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• • EXPLANATI01' OF SIT E NUM13ERJNG SYS TEM 

The standard method of g1ving location of f ractiona l s ect ion, sec tion, 

township, and range i ~ 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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eEMICAL QUALITY OF WATER 1N ./\t /-1.;'lDONED ZINC"MlNE9 

lN NORTHEASTERN OKLAHOM./\ AND SOUTHEASTERN KANSAS 

By Stephen J, Plnyton, Robert E. Davis, and Roger G. Mcclaflin 

ABSTRACT 

Onsite measurements of pH, specific conductance, and water tempera­

ture show that water i11__1,_e_yen_mine_ sha_ij;__s_ in northeastern Okl?homa and 

southeastern Kansas is stratified. With increasing sampling depth, 

S£ecific ~oQductance and water temperature tend to increase, ~nd pH 

t$~ds to de~re~se. 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 cooler, 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. 
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During. couri;e of t hE:: s tudy--Sept ernbe r 1975 to June 1977--tlie 

water level in a well penetrating the mine workings rose at an !.rage 

r ate 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. 

/ water in the mine shafts is unsuited for most uses without treatment. 
_.) 

The inability of current domestic water treatment practices to remove 

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

1 use of the water for a public supply . .....__--
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INTRODUCTION 

Purpose and Scope 

Increasing demands for water and decreasing water levels in the 

heavily-pumped Roubidoux FormatiolL_in n~rthern__ ortaw~ 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 ~1:"!Y. ~_s _e _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, V 

industrial cooling, and irrigation. 

The study originally consisted of three phases : 

Phase 1.--An intensive reconnaissance of the accessible mine shafts to 

(a) make field meas urements 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 after compl e tion of phase II to determine any annua l 

variations and long- term trends in water quality. 
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The res1111ls of phase I wer e reported by Playton and Davis~977). 

Result s of phase II nre presented in this repor t. The principal 

objective of this study has been fulfilled by phases I and II; therefore, 

phase III will not be pursued. 

1/
Historical Background-

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, depths 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 simultaneously run mining opera~ions. In 1918 approximately 230 

mills were built or were under construction in Oklahoma alone, a figure 

that approaches the number of individual operations. 
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Ore bod"i't's r eached from one leased tract to the next, anMining 

activities were extens ive throughout the area. Therefore, n~rly all 

~ - _the__mine~. were interconnected, ·and distinguishing one mine from 

another was difficult. In fact, even the smaller connective workings 
~ '--· -

were large~nough 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 ·pertod 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 Wa r I I created a high demand for base metals, but ore d epl etion 

dictated an industry decline. Because 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 h as 

resumed since 1960, most sites have been depleted and abandoned. 
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- GEOLOGIC StTTING 

The study ar ea (fig. 1) is relativ ely flat prairie in north­

eastern Oklahoma and southeas t e rn Kansas. The regio~al dip of the rocks 

is _l~ J:_Q _?_,? __f 1=.Lmi _to ~_he northwes.t, through locally the dip may differ. 
, -

The main structural features in the area are the Miami trough, the 

Rialto basin, and the Bendelari monocline (McKnight 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 f Q.r _m~tion, of M:!:_ssissipp t an 

age (fig. 2), which consists of 350 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 Qredominantly of shale, with some sand-
. ------~-

stone and limestone layers. 
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CHARACTER I STICS OF MINE-S HAFT WATER 

De f i nition of pH and Specific Conductance 

The pH of a solution is a measurement of the hy d rogen-ion concen-

tration e x pressed as the negative base 10 logarithm of the hydrogen­

ion activity in moles per liter. Values of pH may range from Oto 14. 

A pH of 7 refers to a neutral solution that contains equal concentra-

(H+) ( -)tion of hydrogen and hydroxyl OH ions. Solutions within the 

pH range of Oto 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 

centimeter at 25 degrees Celsius). The micromho is the___r_~ciprocal---0f 
..__.. ... ~-- ------

6
ohms x 10. Specific conductance is related to the ionic concentration 

of dissolved chemical constituents, and, therefore to the dissolved 

solids co~tent of the water. 
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Sampling frequ encies and Methodse e 
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 Kansas (fig. 1). These mine shafts were selected 
.......... 

during previous field excursions using selection criteria based on 

safety, accessibility, and 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 were visited, 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 v a lues 

observed in the upper or lower water strata, samples were collected for 

more complete laboratory physical and chemical analysis. 

