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GROUND-VJATER HYDROLOGY BEFORE, DURING, AMND
AFTER CCOAL STRIP MINIMNG OF A SMALL WATERSHED
Il COSROCTOM COUNTY, ORIO

By .Allan C. Razen

EEETRLCT

Ground-water conditions before, during, and after surface
mining of a small waterched are described as part of a study to
cdetermine the effects of mining on hydrologic systems. The
watershed was underlair by stratifiec sedimentary rocks contain-
ing three acuifers. The top andé middle aquifers were perched
above clay beds that underlay the major coal seams; the lowermost
aguifer is part of a regional aquifer system. Mining involvead
removing the overburcen rocks (including the top aquifer),
stripping the coal, and recontouring the overburcden spoils to the
approximate premining shape of the waterched.

Replacement of the top aguifer by spoils during mining has
caused many changes in the land surface, recharge rates, dis-
charge rates, saturate¢ thickness, water-table gradient, hyaraul-
lic conductivity, storage, and water quality. Changes in the
middle acquifer include: the amount of recharge from precipita-
tion, amount of leakage through the overlying clay bed, and vater
quality in some areas.

Saturation of the mine spoils during postmining has been
slow and irregular; saturated zones have ranged from zero to
5 feet in thickness. Water levels in wells in the middle aquifer
have remained virtually unchanged.

The water cuality in the mine spoils is significantly poorer
than in the original top aquifer. Specific conductance of water
in the mine spoils is 2,020 micromhos per centimeter and sulfate
as much as 940 milligrams per liter compared to 120 micromhos per
centimeter and 11 milligrams per liter in the original aquifer.
Water levels and water quality in the deep aquifer have not been
affected by mining.



INTRODUCTION

A better understanding of the impact of coal strip-mining on
water resources is required because of the growing use of coal.
The U.S. Bureau of Mines has sponsored a comprehensive study to
assess the effects of strip mining on hydrology of small water-
sheds (30-50 acres) in eastern Ohio (Hamon and .others, 1977).

The U.S. Geological Survey is responsible for the ground-water
part of the study, which has the following objectives: (1) des-
cribe. hydrogeology of four small watersheds and a small control
watershed; (2) document ground-water flow and water-quality char-
acteristics in premining and postmining periods; and (3) develop
models to simulate the movement of ground water in Watersheds

CO6 and MO9 before mining and Vatershed MO9 after mining.

In this comprehensive cooperative study, the U.S. Department
of Agriculture, Agricultural Research Service (USDA-ARS) at
Coshocton, Chio, is responsible for collecting and analyzing
streamflow, sediment, and erosion data. The Ohio State
University, Ohio Agricultural Research and Development Center
(CSU-OARDC) at Wooster, Ohio, is responsible for studies of depth
of topsoil and mulching requirements and for collecting and
analyzing soils, core mineralogy, streamflow quality, and econ-
omic data. The U.S. Department of Agriculture, Soil Conservation
Service described the soils of the study watersheds before mining
and after reclamation.

Recent Reports

Earlier reports (U.S. Bureau of Mines, 1978; Hamon and
others, 1979; Helgesen and Razem, 1980) include descriptions of
premining (Phase 1) ground-water hydrology. The premining
ground-water flow model is described by the U.S. Bureau of Mines
(1978). Helgesen and Razem (1981) describe the during mining
(Phase 2) ground-water conditions at Watersheds CO6 and MO9.
This report, which is one of a series of reports that documents
hydrologic changes as a result of strip mining of four watersheds
in eastern Ohio, describes ground-water conditions after mining
(Phase 3) at watershed CO6.

In order to preserve continuity between the different phases
in this stud-, this report (Phase 3) relies and draws heavily on
the Phase 1 reports (U.S. Bureau of Mines, 1978) and Phase 2
reports (Helgesen and Razem, 1981 and U.S. Bureau of Mines, 1982)
for summarizing conditions before and during mining. Later
reports will document changes as data collection and analysis
continue,
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downward leakage through the underclay, lateral (fig. 6) as base
flow to the stream, or evapotranspiration. The relationships of
precipitation, water levels in the top and middle aquifers,
springflow, and streamflow are shown in figure 7.

The deep aquifer is part of the regional flow system, which
is recharged and discharged mainly outside the watershed.

