and just under 2 million tons of lead.

After a brief period of slowdown in the early 1930's, annual
production again increased through 1941. However, production in 1941
was still only slightly greater than 50 percent of the output in 1925.
During the late 1920's and 1930's, many mines became depleted, forcing
smaller companies out of business. These operations were bought by
larger companies who were able to continue mining due to the economy of
centralized milling. Also, improved technology allowed recovery of much
low-grade ore from tailing sites.

World War II created a high demand for base metals, but ore depletion
dictated an industry decline. Becausé,of depressed metal markets in 1957,
many operations were suspended or reduced. By mid 1958, all major mining
operations were discontinued. Although mining on a small scale has

resumed since 1960, most sites have been depleted and abandoned.
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w
~ GEOLOGIC SETTING

The study area (fig. 1) is relatively flat prairie in north-

eastern Oklahoma and southeastern Kansas. The regional dip of the rocks
A{sﬂlS to 25 ft/mi to the northwest, through locally the dip may differ.
The main structural features in the area are the Miami trough, the
Rialto basin, and the Bendelari monocline (gpxnight and Fischer, 1970,
p. 72-75). The Miami trough is a combination of syncline and graben
with a general trend of N. 26° E. The axes of the Rialto basin and

the Bendelari monocline cross the area in a northwesterly direction.
Maximum dip of the rocks in these structures is about 20 degrees.

The abandoned mines are in the Boone Formation, of Mississippian
age (fig. 2), which consists ofl350 to 400 ft of chert, jasperoid, limestone,
and dolomite. The principal ore minerals mined from the Boone were
sphalerite and galena. Accessory minerals include chalcopyrite; enargite,
luzonite, marcasite, pyrite, and barite. Fracturing within the formation
is common; especially in mineralized areas.

The Chattanooga Shale of Mississippian and Devonian age underlies
the Boone Formation, but is locally absent in the study area. Where
the Chattanooga Shale is absent, the Boone Formation lies directly
upon an Ordovician sequence consisting of, in descending order,

Cotter Dolomite, Jefferson City Dolomite, and Roubidoux Formation.
Rocks overlying the Boone Formation are of Late Mississippian and -
Pennsylvanian age, and consist predominantly of shale, with some sand-

stone and limestone layers.
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CHARACTERISTICS OF MINE-SHAFT WATER

Definition of pH and Specific Conductance

The pH of a solution is a measurement of the hydrogen-ion concen-
tration expressed as the negative base 10 logarithm of the hydrogen-
ion activity in moles per liter. Values of pH may range from 0 to 14.
A pH of 7 refers.to a neutral solution that contains equal concentra-
tion of hydrogen (H+) and hydroxyl (OH—) ions. Solutions within the
PH range of 0 to 7 are considered acidic, and those within the range
of 7 to 14 are considered basic or alkaline.

Specific conductance is a measure of the ability of water to
conduct an electric current across a specified cross section at a given

temperature, and is usually expressed as umho/cm at 25°C (micromhos per

et g

centimeter at 25 degrees Celsius). The micromho is the reciprocal of

.

6 c s : i : .
ohms x 10 . Specific conductance is related to the ionic concentration
of dissolved chemical constituents, and, therefore to the dissolved

solids content of the water.

10



. Sampling Freguencies and Methods .

During the period April 1976 to June 1977, water samples were

collected for physical and chemical analysis from seven mine shafts; six
in Oklahoma and one in Einsas (fig. 1). These mine shafts were selected
during previous field excursions using selection criteria based on
safety, accessibility, apd areal distribution. In April 1976 all seven
shafts were sampled. Thereafter, four shafts -Lucky Bill, Birthday, New
Chicago, and Consolidated No. 2 - were sampled every other month from
August 1976 through June 1977. Two mine shafts, Lucky Jew and Skelton,
were sampled only twice after April 1976; in October 1976 and June 1977.
Lavrion mine shaft was not sampled again, because by July 1976 it had
been p;ugged with concrete. Each time the shafts were sampled, water
level measurements were recorded at each mine shaft and at the Blue
Goose well, a well penetrating the mine workings (fig. 1).

When the mine shafts we;e visite;, water samples were collected
from one or more points in a vertical profile with a Kemmerer-type
sampler made of PVC (polyvinyl chloride) (fig. 3). Field analyses for
specific conductance, pH, and water temperature were made from each
sample at each sampling depth (figs. 4-9). At selected depths, where pH
or specific conductance values differed significantly from those values
observed in the upper or lower water strata, gamples were collected for

more complete laboratory physical and chemical analysis.

11
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Figure 5.--Water level, approximate location of mine workings and temperature, pH, and specific conductance
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Figure 9.--Water level, approximate location of mine workings and temperature, pH, and specific conductance
of water at selected depths in Consolidated No. 2 mine shaft, April 1976 - June 1977.



Field asurements and water samples treatments were ma’using
the techniques described by Brown, Skougstad, and Fishman (1970;; All
samples were analyzed by the U.S. Geological Survey Central Laboratory
using the methods given by Brown, Skougstad, and Fishman (1970).

A list of mine shafts sampled, sampling depths, and months in
which samples were collected is given in table 1.

Results of Analyses

No areal trend or seasonal variation in water quality is readily
discernible. Results of field and laboratory analyses (tables 2-8)
indicate that the water in the mine shafts is stratified. In general,)
as sampling depths within each mine shaft increased, pH decreased, andé
specific conductance, water temperature, and dissolved solids increasedz
Most chemical constituent concentrations, including dissolved and total

. —

metals and dissolved sulfate ;Pcreased ﬁith sampling depth. For example,

in February 1977, in Consolidated No. 2 mine shaft, as sampling depth

below the .water surface increased from 13 to 78 ft, pH decreased from 7.6 to
5.3 standard units, specific conductance increased from 1,030 to 4,280
umhos/cm at 25°C, water temperature increased from 13.5 to 15.0°C,

dissolved solids increased from 838 to 5,180 mg/L (milligrams per liter),
dissolved zinc increased from 3,300'to 300,000 ug/L (micfograms per liter),
total iron increased from 120 to 310,000 ug/L, and dissolved sulfate
increased from 510 to 3,300 mg/L:. Because cooler, denser water overlies

warmer, less-dense water in the mine shafts, an unstable thermal stratifi-

cation condition apparently exists. However, the lower water strata contain

== P

significantly larger quantities of dissolved solids than the upper water

strata. The apparently unstable thermal stratification is, thus, masked
by the greater density of the lower water strata due to higher dissolved solids

content.
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One nWilble exception to the general stratification tre!was
observed during five out of seven samplings of Birthday mine-shaft water
(fig. 8). The pH values decreased with increasing depth until approximately
midway through the water column. The trend then reversed with increasing
pH values being observed with increasing depth. However, pH values near
the bottom of the water column were not as high as tho;e measured near
the top of the water column. Based upon the available data, no adequate
explanation for this anomalous stratification can be offered.

The water in the Lucky Jew mine shaft is chemically anomalous from

—— —

that in the other mine shafts sampled. The maximum values of many

constituents and properties, including di5541ved aluminum, cadmium,

‘calcium, fluoride, lead, sulféte, and zinc, and dissolved solids, specific
conductance, and total hardness in Lucky Jew mine-shaft water were significantly
lower than the maximum values of the same constituents and properties in.

water samples taken from the other mine shafts. Maximum values of

dissolved boron, sodium, and chloride were significantly higher in Lucky

Jew mine-shaft water than in water from the other mine shafts sampled.
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Many l..he trace elements, especially the heavy metals,'ave values
reported for both dissolved and total concentrations. The total
concentrations are analyzed from an unfiltered sample and, thus, are the
sum of the dissolved-constituent concentration and the amount of con-
stituent associated with suspended particles. Dissolved-constituent
concentrations are analyzed from a filtered sample, and represent the
amount of constituent in the dissolved state. Some of the values reported 4,
for dissolved-constituent concentration are greater than corresponding

values for total-constituent concentration. These anomalies are ) ‘\JL
&
(Lt

attributed to sampling errors, computational rounding errors, different ¢
sample preparation techniques, and differences in precision of the

analytical methods.

Statistical Summary and Constituent RelatiO?ShipS
A list of chemical and physical properties determined, the number of
analyses of each property, and the range, mean and fiftieth percentile
values for each property determined are given in table 9. The fiftieth
pefcentile is included as a measure of central tendency in addition to
the mean, because the mean is significantly affected by extreme values of

P

small samples.
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In gem!l, correlation is defined as the degree of association
of two or more random variables. For this study correlation is used
to define the degree of linear association of two chemical or physical
water quality characteristics. The correlation coefficient is
a numerical representation of the degree of association, and ranges
between -1 and +1. Correlation coefficients of -1 and +1 represent
complete inverse and direct correlative associations, respectively, and a
value of 0 indicates no correlative association. 325’21959}93}9»gpplications
a corrglation coefficient greater than 0.7 or less than -0.7 is necessary

to indicate a significant correlative association (V. Yevjevich, Colorado

State University, oral comm., 1976).

According to the above criterion, several chemical prop;rties of i
the mine—sbaft water, including dissolved sulfate, calcium, magnesium,
lithium, dissolved solid;; and total hardness, demonstrate significant
correlation to specific conductance (table 10). None of the chemical
properties statistically analyzed showed significant correlation to
pH (table 11). However, when values of dissolved aluminum, zinc, and
nickel were transformed to natural or Napierian logarithms, significant
correlation was observed between the transformed variable and pH
(table 12). Dissolved iron, manganese, and zinc concentrations in the
mine-shaft water are significantly correlated to dissolved sulfate
(table 13). Transformation of dissolved iron, manganese, and zinc
values to natural or Napierian logarithms did not significantly affect
their correlative association to dissolved sulfate (table 14). Transformed

values of dissolved aluminum, however, were significantly correlated

to dissolved sulfate, whereas untransformed values were not (table 14).
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\Regreé‘lbn represents a mathematical equation expressing ©One random >
variable as being correlatively related to another random variable.
For this investigation least-squares regression analysis was used to
linearly relate one chemical or physical water quality characteristic to
another. The results of the regression analyses, the slopes and
intercepts of the linear relations, are shown in tables 10-14. Figures
10-12 show graphical examples of the regression analyses.

Also shown in tables 10-14 are the standard errors of estimate for
each linear regression analysis performed. The §§§n9ard error of estimate

——

is defined as the standard deviation of the residual differences between

values estimated by regression analysis and actual values. Therefore,

—
|

approximately two-thirds of the residuals would fall within the range
defined bj the standar§ error of estimate. In cases where the linear
regressions were analyzed between the iﬁdependent variable and a
dependent variable transformed by natural of Napierian logarithms, the

standard errors of estimate are given in logarithmic units.
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,itabi]hi_t‘y_gf_}ji_xg_—_f?haft w_a_t_e_r‘fgz_*f;'(-]cczcd Uses‘

Water-quality requi;cmcnts for different major water uses, such as
agriculture, industry, and public supply, differ considerably. 1In fact,
water suitable for one user may not be suitable for another even within
the same broad water use category. Also, two raw waters whose charac-
teristics, although different, cause them to be rated poor supplies may
not be equivalent. One water may be amenable to economic treatment,
whereas the other may not. Therefore, thg_suitability of water for a
sp?cific use depends not only on the characteristics of the water, but
also on the treatment process available.