11 



Figure 3.--Kemmerer-type PVC sampler and boom apparatus used in colle~tion 
of water samples from mine shafts. 
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Field~as~rements and water samples treatments we r e 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 l!!!_t:i_~_~}:l~J_ts is s ! ra_tified. In general,\ 
\ 

as sampling depths within each mine shaft increased, pH decreased, and \ 
\ 

specific conductance, water temperature, and dissolved solids increased i 

Most chemica~~~n~tituent concentration~, including dissolved and total 

metals and dissolved sulfate increased w~th 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 (micrograms 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, a~~~aJ>J~ _t}:l~_rma)- _5.~ra_~~fi­

cati~n condition apparently exists. However, the lower water strata contain 

significantly larger quantities _of dissolve~ so_lid_s 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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Onr n~ble e xception to the gen eral stratification tr e~ was 

observed during five out of seven sa~plings 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 those 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 dissolved aluminum, cadmium, 

'calcium, fluoride, lead, sult'ate, and zinc, and dissolved solids, specific 

conductance, and total hardness in Lucky Jew mine-shaft water were significantly 

lower than the maximum values oz 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 ~he trace el ements, especially the heav~ rne tals~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 1 

for dissolved-constituent concentration are greater than corresponding 

values for total-constituent concentration. These anomalies are 

attributed to sampling errors, computational rounding errors, different 

sample preparation techniques, and differences in precision of the 

analytical methods. 

Statistical Summary and Constituent Relationships 

A list of ~hemical 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 

percentile is included as a measure of central tendency in addition to 

the meaE, _be~ause the mean is significantly affected by extreme values of 

small samples. 
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In gen"'l, correlation i s defined as the degree of asso~tion 

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+!. Correlation coefficients of -1 and +l represent 

complete inverse and direct correlative associations, respectively, and a 

value of O indicates no correlative association. For hydrologic_app~!cations 

a correlation co~fficient greater than 0.7 or less than -0.7 is necessary 

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

State University, oral corrun., 1976). 

According to the above criterion, several chemical properties of 

the mine-shaft water, including dissolved sulfate, calcium, magnesium, 

lithium, dissolved solids, and total hardness, demonstrate significant 

correlation to specific conductance (table 10). None of the chemical 

propert!es 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 disso+ved 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 valu e s were not (table 14). 
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~Regr e-n r ep r ese nts a ma t hematical equation e xpressin g~ e r andom 

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 standard er_~or _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 by the standard error of estimate. In cases where the linear 

regressions were analyzed be~ween the independent 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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Wnter-qunlity requirements for different m.1 jor .:.:iter u!:ies, such .is 

agriculture, industry, and public supply, djffer considerably. In fnct, 

water suitable for one user mny 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, the sui~abiljty of water for a- · -··· 

SRecific use depends not only on the characteristics of the water, but 
1 

also on the treatment process available. 

In this report the criteria for judging the suj tability of mine­

shaft water ior felected uses were obtained from the report, Water 

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

the National Academy of Engineering. Table~ 15 through 19 give chemical 

and physical properties, their recommended maximum values, and the percentage 

of sample~ in which the recommended maximum values were exceeded for each 

of the respec tiv~ 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 wa . wt thin the mj nes i s not s uit ab le without t r eatr!ltt for 

any of the us e s cons idered. Because of the number and wide distrib ution 

of samples containing excessive concentrations of metals, such as s~dmium 

and l~~j, and because of the inability of curre nt domestic water treatment 

practices to remove them, 0._~__m_~n~::-- s_baft water is not suitable as a ). , 1...'- c·~~ LL;_ 
. .. r/ v- ) .,..,,.-\ - ,-. - . 

I ,\._ j LAI :~ \..,J . 5 k--•: ',-./ .._rsource of _publi~ water ~upply. \.I"' • -t.-""' !.,, ~~ ..... 
c.< : v-..r---4 ·, 

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 o_r industrial water user must decide what water­

quality characteristics are necessary or undesireable, and then determine 

from the available data whether necessary treatment is techno+ogically 

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 a~ea, , 

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, 

i~_!elatively unhinder~d. 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 connn.). The rate __of 

recharge to the mines, estimated from pumping rates required to dewater--·-
the mines, ~~ _?2 f;:/s, resulting in an average rise in the water level of 

about 1.5 ft/month since cessation of mining activitie~ (D.C. Brockie; 

oral corrnn., 1976). The total discharge from the Boone Formation in Ottawa- -- -- -- ·- · · -- -------- - - -- ·-

C~unt_y, in 1948 considering all sources of discharge, "{~$.:- ~~t_imatE:_~__at 

43 ft 3/s (Reed and others, 1955). Subsurface recharge to the Boone 

, ~·· 
Formation is derived mainly from the outcrop area to the east. In the 

study area, direct recharge to the Boone is minimal due to .the overlying 

The amount and direction of discharge from the area 

is unknown. 