Review of Phase 1 Ground-~Water Quality

Premining ground-water quality at watershed CO6 showed
considerable variability within and between aquifers (table 1;
fig. 8). Ground water was commonly of the calcium bicarbonate
type, but calcium sulfate and sodium bicarbonate types were also
present. Mineralization of water was greater in the middle and
deep aquifers, as indicated by specific-conductance measurements.
Specific conductance ranged from 120 to 520 uamho/cm (micromhos
per centimeter at 25°C) in the top aquifer, 280 to 905 in the
middle aquifer, and 258 to 1,110 in the deep aquifer.

at hed CO6_in Mined (Pl 2) Conditi
Geology

Mining entailed stripping of the Middle Kittanning No. 6
coal bed of the Allegheny Formation. Mining began along the coal
outcrop. Excavated overburden was placed downslope.

As coal was stripped and the position of the highwall moved
toward the watershed divide, additional tidges of overburden
material were formed. The underclay and the underlying rocks
were left virtually undisturbed. Reclamation included (1) recon-
touring the spoils to approximate premining watershed shape,

(2) replacement of topsoil, and (3) revegetation.

Review of Phase 2 Ground-Water Hydrology

During the fall of 1976, mining of No. 6 coal in the
adjacent watershed to the west caused the water table in the top
aquifer of CO6 to decline (fig. 9; well locations are shown in
fig. 4). As rock overburden and coal were removed in the
adjacent watershed, the aquifer was narrowed. This change caused
an increased hydraulic gradient in the aquifer and increased
drainage from the aquifer. Water levels in observation wells
nearest the watershed divide, Wl-1 and W5-1, declined 8 feet and
10 feet, respectively. Water-level declines in wells nearest the
coal outcrop (W3-1 and W6-1) probably reflect only the seasonal
trend. Destruction of wells prevented documentation of any
water-level decline as mining progressed into watershed C06 in
November 1976, but springflow at the gaged site gradually
decreased and then ceased on January 3, 1977.
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Department of Agriculture-Agricultural Research Service).
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Table l.--Chemical analyses of ground water collected from watershed C06, November 1975=
October 1976

[mg/L, milligrams per liter; ug/L, Micrograms per liter; Pt-Co, platinum-cobalt units;
tons/acre-ft; tons per acre-foot; .umho/cm, micromhos per centimeter at 25°C]

Concentration or other measurement

Constjituents
or Unit Top aquifer Middle aquifer
properties
Range Median Range Median
I
Alkalinity, as CaCO3 ------ mg/L 21-135 92 125-284 222
Aluminum, total ----------- ng/L 60-50,000 920 20-5,6000 2,100
Antimony, total ===-------- ng/L 0-2 0 0-1 0
Arsenic, total -------—-—--- pg/L 0-43 3 0-5 1
Barium, total ----—-—-————-—- ng/L 0-1,100 100 0-300 100
Bicarbonate --=-----—--—-—-—- mg/L 25-164 112 152-346 271
Cadmium, total ------—-———-- ug/L 0-62 5 1-34 7
Calcium, dissolved -------- mg/L 3.1-53 26 3.2-90 38
Carbon dioxide -----——-———- mg/L 1.7-154 35 13-122 35
Carbon, total organic —----- mg/L 1.3-27 4.1 0.2-8.6 3.0
Carbonate - mg /L 0-0 0 0-0 0
Chloride, dissolved —------- mg/L 1.0-91 2.3 1.1-9.0 3.9
Chromium, total --—-———-——-—- hg/L 0-110 <10 <10-60 <10
Color pt-Co 1-46 3 1-8 1
Copper, total —-——————=———-- nug/L 0-950 10 0-110 10
Cyanide ———-=—=———————————- ng/L 0.00-0.01 0.00 0.00-0.0 0.00
Fluoride, dissolved ------- ng /L 0.1-1.6 0.2 0.3-0.9 0.3
Hardness, noncarbonate ---- mg/L 0-65 32 0-72 36
Hardness, total -=--=—==—--= ng /L 11-170 115 14-330 190
Hydrogen, sulfide -----=-=-- mg/L 0.0-0.3 0.0 0.0-0.2 0.0
Iron, dissolved =---------- ng/L 10-2,300 130 40-2,000 930
Iron, total —-------c-———eeeo pg/L 120-170,000 5,400 1,200-27,000 7,600
Lead, total -—---—-——-———c——- pg/L 0-400 22 2-44 15
Magnesium, dissolved ------ ng /L 0.8-15 0.9 1.4-26 16
Manganese, dissolved ------ ng/L 0-930 140 20-710 270
Manganese, suspended ------ ng/L 0-70,000 360 0-210 120
Manganese, total ---------—- pg/L 0-70,000 690 40-840 270
Mercury, total —---=—-—====-- ug/L <0.5-<0.5 <0.5 <0.5-2.0 <0.5
Nickel, total --=--==—===—-- ag/L 2-550 19 1-20 13
Nitrogen, NH4 as N, total - ng/L 0.00-1.3 0.04 0.00-0.53 0.31
NO,+NO3 as N —-—==-—==a———e mg/L 0.02-0.73 0.07 0.01-0.39 0.04
pH (field) 6.0-8.2 6.8 6.3-7.6 7.2
Phenols -- hg/L 0-8 Y 0-4 0
Phosphorus, total as P ---—- ng/L 0.08-3.8 0.10 0.03-0.12 0.06
Phosphorus, total PO4 ----- mg/L 0.06-12 0.32 0.09-0.37 0.18
Potassium, dissolved ------ mg/L 1.0-4.9 1.6 1.7-4.8 3.3
Residue, dissolved
(calculated sum) ====---- mg/L == == - -
Residue, dissolved -------- tons/acre-ft - - - -
Sodium adsorption ratio --- mg/L 0.1-29 0.2 0.3-14 0.8
Selenium, total ==-==--=--- Jg/L 0-6 0 0-0 0
Silica, dissolved —-—----—---- Jng/L == == - -
Silver, total ---------—--- nyg/L 0-1 0 0-2 0
Sodium, dissolved --------- mg/L 1.0-220 6.4 7.7-120 21
Sodium (percent) ==-———-—==- % 3-97 11 11-94 21
Specific conductance
(field) jumho/cm 120-520 288 280-905 600
Strontium, total —===--——=- ng/L 30-240 90 100-920 280
Sulfate, dissolved =—---=-==- ng /L 11-80 36 2.9-160 48
Water temperature --—---=—---- °C 7.0-18 13 11-0-14.0 12.5
Zin¢, total ——-===-——a———-o ng/L 10-800 90 20-1,500 220
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Table l.--Chemical analyses of ground water collected from watershed
, November 1975 - October I976--Continued

