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CONVERSION FACTORS

For the convenience of readers who may prefer to use metric
(International System) units rather than the inch-pound units
used in this report, values may be converted by using the fol-

lowing factors:

Multiply inch-pound unit By

foot (ft) 0.3048
mile (mi) 1.609
acre 0.4047

To obtain metric units

meter (m)
kilometer (km)
hectare (ha)



CHANGES IN GROUND-WATER QUALITY RESULTING FROM SURFACE COAL MINING
OF A SMALL WATERSHED IN JEFFERSON COUNTY, OHIO

By Janet Hren
ABSTRACT

Two samples were collected from each of six wells in a small
watershed in Jefferson County, Ohio, in 1984. The watershed was
mined and reclamation begun in 1980. Data collected from 1976
through 1982 indicate that ground-water quality was still changing
at that time. The purpose of this study was to determine to what
extent ground-water quality continued to change 4 years after
mining.

The upper saturated zone was destroyed by mining and replaced
by spoils material during reclamation. A new saturated zone then
formed in the spoils material. The premining median concentra-
trations of sulfate, manganese, and dissolved solids in the upper
saturated zone were 84 milligrams per liter (mg/L), 30 micrograms
per liter (pg/L), and 335 mg/L, respectively. The postmining
median concentrations of these constituents in the upper-zone
wells disturbed by mining were 360 mg/L, 595 pug/L, and 814 mg/L,
respectively. Concentrations of these constituents were still
increasing in 1984 in the upper saturated zone. 1In the area
not disturbed by mining, concentrations have remained nearly

at premining levels.

The premining median concentrations of sulfate, manganese,
and dissolved solids in the middle saturated zone were 47 mg/L,
10 pg/L, and 405 mg/L, respectively. The postmining median
concentrations of these constituents were 390 mg/L, 490 ug/L,
and 959 mg/L, respectively. 1In the middle saturated zone, con-
centrations of these constituents also were still increasing in
1984, probably due to mixing with water of the upper saturated
zone.



INTRODUCTION

In 1976 the U.S. Bureau of Mines sponsored a multi-agency
study to assess the effects of surface coal mining on the hydrol-
ogy of small watersheds in eastern Ohio (Hamon and others, 1977).
The role of the U.S. Geological Survey was to (1) describe the
ground-water hydrology of the watersheds, and (2) document ground-
water quality and flow characteristics during premining and
postmining periods. Watershed Jll, in Jefferson County (fig. 1),
was one of the areas studied. The J11 watershed was mined and
reclamation begun in 1980. The geology, hydrology, and water
quality before, during, and after mining were described by Razem
(1984). At the end of the data-collection period (1976 through
1982) ground-water quality and water levels had not restabilized.

The purpose of this study is to resume the evaluation of the
impact of surface coal mining and reclamation on the ground-water
quality in the study watershed. Along with the data of Razem
(1984), two additional samples collected from each of six wells
and one sample from two seeps in 1984 were used to evaluate
changes in the ground-water quality.

HYDROGEOLOGIC DESCRIPTION OF WATERSHED
Premining Conditions

The J11 watershed is in the unglaciated Appalachian Plateau
physiographic province (Fenneman, 1938) in the eastern Ohio coal
region. Before mining, the area was a 29-acre, primarily pasture
watershed. It was drained by a continuous main stream having a
well-developed channel and several intermittent tributaries with
poorly developed channels. Flow to the stream was maintained by
discharge from a saturated zone perched on a shaley clay bed
underlying the Waynesburg No. 11 coal bed of the Pennsylvanian
Monongahela Formation (fig. 2). A lower saturated zone was































































Results indicate that the ground water at watershed J1l1 was
still becoming more mineralized in the upper and middle saturated
zones through 1984. This results from the mining operation, which
broke the bedrock and exposed materials susceptible to solution.
Long-term impacts of surface mining on ground-water quality are
not known. Some Kkey hydrologic parameters necessary to evaluate
long-term impacts are incompletely understood and include:

1. Time required for reestablishment of a dynamic equilibrium,

2. Changes in ground-water quality, and

3. Transient versus permanent changes in ground-water quality and
quantity conditions.
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SUMMARY

The J11 watershed was mined and reclamation begun in 1980.
Water-quality data were obtained on nine wells from 1976 through
1982 (Razem, 1984). At the end of that time, ground-water gnality
and levels had not equilibrated following mining and reclamation.
Two additional samples were collected from each of six postmining
wells in 1984. These data along with those of Razem (1984) were
used to determine to what extent ground-water quality was still
changing 4 years after mining.

The upper aquifer was destroyed by mining and replaced by
spoils during reclamation. A new saturated zone then formed in
the spoils material. The premining median concentrations of
sulfate, manganese, and dissolved solids in the upper saturated
zone were 84 mg/L, 30 png/L, and 335 mg/L, respectively. The
postmining median concentrations of these constituents in the
upper—-zone wells disturbed by mining (wells Pl1-1 and P10-1) were
360 mg/L, 595 pg/L, and 814 mg/L, respectively. Concentrations of
these constituents were still increasing in 1984 in the upper
saturated zone disturbed by mining. In the area not disturbed by
mining these concentrations have remained at nearly premining
levels.

The premining median concentrations of sulfate, manganese,
and dissolved solids in the middle saturated zone were 47 mg/L,
10 pg/L, and 405 mg/L, respectively. The postmining median con-
centrations of these constituents (wells 8-2 and 2-2) were
390 mg/L, 490 pg/L, and 959 mg/L, respectively. 1In the middle
saturated zone, concentrations of these constituents also were
still increasing in 1984, probably due to mixing with water of
the upper zone.
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[mg/L,

Table 1.--Chemical analyses of ground water collected from well

milligrams per liter; pg/L, micrograms per liter; uS/cm, microsiemens

Sampling date, premining period

1976 1977 1978
Constituent
or property 8/17 12/2 3/9 6/14 9/20 3/29 10/ 4

Temperature (°C)---- 14.0 8.0 12.5 13.0 14.0 11.5 12.5
Specific conductance

(uS/cm) ——===—===—mm 830 720 725 730 740 750 760
Oxygen, dissolved

(mg/L) ====————————m - - - - - - -
pH 7.6 7.3 7.3 7.3 7.3 7.3 7.2
Alkalinity (mg/L as

CaCCg) ———————————— 316 339 329 339 346 332 344
Bicarbonate (mg/L)-- 385 413 401 413 422 405 420
Total organic carbon

(mg/L) ———=———————— 4.5 2.9 7.5 5.4 7.8 - —
Phosphorus, dis-

solved (mg/L)-=--—- - - - -= - <.01 <.01
Calcium, dissolved

(mg/L) =—==——==———— 110 110 110 110 120 99 120
Magnesium, dissolved

(Mg/L) —==— e 31 31 30 29 31 27 31
Sodium, dissolved

(mMg/L) ===————————e 5.8 5.7 6.3 5.6 6.0 12 6.7
Potassium, dissolved

(mg/L) ==—=———————— 1.7 1.8 1.7 1.6 1.7 1.7 1.6
Chloride, dissolved

(mg/L) ———————————— 12 11 12 11 10 11 12
Sulfate, dissolved

(Mg/L) ————— e 28 28 29 24 28 40 32
Fluoride, dissolved

(mg/L) —==———————e .1 .1 .1 .1 .2 .1 .1
Silica, dissolved

(mg/L) =——————————— - 10 12 11 11 12 11
Iron, dissolved

(Pg/L) === e <10 40 30 <10 10 60 <10
Manganese, dissolved

(Pg/L) ===—==——mmmm 20 <10 <10 <10 <10 1400 <10
Strontium, dissolved

(BG/L) =m=m=m - - - - -- - 470
Zinc, dissolved

(pg/L) =====—=——e - - - - - - 30
Aluminum, dissolved

(PG/L) === —m—em—ee - - —— - - - 20
Hydrogen sulfide,

dissolved (mg/L)-- .0 .0 .2 .0 .0 .0 .0
Dissolved solids

(mg/L) —==————————— - 402 399 396 416 445 471
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Wl-1 (premining) and P1-1 (postmining), August 1976 through May 1984

per centimeter at 25° cCelsius.

