



























































EVALUATION OF EFFECTS OF RECLAMATION ON WATER QUALITY
Surface-Water Quality
Big Four Hollow Creek near Lake Hope, Ohio (03201700)

Water—-quality data for Big Four Hollow Creek near Lake Hope,
Ohio (03201700), are summarized in table 3 and are presented in
full in table 4 (water-quality continuous monitor data) and
table 5 (water-quality analyses). (Tables 4-7 and 9-23 are at
the back of this report.) The water quality at this site was
expected to show the most pronounced effects of reclamation of
all study sites.

Three project time periods are defined for purposes of dis-
cussion: "Before reclamation” is the period before July 1979,
"during reclamation" is the period from July 1979 to May 1980,
and "after reclamation" is the period from May 1980 to July 1983.
"During reclamation” includes the construction of the clay dike
and mine-entrance seals and the regrading and seeding of slopes
of the small surface mine north of mine complex 88.

Data collected by consultants in 1970 and 1971 near the mouth
of Big Four Hollow Creek (table 3) show the median pH was 3.1 and
the range was from 2.7 to 4.8. The calculated daily sulfate load
was 1,200 1b (pounds), and the calculated daily iron load was
50 1b (Stanley Consultants, 1971).

Before-reclamation data collected at Big Four Hollow Creek
from water year 1971 through June 1979, show the median pH was 3.6
and the range was from 2.1 to 61 . Specific conductance averaged
770 microsiemens per centimeter* (uS/cm) at 25°C and ranged from
72 to 3,500 pS/cm. The data indicate that estimated loads of
chemical constituents were: Sulfate, 1,100 1b per day; iron,

54 1b per day; and manganese, 12 1b per y. The average dis-
charge was 1.05 cubic feet per second (ft-”/s).

Data collected at Big Four Hollow Creek in the water year
prior to reclamation (October 1978 to mid-June 1979) (table 3)
show a daily pH ranging from 3.4 to 5.4 and a median pH of 4.0.
The daily specific conductance ranged from 160 to 600 uS/cm and
averaged 485 uS/cm. During this period, the estimated chemical
loads were: Sulfate, 1,080 1b per day; iron, 55 1lb per day; man-
ganese, 9 1lb per day; and aluminum, 16 1lb per day. The discharge
was 1.95 ft°/s. This discharge may be biased on the high sigde
because it does not include the months of July, August, and
September, which typically have some of the lowest flows of
the year.

1Formerly micromhos per centimeter.
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Data for the 1980 water year, after reclamation (April 1980
to October 1980, table 3), indicate an improvement of water qual-
ity in Big Four Hollow Creek. The median pH was 4.7 and the range
was from 3.0 to 6.6. Specific conductance averaged 449 uS/cm and
ranged from 120 to 1,090 pS/cm. The estimated sulfate load was
810 1b per day, and the estimated iron load was 13 1lb per day.
Data used to determine the yearly averages for the entire water
year 1980 include some abnormally high and low values that prob-
ably are a direct result of the reclamation activity; therefore,
only after-reclamation data (after April 1980) were used for cal-
culatiog of these averages. The discharge for these 6 months was
1.08 £t°/s.

Data for the 1981 water year--the first full water year
after reclamation--indicate degradation of the water quality of
Big Four Hollow Creek. The median pH decreased to 3.1 and the
range was from 2.4 to 7.7. Specific conductance averaged
1,800 pS/cm and ranged from 87 to 3,200 uS/cm. The estimated
sulfate load was 1,000 1b per day, and the estimated iron load
was 42 1lb per day. The discharge was 1.34 ft3/s.

Data for the water year 1982 indicate a slight improvement
in water quality compared to 1981. The median pH increased
slightly to 3.3 and the range was from 2.4 to 5.9. Specific con-
ductance averaged 1,300 uS/cm and ranged from 140 to 3,000 uS/cm.
The estimated sulfate load was 930 1lb per day, and the %Ftimated
iron load was 50 1b per day. The discharge was 0.81 ft°/s.