Concentration or

Constituents other measurement,
or Unit deep aquifer
properties
Range Median
Alkalinity, as CaCO3 =--=---- mg/L 97-351 108
Aluminum, total --—======--- ug/L 50-9,100 1,000
Antimony, total ===--cc--== pg/L 0-5 1
Arsenic, total —--=====-—-- ng/L 0-23 5
Barium, total ---—-=-——==--- ng/L 0-200 200
Bicarbonate —---=—-—-—c——--—- mg/L 118-428 132
Cadmium, total —--===--—-——-—- pMg/L 2-14 4
Calcium, dissolved =-------- mg/L 3.0-28 25
Carbon dioxide ——=-====——---- mg/L 4,7-49 17
Carpbon, total organic ----- mg/L 0.1-45 2.3
Carbonate ---—-====—cce—e—-- mg/L 0-0 [V}
Chloride, dissolved =-==---- mg/L 1.2-70 3.8
Chromium, total ===--—=—w== ng/L <10-30 10
ColOor —=—————m—m—me—e e ———— Pt-Co 1-170 3
Copper, total --——=—-————=== ng/L 0-190 10
Cyanide =—====—-——c—momaaa——- mg/L 0.00-1.0 0.00
Fluoride, dissolved ===----- mg/L 0.2-1.7 0.3
Hardness, noncarbonate ---- mg/L 0-31 16
Hardness, total --—-—==--—-- mg/L 12-130 120
Hydrogen sulfide ----——=—=-= mg /L 0.0-0.2 0.0
Iron, dissolved -—-=-==-—-- ng/L 10-630 50
Iron, total —-————==c————-- ng/L 1,700-32,000 6,600
Lead, total --—-—=—==c—c—ece=-- ng/L 3-120 13
Magnesium, dissolved —-==--- mg/L 1.2-15 14
Manganese, dissolved —------ xag/L 20-110 60
Manganese, suspended ~----- Hg/L 10-500 120
Manganese, total —--=---—--—--— py/L 70-540 140
Mercury, total --—--=—=—=--- Pg/L <0.5-1.1 <0.5
Nickel, total ----—-—-—====—- Mg/L 2-100 15
Nitrogen, NH; as N, total - ng/L 0.00-0.43 0.01
NO,+NU3 as N —--—————c————m mg/L 0.05-0.10 0.07
pH (field) —-=--==--——e————e 6.6-8.1 7.1
Phenols ==——-==-—c—oeoeeee———— ng/L v=-7 0
Phosphorus, total as P ==-—- mg/L 0.02-0.54 0.08
Phosphorus, total P04 ----- mg/L 0.06-1.7 uU.25
Potassium, dissolved =----- mg/L 0.4-7.4 0.9
Residue, dissolved
(calculated sum) —=—-====- mg/L - -
Residue, dissolved -=----=- tons/acre-ft - -
Sodium adsorption ratio --- mg/L 0.1-31 0.1
Selenium, total ---—-—==——-- ng/L 0.29 0
Silica, dissolved -=----=--=- ng/L -- -
Silver, total -----=---w=-- ang/L 0-3 0
Sodium, dissolved =-=-====-- mg /L 3.3-250 3.8
Sodium (percent) —-—==———=—- % 5-97 6
Specific conductance
(field) -—--—==—mem—eeeeaa Jmho/cm 258-1,110 278
Strontium, total —=======-- »ng/L 50-140 70
Sulfate, dissolved =--—--==-= mg/L 8.2-80 20
Water temperature —-----—---- . °C 12.0-17.0 12.5
Zinc, total --=-=-—-——————- Jg/L 20-310 90