In this report the criteria for judging the suitability of mine-

shaft water for selected uses were obtained from the report, Water

Quality Criteria, 1972, prepared by the National Academy of Sciences and

the National Academy of Engineering. Tables 15 through 19 give chemical

and physical properties, their recommended maxim;m values, and the percentage
of samples in which the recommended maximum values were exceeded for each

of the respective water uses: public water supply; fresh, once-through,
industrial cooling water; fresh, makeup-recycle, industrial cooling water;
brackish industrial cooling water; and general irrigation water. The
water—quality properties given in tables 15 through 19 are not the only

ones on which the judgment of suitability for use is based. Rather, they

are the constituents and properties for which excessive values were

observed in water from one or more of the sampled mine shafts.
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Raw wat.wgthin the mines is not suitable without treatrgt for
any of the uses considered. Because of the number and wide distribution
of samples containing excessive concentrations of metals, such as cadmium
and lead, and because of the inability of current domestic water treatment

practices to remove them, the mine-shaft water is not suitable as a ) LA
i r

. * r/ § o
{ J s A./-" EJ - ‘/-J/J r!v h,‘
source of public water supply. (V Lpmtw? T DA S

I, w

e o

As previously stated, water—quality requirements differ considerably
even within a single water-use category. Ths is expecially true for the
broad water-use categories of agriculture and industry. Therefore, each
potential agricultural or industrial water user must decide what water-
quality characteristics are necessary or undesireable, and then determine
from the available data whether necessary treatment is technologically

available and economically practical.
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Hydrology of the Mined Area

Because movement of highly mineralized water from the mines into

streams or the Roubidoux Formation, the principal aquifer in the area, .

would have deleterious effects on water quality, recharge to and discharge

—

from the mined areas are important. At present, recharge to the mines, from
surface runoff into open shafts during periods of heavy precipitation and
through solution cavities and fractures in the surrounding Boone Formation,
is relatively unhindered. As a result, the abandoned mines are steadily
filling with highly mineralized water and contained by mid-1976 an
estimated 100,000 acre-ft (D.C. Brockie, oral comm.)f‘ The rate of
recharge to the<pines, esgimated from pumping rates required to dewater

the mines, is 22 f:?/s, resulting in an average rise in the water level of
about 1.5 ft/month since cessation of mining activities (D.C. Brockie,

oral comm., 1976). The Egggi\diggharge from the Boone Formation in Ottawa
qunty, in 1948 considering all sources of discharge, wgs\estimated”at

4} ft3/s (Reed and others, 1955). Subsurface recharge fo the Boone
Formation is derived mainly from the outcrop area to the east."lgw;hg
study area, direct recharge to the Boone is minimal due to the overlying

Sa——tra— —

impervious shale., The amount and direction of discharge from the area

-—

is unknown.
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Periodic water level measurements made in the Blue Goose well from

September 1975 to June 1977 (fig. 13) show that the water level rose at

an average rate of 1.2 ft/month. Generally, the water-level rise was
greater than average after periods of relatively high precipitation, and
lower than average during periods of relatively low precipitation

(fig. 13). The water in the Blue Goose well, and in the mined area in
general, will continue to rise until it reaches a static or equilibrium
level about which it will fluctuate according to seasonal variations in
recharge and discharge. -The equilibrium level probably will approximate the
level that existed before mining and accompanying dewatering began. Although
no definite information regarding the pre-mining static water level is
available, Siebenthal (1908) indicated that ?3£<Creek (fig. 1) is the

likely drainage level for the region. Iar Creek is approximately 790
;;h;g;vé mean sea level in the southern part of the study.area and
approximately 840 ft above mean sea level in the northern part. In the
vicinity of the Blue Goose well, Tar Creek is approximately 800 ft above
mean sea level. Therefore, by simulating the rise in the Blue Goose well
from September 1975 to June 1977 using linear regression analysis (fig.

13) and extending the calculated straight line through time, the water-
surface altitude in the Blue Goose well could reach 800 ft above mean sea

level and possibly equilibrium conditions by 1984 or 1985 (fig. 14).
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However, this prediction 4s based on the assumptions that the equilibrium
water-surface altitude is 800 ft above mean sea level, and that the rise
of the water level in the Blue Goose well is linear over time. Eventually,
the water in the mines will reach an equilibrium water-level condition
and will discharge water down gradient toward major drainage basins in
the area.

Siebenthal (1915) states that the'phemical_Qbaractgr}stics of water

S——

in mines in the Miami, Okla. mining district were similar to those of

the deep wells in the same area. Also, the quantity of water pumped

from the mines required to keep the work areas dry remained relatively
constant, being essentially free of seasonal yariations. %ighgggba}
gggcludeduthat the water_in the mines in the Miami mining district was
supp}?ed under artesian pressure from dgeper formations such as the
Roubidoux, the source of water supply to most municipalities in the

area. Brockie, Hare, and Dingess (1968) also implied a hydraulic connection
between the Roubidoux and Boone Formations by concluding that the origin

of the ores mined in the area was from warm, sa}ine, ore-bearing solutions
which migrated through the Cambrian-Ordovician formations and upward

into the Mississippian formations where zones of weakness, such as the

Miami Trough and windows in the Chattanooga Shale, were present. Siebenthal

(1915, p. 274) further states:
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"So also there must be a constant deep-seated increment to the

mine waters of all the mining districts of the Joplin region,

though this increment may be almost completely masked by the

seasonal variations."

If there is hydraulic connection between the mined areas of the
Boone Formation and the underlying Roubidoux Formation as Siebenthal 1
contends, then continued heavy pumping and drawdown in the Roubidoux E

i

coupled with increasing water levels in the mines will cause the P

difference in head between the two formations to decrease; If the
\ Po——

decrease in head differential is such that it is reversed, downward

migration of contaminated mine water into the Rbubdidoux is possible.

B Reed and others (1955) noted that a considerable volume of water
is dischagged through mggx_springs from the Boone Formation east of the
study area in eastern Ottawa County, Okla. In addition, rural wells
withdraw water for domestic and stock use from the Boone outside of the
mined areas. A possibility exists, therefore, that after reaching
equilibrium level, water in the mined areas will migrate sufficiently
to contaminate the rural domestic and stock wells. However, Barks
(1977), in a study of the Joplin area, Missouri, noted that contamination!
of the shallow aquifer by the highly mineralized mine water was limited__}
to the immediate area of mining. In the same report, Barks observed that
streams in the mined areas of Joplin were contaminated by mine water.
After equalibrium water-level conditions are reached, the same possibility

for stream contamination by mine water exists in the study area of this

report.
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At this-me the quantity of water and the direction of wgr
movement in the mined area of the Boone Formation in northeastern
Oklahoma and southeastern Kansas can only be speculated. The possible
directions of movement of the mine water after equiligi;ium water-level
conditions are reached are not fully understood, although, regionally,
the drainage is toward the southeast and southwest. Because of the
possibilities of contamination of presently used water supplies by highly
mineralized mine water, further study of the movement of water within

the Boone Formation throughout the mined areas is warranted.
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. SUMMARY

This study was undertaken to determine the suitability for selected
uses of water stored in abandoned zinc mines in northeastern Oklahoma and
southeastern Kansas. Phase I consisted of a reconnaissance sampling
survey of the water in selected mine shafts, and has been reported by
Playton and Davis (1977). Phase II consisted of bimonthly sampling of
the water in selected mine shafts over a period of one year in order
to detect short-term variations of water quality.

The results indicate that, generally, the mine-shaft water is
stratified. Specific conductance, water temperature, dissolved solids,
total and dissolved metal concentrations, and dissolved sulfate tend to
increase with sampling depths, while pH tends to decrease with increasing
sampling depth. No areal trend’or significant seasonal variations in
water quality were detected. .

Some chemical constituents and properties of the mine-shaft water,
such as dissolved solids, total hardness, and dissolved sulfate, calcium,
magnesium, and lithium are significantly linearly correlated to specific
conductance. No chemical constituent or property of mine-shaft water
showed significant linear correlation to pH. However, dissolved aluminum,

zinc, and nickel values, when transformed to natural or Naperian logarithms,

are significantly linearly correlated to pH.
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Water i-he mine sh‘afts is judged unsuitable for domcsti’supply,
irrigation, and industrial cooling without treatment. Because of the
presence of metals such as cadmium and lead in concentrations exceeding
the limits recommended by the National Academy of Sciences and National
Academy of Engineering (1972), the water should not be considered as
a source of public supply. -

Water levels within the mined areas have risen at an approximate
rate of 1.5 ft per month since cessation of mining and accompanying
dewatering in the late 1950's. In the Blue Goose well the water level
rose at an average rate of 1.2 ft per month from September 1975 to June
1977, but it rose at a rate greater than average after periods of heavy
rainfall and at a rate less than average during periods of low rainfall.

At some time in the future, the water level in the mines and the surrounding
Boone Formation will reach a static or equilibriem level--probably

the same level as before mining and dewatering. ﬁighly mineralized

mine water could then migrate into and contaminate the Roubidoux Formation,

shallow aquifers, or surface waters.

Further study of movement of water in the Boone Formation through
the mined area is warranted, so that the quantity of mine water, the
directions of its flow, and the consequences resulting from its movement

can be adequately assessed.
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Teble 1.—List of

wines sawpled April 1976 to June 1977,

Rame of ﬁlu L‘nd-iul'.t. Depth to A‘-lu (n)Z/ Bewpling {.Pch- (n).’./
site locatiom) 1titude ot 1/ Apr  Aug  .Oct/ Dec  Teb  Apr JusP |Apr Aug Oct  Dec Yab  Apr Jun
ine fhafe (f1)= 1976 1976 1976 1976 1977 1977 1977 [1976 1976 1976 1976 1977 1977 197
lucky Jow B4S 183 — 171 — _— —_ 164 200 200 180°
333-2)5-3ADD1) 205 220 200
n 260 210
m .
230 — 29 —_ - - 220
259 240
287 260
298 280
298
jucky 3111 810 158 146 lil 143 142 140 136 178 170 160 160 160 160 155
air shaft) 198 1%0 1%0 1%0 190 190 1%0
29%-2)1-30AAA1) 204 208 210 2)0 200 205 203
210 218 223 225 210 223 225
216 228 223 !
222 |
230 ‘
L avrion 810 WM - = = = = = | i
29%-23£-29CDD1) 160 |
170 - = = = -
182 i
191
Prelton 823 159 o J48 - -— -— 140 165 -~ 160  -- — -- 150
29%-232-28CCB1) 165
Few (hicago 825 160 150 151 150 150 147 144 167 160 165 ;165 163 165 160,
29%-232-28CAB]) 174 174 180 180 180 18% 180"
179 187 198 1935 195 187 187.
183 197 195 193
192
197
pirthday 813 156 146 145 144 142 141 13 168 160 162 160 145 155 155
{ 20N-23E-283881) 172 167 180 170 160 167 162
175 173 180 =170 170 166
182 1 180 180 170
R 180 175
180
Fons.lidated No. 2 230 166 155 155 153 152 150 146 179 165 163 165 165 152 165
Y 29%-232-16D0B1) 191 185 215 215 215 1635 215
210 215 230 230 222 215 225
221 228 230 220 23
. 229 230 230
234 235 .

1/ Estimated to mearest 5 ft sbove mesan ses leval fros 7-1/2 mioute topographic maps.
2/ Measured {rom land surfscs.
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Table 2.--Water—-quality data from lucky Jew mine shaft, April 1976 -

June 1977.

Sampling depths are in feet below land surface.

Turbidity is expressed in NTU (neophelometric turbidity units).

PE-
(31814
COme
4 Simr. obuCTe
LING (L] 1LmPER- ANCE
(YL LTURL  (WICwD-
osrg (F3)  (UNITS) (DIG C)  wwOB)
APR , 197%
2Vewe 200 7.4 15.0 1300
2%.00 208 6.0 16,0 13e0
b 3 O FIY] .2 16,0 1800
222 6.2 18,0 2050
230 .8 17.0 2850
239 6.7 17.9 2000
287 6.7 17.% 2050
27,40 29 6.7 17.% 2780
ocy
21040 200 8.6 18,0 1200
2lese 220 7.0 16,9 2850
’ 21e0e 260 1.0 16,9 2050
2%ee0 298 7.0 17.0 2850
Juw , 1977
180 7.5 16,5 1200
200 8.3 16,0 1200
210 .. 18,3 23%0
220 1.2 17.0 2750
240 s.7 17,0 2650
260 6,7 16,3 2600
280 8.7 17.0 2650 i
298 .7 17.0 2650
I 018~ D18~
NON=- Dls~ BOLYED 8001um SOLVED
- Cama TOoTAL T07AL BOLYED HAGe D13~ AD= PD-
Sinr- TuR=- HARD~ BONATE ACIDITY ACIDITY caL- NE= 80LVED 80RP- Tas-
LInG 81D~ NESS HARD~ .y ap clum syum B0DIUN  PERCENT 110N SIuUM
DEPTH 1y (CA,MC)  wESS ne cacoy (ca)  (=g) (na) sS00IuX  RATJO (x)
DATE (1) (NTU) (RG/L)  (MG/L)  (mG/L)  (MG/L)  (MG/L)  (ME/L)  (mG/L) (mesL)
APR , 1%7s
27.., 200 1.2 20 soo ol S.0 220 18 38 1”2 o7 )
3 T 222 72 1100 1000 1.8 10 270 82 80 18 1.1 4.5 T
2T.0. 230 180 1300 1000 .. 30 3a0 e 200 26 2.% 1.4
27..0 2%8 160 1200 1000 1.8 70 330 97 200 26 2.8 7.8
200 1.0 s90 a0 - .- 210 18 3s 12 .. 3.2
C21... 220 * 150 1200 1000 .. e 320 100 200 2. 2.8 4
Jux . 1917 . o £ amt £2L A
.., 200 1.0 T80 s10 o0 .0 270 16 22 . .. 2.9
°%... 220 350 1200 1000 .. as 330 92 1vo 3 _ e s
DIs-
DIs- Dls- SOLVED
. - sOLIDS D1s- 018~ D18~
. AR °”'° :SL;ED :fb;iu .3{3;;; (RES]~- sus- SOLVED  3OLYED  SOLVED
BICAR- Csm LINITY  SOLvE L NDED NITRATE NITRATE NITVRITE
S0NATC  BONAIE iy MLE NG oy e 06 ) sou168 ) (%03) ™)
co3) cacol (spa) c .
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£ 2e0 ° 208 1300 e 2.1 s.0 2340 L1 .0 . .00
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Table 2.--Woter-quality data from Lucky Jew mine shaft, April 1976 -