The changes in water quality during the first 9 months of
the water year 1983 (October 1982 through June 1983) were incon-
clusive. The median pH increased to 3.5 in 1983, and the range
in 1983 was from 2.5 to 6.2. Average specific conductance de-
creased from 1,300 pS/cm in 1982 to 910 uS/cm in 1983, and con-
ductance values ranged from 99 to 2,200 uS/cm in 1983. The
estimated sulfate load increased from 930 1b per day in 1982
to 1,200 1b per day in 1983. The estimated iron load increased
from 50 1b per day ig 1982 to 60 1b per day. The discharge for
9 months was 1.44 ft°/s.

Specific-conductance, median pH, water-discharge, and
suspended-sediment data in table 3 were taken directly from
annual water-resources data reports of the U.S. Geological
Survey (1971-1984). If the averages (or mean in the case of
pH) were not listed, then they were hand calculated from the
original raw data. Data for sulfate, iron, aluminum, and manga-
nese were determined by regression analysis of the sample data
(table 5). Instantaneous discharge was used as the independent
variable and the chemical constituent' as the dependent variable.
A regression equation was obtained for a data pair (for example,
S04 as a function of discharge), and the mean yearly discharge
was substituted to obtain a mean daily instantaneous load.
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Sediment loads before reclamation were less than during the
first 2 years after reclamation. Sediment loads are listed in
table 6 and their averages in table 3. The slopes in the basin
initially were covered with vegetation, but during and after
reclamation (before new growth from seeding), the disturbed
areas eroded, which increased the sediment load in the stream.
As new vegetation took root, the sediment loads decreased.

A discharge hydrograph for Big Four Hollow Creek near Lake
Hope (03201700) for water years 1979-83 is shown in figure 6.
(Figs. 6-17 are at the back of this report.)

Other Surface-Water Sites

Data from Sandy Run below Hull Hollow Creek near Lake Hope,
Ohio (03201722), indicate water-quality changes downstream from
Big Four Hollow. Data from this site (table 7) indicate decreases
in sulfates, aluminum, and iron and increases in specific conduc-
tance, pH, and manganese after reclamation (table 8). The data
shown in table 8 were compiled using the same techniques as for
table 3 (described previously). The discharge for Sandy Run below
Hull Hollow Creek (03201722) was determined by adding the dis-
charges from stations Big Four Hollow Creek (03201700), Sandy Run
above Big Four Hollow Creek (03201600), and Hull Hollow Creek
(03201720).

Water—-quality data for the sampling station Big Four Hollow
Creek below East Fork Big Four Hollow Creek near Lake Hope, Ohio
(03201660) , are presented in table 9 and summarized in table 8.
Data for its two predecessors, Big Four Hollow Creek above East
Fork Big Four Hollow Creek (03201615) and East Fork Big Four
Hollow Creek (03201630), are presented in tables 10 and 11,
respectively.

Water—quality data for station 03201660 (average specific
conductance and median pH) did not show change from before
reclamation as did the data for station 03201700. The data for
station 03201660 also show little change in the median concen-
trations of sulfates, iron, aluminum, and manganese.

Surface-water—-quality data for Sandy Run near Lake Hope,
Ohio (03201600), and Hull Hollow Creek near Lake Hope, Ohio
(03201720), are listed in tables 12 and 13, respectively, and
summarized in table 8. Reclamation did not affect the water
guality at these two sites.

Discharge hydrographs for stations 03201600, 03201630,
03201660 and 03201720 are shown in figures 7 through 10,
respectively.
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Ground-Water Quality and Water-Level Fluctuations

Ground-water sample analyses for wells RM-1, RM-2, and
"0ld house well" are presented in tables 14 through 16. The
ground-water hydrographs for RM-1 (fig. 11) and RM-2 (fig. 12)
show an upward, stair-stepping trend in the water level in the
mine complex 88. The water level in the mine seems to rise with
the spring rains and lower in the fall.

A graph of dye concentration as a function of time at mine
entrance 90B (following injection into well RM-2) is shown in
figure 13; data are presented in table 17.