Dash indicates data are not availablel

Sampling date, postmining period

1979 1980 1981 1982 1984
4/17 1/16 7/8 5/27 2717 5/19 8/3 1717 5/31
11.0 9.5 14.5 17.0 11.0 14.5 14.0 11.0 14.0
810 730 770 1310 1210 1500 1400 1500 1760
- - - -- - - - 2.7 .0
7.5 6.5 7.0 6.9 6.8 7.0 7.0 6.8 6.8
340 320 340 349 394 328 353 308 298
414 392 417 426 480 400 430 376 363
- - - 8.8 26 1.3 1.8 1.3 .2
.01 .01 .01 <.01 .04 <.01 -- .03 <.01
110 120 110 180 165 208 210 230 260
27 28 27 57 49 61 57 63 74
5.4 5.7 5.4 32 30 31 28 30 29
1.3 1.3 1.4 - 3.4 3.6 3.4 3.4 3.5
13 11 9.5 80 73 92 87 70 68
38 38 33 - 230 460 430 530 700
.1 .1 .1 .1 .2 .1 .2 .1 .2
11 11 10 - 11 11 11 12 12
50 10 20 - 11 200 67 59 46
3 3 20 670 810 330 410 850 2000
410 440 390 930 760 1000 970 830 930
<20 30 40 - - - - 46 9
20 0 20 - - - - 40 <100
.0 .0 .0 .0 0 .0 .0 .0 .0
459 452 447 - 801 1070 1040 1110 1290
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Table 2.--Chemical analyses of ground water

[mg/L, milligrams per liter; pg/L, micrograms per liter; pS/cm,

Sampling date, premining period

1976 1977 1978 1979
Constituent
or property - 8/17 12/1 3/8 9/20 3/28 10/ 4 4/17
Temperature (°C)--—-  13.0 4.0 12.0 14.0 13.0 12.0 12.0
Specific conductance
(pS/cm) ====——m———— 550 530 525 560 525 600 622
Oxygen, dissolved
(mg/L) ————————————— - - - - - - -
pH 7.4 7.1 6.8 7.0 7.0 7.2 7.6
Alkalinity (mg/L-as
CaC0y) ———=—=====m= 171 180 157 176 118 181 148
Bicarbonate (mg/L)-- 208 219 192 214 144 221 180
Total organic carbon
(mg/L) m==mmmm e 4.5 4.6 8.1 7.6 - - -
Phosphorus, dis-
solved (mg/L)----- - - - - <.01 .02 .01
Calcium, dissolved
(Mg/L) =—=————————m 80 77 81 80 68 88 84
Magnesium, dissolved
(mg/L) —===—mm————— 16 17 16 16 13 17 15
Sodium, dissolved
(Mg/L) ==—em——————— 11 10 12 10 11 11 11
Potassium, dissolved
(mg/L) ~————mm—— 1.5 1.5 1.6 1.7 1.4 2.4 1.3
Chloride, dissolved
(mg/L) ——=————————— 21 18 33 17 43 26 48
Sulfate, dissolved
(Mg/L) —====——————m 83 89 78 84 68 100 65
Fluoride, dissolved
(Mg/L) ===————————m .1 .1 .1 .1 .1 .1 .1
Silica, dissolved
(mg/L) ——==——=———m—m - 14 15 15 15 13 13
Iron, dissolved
(pg/L) ———=—m o <10 60 <10 80 90 740 <10
Manganese, dissolved
(ng/L) ———————————— 40 <10 <10 70 <10 <10 3
Strontium, dissolved
(Ng/L) —————memm———m - - - - - 420 230
Zinc, dissolved
(ng/L) ===mmm—mm e - - - - - 30 20
Aluminum, dissolved
(pg/L) ===m—————m—m - - - - - 10 20
Hydrogen sulfide,
dissolved (mg/L)-- -— -- - -- - - -
Dissolved solids
(mg/L) ~——=———e————— -— 335 331 329 308 369 339
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collected from well W4-1, August 1976 through May 1984

microsiemens per centimeter at 25° Celsius. Dash indicates data are not available]