June 1977.--Continued

D18~ D18~ _—
SOLYLD  BOLYED e 018~ DId-
- ToTaL BOLVED [ 38 1
(28 I NITRDTE Au-unl: D18 ‘Ou-. T Torat S0LVLD TOTAL BOLVED 107AL 30LVED
BSOLYED PLUS N1VRO SoLVED L wN1C ARSENWIC BARIUN BARJUM BOROM BORDNM
MITRITE NITRATE CEN AhION;A l:\::) l:\::) n:i” e (oA} (sd) 8) )
(u02) {u) tu oLl ve/ (esL)  ue/L)
DATE (nG/L) (me/L) (ng/L) (mg/L) tuesL) (uesL) (ue/L) (ue/sL) (ue/L) ( (&) ~
\
APR , 1970 » ¢ 0 1600 ! 100
_2Meee_ e .08 .02 .03 S0 10 : : : . \200 | Lt
oo «90 gt ~9b 20 5 b . ° ° 1100 550
27400 .00 .00 .40 .52 . 20 ° L] 3 ™ ae
1 .00 .01 .03 .08 10 ° s . °
ocy .
(] ° ° 180
21.. .00 .15 .00 .00 .0 / ) 1 -
ll..: .00 .0 .57 « 73 2000 300 () 8 ° ° 620 e
Jun , 1977 & =
A .07 .03 Y 30 ap [} ° ) 100 100 110 %0
.03 TS Y 150 100 U ¢ - 100 100 600 330
018~ 018~
- - D18~
TOTAL BOLVED TOTAL  SOLVED Dls- DIs 019
cAD- CaD- CHRO=  CHRO= 1074L SOLYED  TDTsL BOLVED TOTAL  SOLVED  TOTAL 30LVED
HIUN LA Hlum "ium COBALT  COBALT  COPPER  (OPPER 190N I1RON LEAD LEsD
(co) (co) (cn) (cRr) tco) (co) ({4} (cv) (FE) (FE) (rp) (rg)
DATE (ue/sL) tucsL) (uesL) (ue/sL) (uesL) (uesL) tuesL) (ue/sL) (uesL) (uesL) 3 (uersL) tuesL)
Sk =<
APR 197
27.:. 10 . ° o, <50 ° 10 3 ° 20 <100 .
27,00 <o . 10 10 200 170 20 3 $2000 48000 €100 ;
27400 (37} 2 "o .10 100 31 10 3 52000 50000 <100
27,40 <10 3 10 10 100 3 10 10 53000 246000 €100 .
ocrY
2.ee 10 L] ° ° 30 1 «ae . 180 10 <100 3
2100 10 1 10 (] 150 s7 <10 1 58000 $7000 100 .
JuN 4 1977
10 (] ° 10 <0 (] <10 2 30 30 <100 .
10 2 _* 10 se 100 10 2 s1000  Sso0p 100 .
D18~ D18~ 018~ D13~
Dls- TOTAL BOLYVED D18~ T0TAL SOLVED D19~ T0TAL SOLYED l(AJLV[D
30LVED HAN Nike 107AL 3OLYED HOLYB= nOLYB~ TOTAL SULYED sELE- SELE- YANA=
LITHIUN  GANESE  GANESE MEMCURY MERCURY DENUN DENUN  NICKEL  NICREL NIUX N]UN o1UN
(1) (mn) (nN) (HG) (He) (%0) (L11)] (x1) (N1) (sg) tae) (§2]
DATE (vesL) (ucsL) (vesL) (vesL) (ue/L) ten) (esL) {ucsL) (UGILL (esL) (uezL) tuesL)
APR , 1978
2Taes a 30 a0, 1.8 ot ° [ se 10 - ° ° ol
27,40 80 so000 s100 .3 N ] (] ° 00 370 ¢ ° ° .0
27,00 202 2600 2300 . .0 .8 2 1 300 200 ° (] ° .
27,00 200 2600 2600 . .2 S ) 3 1 300 280 [] ° 3.5
ocr L 5
2100 20 10 10 s ] .2 ° ° <0 [} [} ° o2
21eee 210 ss00 2000 &£ .8 ot 1 1 300 200 0 " %
_Jun 1M1
~ -0 10 10 .1 .0 ° ° 50 . ® ° o0
290 19¢0 1900 ¥ .. o 2 ——“_L 230 . 0o [
HEINYe
LENE
D13~ TO1AL BLUE
TOTAL - BOLYED ORGANIC  ACTIVE
TINC TINC CARBON 3UB-
N [§1}] () STANCE
oaTE tuersL) tuesL)  (mesL)  (Me/L)
APR ,
_ o 2T... 830 (11 2.0 .00
2T..s 3000 2%00 8.0 .00
3 (N 9300 8100 1.7 .00
27,44 10000 8300 1% | .00
oct
2nwa 130 (31 1.9 .00
RS —— 21.ee oo Te00 S .00
= Jun ,
[ 1 J 2300 2300 1.3 .00 = S e
ov, .. 1000 se00 tad .10 o
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Table 3.--Water-quality data from Lucky Bill alr shaft, April 1976 -

June 1977. Sampling depths are in feet below land surface.

e
ciric
CON=
3impPe 171
LINO 4] TEnPER= ANCE
OLPIN ATURE  (WICROD=-
oave (rn) (uvits) (oec C) ®HOS)
APR , 1978
28 178 6.8 18.0 1850
2 vs 198 6.8 18,0 1850
22440 208 .. 1a,0 1750
22e0s 210 .. 1e,0 8210
22eee 218 5.6 16,0 2830
22400 222 S.6 18,3 0930
[f 8 230 S.8 18,3 aeso
Aug
* 20,00 170 ., 18,0 780
28440 190 6.9 1a,0 795
26,44 20% .. 18,0 880
26, 218 3.9 15.0 --
26500 228 s.8 15,0 770
oct
hies 180 8,7 13.0 1060
20.., 190 .7 13,0 1030
20..0 210 6.} 16,0 sapo
200,40 22% 6,3 18,0 2800
DEC
07... 160 6.5 13,0 1100
0Fese 190 .. 13,60 1100
[ ][R0 210 s, 13,0 1100
07.., 22% s.9 14,0 a560
FEn , 1977
T 180 .. 13.¢0 1400 i
iy 190 6.5 13.0 1380
V¥5ae 200 [ 13,0 1500
17000 210 6. 13,8 200
$Vius 22% 3.8 1a.0 e800
APR
21a0s 180 (1% ) 13,9 1500
> ‘ oo 190 [ ] 13,0 1500
S P 208 6.3 . 14,8 2900
2eas 22% s.8 15,0 a800
Juw
07... 158 [ 18,0 1100
a0 190 .. 12,0 jase
0%i.s 20% .0 12,0 3100
L} [ 223 S.9 15,0 a200
o1s- D1s-
NON= ) DI~ B0LVED 80DIUx  SOLVED
CaR= TOTAL 1074L SOLVED HAG~ DIs~ AD- PO~
Janp. TuRe MARD=- BONATE ACIODIYY ACIODITY CaL- NE~ SOLVED SORP= TaS=
LING 810~ NESS HARD= is as clum s1un B0DIUM PERCENT 1108 B1um
DEPTH 1y (CA,MC)  NEBS- He cacoy ) (nc) (Na) S0DIUX  RATIOD (x)
DaTE (F1) (NTU) (MC/L)  (mG/L)  (MG/L)  (®E/L)  (WG/L)  (MG/L)  (mG/L) tng/L)
arm , 197,
32ise 178 2.1 e10 .00 2.6 129 300 3¢ s7 12 .8 8.
EEIIED 210 180 2100 2100 1 sas 500 210 ) 1 .. a5
22..., 222 100 2200 2200 22 10% ago 250 [} [ .8 8.0
208 1.0 450
222 180 7 2100 zf::__ zs.s 23 160 13 1e 7 .3 0,0
1240 asp 220 L1 [ .8 .2
1%0 1.4 s20 3a0 .- s yee b = -
Ooee % - 8 .3
o:c 223 33 LA 800 = - at0 2%0 .2 1) .8 8.2
07... 190 2.0 s80 - a0 =
or.n. . 14 356 2:" z; s . :- 200 e 23 ] .. a7
FEB , 1977 30 avo 240 &) 7 .7 7.0
17,00 190 2.0 6ap 380 11 P 220
1ee : 21 29 ] .3 s.e
aen e P 18 €308 2300 2) 1ie0 aso 260 82 7 N 6.3
2eee 190 .0 )
21... 228 u: z,-:: o 2.0 ” 76 i 3s v . .2
Jum 2400 1 Sas s2¢ 270 ss 7 » ..
07.ee 15% .30 s70 320 s 7 *
°t.., 223 = = - e R _a 26 . .8 .
220 2400 2e00 2 1190 sop T e i ;
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Table 3.—-\‘r—quality data from Lucky B1ill air shaft, f-.pri'976 -
June 1977.,--Continued

»

DIs-
DIse Dld- s0LVED
- Dld~ 018~ D18~
ALmde D18~ B0LVED  BOLVED 'ol:w :2'{:?: ~rre w:vu sOLVED  BOLYED
DLk ans g M e v Feint sotln DUE AT  PENDED MNITRATE NITRATE NWITRITC
BONATE  BONATE A3 suLFATE  RIDE miot ! (n03) (N)
loml) tco3) cacol (s0a) ({48} (r) (8102) 180 C)  30LIDS () y b s
" He/L
DATL (me/sL)  tme/L) me/sL) (ne/L)  (RG/L) (MG/L) . (mEsL) (mesL)  (mesL)
v
ArR , 1900 1580 3 .18 obb .00
2244 318 o e 818 1 = " 0380 200 o) .08 .01
22..4 se ° e 2000 s R $.0 8.1 . o .
22,0, 23 ° 21 3000 1 .2 Teb sevo 174 .00 . =
awve T T i
288 ’ ° 202 320 3.0 .3 1v .87 ° .- -- --
1 (] 1 3a00 21 L) ..0 .- 173 -- - --
218 ° 1717 380 00 o 1 830 12 o .7 .00
11 ° ° 3500 23 1.% 7.8 5920 15 .03 «13 .00
0l.4s 289 ° 2 )0 .. .1 1e e ° - e i
07... 33 (] 29 3100 20 ) .0 $370 170 ce - ..
res . 197y . - .
17400 310 0 232 s10 18 1.2 22 1030 ° e e e
& T ° ° o 3300 18 7.8 10 5230 183 - - -
APR o _ _ _ ) o .
e 320 9 a0 aro, T D PL R L B P11 s - o e
21,0, ° ] ° 3%00 15 7.9 1 $520 172 e .- -
Jun
07.., 320 ° 250 Q20 e, .2 19 ' Q10 ° .19 .84 .01
0., . 0 $  3aoo 13 1.9 10 5650 1% .03 .13 .01
013~ D18~ .
BOLVED  SOLVED ols-
» D18~ 018~
DI8-  NITRITE AmnmONIA 018~ 107AL 30LVED ols .
SOLVED rPLUS NITRO=  3OLVED  ALUM- ALUN= Toval BOLVED YD:AL' :f‘):;f’: :g:ah :gtoin
NITRITE NITRATE CEN ANMONIA  INUM INUN ARSENIC ARBENIC  BA :l; L) Gy )
(%02) (%) ) (NHA) () () (a3) (48) 8 (UesL)  (vesll quesL)
[ TR{4 (mG/L)  (Me/L) (mE/L)  (me/L)  (UG/ZL)  (UG/L)  (UG/L)  (UB/ZL)  (ue/L)
. v v
APR 1976
22.:. .00 18 .03 .08 .0 10 s ° ° ° 180 180
22,00 .03 .02 .33 .3 2000 2000 H H ° L} 200 180
22444 .03 .01 AL .83 5500 $700 ) 7 ° ° 2%0 220
auc *
B YT - .- .- -- a0 20 .. -e .. - 110 100
26.04 - -- - - 10000 10000 - .- -- .- 280 290
oct )
20... .00 .18 T .01 .01 a0 ° 0 (] ° ° 120 100
2b... .00 .03 1) .73 10000 $000 13 11 ° ° 290 220
DEC
_et.., -~ - -~ - H) ° -- -- -- -- 1e0 110
0T... = s =- - 8000 5000 - -- .- - 310 200
FEe ., 1977
19, . - - - 1) o - - -- - 160 130
$Ves .. - . - asop aso - e - -
arr’ " s0% 310 200
lisen S s e o - 20000 ] - - - - 2%0 130
2%eee .- -- - - $000 s000 . e e e
Jun 320 200
o7... .03 .20 .00 «00 30 20 (] ] 100 100 160 150
.., .03 .08 «33 .68 500 $300 s 1 .00 00 310 210
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Table 3.--W -quality data from Lucky Bi1l air shaft, April‘76 -
Jume 1977.--Continued

orve 101aL .N';o oI~ o1- o13- D18~
T01aL SOLYED oLY 1 SOLVED TOTAL s0L YLD
Ca0- Csp- (HRD=  CHRD- TOTAL touu‘: Zn::t. :gl’::: :go-l i Lrit CUs0
njum niun Nlu'; -lu-)l u::;l t("::’l; ?tu) tcus ) T3 rs) (rs)
(o) (co) e (e vesL)  (ue/L)  (vesL)
patl (uesL)  (UEZL)  tUBZL)  (ue/L)  (uesL) (uesL)  (uesL)  uesL)  fuesL)  (ue/L Y,