Water levels shown on the ground-water hydrographs represent
the water level in feet below land surface. To relate these
water-surface levels to a universal datum (sea level), subtract
these numbers from the altitude of the top of the well casing,
and then subtract the land-surface correction (how far the casing
sticks up out of the ground). The following data can be used to
relate ground-water levels to a common datum:

Altitude Land-
of top Total surface
of casing depth correction
Well (ft) (ft) (ft)
RM-l--meemmm e 865.23 53.8 3.8
SS-1l-m=mmm 860.05 40.1 3.6
RM-2 ______________ 854o36 44 Qo 3-2
S8-2~mmmm e 854.58 30.1 3.0
RM=3--mmm e 851.76 35.6 4.0
SS=3-—————— 849.95 23.8 3.2
"0ld house well"-- 795* 31.8 1.4
Station 03201700-- 776.04 (altitude at bottom of flume at
Big Four Hollow Creek near Lake Hope,
Ohio)

*Estimated from topographic map
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The water-level hydrograph for well RM-3 (fig. 14) shows
that it was affected by reclamation. The water-level hydrographs
for SS-1 (fig. 15) and SS-3 (fig. 16) show surface runoff from
precipitation collecting in the wells; the recorders were discon-
tinued, and intermittent water-level measurements were made to
determine if the water level of the mine pool had reached the
level of the sandstone ceiling.

The hydrograph of "old house well" (fig. 17) shows the
potentiometric surface in the sandstone aquifer that elsewhere
underlies the mine complex 88. It indicates a constant level of
about 10 feet below land-surface datum.

W i ine-Entra D

Water-quality samples for mine seeps 15 (table 18) and 16
(table 19) were collected after reclamation of the small surface-
mine pit to the north of themine complex 88. The seeps provided
an outlet for water building up behind a slope that was con-
structed against a highwall. The two seeps drained into West
Fork Big Four Hollow Creek for two months then ceased to flow
after April 1980.

Water-quality analyses from mine entrance 88 and toe drain 88
are presented in table 20. Analyses dated before April 1980 were
collected from the mine entrance 88; those listed after April 1980
were collected from the toe drain. The same format is used for
the analyses for mine entrance 89A and toe drain 89A (table 21).
No comparison can be made because of different sources of water.

Samples from mine entrance 90B were analyzed after reclama-
tion (table 22). The mine entrance was closed with a block wall
that had weep holes near the bottom. Weep holes released water
collected between the block wall and the remote hydraulic seal
located farther back in the entranceway.

Statistical Analyses of Water-Quality Data

Nonparametric statistical tests were performed on the water-
quality data from station 03201700, Big Four Hollow Creek near
Lake Hope, Ohio, to determine if there were any significant dif-
ferences between the before- and after-reclamation periods.
Testing was performed at the 95-percent confidence level in all
cases.

Analysis of variance (Boardman [no date], p. 207) was used
to determine if there were any significant differences in the
water-quality data sets before and after reclamation. Mean-
concentration data sets for aluminum, iron, manganese, and sul-
fate were not found to be significantly different at the 95-
percent confidence level. A difference was found between the
mean specific-conductance data sets before and after reclama-
tion, but no difference was found for the median-pH data sets.
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The Kruskal-Wallis, Kolmogorov-Smirnov, Cramer-Von Mises, and
Median tests (Boardman [no date], p. 189, 193, 213) also were used
to determine differences in water quality before and after recla-
mation. All but the Cramer-von Mises test showed a difference in
specific conductance, aluminum, and manganese. The Cramer-Von
Mises test showed a difference only for specific conductance.

The same tests were performed on the water—-quality analyses
from Sandy Run below Hull Hollow Creek near Lake Hope, Ohio
(03201722). All tests showed a significant difference in sul-
fates, aluminum, and iron at the 95-percent confidence level.
The Kruskal-Wallis test also showed a difference in specific
conductance.

c . f Water Ouality Bef 1 After Reclamati

A comparison of water—-quality data from Big Four Hollow Creek
(station 03201700) before reclamation (water year 1971 through
mid-June 1979) and after reclamation (May 1980 through June 1983)
shows the following:

Property Concentration or
or property

constituent
(average unless Before Af ter
otherwise noted) reclamation reclamation
pH (median)------=-==cevcrre— e 3.6 3.7
Specific conductance (pS/cm)---- 770 1,250
Sulfate

Load (lb/day)--—--—--=——--c—m—ceee—- 1,100e 1,000

Concentration (mg/L)--======—=—= 170 160
Iron

Load (lb/day)-----—--==--==-==uem 54e 44

Concentration (mg/L)--===--=—=—- 8.0 6.7
Manganese

Load (lb/day)---=---===-=-—=-—c-- 12e 16

Concentration (mg/L)-=====———=—== 2.0 2.6
Aluminum

Load (1lb/day)-------—--==---~—— l6e 11

Concentration (mg/L)----==—cee-- 1.5 1.4
Discharge (ft3/s) ----------------- 1.05 1.12

e, estimated
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Sediment loads increased during and after reclamation. The
slopes in the basin were initially vegetated, but during and after
reclamation (before new growth from seeding) the disturbed areas
were eroded, which increased the sediment load in the stream. As
new vegetation took root, the sediment loads began to decrease
(table 3).