Sampling date, postmining period

1980 1980 1981 1982 1984
1/1s 779 10717 5728 273 5/19 1717 5731
10.0 14.5 14.5 12.5 10.0 14.5 10.5 11.9
675 550 644 624 697 575 550 525
- - - - .0 - - -
6.6 6.7 6.7 6.7 6.6 7.1 7.1 7.1
170 220 156 168 195 197 220 180
206 264 190 205 238 240 268 219
- - 2.2 1.2 9.9 1.2 1.4 .8
.00 .00 .01 <.01 6.8 .14 .01 <.01
85 90 84 80 79 78 110 75
15 16 16 15 18 15 22 15
12 9.4 13 12 15 9.8 13 7
1.3 1.6 1.5 1.5 3.6 1.7 1.7 1.7
38 15 41 37 44 21 22 19
67 79 98 95 94 84 170 80
.1 .1 .0 .1 <.1 a1 .3 .1
11 14 14 14 16 13 12 14
20 70 730 80 4300 2500 390 26
4 30 70 90 190 39 46 7
320 280 330 250 310 270 380 250
60 30 30 - - - 110 38
10 10 20 - - - 80 100
- _ . —_— - — .0 -
348 358 363 356 405 345 471 309
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Table 3.--

ical ana

ses of

ound water collected

[mg/L, milliqgrams per liter; pg/L, micrograms per liter; pS/cm, microsiemens

Sampling date, premining period

1976 1977 1978
Constituent
or property 8/17 12/2 3/9 6/14 9/20 3/28 10/ 4
Temperature (°%¢) ~mm- 11.0 5.5 11.0 11.5 13.0 14.5 12.0
Specific conductance
(ns/cm) —==—====——~ 480 555 595 435 450 520 475
Oxygen, dissolved
(mg/L) ~—~=mmmmmmmm—— - - - - - - -
pH-=m=mm e 7.7 7.2 6.9 7.2 7.3 6.8 7.5
Alkalinity (mg/L as
CaC03) ———————————— 69 101 84 69 105 56 98
Bicarbonate (mg/L)-- 84 123 102 84 128 68 120
Total organic carbon
(mg/L) ~——=—=mmmmm——— 3.0 4.2 7.3 6.1 8.1 - -
Phosphorus, dis-
solved (mg/L)-=--- - - - - - <.01 <.01
Calcium, dissolved
(mg/L) ~~—m—mmm e 69 81 90 59 65 73 68
Magnesium, dissolved
(mg/L) ~==m=mm—m e 9.3 12 16 11 9.3 15 11
Sodium, dissolved
(mg/L) —~—~—===mm——mm 7.7 8.7 8.5 6.6 7.8 6.7 9.4
Potassium, dissolved
(mg/L) ~~~=mmm—m——m 1.6 2.1 2.2 1.6 1.6 1.6 1.6
Chloride, dissolved
(mg/L) ~~—~m—mmmmmmm 26 55 21 9.5 15 9.8 18
Sulfate, dissolved
(mg/L) ~~—=m—m e 130 100 190 120 85 170 120
Fluoride, dissolved
{mg/L) ~=mmmmm—e—n— .1 .1 .1 .2 .1 .2 .2
Silica, dissolved
(mg/L) ~==mmmmm - 17 19 18 19 18 15
Iron, dissolved
(Pg/L) ~mmmmmmm 30 40 30 <10 <10 <10 <10
Manganese, dissolved
(Ug/L) ~=mm=m e 690 190 720 30 <10 70 30
Strontium, dissolved
(Ug/L) ~mmm e - - - - - -- 330
Zinc, dissolved
(pg/L) ~=————— e - - - - - - 40
Aluminum, dissolved
(pg/L) —~———m—m—mmm - - - - - - 33
Hydrogen sulfide,
dissolved (mg/L)-- .0 .0 .3 - - - -
Dissolved solids
(mg/L) ~mm—mmm————— - 339 398 267 266 330 303
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from well W6-1, Auqust 1976 t