Are , 197 - cse 2 30 i 350 2% 1Y) 250
2duve L : ) ‘ .00 s3 20 & jescop 130000 300 .
22444 1Y) a20 10 10 S . S == g3 " 2%eece 270000 so0 200
22..0 Y} avp 1 1 .30 L} e ' _ . st ¢

Tave T ° :
8.5 T 10 -e * em -~ - - - 380 370 100 " .
Fhsne YY) 370 - ! - .. -e e .- 338000 3)o000 a0® - a0e
12 T T T e 1] H ae 1" 1] 20 200 150
T o 10 1 30 '} 20 7 318000 280008 300 380
(3 P 100 13 -- -- N 130 130 200 “
oT... 0 T 3ee T dee - - -- - - = 30000 270000 300 200

FED , BETY . e v e i __ L
17e0e 1e 1" -- .- -- -- -- .- 10 70 «aon "
17.., 33e Jeo - T .- .- -- .- == 320000 300008 300 230

arn
 J P .00 100 - -- - - - ‘e 208 o0 w00 ase
21.e e 30 - .o e, . on .o o

Pl 320000 290000 300 250

UL 1ne [] 1 ] <se [ 20 [ 100 20 200 (1]
.7, 30 ! - ° ‘20
.o ] e 20 20 e 800 20 8 320000  3iceee Joe 230
DId- Dide ol3- on-o
- ED  30LVE
D1s- yousL SULYED D13~ TovAL soLYED 0is 107AL IDLv- t
30LYED WiNe Hive T07AL SOLYID MOLYB=  mOLYB=  TOTAL u.n::o ':ﬁ): n:&:- ';::m
LITHIun CAWESE GANEST MERCURY RWERCURY DEwum DEnUm,  WICKEL -lf‘”l P ) )
wn (nW) (nn) (ne) (xe) (n0) (=0) (-n’ N .‘u/u en)  tuszt)  tue/L)

DATE (UesL)  (UE/ZL)  (VE/L)  (uesL)  (us/l)  (uesL)  (uesl)  (ue/L t v

arn 1976 v

. a2... 10 (1) .0 5 | o3 (] (] 100 ay 3 3 )
as00 seoe 3 3 1 ] a0s0 Jees 10 n

s100 s100 .3 o2 2 [] seoe azes ° 130

20 20 ——— T .. .. e 3 17 .o - .5

YY1 500 - - . - - [TY1] S008 - - -

AL I IS S (] (] se 2 ? 2 o7
T sese s000 é1 ot . 1 s000 seec (] (] 120

so _ £ ee | e= - .o .. 200 28 - = .0
5300  Saoe —— — -e — - s000 w100 -e e 120

1] 80 T e e "‘ . e Y 3N -e .'" - o0

17eee 200 o000 3300 ee T ee 7T ae - 3060 e - - .0

APR : )
ois s 2700 LU - -~ e 1000 s - - .
2le0e 21 s s300 - T T e e . 3000 et e  we 1

JUN .

Meey - (1) 10 20 o1 N (] (] <3 H 3 3 .0
[ ] e seee s200 ol N ] 1 [] 30 an (] (] 130




Table 3 _'er—quality data from Lucky B1ll air shaft, Apr

June 1977. --Continued

oave

APR , jeTs
22...
22...
22...

auc
28,0
26..,

oct
20,.,
20,40

DEC

07,00

07,..,
e , 1977
1.,

17,00 3
arn

2lees

2.4 3
Jun

[ b

[} PO

To14L
TinC
(R4}

(uesL)

68000
330000
aponoe

20000
ajooee

apooe
eapooe

27008
ajeone

Jsco0

3%000

T az20000

ols=
BOLYED

Tine

(w)
tuc/)

8000
200000
90000

20000
e50000

23000
esp00e

27000
azo000

%000

" avpoe

12000

3000
saeoed

ToraL
oscaniC
CAanBON
o)
t{ne/L)

3.2
1.6

NETHYe
Le~t
sLUE

ACTIvE
1 1V g

AR Y144

(We/L)

.10
20
AL

1976 -

Table 4.--Water—quality data from Lavrion mine shaft, April 1976.

Sampling depths are in feet below land surface.

| 14 &
cIric
COne
SAmpe PUCTe
LING (L] TExPER- ANCE
DEPTH - ATURE  (mICRO=
. OATE (FT)  (UXITS) (OEG C}  mmO3)
APR , 1978
28,40 150 5.3 10,9 23e0
28.04 160 a0 14,9 Je20
28..0 170 [} 12,3 37120
28,40 182 3.9 15.0 3s80
B 28..0 191 a.7 15.0 L1
) 018~ 018~
MONe Dls- SOLYED 300IUm  BOLVED
Canme TOTAL TovaL INLVED naGe oIs- iD= PO~
Sanpeo Tuk= HARD= BONATE ACIDITY aCIOITY CALe NE= sOLYED 30AP - Tane-
LIng 210= s KARD~ a3 a3 clum sjun 3001UN  PERCENT TI0m slum
DEPTH 184 (Ca,m8)  wE3d Ne caco) (ca) (ng) ‘ (na) pO0JUN  RATIO (x)
patt ) [L31"}] (ne/sL) (ng/L) (RgL) (nesL) (mosL) (mG/L) (ra/L) (/L)
ars , 1970 .
W77 1700 1700 17 (11 aTe 120 31 . N ) e T T
T 20... 102 77 T TN T e T 23T T e s1e 130 s . o a3
20,04 19 12 1000 1800 n ') s29 120 33 S .3 €3
7
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Table &.—-ter-quality date fro

e

pICARe
PONATL
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(1313 (me7L)

arm 4 1%7e

(3% 13
soLveD
N1IRITE

(~02)
oatt (me/sL)

aPR 4 1976

yolAL
CaD~
Klum
[{4]

(ve/L)

DATE

are , 1976

wo
*e0
e

Dls-
SOLYED
L1THlum
wnin
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W, T T 200
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Came
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SOLVED
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Di1s~
s0L YLD
cAD-
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Continued
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cscod
(me/sL)

Ols-
0L VLD
AmmON] A
NITIRO-

(4]

in)
(ngsL)

T TLee

10TAL
CHRO=
mlum
tcn)
(ersL)

20
(1}
Te

D18~
* s0LvED
LY
SANESE
(nn)
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3% 13
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() 13 1% “"wso .
7.0 18 1 a0 (]
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ToAL BOLVED Dide
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s00 [h] ., 130 180 180000
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[ 2§ 2
o018~ 10TAL BOLVED D18~
B0LYED MOLYBe" KOLYB~ TOTAL SOLVED
neRcuURY DL NUM pENUM  WICKEL  wICxEL
(nG) (n0) (=0) (n1) (D)
(vesL) ws/L) esL) tuesL) (we/L)
! ° ° 2000 2300
o2 (] ¢ - 3800 Ja00
o0 (] . agoe Jiee
T - - T mgTHYe
LENE
D18~ TOTAL sLue
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TinC TIMC CamBON 3UB-
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3Jap000  3v0ooe 1.0 .00
220000 agoe0e 1.0 Nl
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(2% 14

D13~
30LYED
LIRLYTRIS
)
(ne/L)

.00
.08

D18~
0L YED
| ] s
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(vesL)
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SOLYED
1R0n
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esL)

‘18000

130000
130000

T0TAL
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(§13]

(us/L)

m Lavrion mine shaft, hpril

D1d-
sOLYEID
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(rosL)

T0T4L
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(versL)
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TOTAL
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tre)

(uvesL)
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Dit~
a0LYED
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wjum
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D%~
s0LYLD
NITRTL
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.00
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80L VED
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Table 5.--Water-quality data from Skelton
Sampling depths are

SANPe
LING
DEPTH
DATE (rv)
PR ¢ 1978
- (e 183
ocy
18,., 160
Jun 4 1977
T 163
BICAR.
BONATE
(nCO3)
pave (Mc/L)
APR , 1978
26,40 9
oct
18.., A
Jun 4 1977
(TN °
DIS~
SOLYED
NITRITE
(~802)
DATE (nerL)
aPR , 1978
28,0, +03
oct
18... -00
JUN o 1977
0b.es <00
107AL
CAD~-
Hlux
o)
DATE (uersL)
APR , 1978
26,40 180
ocY E
18,00 %0
Jux , 177
Oboen 1100

June 1977.

TuR=

8l1D-

17y
(NTY)

26
23

CARe-
BONATE
1C03)
(nc/L)

018~
SOLVED
NITRITE
PLUS
NITRATE
(L]
(ng/L)

018~
SOLVED
cap~
LEETL]
o)
(uesL)

aro

1200

HARD=

NESS
(ca,mg)

(mcsL)

1300

1300

1600

ALKb-
LINITY
a3
Ccacol
(me/L)

7

D1s-
SOLvED
AMNDNTA
N1TRQe

CEN

(x)
(L1 748]

26

TovaL
CHRD=
nlum
(cr)
fucsL)

150

DsTE

APR ,
26.00
oct
18.,.
Jun
0b.oso
06..0

NON=
Came
BONRTE
HARD=
NESS
(me/L)

1200

1300

1600

018~
SOLVED

BULFATE
(s0a8)
(mG/L)

1300

1800

2300

D18~
SOLYED
ARMQON]R

(wna)
(mesL)

.28

.33

v/
018~
soLveED
CHROD-
®ium
(cRr)
(ue/L)

YL
LING
DEPIN
rn

197

169

160

1977

150
165

T0TAL
ACIDITY
Y]
He
(mo/L)

2.3

D1s~
S0LYED
CHLO-
R1DE
(V)
(mG/sL)

T0TAL
ALUN-
INUM
aL)
(ue/sL)
[(11]

6000

26000

T0TAL
COBALY
(co)
e/L)
150
200

3Joo

PH

(uN1Ts)

107aL
ACIDITY
AS
(4144}
(me/L)

128

(3}

013~
BOLVID
FLUO-
RIDE
r)
(ne/L)

ols-
SOLVED
ALUN=
InUR

(L)
tuesL)

$&0

ssoo

30000

DIs-
BOLVYED
coeaLy

o)
(ue/sL)

3s¢0

TEnPER-
ATuRg
(oEe €)

(D% 13
SOLVED
CaLe
clus
)
(mG/L)

a3

aap

s00

i
Dls-
B0LVED
SILICA
(s102)
(vG/L)

12

T01AL
ARSENIC

(A8)
tussL)

TOTAL
COPPER
({47}
wesL)
c 20

0

200

mine shaft, April 1976 -
in feet below land surface.