Chemical analyses of water samples from wells RM-1 and RM-2
show that the mine complex 88 was still very acidic and high in
sulfates, aluminum, iron, manganese, and specific conductance at
the end of this study. Ground-water hydrographs, however, show
the mine's water level was still rising in a stair-step fashion.
This suggests that the hydrologic system had not stabilized.

Two ground-water samples from the "old house well" were
collected in the 1981 water year (table 16). The analyses indi-
cate a different type of ground water than that collected from
RM-1 (table 14) and RM-2 (table 15). The pH was higher in the
"0ld house well” (about 8.2) than in RM-1 and RM-2 (3.0 and less).
Specific conductance and concentrations of iron, sulfates, manga-
nese, and aluminum were all lower in the "old house well" thanin
RM-1 and RM-2.

There are several reasons why the "0ld house well" may indi-
cate a different type of water. Even though the well is downdip
from the mine complex 88, Big Four Hollow Creek may intercept the
mine-floor leakage. Another reason may be that the mine floor
does not leak enough to affect the ground water 200 feet downdip,
or that the ground-water flow may be too slow to show a change so
soon after reclamation.

The dye-injection test at well RM-2 indicated that water in
the mine pool moved from the vicinity of well RM-2 to the mine
entrance 90B weep holes (table 17 and fig. 13). No evidence ex-
isted as of January 1984 that dye injected into the mine pool in
thevicinity of well RM-1 moved to any seeps. It is possible that
the dye in the vicinity of RM-1 was not moving fast enough to have
emerged during the time frame of this study.

Water—-quality analyses for seeps 15 and 16 show that the
water was high in dissolved minerals. Discharge was low, however,
and the effect of these seeps on the water quality of Big Four
Hollow Creek was minimal.

The hydrologic system of the mine complex 88 in Big Four
Hollow was assumed to be stable before reclamation; the amount of
water going into the mine (horizontal and vertical percolation)
was the same as the amount coming out (open mine-entrance outflow
and mine-floor leakage). During the first 7 months after reclama-
tion, water was impounded in the mine. Because mine drainage was
reduced, lower specific conductance readings were found in Big
Four Hollow Creek. As residence time of water in the mine in-
creased as a result of sealing, more minerals were dissolved.
After 7 months, water began to seep from the closed mine, which
increased the specific conductance of Big Four Hollow Creek.
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Water still slowly enters the sealed mines from precipitation
and moving ground water, and may eventually flood mine complex 88
completely. New water entering the closed mines will dilute and
flush out the more acidic and mineralized impounded water by way
of an overflow well. Decreased oxidation of the sulfide minerals,
in theory, may take place once the mines are flooded.

SUMMARY AND CONCLUSIONS

Sulfate, iron, and pH data indicate a slight improvement in
the water quality of Big Four Hollow Creek since completion of the
reclamation. Specific conductance, manganese and aluminum concen-
trations, however, indicate either no change or a degradation in
the chemical quality of water below the reclaimed area. These
indications do not imply that the quality of the impounded mine
water or thequality of the surface water inBig Four Hollow Creek
have either improved or degraded as a result of reclamation.

Water quality inBig Four Hollow Creek from its mouth to the
vicinity of mine complex 88 is dominated by the still acidic and
highly mineralized seepages from the reclaimed mine complex 88.
The disturbed hydrologic system affected by the reclamation of
mine complex 88 had not stabilized by July 1983.