per centimeter at 25° celsius.

ough May 1

Dash indicates data are not availablel

Sampling date, postmining period

1979 1980 1980 1981 1982 1984
/17 1716 775 To/17 5728 273 8/5 1717 5731
11.0 9.5 14.5 14.5 13.0 10.0 14.0 11.0 11.5
320 335 357 650 374 736 620 380 287
- - _— _— - 4.9 - 1.5 1.8
6.8 6.9 6.7 6.7 6.8 6.9 7.1 7.2 6.9
16 46 54 84 100 72 80 92 74
20 56 66 102 122 88 98 112 90
_— - —- 1.5 4.8 3.8 7.8 .9 .3
<.01 0 .01 .01 .01 3N} — .04 <.01
40 54 47 89 53 107 100 65 44
12 9.1 9.5 14 8.9 19 16 11 9.3
6.0 6.0 6.2 9.1 8.0 12 9.7 8.0 6.1
1.2 1.0 1.2 1.8 1.4 1.8 1.4 1.3 1.1
7.5 10 9.9 19 12 22 14 10 6.9
120 100 99 200 71 270 180 120 98
.2 .2 .2 .0 .1 A1 .1 .2 .2
19 19 17 20 20 18 19 19 17
20 30 60 410 40 490 150 130 36
40 170 30 500 400 910 580 370 120
150 200 180 470 300 640 510 290 180
20 30 20 80 _— _— - 27 45
30 0 10 10 - - — 30 <100
.2 - - .3 .0 .6 .7 .0 -
223 231 226 405 236 496 390 270 226
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Table 5.--Chemical analyses of ground water collected from well

[mg/L, milligrams per liter; pg/L, micrograms per liter; pS/cm,

Sampling date, premining period

1976 1977 1978 1979
Constituent
or property 8/16 12/2 3/9 6/14 9/20 3/29 10/4 4/17
Temperature (°c)—--- 13.0 9.0 12.0 12.0 13.0 13.0 12.5 11.0
Specific conductance
(us/cm) ~—————————~ 760 760 750 817 805 825 890 840
Oxygen, dissolved
(mg/L) ————————————— - - - - - - - -
pH 8.2 7.2 7.2 7.2 7.1 7.2 7.1 7.2
Alkalinity (mg/L as
CaC03) ———————————— 317 335 328 346 343 350 344 346
Bicarbonate (mg/L)-- 386 409 400 422 418 427 419 422
Total organic carbon
(mg/L) ——=——m—————m 4.5 2.9 7.6 5.1 7.9 - - -
Phosphorus, dis-
solved (mg/L)-—---- - - - - - <.01 <.01 <.01
Calcium, dissolved
(mg/L) —————m 73 93 99 78 100 68 98 93
Magnesium, dissolved
(mg/L) =—==———————— 25 32 33 28 33 25 34 31
Sodium, dissolved
(mg/L) ——==—m—————— 62 29 27 65 33 85 33 28
Potassium, dissolved
(mg/L) —————m—m———m 2.5 2.4 2.4 2.5 2.4 2.7 2.4 2.3
Chloride, dissolved
(mg/L) ~——————————— 21 25 25 23 24 25 25 26
Sulfate, dissolved
(mg/L) ———————————— 76 85 77 78 77 85 87 85
Fluoride, dissolved
(mg/L) ———————————— .3 .2 2 .2 .2 .2 .2 .2
Silica, dissolved
(mg/L) ————m——————— - 16 18 16 18 16 17 16
Iron, dissolved
(ng/L) === <10 40 <10 <10 <10 <10 20 <10
Manganese, dissolved
(pg/L) ——————————~ 40 <10 20 <10 <10 <10 <10 7
Strontium, dissolved
(ug/L) —====—m————— - -— - - - -- 1900 1500
Zinc, dissolved
(pg/L) ~—m— e - - - - - - <20 <20
Aluminum, dissolved
(pg/L) ~——=mm—mmmmm - - - - -— - 10 20
Hydrogen sulfide,
dissolved (mg/L)-- .0 .0 .2 .0 .0 .0 .0 .0
Dissolved solids
(mg/L) ————=——————~ - 484 479 499 494 519 506 492
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W2-2 (premining) and well P2-2 (postmining), Auqust 1976 through May 1984