L4 4
CIFIC
COn-
pucTt=-
ANCE
(mICRO-
»HUS)

22%0
2360

2900
3200

DS~
a0LYED
MAGe
NE -
un
(nG)
(ne/L)

3
as

Dls-
SOLVED
soL1DS
(RLS]~
DUE AT
180 C)
(Me/L)

2120
2600

Jae0

DIs~
BOLYED
ARSENIC

(A8)
e/L)

OIS~
SOLVED
COPPER

({4D]
tuesL)

220

Dls-
SOLVED
SUNJUN  PERCENT
(W) 80D JUNM
(ne/sL)
22 L]
23 ]
33 L]
DIs~-
sus- SOLVED
PENDED MITRATE
s0L1DS (x)
(rC/L) = (mG/L)
11 .11
27 «01
7 .02
018~
TOTsL BOLVED
BARIUN BARIUN
(B4) (sa)
(uc/sL) wezL)
(] [
° [
100 200
018e
ToraL 80LVED
JRON IRON
(re) (FE)
(ue/sL) (ue/sL)
8900 180
29000 28000
76 60

soolum
AD=-
BORP-
TI0™
RATIO

.3
.3

D18~
BULYED
NITRATE

(N0Y)
(me/sL)

TOTAL

BORON
(8)

tuc/sL)
1700

100

170

TOTAL
LEAD
(p8)

(ug/L)

100
200

200

D13~
SOLYED
PO~
Ta8-
sIun
(x)
(ue/L)

DI~
30LYED
NITRITE
(™)
(Me/L)

D18
SOLYED
BORON

(s)
(uesL)

70

110

DIS-
SOLVED
LESD
re)
(ue/L)

30

150

47



Table 5.--Water-quality data from Skelton mine shaft, April 1976 -
June 1977.--Continued

Dis~ Dlde- Dis~ D13~
vis- TOVAL soLYID ols- 10780 WLYLD Did- TOTAL pOLYVID 0L VED
SOLYED MiNe Mine 1074 s0LVED nOLYB- mOLYB- 107AL 30LYED BELE- BLLE~ Yinbde
LIvnjum cawest CANESL nmLRCURY MIRCURY DENUN DLNUR NICKEL NICKEL Njux NIUNM DIUN
(I (nN) (nn) (M) (ne) (»0) (=0) (N1) ) (sg) (st) (v)
(1914 tve/L) (ve/L) fuersL) (uesL) (vesL) (uesL) (vestL) ese) tesL) (versL) tue/L) (ve/L)
APR 5 197¢
26,4, »0 820 .70 .8’ 1.3 1 ] 600 300 0 ° 0
ocy
18,04 70 700 780 . .0 ° [} 50 .00 1 1 1.2
___JuN 1 :
T 160 1600 7 Tfebo” e | ol ° [) 1100~ " 1Yoo i 1 1"
nEINY-
LENE
018~ TOVAL BLUE
- T0TAL BULVED ORCANIC aCTIvVE
NG 1IN TINC CARBON sus-
L] (R4} () () STANCE
DATE n (es) (uesL) (mg/L) (me/sL)
APR , 1974,
26,4 59000 47000 . «00
ocry
18... ° 110000 110000 b .00
- JuN , 107
0s... 1 250000 230000 o7 .00

lable 6.--Water—quality data from New Chicago mine shaft, April 1976 -
June 1977. Samplipg depths are in feet below land surface.

3PE~
. CIFIC
. CON=-
BANP= DUCT~
LING (] TErPER= ANCE
DEPTH ATURE (MICRU-
oate (rn) (UNLTS) (DEC C) "HUS)
APR , 1%7¢
2%.,. 187 T.6 1.0 2520
2%... 17a T.6 1.0 2500
29,.. 17¢ 7.3 16,0 2520
2%9... 18 b6 18,0 2520
2%... 183 S. 16,5 2680
29... 192 a8 17.0 2520
197 6.9 17.5 2850
* 160 L 18,0 -
178 .o 18,0 -
187 7.0 18,0 2850
197 3.3 17.5 3sa0
165 T.6 18.5 3200
180 T.6 18.5 3200
195 LI } 18,0 J200
165 7.0 14,5 2650
180 7.1 15.0 2800
- Ob... 195 a,l1 18.0 2950
FEB , 1977
17... 165 .2 1e.8% 31s0
17e0e 180 8,2 18,5 3150
17..0 193 .,2 15.0 3200
aPR
2.0 183 7.1 15.0 Jooo
21400 188 T.0 195.0 3000
2laee 187 ., 1s.0 3300
21.00 198 .,) 16.0 33s0
Jun
08... 180 T.1 16.0 2550
08... 180 a8 15.0 3300
08... 187 4, 18,0 3300
os... 193 3.8 16.0 Jsoo

48



Table G.T—VJMI—quality data from New Chicago mine shaft, Apx! 1976 -
June 1977.--Continued

013~ 01s-
NON e 3% 1 BOLYED s0DJuU™ IELV!D
CaRe TOTAL 10VaL S0LVED niGe D18~ :2- ‘(‘);-
LI TuR= HARD= BONATE ACIDITY ACIOITY CaL- wE- S0LVED Sonp=
LING 81D=- NESS HARD= AS AS (@ L] slum BUDIUM PERCENT T10m | 3RV
DEPIN 1Ty (ca,mnc)’  wWess We cacol (ca) (nG) (1) soplux  RATIO ‘:3“
DATE (F1) (NTU) (RE/LY . (MosL)  (mGZLY  (mG/L) (/L) (Me/L) (ne/sL)
178 a6 as00 1300 . a0 30 130 2 . D 2.0
1927 7 10 1600 1600 . 228 a0 82 28 a ) 1.9
17 38 1600 1600 5.9 293 500 o6 28 . .3 1.6
e 7 3.8 2000 1900 o 20 520 170 Je [] % | .,
197 11 1800 1800 15 788 510 130 36 s N 2.8
165 160 . 2100 2000 .- -- 890 210 140 13 1.3 .3
198 141 1900 1800 -- .- s10 140 3 . - 3.1
108 8,0 2100 2000 .0 a0 S0 200 et [ A 3.7
T1e8 0 : 1900 1900 8.2 ao? 10 T 1a0 36 ) .0 3:1 =
1977
189 8.0 2000 1900 1.7 [ 1] avo 180 aa s ] 3.8
195 [1} 1800 1800 6,0 298 500 140 3¢ s . 3.2
188 1.3 _ 2000 1900 ¥ 3 a0 10 es S .. a0
195 .30 2100 2100 5.0 - aas svo 180 3¢ T L 3.2
: 160 .00 1700 1600 % 10 a0 130 32 [} 3 ) 3.2
lig 10 1900 1900 12 bALY 530 1a0 38 L} o 3.9
(LH 30 2100 2100 23 1180 500 200 s7 6 .8 a,0
| v
\
/ D18~
v 2§ 1 18- BOLVED
ALKA= D13~ SOLYED  SOLVED plIs- B0LIDS DIs- D1s- D18~
BICAR- Cane LINITY SOLYED CHLO- fLUO~- BOLVYED (RES]~ SUS- BOLVYED SOLYED SOLVED
BONATL BONATE AS SULFAIE RIDE R]1DE sILICH DUt AT PENDED MNITRATE NITRATE NITRITE
(HCO3)  (CO3) cacol t30e) [{38] r) ($102) 180 C)  sOLIDS (n) (~03) )
DATE (nG/7L) (nersL) (uG/sL) {mg/L) (mc/sL) tme/sL) (nG/L) tme/L) (me/sL) (nGsL) (me/sL) (me/7L)
APR , 1%T7¢ . o
1 ° e 300 9.3 2030 a .12 3 .00
] ° 7 2000 s on 2150 T T s TTTT .03 T W13 77 .00
. ° s 2100 12 2930 1 .01 .0n .00
188 T T 13 1%00 Y] 2990 Y - s e
o - (] [ 2300 16 3870 36 .- - -
_1es ° 138 2300 12 3210 173 .21 .93 .00
s ° « 2300 18 3es0 a0 T T.er T um T 00
0b.ee W ° 1T 2000 12 3170 1 - we e
0b..s 0 ° (] 2600 -
PES 4 1977 15 3430 $7 - --
1000 2a ° 20 2000 1.3 1.9 1 3090 ° - - -
1 e — - - - - A
ioh . 0 [] ° 2200 5 1e 3.0 18 3330 2% - - ow
::.-. 110 ° .90 1900 7.3 1.8 13 3080 3 s - .o
v . . o 2500 12 8.0 15 3630 . e - %o
08... 180 ° 150 1800 a8
. .® 13 2690 ;
::". g Y e 0 2m00 S.e 8.3 1y 3850 : ;: :: ::
) 0 ° 0 3Jooo .2 1.0 19 L1 1 2 S} | .08 .01
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Table 6.-—.er—quality data from
June 1977.--Continued

v1s-

New Chicago mine shaft, A,l 1976 -

DS~ . v
BOLVED  BOLYED -
! D13=  NITRITE AMMON1A 018~ 107aL SULVED Dis- 018~ 018~
S0LVED rPLUS MITRD=  SOLVED  ALUN= ALun= TOTAL SOLVED  TUTAL SOLYED  YOTAL SOLYED
NITRITE NITRATE (L] AWMDNIA  INUN Inun ARSENIC ARSENIC  BARJUX  BAKIUW  BORDN BORON
(NO2) N () (wHa) (aL) (L) (a3) (a3) (sa) (Ba) ®) s)
pave (®0/L) (ne/L) (ne/L) (Me/L)  (uesL)  (uesL)  (ue/L) (UesL)  (uesL)  (ue/L) (uesL)  (ue/L)
AP , 197 I e ==
29,4, .00 o12 .01 .01 200 3 ° ] ’ o 3o 130
.00 .03 .02 .03 3100 110 ° ° . (] 190 160
.00 .01 .00 .12 3700 Sap0 1 ° ° (] 1%0 180
- - - - 130 T80 ee 7T ee - - 90 70
- - . - - _2%00 [ - - - -w 210 180
.00 .21 .00 .00 130 20 1 0 ° ° 100 _ 70
.00 w07 L1 .19 18000 13000 ] 1 ° ] 150 100
.- .20 - - 380 10 - - e - 120 80
- -n- .- - 12000 14000 - - - - 150 100
e .. - 1800 820 -- -- .- -- 110 80
- - - 9000 [ - - - - 1800 130
- - - _ - 1e0 o .- - .- - 110 70
. - -- .- 26000 26000 - = e -e 1a0 180
.00 .18 .01 .01 20 e ° ° 100 100 100 70
.03 02 .21 .38 23000 28000 [] e 100 200 210 150
.03 «02 .20 .62 82000 02000 2 1 100 100 260 200
/ Ve
e R e ¥ _ /
) o138 n;: v v
1071 SOLYED TOTAL  SOLYED D1s- o138~ DIs- D13~
cm‘: cko- CHRQO=  CHRO- TOTAL BOLVED  YOT&L SOLVED T0TAL  SOLYED  TOTAL SOLVED
nIun iU nIum UK COBALT  COBALY  COPPER  COPPER 1RON IRON Leso Leso
o) (co) (cr) «we) o) o) [{4'}] [{47) (FE) (FE) re) (rs)
DATE wesL) tuesL) wesL) (uesL)  (uesL)  (uesLl)  (ussL) fuesL)  tus/L)  (ue/L) (uesL) (ue/sL)
__ APR , 19Ts . B _ 3 - L —
29.., so 11 ° 10 100 88 10 2 390 0 <100 11
29,44 3s0 16 10 ° 200 ° so 17 2100 100 100 6
2%, 3s0 130 20 H 250 ° S0 36 18000 20000 100 120
Auc
2640, S0 10 .- R -- s10 80 100 1e
20,00 Y20 30 .- -- .- .- .- -- 83000 87000 400 500
ocY
20400 20 16 10 10 so s <10 .3 avwo_ 30 1e0 %
n::"' o ao 50 30 3% [} 120 ie0 s1000 55000 300 300
::... 100 ):1____ -~ -- - .- - - 1000 30 100 1
a0p ™ 390 -- - -- e T T s 77 =<7 so000 39000 300 250
u: « 1977 ]
e . S S
aon " == =4 L = - .- 42000 41000 200 200
21.. 1] - .. e -
ll.... ol s:: - e -- ise .0 _ oo 100
Jun == b = s - 120000 100000 300 300
20 12 10 10 <30 2 - 20
2 w0 S0 120 [}
:;: ::: _ &0 .0 350 a00 120 130 110000 120000 a0 350
150 180 #00 800 200 280  jec0d0 210008 200 Ta00
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Tabl . c _— . Al
le 6 Jater quality data from New Chicago mine shaft, April 1976 -
June 1977.--Continued
v o1 & D18~ DH;D
- oLv
018~ o pis~ jo1aL SOLYED L] .
o13-  1OTAL  SOLNED oive  E0CS. Ot yee t0TAL  d0LVED IEies  aELEe  YAEAD
SOLYED AN MaN= T01AL SOLVED o:v-u- DEwux  NICKEL NICKEL N1UM HIUM 01\;
LitHiun  Eawtst cangsL NERCURY WLRCURY r0) (r0) (w1 (1) (s0) (se) |v,)
“nn (u) () (ne) (WE) Loty e e e ety ue/t) (Ue /L
patt esi) we/sL) uesL) (ue/L) (ue/L)
apm o 1970 " . . i 200 150 ° ° K3
— e 50 310 310 . ., \ . 206 700 1 1 !
2%ue ™ 1300 1100 .3 - 5 p "o 1000 ' ' .7
2%..0 110 1300 ye00 . E
AUC e - v
- - .- 100 L3 .
Fonee .0 a00 380 .- - b= 5 200 1600 . ow 32
6.0 100 3300 2000 --
oct 00 1 1 o
Samee i e 44 3 3 : |o |‘|:: \‘Ibo ' 1 20
20,00 130 2000 1300 o3 .2
ch oo - - ..
Obeee 80 a0 420 -- .- -- "00 500 - - .
" Obees 130 1700 1900 -- -- -- -- 1200 1200 -
Fes o 1977 . .
1Tene 110 (11] 820 - - LI .- $00 500 . .0
1T.00 130 1800 1800 -- - -- -- 1000 1100 -- .- 22
APR
2).ee w 00 a20 - .- .- _ = 250 2%0 .= -- .0
2leee 180 2500 2900 -- - .- - 1700 1600 -- - 7.0
.0 220 220 o3 .2 ° ° 50 100 ° ) .0
1% 2800 3100 .2 .0 ° ° 1600 1700 2 2 .0
260 4200 4600 52 .2 e - ° 2600 Fe00 . i -
!
. WETHY= -
LENE
D1s- T0TAL BLUE
T0TAL sOLYED ORGANIC  ACTIVE .
TInC =~ 1INC CaRBON sug-
() (™) (3] sTaANCE
DATE (ue/L) (ue/L) (me/sL) (me/L)
S — APR - I —
. o 18000 16000 3.8 .80
110000 100000 3.6 .00
§10000 120000 3.9 .00
= auc
17000 17000 - %
280000 200000 e —
oct
e300 500 3.3 00
140000
otc 130000 .8 .00
R 0b... 0000 26000 . e
06... 130000 130000 .. s . -
FEe , 1977 _—
1leee 35000 $3000 = -
Yeve 120000 120040 -o -
= 2. 22000 22000 - .
.,5:"' 170000 170000 - .
08... 7000 13
0o
! {:: 190000 190000 ™ -
S 3s0000 *
Jso0ce 3.2 Y =
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rable 7.V er-quality data from Birthday mi