Ideally, additional water-quality samples would be collected
from surface-water locations upstream and downstream from the rec-
lamation area; from wells RM-1, RM-2, SS-1, SS-2, and the "old
house well"; from the toe drains; and from the weep holes in the
closure at mine entrance 90B. When the hydrologic system in the
reclamation area is believed to be stable again, chemical analyses
of water could be compared and, possibly, a definitive statement
could be made of the effects of the reclamation on the water qual-
ity of Big Four Hollow Creek.
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Big Four Hollow Creek near Lake Hope, Ohio,

water years 1979 through 1983

station 03201700,

Table 4a.--Water—-quality-monitor data,
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water years 1979 through 1983--Continued

Table 4a.--Water~quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

WATER YEAR OCTOBER 1979 TO SEPTEMBER 1980
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water years 1979 through 1983--Continued

Table 4a.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
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water years 1979 through 1983--Continued

Table 4a.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982
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station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

water years 1979 through 1983--Continued

Table 4a.--Water-quality-monitor data,

WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982
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water years 1979 through 1983--Continued

Table 4a.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1982 TO SEPTEMBER 1983
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water years 1979 through 1983

Table 4c.--Water—quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,
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Ohio,
MIN MAX MIN
AUGUST SEPTEMBER

MAX

station 03201700, Big Four Hollow Creek near Lake Hope,
MIN MAX MIN MAX MIN
JUNE JULY

water years 1979 through 1983--Continued
MAY

pH (STANDARD UNITS), WATER YEAR OCTOBER 1978 TO SEPTEMBER 1979
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Table 4c.--Water-~quality-monitor data,
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Big Four Hollow Creek near Lake Hope, Ohio,

station 03201700,
water years 1979 through 1983--Continued

Table 4c.--Water-quality-monitor data,

pH (STANDARD UNITS), WATER YEAR OCTOBER 1979 TO SEPTEMBER 1980
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Big Four Hollow Creek near Lake Hope, Ohio,

water years 1979 through 1983--Continued

station 03201700,

Table 4c.--Water—quality-monitor data,

pH (STANDARD UNITS), WATER YEAR OCTOBER 1979 TO SEPTEMBER 1980
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water years 1979 through 1983--Continued

Table 4c.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

pH (STANDARD UNITS),
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station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

water years 1979 through 1983--Continued

Table 4c.--Water-quality-monitor data,

WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

(STANDARD UNITS),
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water years 1979 through 1983--Continued

Table 4c.~-Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

pH (STANDARD UNITS), WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
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station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

water years 1979 through 1983--Continued

Table 4c.--Water-quality-monitor data,

pH (STANDARD UNITS), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982
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Table 4c.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,
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water years 1979 through 1983--Continued

Table 4c.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,

pH (STANDARD UNITS), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982
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Table 4c.--Water-quality-monitor data, station 03201700, Big Four Hollow Creek near Lake Hope, Ohio,
water years 1979 through 1983--Continued

pH (STANDARD UNITS), WATER YEAR OCTOBER 1982 TO SEPTEMBER 1983
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Table 17.--Analyses of dye samples collected at mine entrance 90B
mine seep in Big Four Hollow near Lake Hope, Ohio, water year 1981

Concentration
Date Time of Elapsed (parts per
(1981) sampling hours million)
11-25 1000 216 0.1
1400 220 .3
11-26 1500 245 8.7
1800 248 6.0
11-27 1000 264 7.8
1400 268 5.3
11-28 1000 288 6.5
1400 292 5.5
11-29 1000 312 8.9
1400 316 9.2
11-30 1000 336 14
1400 340 16
12-1 1000 360 13
1400 364 17
12-2 1000 384 8
1400 388 14
12-3 1000 408 10
1400 412 12
12-4 1000 432 9.5
1300 435 10
12-5 1000 456 12
1400 460 9.5
12-6 1000 480 6.6
1400 484 8
12-7 1000 504 °
1400 508 10
12-8 1000 528 9
1400 532 8
12-9 1000 . 552 3.1
1400 556 5.9
12-10 1000 576 8.5
1400 580 4.9
12-11 1500 605 4.9
1800 623 2.3
12-12 1000 624 4.2
1400 628 6.8
12-13 1000 648 7
1400 652 2.8
12-14 1000 672 3.4
1400 676 3.6
12-15 1000 696 3
1400 700 3
12-16 1000 720 4.3
1400 724 2.6
12-17 1300 747 2
1600 750 3
12--18 1000 768 2.6
1400 772 3
12-19 1300 795 1.7
1700 799 1.5
12-20 1400 820 1.4
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