microsiemens per centimeter at 25° Celsius. Dash indicates data are not availablel

Sampling date, postmining period

1980 1981 1982 1983 1984
1716  7/8 5727 2717 5/19 8/4 3/28 1717 5/31
10.0 14.0 14.0 - 14.0 15.0 14.0 11.0 13.5
750 830 1410 1240 1600 1140 1710 1700 2070
- - - -- - - 9.7 5.8 -
6.8 6.8 7.0 6.8 7.0 7.0 7.0 7.2 6.4
330 330 333 344 336 353 -- 350 287
400 400 06 420 410 430 420 427 350
-- - 1.8 5.2 1.2 1.2 1.0 1.3 .6
.01 .00 - - - - <.01 .01 <.01
89 89 180 156 216 190 260 270 300
31 28 58 51 66 55 77 81 92
34 37 40 32 31 32 33 33 31
2.2 2.4 3.5 3.4 3.5 3.0 3.6 3.5 3.9
24 23 65 68 86 86 76 70 62
76 86 390 220 500 360 650 650 900
.3 .3 .2 .2 .1 .2 A .2 .1
17 15 13 12 12 13 13 14 15
50 10 46 1500 220 1300 340 3700 900
10 8 200 260 440 240 500 1300 2500
1500 1700 1900 1700 2000 2000 2100 2200 2000
30 80 - - - - -- 68 30
10 30 - - - - 100 280 <100
.0 .0 .0 .0 .0 .0 .0 .0 -
473 481 959 754 1120 955 1310 1320 1560
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Table 6.--Chemical analyses of ground water collected