SAnPe
LING
DEPTH
[ TR3 1
apm , 1978
2304 180
23000 182
auc
2% 160
2500 180
ocy
19,44 182
19.., 180
DEC
07..0 100
07..0 180
FE® , 1977
L T 160
18... 180
APR
21.a0 159
21. 170
21e0e 180
Juw
o8... 158
08... 170
oe,.. 160

June 1977.
1

TUR= HARD~

810~ NE3S
1y (Ca,®G)
(NTU) (me/L)
a0 2200
72 2200
.80 sa0
180 1600
2a 890
160 2100
e.0 830
130 2000
Ty T T T 1900
80 2100
2.3 T30
33 2000
s 2500
7.9 a10
110 2200
00 2500

oL
LING
DEPTIM
DaATE (r1)
aPR , 1978
23..0 168
23440 172
23,00 175
23400 182
AUC
25. .0 160
2%... 167
25..0 173
2%.e0 177
2%..0 180
ocy
19.., 162
19.,0 180
DEC
07,00 180
07... 170
07... 180
FEs , 1977
18... je%
1h... 160
1h... 170
18.00 180
]
21,00 15%
21.00 167
21,00 170
21eee 180
Jun
155
182
166
170
175
180
- NON=
Cane TOTAL
BONATE ACIDITY
HARD= 1Y)
~NESS He
(mg/L) tme/sL)
2200 17
2200 18
a0 .2
1600 13
850 .-
2100 .-
T80 .8
2800y 18
1900 T 20
2100 20
8080 o2
2000 9.0
2%00 10
330 o2
2200 22
2000 1t

PH

(UNITs)

cowNn

VMMV AEe Y
MR
ewo—e®

T01aL
ACIDITY
3]
cacoy
tresL)

sen
8%a

10
L L1

20
a%a

. a9y

e

10
aay
LA D)

10
1090
vy

HTLILE
Aturl
(ore C)

1.0
15.9%
15.3
15.0

16.0
17.0
1s.9%
16.0
15,0

15.0
1%.0

18.9%
15.0
16.0

1%.0
15.0
15.0
15.5

15.0
15.%
1.0
16,0

16,0
15.9%
18,0
16.0
16.0
1s.5

DIs-
SOLYED
caL-
cium
(ca)
t=c/sL)

a%0
a%0

160
a0

230
a%0

230
Sa0

200
avQ
S0

120
so00
seo

Sampling depths are in feet be

D1s-
SOLVYED
MAG-
NE-
sium
(*c)
(n/sL)

230
240

3s
130

[
220

o2
260

180
210

b3
190
210

27
230
270

018~
S0LYED
sUDIUR  PERCENT
(~a) 30D1UM
(ng/7L)
52 S
S3 S
29 10
ac s
a L}
a7 s
(3] 1a
as
S5a o [
s1 A
59 15
[} ®
a7 [}
1e L]
3 s
1) ]

30DIUN
aD-
SORP=
TI0N
RAYIO

o5
.5

.3
.

-
ne shaft, April 1976 -
low land surface.

D18~
SOLVED
PO~
Tas-
sjum
(x)
(mG/sL)

52 -
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Table 7.--Water-quality data from Birthday
June 1977.--Continued

[ TR

APR ,
23..,
23 s

AUC
28000
25..,

DATE

APR ,
23...
23..,

AUC
2%5...
25...

ocy
19..,
19...

DEC
07..4
07..4

FEB

18...
18...
APR

BlCAR.
BONATE
(nC0})
(mG/L)

197

oIS~
SOLVED
NITRITE

(n02)
(nG/L)

197
.00
<00

«00
.03

1977

«13
03
.03

CaRe
BONATE
(coj)
(mesL)

D1s-
SOLVED
NITRIVE
PLUS
NITRATE
(L]
tmo/sL)

01
.03

.80
.07
<00

Alxde
Lingry
a3
cacol
(mc/7L)

DIs-
suLveo
AMMON] A
N]TRO-

CEN

(N)
[LIV4®]

«35
.33

.18
51

LS

D13~
SOLVED
SuULFaTL

(soe)
(no/L)

3000
o000

320
2100

1000
3100

810
3s00

2900
3200

Teo
2700
3100

Js0
3200
3200

DIS-

SOLYED
AMMON] &
(NKa)

(wg/L)

a8
.e3

.24
.22

mine shaft, April 1976 =

D18~
D18~ D1s- SOLYED
SULVED  BOLYVED D13~ 30L1IDS D18~ D18~ D1s-
CHLO- FLUO- 30LVED (ers]e~ sus- 8OLYED  SOLVED  3OLVED
L3113 L3174 SILJCA  DUE AT PENDED NITRATE NITRATE NI1TRITE
(cL) ) (r102) 180 C) s0LJDS (n) (~03) ()
(ne/L) (me/L) (mc/sL) (=c/L) (mc/L) (nersL) (ne/L) (me/L)
.7 8.1 11 5150 138 .01 .00 200
.0 1.2 11 s200 13e .03 13 .00
3.2 .0 (Y} (YY) 0 -e .- -
.1 2.9 10 e 15 L - -
e, 1.8 (YL 1590 29 .01 .08 .00
1.3 2.9 12 20 163 « 01 .08 01
5.% 5] 7.8 1390 3 L * L
6.9 1.9 12 5000 1e9 .- .- .-
T.0 .o 13 as70 113 L - LS
., .5 13 aBA0 216 e - =
J.a 1.1 a9 1260 L] .- -- -
6.8 T.4 13 4300 70 - .-
6.9 2.2 12 si1o00 186 .- L4
2.3 6.8 (31) L] 36 1.6 .08
6,0 [} 1a a%so sa 00 _ 27 .01
7.2 9, S3a0 1% «0S .22 .01
. v 7
D1s~
TOTAL SOLVED DIse DIS~ D18~
ALUn- ALun- 10T4L BOLYED  TOTAL BOLVED  TOTAL SOLVED
INun I1NUN ARSENIC ARSENIC  BARJUM  BARIUM  BORON BORON
(aL) (aL) (as) (as) (81) (sa) (8) (8)
(we/L) (uesL) tvosL) esL) (uesL) tuesL) (uesL) (uesL)
@100 8600 2 1 ° ° 220 200
8800 8900 2 2 ° ° 260 200
.0 e = oo -u .- 110 90
4000 ap00 -- .- .- L 130 240
980 600 1 1 ° ° 150 110
000 3200 ] ° ° ° 220 160
.0 ° S - . -- 190 180
4000 2000 - .- -- - 230 170
13000 13000 - - - e 280 150
8900 7900 .- -- -- - 220 180
180 20 - .- .- -- 120 %0
11000 11000 - .- L] .- 230 150
1000 1000 .- - - .- 230 160
T0 50 ° e 100 100 110 10
8200 2900 3 3 100 100 260 180
100 100 Y . 100 200 2%0 200

23



Table 7.-—JE!Lr—qualiLy data from Birthday

TOTAL
Ca0-
LAL]
(co)
oarte tuc/L)
APR , 1976
23... 880
23.., 0o
AUG
2%... 60
2%..0 270
‘oct
19.., 130
1%9... 100
DEC
0T..4 <o
07..4 1e0
Fees , 1977
Gk | e G | ]
deo
130
280
100
(1]
260
L 1]
D13~
30LVED
[SRLL
({89
DATE tue/L)
APR , 1976
23..0 2%0
23ees 250
auc
2500 20
2%..s 120
ocy
19%... so
1%, .. 150
OEC
07,40 a0 ~
07,00 160
180
180
3o
2100 160
2lees 189
20
200
180

June 1977.--Continued

018~ °
SOLYED
CAD~
CHTL]
(co)
(ue/sL)

900
00

.0
230

EH
T180
20

»

TOTAL
AN
CANESE
(un)
(ue/L)

5300
ssoo0

70
12000

1300
f000

1800

$200
7400

oo

15000
180

s000
13000

11000

“s000

TOTAL
CHRD=
nlumM
(cm)
(uecsL)

20
10

10
20

v/

D13~
SOLVED
MAN-
GANESE
(nN)
(uesL)

S600
sso00

70
Taoo

930
000

. 1500
10000

So000
7000

300
14000

1%0
3200
13000

as00

018~
SOLVED
CHROD=-

Mjum

cr)
(uesL)

20
20

TOTAL
NERCURY

{Ke)
(ue/L)

107AL

coeaL?
(co)

(ue/sL)

580
400

150
.00

<50
650

013~
BOLVED
MERCURY

(HG)
(uesL)

.7
1.0

-

D1s-
SOLVED
coBALY

(co)
(ue/L)

550
seo

Ta
T

.o

107aL

HOLYR=-
DENUN
(n0)

tuesL)

1014L

cCoPPER
({4"})

(uesL)

50
50

<10
10

<10
70
10

ols-

SoLveED
MOoLYB =
DEUN
(%0)

(ue/sL)

mine shaft, April

Dis~-
BOLVED
COPPER

(cv)
twe/sL)

3e
80

~N

TOvAL
NICKEL
(NDD)
(ue/L)

3700
3%o0

(<1
2000

soo
2%00

sSeo
8000

2900
3000

2900
2800

S0
3000
2800

100

TOTAL

10N

(re)
(uc/L)

110000
110000

280
110000

15000
150000

2000
180000

190000
210000

280
190000
200000

710
280000
230000

DId-
SOLVED
NICKEL

(n]1)
fuc/L)

3300
3500

So
1800

500
2500

150
2900

3100
3200

97
2900
3000

Se
3s00
3000

/
7/
D18~
30LYED
1mON
(re)
(ue/L)

110000
10000

210
89000

13000
110000

T10
83000

180000
200000

180
170000
200000

W
220000
230000

TOTAL

SELE-
Nlum
[§$.12]

(ue/sL)

z..