29 



- .... ...Period ic wa t er 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 infonnation regarding the pre-mining static wa~er level is 

available, Siebenthal (1968) indicated that Tar Creek (fig. 1) is . the - -·---- - -

likely dFainage level for the region. 
- -· .. 

Tar Creek is approximately 790 
,,.-- -- - - - -

ft above 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 f t above mean sea 

level and possibly equilibrium conditions by 1984 or 1985 (fig. 14). 
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· However, this prediction is 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 (!915) states that ~ c~emic~1:_ __£!:a!:acteristics__ g_f_ water 

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 reguired to keep the work areas dry remained relatively 

constant, being essentially free of seasonal variations. Siebenthal 
' 

concluded that the water i~e_mines_ ~n the Miami mining district was 

supplied under artesian pressure fro~ deeper formations such as the 

Roubidoux, the source of water supply to most municipalities in the 

area. ~rockie, 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, saline, ore-bearing solutions ,, - -r • -
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 ~ 
\ 

contends, then continued heavy pumping and drawdown in the Roubidoux \ 
I 
I 

coupled with increasing water levels in the mines will cause the ~ 
/ 

r-
d iffer ence in head between the two formations to decrease. If the 

.\ ,-.. 

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

migration of contaminated mine water into the Roubdidoux is possible. 

Reed and others (1955) noted that a considerable volume of water 

is discharged through many 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 / 
I 

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 t his..,me the q u 3ntit y of water and t he dir e c tion of wJllrr 

moveme nt in the mi n e d area of the Boone Formation in northeastern 

Oklahoma and southe a s tern Kansas can only be speculated. The possible 

directions of movement of the mine water after equili~ rium water-level 

conditions are reached are not fully understood, although, regionally, 

the drainage is toward the s~ ~theast 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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• • SL'HHARY 

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 

samp~ing 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 shafts is judged uns uitable for domes t ~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 cir equilibrium level--probably 

the same level as before mining and dewatering. Highly 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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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) 
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...,. •shnft, April 19762.--Woter-~uolity duto from Lucky Jew mineTable 
June 1977.--Con tinued 
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..... ~ Tnb ) e 3 .--Wn t c r- quoU ty da t n from Lucky ll ill al r Hlrn ft , Apr il 1976 
Jun e 1977. Sampl ing de p ths nr e i n f ee t b e low land surface. 
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Tab l e 3.--. r-qu3 lity da ta from Lucky Bill air sha ft, Apri - 976 
J une 1 9 77 .--Con ti nued ~ 
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Bill u 1 r s hnft ,3.--W~ r - qunl ity dn t a f r om LuckyTob l e 
J~ 197 7.--Con t 1nucd 
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Table 3.-~er-quality data from Lucky Bill air shaft, Apr.1976, 
June 1977.--Conti nued 
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Table 4.--Water-quality data from Lavrion mine shaft, April 1976. 
Sampling depths are in feet below land surface. 
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Table 4.-9tcr-quolity d;it.! f rom Lavrion mine shaft, 

Continued 
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Table 5.--Watcr-quali ty d~ta from Skelton mine shaf t, Apri l 1976 