[mg/L, milligrams per liter; ug/L, micrograms per liter; mS/cm, microsiemens

Constituent
or property

Sampling date, premining period

1976 1977 1978 1979

8/17 12/2 3/9 6/14 9/20 3/28 10/4 4/17 6/28

Temperature (°c)———-

Specific conductance
(nS/cm) ——————=-——-

Oxygen, dissolved
(mg/L) ———————————=—

Alkalinity (mg/L as
CaC0,) —======-==-

Bicarbonate (mg/1)--

Total organic carbon
(mg/L) ~———————————

Phosphorus, dis-
solved (mg/L)-----

Calcium, dissolved
(mg/L) ~=——=—=m—m—m

Magnesium, dissolved
(mg/L) ~—=——~—=——=——

Sodium, dissolved
(Mg/L) m—mmmm e

Potassium, dissolved
(mg/L) —==——=—— e

Chloride, dissolved
(mg/L) ————————————

Sulfate, dissolved
(mg/L) ~=——~——————~

Fluoride, dissolved
(mg/L) ————— e

Silica, dissolved
(mg/L) ~———=~—m

Iron, dissolved
(pg/L) ———=————————

Manganese, dissolved
(§g/L) =—==m == — e

Strontium, dissolved
(ng/L) m=—m—m

Zinc, dissolved
(ng/L) ~===m—m

Aluminum, dissolved
(pg/L) ——=—=———m

Hydrogen sulfide,
dissolved (mg/L)--

Dissolved solids
(mg/L) ————~———————

12.5 9.5 11.5 12.0 13.0 12.0 12.0 12.0 14.5

600 570 590 580 605 590 580 625 680

262 274 264 254 264 254 267 272 328
320 334 322 310 322 310 326 332 400

3.1 4.5 7.2 5.4 6.2 - - - -

_— —_ - —_— - <.01 <.01 <.01 .0

57 46 34 61 61 55 68 74 32

23 20 15 23 24 22 26 25 13

39 58 85 33 33 32 27 11 99

10 12 11 10 14 9.3 12 9.3 12

44 47 50 47 47 52 51 55 29

<10 30 <10 <10 <10 40 <10 <10 <10

<10 <10 <10 <10 <10 <10 <10 1 3

1400 1600 1100 1200 1100 - - - -

- 361 367 340 352 338 361 354 395
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from well W8-2, Auqust 1976 through May 1984

per centimeter at 25° celsius.

Dash indicates data

are not availablel

Sampling date, postmining period
1980 1980 1981 1982 1984

1716 3/12 779 10/17 5728 2/18 5/18 1/16 5/30
10.0 11.0 13.0 11.5 13.0 - 12.5 11.0 12.0

580 680 475 702 1090 1230 1250 1750 1780
6.9 7.4 7.1 7.8 7.1 6.9 7.1 7.0 6.8

270 320 290 339 540 558 591 560 553

324 390 348 413 658 680 720 683 674
- 3.4 - 1.0 2.0 1.6 -~ 2.6 1.7

.01 .00 .00 .01 <.01 .04 .06 .04 <.01

71 39 68 29 160 172 178 250 250

26 14 23 11 52 56 56 79 83

16 95 26 110 14 11 14 37 33
1.6 1.5 1.6 1.8 2.2 2.2 2.2 2.7 2.8

10 14 11 12 15 12 2.4 18 19

43 28 42 25 160 180 200 500 580
.2 1.2 .4 1.3 .1 .1 .1 15 .2

11 10 10 9.3 15 14 14 .2 15

0 20 10 20 <10 11 16 4 33

5 10 5 5 50 1500 490 1400 2200

- - - - -~ - - 3000 3000

30 - 10 0 - - - 70 44

0 - 20 20 - - - 10 100
.0 .0 .0 .0 .0 <.1 .0 .0 .0

341 395 355 404 744 786 824 1220 1230
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Table 7.--Chemical analyses of ground water collected from seeps,

May 1984

(mg/L, milligrams per liter; pg/L, micrograms pgr liter;
pS/cm, microsiemens per centimeter at 25°Cl

Constituent Upper Lower
or property seep seep

Temperature (°C) 13.0 11.0
Specific conductance

(pS/Cm) === e e 1,980 2,390
pH-———-- - 6.4 4.2
Total organic carbon

(mg/L) == === e .6 240
Phosphorus, dissolved

(Mg/L) == e e e <.01 <.01
Calcium, dissolved

(mg/L) 240 240
Magnesium, dissolved

(Mg/L) == e e e 100 130
Sodium, dissolved

(Mg/L) ==== e e e 23 17
Potassium, dissolved

(mg/L) —-— 4.3 7.3
Chloride, dissolved

(mg/L) - 53 34
Sulfate, dissolved

(Mg/L) —=m=——— e — e 920 1,500
Fluoride, dissolved

(mg/L) —===mm e .2 .6
Silica, dissolved

(mg/L) === e e e e 14 30
Iron, dissolved

(Rg/L) ==mee e e e 390 63,000
Manganese, dissolved

(pg/L) - 13,000 63,000
Strontium, dissolved

(pg/L) =—=mm—— e e e 780 1,000
Zinc, dissolved

(Bg/L) mmmm e e e 110 810
Aluminum, dissolved

(RG/L) = e 100 7,200
Dissolved solids

(mg/L) —====——— e — 1,470 -
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