Vv
D18~
TOTAL SOLYED
LEAD LEAD
(rs) (rp)
(uesL)  tue/L)
300 7
oo L))
<100 12
300 "o
100 st
200 13
100
oo o7
300 100
Joo 300
100 S0
300 z00
200 200
<100 7
200 a0
300 17
D18~ D18~
BOLYED  SOLYED
BELE~ YaNAe
NIum Dlum
(sg) tv)
tuesL) (ue/sL)
° 3
[} 3
- .8
1 .8
0 ae
- .0
- - 13 )
- 110
-- 100
.. .0
- %0
- s..
° T
° 130
0 1)

54



Table 7.-‘ter~quality data from Birthday mine shaft, April 1976 -
June 1977.--Continued

LIS LAY
LENE
D13~ TotaL BLUL
Tutay SOLYED OmCamIC acrive
2InC 1IN CARBDN B~
(In) (IN) o) BTANCE

(vesy) (uerzy) (no/sL) (me/L)

470000 #900r0 0 .00
490000 490000 .0 .00
9200 v8p0 - - B
360000 260000 -- .-
65000 45000 ., .00
310000 Js0000 3S.a «00
e e s - sSavo00 eapod .. -
390000 390000 - e
380000  Ye000® .- e
390000  3800CO .- po-
8800 83cLo - .-
310000 270000 - -
aj0000 370000 - ..
a0l 6700 2,8 .00
Jep0o00 Japonro a o0
aj0000 400000 S, .10

Table 8.--Water-quality data from Consolidated No. 2 mine shaft,
April 1976 - June 1977. Sampling depths are in feet below
land surface.

: SPE- B
- cirlc
COn-
‘ SAnpP- pUC Y=
LING PH TEMPER= ANCE
DEPTH ATURE (*I1CRO=
DATE (F1) (UNITS) (OEC C) ®HDS)
APR , 197
" 20.., 179 7.8 16.0 820
20... 191 1.9 16,0 Qap
2 210 1.2 15.5 1080
21,40 227 .. 16.0 1080
21,00 229 5.0 16.0 20
2leee 23e [ ) 1s.0 as00
auc
&Sawn 185 7.7 17,0 810
2S5 185 7.8 18.9 -
2S00 21% 7.7 18.0 -
2% 40 225 7.7 16.0 .-
2%..0 230 5.3 16,0 a0
25,40 23S S.0 1.0 i
uct
19... 165 6.7 16,5 830
19,... 215 6.7 15.0 LY T
19... 230 5.3 14,9 e000
165 7.2 18,9 00
215 7.4 14,5 890
230 5.5 15.9 550
1S T.6 13.5 1030
215 7.8 14,0 1080
222 S.7 2.8 a080
230 S.3 15.0 aze0
152 6.0 18,3 1170
168 1.2 14,5 1080
21% 7.3 14,5 jo080
220 7.2 16,9 1080
230 S.3 15.% “@se
165 T.4 16,0 810
215 T.6 15.9% Je0
22% 7.1 16.0 810
230 S.8 16.0 a0
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Table 8.--Water-quality data from Consolidated No. 2 mine shaft,
April 1976 - June 1977.--Continued

07,4, 185
[y o 230
FEB , 1977
17000 16%
[T . 230
APR
21e0s 185
F4 230
JUN
07... 189
;. 230
BICARS
BOWATE
(wL03)
DalE (mG/L)
arr , 197
20..4 1]
21400 s7
21... °
2Wees °
auc
25... 81
- o 1
oct
1%, 7.
19,00 7
DEC
7.0 n
oo 20
FEB , 1977
17,00 osT
17600 [
aPR .
- 21... 88
2eee [
Jun
[} P Te
0t..e [

TUR= HARD =
810~ NESS
1Ty (CA,nG)
(v1U) (L1749 )]
3.0 s20
5.0 550
o0 2200
12 2300
1.0 aap
140 1300
3.0 a0
130 2200
1ol $20
T ey 2800
1.0 570
160 2200
T 1.0 $70
70 2200
1.0 aa0
200 2200
ALKA=
Cam- LINITY
BONATE AS
(coy) cacol
(nc/L) (nG/L)
° 35)
° L})
. (] °
° []
° 66
1
L] 62
(] .
° $1]
L] 1
[ a7
o °
T TeT T as
T 0 °
° sa
(]

NN

Cane
BONATE
MARD=
nESS
(/L)

a70
S10
2200
2300

370
1300

a20
2200

a0
2000

520
2200

s20

2200

80
2200

D18~
SOLVED

SULFATE

(spe)
(“e/sL)

asd
s2¢
3100
3200

3s0
1600

a0
Jape

a0
300

s10
3300

S00
3000

37¢
3100

TOVAL
ACIDITY
A3
He
(ne/L)

D18~
SOLYED
CHLL-
RIDE
[{49]
(mc/L)

10144
acioITY
A
cscol
(/L)

10
10
8%
11e0

5.0
[ A1}

5.0
(23]

$.0
1000

5.0
Sas

1090

Dls~-
BOLVED
CaL=
clum
(ca)
(me/L)

170
180
500
$20

150
yap

160
s10

170
Le0

180
520

180
510

150
510

213~
SOLYED
sILICH
(s102)
(wg/sL)

DIs~
BOLVED
HAGe D18~
nE - SOLvED
sjum SODIUN
(nG) (ns)
(me/L) (nc/sL)
28 10
23 11
260 [ 1]
2680 8.0
16 T.1
100 a3
20 8.9
230 L}
23 . .7
280 "
2e 12
230 [}
29 12
230 77
16 7.1
220 80
DIs-
SOLVED
soLlos
(RES]~ Sus-
DUE Al PENDED
180 C) s0L10s
(me/L) (L1481
198 L}
day 3
S160 106
siso 3
(Y1) -
.- e
122 12
S1e0 188
Te8 °
Soe0 Ta
a3e L
s180 2 ]
sas 2
avro 1
o s J
s100 1la

PEWCENT
s0DILM

® ww —=~e s

-~

018~
80LVED
NITRATE
(~)
(mg/7L)

.20
28
.00
.01

-

.22

W21
.02

30D1Un
AD-
BURP=
1108
RATIO

.2
o7

o7

D18~
SULVED

NITRATE
(%03)
(re/L)

1.
1

2
o1
«00
.08

.%3
.09

J18=
BOLVED
NIJRITE
™)
the/L)

.00
00
01
«00

.00
.01
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Table 8.——d!ter—quality data from Consolidated No. 2 mine shaft,

April 1976 - June 1977.--Continued

D13~ 013~ ni:
BOLYED  30LVLD -
DI3=  WITRITE ARMONIA 018~ 101aL 30LVED :':;o
SOLVED rLUS N1VRO=  30LYED  aLuwe ALunm- ToTsL 30t c
MITRITE NITRATE  GEN  AMWONIA  IwumW IUn  ARAEMIC ARDBENS
(02) (%) ™) (wHa) (aL) (sL) (43)
pate (mesLy  (mesL)  (mE/L)  (Mo/L)  ue/t)  QUE/L) Ee/L) tuesLd

aPR , 1978
20 .00 .20 .02 .03 ®0 10 ’ 4
a0 .00 .20 .00 .00 @0 20 | 1
2eee 3] .01 .28 W36 7300 7700 3 ?
2eee .00 .01 .28 36 12000 10000 2 |

auc
280 - - - - o0 30 - -

i 8% .o - - - 15000 So00 L --

ocy
1900 .00 .22 .00 .00 150 ° 1 0
19, ., - - - - - - - -
1%.0 .00 .02 W27 .33 10000 5000 10 10

pEC
Waii - .- - - a0 L Ll e
07uee - e o - 10000 3000 - -

FEB , 1977
‘,... - - - - .. — . STR - - -
$%iiis P - - P 4300 1800 - -
APR

i 2. - - 77 . .- .9{ 10 .- --
Flose .. -- .- -- 300 as00 .- .-
JUN
0., .00 .21 .00 .00 .0 20 [ 0
0T... .03 .03 .27 %} 200 200 s .

- . ,’
Vl ‘/
DIs- DIS-

ToTAL 30LVED 107aL  SOLVED D1s- DIs-
cap- Cad- CHRO-  (HRD- 10T4L SOLVED  TOTAL BOLVED
n1um njum njux nyun COBALT  COBALT . COPPER  COPPER
o) (co) (cR) (cm) (o) tco) ey (cw)

PATE . fuG/L)  tucsL)  (UE/L)  (Ue/L)  (uesL)  (ULG/LY  (uG/sL)  (Ue/L)

APR , |‘1.

BELIEE LY 0 10 o T «so T e 10 a
21... 100 100 10 ° <so 3 <10 7
a0 180 780 30 20 800 s) &0 70
2leee *50 30 a0

30 850 se 100 100
ave
2504 110 110 - = e =5 - _—
25..0 620 360 - - .- e .- -
ocy
::...» B s:° } 80 10 ° <50 <10 3
ees 0 se0 20 10 7%0 .

BEc [} 30 33
07... %0 70 - - - - - .-
or.. sap sao - .- - . e e

Fes . 1977
17eee [} (31 - - - - - -
1. se0 800 - s == ~ =

APR - -
eee T 0 18 T T ee - = o -
zl..‘ - s.o,_._... 10 " T 7 - - - = s 7T Eeh

o e &
0.4, To o0 10 10 <so

e - H <10 1

[} S s30 330 20 30 130 800 30 13

\
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TOTAL
BARIUN
(8a)
(uesL)

100

100
100
°

100
200

10TaL

1RON

(FE)
tuc/L)

850

eoo
2%0000
310000

120
290000

140
300000

70
3Joo000

120
3Jjo000

280000

300
3soeop

018~
soLYED
BARJUM

(AA)
(uesL)

100

L]
100
°

100
200

S

D138~
SOLYED
10N
(FE)
(ssL)

0

670
13co00
130000

80
210000

a0
310000

L1}
2%0000

L]
Joeoo0e

a0
270000

70
S3o0¢

0TaL

BORUN
(8)

(ue/L)

60

170
180
190

120
°0

70

280

(1]
200

70
270

50
280

60
280

TOTAL
LEAD
(Pb)

(uesL)

<ie0

<100
oo
500

<100
apo

100
300

<100
oo

<100
400

100
400

v’

D1~
BOLYED
BORON

(s)
(ue/sL)

30

100
150
120

170

.0
1%0

a0
170

30
1a0

30
170

¥
018~
SOLVED
LEAD
(rp)
(uezy)

200
ao0o0

10
200
300
350
@50

S0

3se
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Table 8.-—Water-quality data from Consolidated No. 2 mine shaft,
April 1976 - June 1977 .--Continued
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o e 0 — v SR %
13- o1s- v D18~ 18-
Dls- 1074L S0LYED D1~ 1014 SOLVED DIs~ TOVTAL SULYED S0LVED
SOLVED LT LT 1oL SOLVED  MWOLYB-  »DLYB=  TOTAL SOLVED  BELE- SELE- YANA-
LITHIUN CanLSE CANESE MWERCURY WERCURY DENUR DENUNM NICKEL NICKEL Njum NlUX ojum
wn (nn) (nN) (nG) (He) (n0) (n0) (1) (~§1) (seg) (3€) (v)
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_APE , 19T7e S—
20,40 3o 100 L1 N o7 3 ° 50 3 1 1 ol
21,40 @0 (1] 80 o2 .2 2 [} S50 32 1 1 o}
2laese 210 3800 s$100 .. L ° [} 3300 Jaoo ° 0 150
210 220 6600 3900 S ot ° ° 3800 ar (] ° 150 °
aue .
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21,0 ap 100 100 -- - - - 50 55 - - .0
21,00 1%0 $600 5100 -- -- .- - 3200 3200 -- - 110
Jun
07404 20 180 160 .2 .0 1 [) 0 1e 1 ° .0
07,00 Joe Se0d $800 ol . .2 (] ] 3500 3a00 0 0 160
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Table 9.--L{®¥ of chemical and physical properties of mine-shaft water
determined and maximum, minimum, mean, and fiftieth percentile

values.
Chemical or Number Values
physical Maximum  Minimum  Mean 50th Percen-
property analyses tile
Acidity (as CaCOj)
(mg/L) 66 1,340 0 465 320
Alkalinity (as CaCO3)
(mg/L) 77 308 0 61 23
Aluminum, dissolved
(ug/L) 77 42,000 0 4,880 460
Aluminum, total
(ug/L) 77 280,000 10 9,040 1,700
Ammonia, dissolved,
as N (mg/L) 44 .65 .00 s 21 .18
Arsenic, dissolved
(ug/L) 44 11 0 2.2 1.0
Arsenic, total
(ug/L) 44 14 0 2.8 1.6
Barium, dissolved
(ug/L) 44 600 0 55 0
Barium, total }
(ug/L) 44 600 0 50 0
Bicarbonate A .
(mg/L) 77 375 0 75 33
Boron, dissolved
(ug/L) 17 560 30 150 140 -
Boron, total
(ug/L) 77 1,700 50 280 200
Cadmium, dissolved
(ug/L) 77 1,200 1 240 80 - -
Cadmium, total
(ug/L) 77 1,100 10 310 180
Calcium, dissolved
(mg/L) 77 600 120 395 480
Carbon, total organic
(mg/L) 44 8.0 .0 2.6 2.1
Carbonate
(mg/L) 77 0 0 0 0
Chloride, dissolved
(mg/L) 77 85 .5 13- 8 6.3
Chromium, dissolved
(ug/L) 44 140 0 20 16 =~
Chromium, total
(ug/L) 44 150 0 22 17
Cobalt, dissolved
(ug/L) 44 800 0 160 50
Cobalt, total
(ug/L) 44 850 50 340 200 €&—
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- Table 9.--List of chemical and physical properties of mine-shaft water

determined and maximum, minimum, mean, and fiftieth percentile

values.
Chemical or Number Values
physical of Maximum  Minimum  Mean 50th Percen-
property analyses tile

Copper, dissolved

(ug/L) 44 260 1 40 8
Copper, total

(ug/L) A 240 10 45 20
Detergents (MBAS)

(mg/L) 44 .80 .00 .06 .00

Dissolved Solids,
residue at 180°C ,

(mg/L) 74 5,920 622 4,000 3,410
Fluoride, dissolved

(mg/L) 77 15 | 3.3 1.9
Hardness, noncarbonate

(mg/L) 77 2,500 250 1,480 1,800
Hardness, total

(mg/L) 77 2,500 410 1,540 1,800
Iron, dissolved

(ug/L) 77 330,000 0 88,000 39,000 &—
Iron, total ' . .