June 1977. Sampling depths are in feet below land surface. 
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Table 5.--Water-quality data from Skelton mine shaft, April 1976 -
June 1977 .--Continued 
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fable 6.--Water-quality data from New Chicago mine shaft, April 1976 -
' June 1977. Sampling depths are in feet below land surface. 
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Table 6 . --W~r-quali ty data from new Chicago mine shaft, Aplf'! 1-976 -
' June 1977.--Continued 
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Table 6.-~er-quality da ta f rom Ne.., Ch i c ugo min e shaft , 1976 
June 1977 .--Conti nued 
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June 1977.--Continued 
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s lw ft , April 19 7 6 •7.--~ e r -quali t y dat a f r om Bir thday mi ne Tab l e 
in f eet be l ow lnnd su rf ace.June 1977. Sampling dep t hs are 
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Tnble 7.--Wnt e r -qunlity dnt n fr om Birthd ay mine sha ft, April 1976 
June 1977. - -Con t inued 
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Toble 7.--Jlrcr-qunlity di'\ta from Birthday m:i nc sh.J ft, April~76 
June 1977.--Cuntinued 
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Table 7.-~ ter-quality data fro ~ Birthday mine shaft, Aprjl 1976•
June 1977.--Continued 
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Table 8.--Water-quality data from Consolidated No. 2 mine shaft, 
April 1976 - June 1977. Sampling depths are in feet below 
land surface. 
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Tuble 8 .--dffer-quality data from Consolidated No. 2 mine shaft, 

April 1976 - June 1977.--Con tinu ed 
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•No . 2 mine shaft,Table 8.--~er-quality da t a from Consolidat~J 
April 1976 - June 1977 . --Con tinued 
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Table 8. ~!fiter-quolity data from Cons olidated No . 2 mine shaft, 

April 1976 June 1977.--Continued 
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Table 9.--Li~ of chemical and physical properties of mine- sh-aft wate r 
d~termined and maximum, minimum, mean, and fiftieth percentile 
values. 

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

Acidity (as CaC03) 
(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 .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 
(mg/L) 77 375 0 75 33 

Boron, dissolved 
(ug/L) 77 560 30 150 140 

Boron, total 
(ug/L) 77 1,700 50 280 200 

Cadmium, dissolved 
(ug/L) 77 1,200 1 240 80 / 

,..t:.. - - ·--

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 11.8 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.--Li'ft of ch~mical and physical properties of mine- sh ~ water 
determined and maximum, minimum, mean, and fiftieth per centile 
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) 44 240 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 .1 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 .o .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 

Niche!, 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) 

Nitrite, dissolved, 
as N (mg/L) 

pH (field measured) 
(units) 

Potassium, dissolved 
(mg/L) 

Selenium, dissolved 
(ug/L) 

Selenium, total 
(ug/L) 

Silica, dissolved 
(mg/L) 

Sodium adsorption 
ratio 

Sodium, dissolved 
(mg/L) 

Sodium, percent 
Specific conductance 

(field measured) 
(umhos/cm at 25°C) 

Sulfate, dissolved 
(mg/L) 

Suspended solids, 
residue at 110°C 
(mg/L) 

Turbidity (NTU) 
Vanadium, dissolved 

(ug/L) 
Water temperature 

(field measured) 
(degrees Celsius) 

Zinc, dissolved 
(ug/L) 

Zinc, total 
(ug/L) 

44 

44 

147 

77 

44 

44 

77 

77 

77 
77 

139 

77 

76 
77 

74 

149 

77 

74 

0.42 

.04 

8.6 

9.2 

3 

3 

22 

25 

200 
26 

4,950 

3,500 

216 
400 

200 

18,0 

490,000 

490,000 

0.00 

.00 

3.4 

1. 3 

0 

0 

4.9 

.1 

7.1 
1.0 

740 

320 

0 
0 

.0 

13.0 

640 

730 

0.08 

.00 

4.0 

1 

1 

11. 7 

.6 

54 
7.4 

2,680 

1,950 

61 
65 

34 

15.5 

175,000 103,000 

108,000 106,000 

0.04 

.00 

6.4 

3.8 

1 

1 

11. 7 

.5 

44 
6.0 

2,800 

2,070 

20 
23 

1.0 

15.0 
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Table 10. - -c\'\t'mi cal a nd phy sical properti es of mine- shaft wa t er a na l yzed 
for linear r e lationship wi th specific conductance , and regres­
sion summary, includ ing 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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. T~ble 11.---mi cal and physical properties of mine-shc1ft wat!Panalyzed 
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 llO 
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 ll, 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. 

Constituent 
Correlation 
coefficient Intercept Slope 

Standard 
error of 
estimate 

Aluminum, dissolved 
Iron, dissolved 
Manganese, dissolved 
Nickel , dissolved 
Zinc, dissolved 

-0.86 
-.65 
- . 67 
- . 75 
-.81 

19 . 66 
21. 64 
14.24 
14 . 56 
19 . 39 

-2.199 
-2.174 
- 1. 238 
-1.420 
-1. 406 

1. 396 
2.889 
1.535 
1.420 
1.153 
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Table 13. --C~mi cal constituents of minE:-shaf t water analyzed Tor 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 o. 7,6 2.367 0.0020 1. 8121 
Iron, dissolved . 79 3.288 .0027 2.3380 
Manganese, dissolved . 83 3. 773 .0016 1.1648 
Zinc, dissolved .86 7. 963 .0015 1.0006 
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•Tnble 15.--Chemicnl and physical properties of mine-shaft \.rn t e r with 
observed values exceeding recommended limits for public . 
water supply, and percent of samples with excess i ve values. 