(ug/L) . 77 150,000 0 110,000 52,000
Lead, dissolved

(ug/L) 77 500 0 135 63 = -
Lead, total

(ug/L) 77 500 0 220 310
Lithium, dissolved

(ug/L) 77 300 20 123 130
Magnesium, dissolved

(mg/L) 77 290 13 133 134
Manganese, dissolved

(ug/L) 77 14,000 10 3,000 1,870 <«
Manganese, total

(ug/L) 77 15,000 10 3,370 2,400
Mercury, dissolved

(ug/L) 44 1.30 .0 .31 .22
Mercury, total

(ug/L) 44 1.40 .0 .33 .20
Molybdenum, dissolved

(ug/L) - 44 ' 2 0 0 0
Molybdenum, total

(ug/L) 44 3 0 0 0
Nichel, dissolved

(ug/L) 77 5,000 3 1,510 600 &—
Nickel, total

(ug/L) 77 8,000 50 1,800 1,000
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Table 9.--List of chemical and physical properties of mine-shaft water
determined and maximum, minimum, mean, and fiftieth percentile

values.
Chemical or Number Values
physical of Maximum  Minimum  Mean 50th Percen-
property analyses tile

Nitrate, dissolved,

as N (mg/L) 4t 0.42 0.00 0.08 0.04
Nitrite, dissolved,

as N (mg/L) 44 .04 .00 .00 .00
pH (field measured)

(units) 147 8.6 3.4 - 6.4
Potassium, dissolved

(mg/L) 77 9.2 1.3 4.0 3.8
Selenium, dissolved

(ug/L) 44 3 0 1 1
Selenium, total

(ug/L) 44 3 0 1 1
Silica, dissolved

(mg/L) 77, 22 4.9 11.7 1¥.7
Sodium adsorption

ratio 77 25 .1 .6 <5
Sodium, dissolved

(mg/L) 77 200 7.1 54 44
Sodium, percent 77 26 1.0 7.4 - 6.0

Specific conductance
(field measured)

(umhos/cm at 25°C) 139 4,950 740 2,680 2,800
Sulfate, dissolved
(mg/L) 77 3,500 320 1,950 2,070

Suspended solids,
residue at 110°C

(mg/L) 76 216 0 61 20
Turbidity (NTU) 77 400 0 65 23
Vanadium, dissolved

(ug/L) 74 200 .0 34 1.0

Water temperature
(field measured)

(degrees Celsius) 149 18,0 13.0 15.5 15.0
Zinc, dissolved

(ug/L) 77 490,000 640 175,000 103,000 -<
Zinc, total

(ug/L) 74 490,000 730 108,000 106,000
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Table lO.——CEg%ical and physical properties of mine-shaft water analyzed
for linear relationship with specific conductance, and regres-
sion summary, including correlation coefficients, intercepts,
slopes, and standard errors of estimate.

Chemical or Standard
physical Corrleation error of
property Units coefficient Intercept Slope estimate
Boron, dissolved ug/L 0.35 69 0.03 ‘103
Calcium, dissolved mg/L .88 119 .09 69
Chloride, dissolved mg/L .16 5.3 .002 19
Dissolved Solids mg/L .98 -633 1.31 327
Fluoride, dissolved mg/L .61 -1.3 .002 2.8
Hardness, total mg/L .94 110 .49 245
Lithium, dissolved ug/L .86 -22 .05 39
Magnesium, dissolved mg/L .92 -47 .06 36
PH units .64 7.6 .0005 .8
Potassium, dissolved mg/L <27 3.0 .0004 1.7
Silica, dissolved mg/L .13 13 .0004 3.7
Sodium, dissolved mg/L .39 17 .01 .39
Sulfate, dissolved mg/L .95 -362 .80 336
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. Table ll.——'mical and physical properties of mine-shaft wat!analyzed
for linear relationship with pH, and regression summary,
including correlation coefficients, intercepts, slopes, and
standard errors of estimate.

Chemical of Standard
physical Correlation error of
property Units coefficient Intercept Slope estimate
Aluminim, dissolved ug/L -0.69 35,300 -5,060 6,099
Bicarbonate mg/L .60 -234 51 78
Boron, dissolved ug/L -.08 198 -7.28 110
Fluroide, dissolved mg/L -.57 13.8 -1.75 2.85
Hardness, total mg/L -.60 3,744 -367 562
Iron, dissolved ug/L -.44 337,143  -41,485 95,533
Lithium, dissolved ug/L -.64 383 -43 59
Manganese, dissolved ug/L -.48 11,023 -1,335 2,816
Nickel, dissolved ug/L -.55 6,182 -776 1,326
- Specific conductance umhos/

cm -.64 7,425 -770 989

at 25°C
Sulfate, dissolved mg/L -.66 5,838 -647 835
Zinc, dissolved ug/L —-.64 759,476  -97,270 132,913

Table 12.--Chemical constituents of

mine-shaft water analyzed for

logarithmic relationship with pH, and regression summary,
including correlation coefficients, intercepts, slopes, and
standard errors of estimate.

Standard

Correlation error of

Constituent coefficient Intercept Slope estimate
Aluminum, dissolved -0.86 19.66 -2.199 1.396
Iron, dissolved -.65 21.64 -2.174 2.889
Manganese, dissolved -.67 14.24 -1.238 1.535
Nickel, dissolved -.75 14.56 -1.420 1.420
Zinc, dissolved -.81 19.39 -1.406 1.153

63



Table 13.--Chemical constituents of mine-shaft water analyzed'?br linear
relationship with dissolved sulfate concentration, and regres-
sion summary, including correlation coefficients, intercepts,
slopes, and standard errors of estimate.

Standard

Correlation error of

Constituent Units coefficient Intercept Slope estimate

Aluminim, dissolved ug/L 0.44 -1,514 3.279 7,556

Iron, dissolved ug/L .79 -58,787 75.13 66,020
Manganese,

dissolved ug/L .76 -1,281 2.192 2,069

Zinc, dissolved ug/L .88 -92,278 136.89 81,846

Table 14.--Chemical constituents of mine-shaft water analyzed for
logarithmic relationship with dissolved sulfate concentration,
and regression summary, including correlation coefficients,
intercepts, slopes, and standard errors of estimate.

Standard

Correlation error of

Constituent coefficient Intercept Slope estimate
Aluminum, dissolved 0.76 2.367 0.0020 1.8121
Iron, dissolved .79 3.288 .0027 2.3380
Manganese, dissolved .83 3.773 .0016 1.1648
Zinc, dis§olved .86 7.963 .0015 1.0006
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"Table 15.--Chemical and physical properties of mine-shaft water with
observed values exceeding recommended limits for public .
water supply, and percent of samples with excessive values.

Chemical or Recommended Percent of samples
physical maximum with excessive values
property value

Ammonia, dissolved, as N

Cadmium, dissolved
Chromium, total
Detergents (MBAS)
Fluoride, dissolved

Iron, dissolved
Lead, dissolved
Manganese, dissolved
pH

Sulfate, dissolved
Zinc, dissolved

1/
0.5 mg/l7
10 ug/Lz/

50 ug/Lgé/
0.5 mg/L~

11

17 &

11 =
2

2.0 mg/L for temp=15-18°C

2.2 mg/L for temp=13-14
300 ug/l>

50 ug/L=

50 ug/LE/
5.0-9.0 g igs—
250 mg/L2/ /
5,000 ug/L>

4/

02/

62
55

84 &
16
100 €
83

1/ Limit set because constituent is indicative of pollution.
2/ Limit set because constituent causes adverse physiological effects.

_2/ Limit set because constituent causes undesireable aesthetic or taste

effects.

4/ Limits set because standard treatment practices become uneconomical
outside stated range.

5/ Limit set, where water sources with lower sulfate concentrations are
or can be made available, because of taste and laxative effects.
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Table 16.--Chemical and physical properties of mine-shaft water with

.crved values exceeding recommended limits for
. e-through, industrial cooling water, and percen

with excessive values.

o
of samples

Chemical or Recommended Percent of samples
physical maximum with excessive values
property value
Acidity, total, as CaCO4 0 mg/L 97 &
Aluminum, dissolved 3,000 ug/L 40
Calcium, dissolved 500 mg/L 23
Dissolved Solids, residue

at 180°C 1,000 mg/L 78 &
Hardness, total, as

CaCo 850 mg/L 73
Iron, gissolved 14,000 ug/L 56
Manganese, dissolved 2,500 ug/1 43
pH 5.0-8.9 units 16
Sulfate, dissolved 680 mg/L 75

Table 17.--Chemical constituents and properties of mine-shaft water with

observed values exceeding recommended limits for fresh, makeup-

recycle, industrial cooling water, and percent of samples with

excessive values.

.

Chemical Recommended Percent of samples
constituent max imum with excessive values
or property value
Acidity, total, as CaCO3 200 mg/L 55
Aluminum, dissolved 3,000 ug/L 40
Calcium, dissolved 500 mg/L 23
Dissolved Solids, residue .

at 180°C 1,000 mg/L 78—
Hardness, total, as CaCO 850 mg/L 73
Iron, dissolved 80,000 ug/L 39
Manganese, dissolved 10,000 ug/L 3
Sulfate, dissolved 680 mg/L 75 <~

N
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Table lB.——!!umical and physicalxproperties of mine-shaft water with
observed values exceeding recommended limits for brackish
industrial cooling water, and percent of samples with excessive

values.
Recommended Percent of samples

Constituent or maximum with excessive values
property value
Acidity, total, as CaCO, 0 mg/L 97 €~
Alkalinity, total,

as CaCO4 150 mg/L 14
Bicarbonate 180 mg/L 14
Iron, dissolved 1,000 ug/L 58
Manganese, dissolved 20 ug/L 95—
pH 5.0-8.4 units 17
Sulfate, dissolved 2,700 mg/L 32

Table 19.--Chemical constituents and properties of mine-shaft water with
observed values exceeding recommended limits for irrigation

water, and percent of samples with excessive values.

Recommended Percent of samples

Constituent or maximum with" excessive valués
property value
Aluminum, total 5,000 ug/L 36
Boron, total 750 ug/L 6
Cadmium, total 10 ug/L 88 &~
Chromium, total 100 ug/L 5
Cobalt, total 50 ug/L 68
Copper, total 200 ug/L 2
Dissolved Solids, residue

at 180°C 2,560 mg/L2/ . 58
Fluoride, dissolved 1.0 mg/L 69
Iron, total 5,000 ug/L 60
Manganese, total 200 ug/L 74
Nickel, total 200 ug/L 69
Vanadium, dissolved 100 ug/L 18
Zinc, total

2,000 ug/L 97 &

1/ For water used continuously on all soils.
2/ Recommended limit for moderately salt-tolerant crops with an average
of 3 irrigations between leaching rains.
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