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

1/
Armnonia, dissolved, as N 0. 5 mg/ll./ 11 
Cadmium, dissolved 10 ug/1i_; 77 ~ 
Chromium, total 50 ug/L-3/ 11 ~ 
Detergents (MBAS) 0.5 mg/L=- 2 
Fluoride, dissolved 2.0 mg/L for temp~l5-18°c21 

2.2 mg/L37or temp~l3-14°G=-
Iron, dissolved 300 ug/lfr 62 • 
Lead, dissolved 5550 ug/~/ 
Manganese, dissolved 50 ug/L- 4 / 84 ~ 
pH 5 .0- 9.0 ~I}igs- 16 
Sulfate, dissolved 250 mg/L=-/ 100 t-
Zinc, dissolved 5,000 ug/i)/ 83 

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

. 3/ 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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·1;,ble 1(, . - -Ch emi cal 3nd phy~i c.: al pr o ye1 ties of r.i ine- shnft .:at E; r with 
e rved values exceeding reconrnended limi ts for f~h,• 
e- throu gh , industrial cooling wa ter, and perc;n~f samples 

with exce"§sive values. 

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

Acidity, total, as Caco3 
Aluminum, dissolved 
Calcium, dissolved 
Dissolved Solids, residue 

at 180°C 
Hardness, total, as 

CaCO 
Iron, ~issolved 
Manganese, dissolved 
pH 
Sulfate, dissolved 

0 mg/L 
3,000 ug/L 
500 mg/L 

1,000 mg/L 

850 mg/L 
14,000 ug/L 
2,500 ug/1 
5. 0-8. 9 units 
680 mg/L 

97 r:;.-
40 
23 

78 k-

73 
56 
43 
16 
75 

Tab1e 17.--Chemical constituents and properties of mine-shaft water with 
observed values exceeding recommended limits for !E-e§}1__, _21!_.al5-~up­
recycle, industrial cooling water, and percent of samples with 
e"xcessive values. 

Chemical Re·commended Percent of samples 
constituent maximum with excessive values 
or property value 

Acidity, total, as Caco3 
Aluminum, dissolved 
Calcium, dissolved 
Dissolved Solids, residue 

at 180°C 
Hardness, total, as CaCO 

3Iron, dissolved 
Manganese, dissolved 
Sulfate, dissolved 

200 mg/L 
3,000 ug/L 
500 mg/L 

1,000 mg/L 
850 mg/L 
80,000 ug/L 
10,000 ug/L 
680 mg/L 

55 
40 
23 

78 ~ 
73 
39 

3 
75 ~ 
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Table 10,-'emical and physical' properties of mine-shaft wa! with 
observed values exceeding recommended limits for brackish 
industrial cooling ~ater, and percent of samples ~i~~ excessive 
values. 

Recommended Percent of samples 
Constituent or maximum with excessive values 
property value 

Acidity, total, as Caco3 0 mg/L 97~ 
Alkalinity, total, 

as Caco3 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 f_c:>r _ir.rigation 
w_c:~~r , _ and percent of samples with excessive values. 

Recommended Percent of samples 
Constituent or maximum wit~ excessive valu~s 
property v:alue 

Aluminum, total 
Boron, total 
Cadmium, total 
Chromium, total 
Cobalt, total 
Copper, total 
Dissolved Solids, residue 

at 180°C 
Fluoride, dissolved 
Iron, total 
Manganese, total 
Nickel, total 
Vanadium, dissolved 
Zinc, total 

5,000 l).g/L 
750 ug/L 
10 ug/L 
100 ug/L 

50 ug/L 
200 ug/L 

2,560 mg/iJ_/ -
1.0 mg/L 
5,000 ug/L 
200 ug/L 
200 ug/L 
100 ug/L 
2,000 ug/L 

36 
6 

88~ 
5 

68 
2 

58 
69 
60 
74 
69 
18 
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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