Based on all premining data: top aquifer, 18 samples from
4 wells and 2 springs; middle aquifer, 9 samples from
4 wells; deep aquifer, 5 samples from 2 wells.

Double dash indicates data are lacking.

13
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llost of the water in the top aquifer drained as the rocks
were removed and placed into spoil piles. No data are available
to indicate the amount of water within the spoils during the
mining phase.

The base-flow part of the streamflow hydrograph (fig. 10)
reflects ground-water conditions during the mining phase.
Relatively low flow during September 1976 to August 1977 was at
least partly due to dewatering and destruction of the top aquifer
during mining. Base flow decreased until it was supplied mainly
by the middle aquifer. Later increases (after August 1977) were
probably caused by water that had infiltrated and moved through
the overburden spoils.

The hydrograph for well W10-3 (fig. 11) in the lower aquifer
is the only water-level record for the mining phase. The hydro-
graph shows a decline in the water level at about the time mining
began anéd a slow rise toward the end of the mining and reclamation
period. This is a result of a decrease in recharge to the lower
aquifer during mining. The decrease in recharge during mining
may be because heads declined in the top and middle aquifers,
which resulted in decreased leakage to the lower aquifer.

Review of Phase 2 Ground-Water Quality

Chemical analyses of water from well W1C-3 during the mining
phase of CO6 (table 2) show no definitive trends, although some
constituent concentrations varied from sample to samgple.

Base-flow samples collected by USDA-ARS at the mouth of the
watershed and analyzed by OSU-OARDC had dissolved-solids
concentrations as follows:

Milligrams
Date of sampling: per liter

December 20, 1976 .ceceeeecoosscesccscccsses 122
February 12, 1977 ..eceeeecccsccccoscssssess 210
March 18, 1977 (ieeeeeercesoecsscsosccoosesss 112
March 6, 1978 .iveeeeeoocecssssccscssonesees 602

The last concentration suggests an increase in dissolved
solids over premining base flow, which had a dissolved-solids
concentration range of 114 to 141 mg/L (milligrams per liter)
(U.S. Bureau of llines, 1978). This increase reflects a decrease
in base-flow contribution from the top aquifer and an increase in
contribution from the middle aquifer bnd overburden spoils.

16



‘(991A108 ydieesay |BIN}INDjaBy 91n}INd1IBY jo juswiliedog SN Woiy elEp
Kieujwijeisd uo peseg) 909 PIysiajem 30 yinow je mojywesasls jo ydeiBoipAH-- "0}l @inBi4

8.61 LL61 961
vy rrny w d a N SverrtWNVYWJd rANOSVYTIr rinyY W 4.7

SN T - ]
I T T

K oLo

! ’ TN}

5 T

3 45¢°0

ANODJ3S H3d 1334 21900 NI

- q0€0

- §S€°0

_.u uojjeweldes pue Hujujw bupinag —_A Bujuyweid

17

‘MOTd ATIVA 3DVHIAY



900 POysieleMm Uj £-0L M [19M 10} YdesBoipAH-- "L | 8inBid

8.6l L1261 9.64

v fr r N v W 4 |G N O SV I r WV W44 rja N OS VvV r r W v w4
[ ¥ 1 1 1 ) L] i 1 ] ] 1 1 ! L) L] L ¥ T ] 1 ¥ T L] L] Ll 1 1 T T T a
™~ \..'0’.’0'. . =
-Il- . \- /.l.‘o\o\ .’o/ |H
.ll./ - ° ./o\ -/ N — .||_
L \ /\.\./ -
= ¢ N -

SRS VY WY WS SN SRS WY N SR WU SN S SN NI SR WA W WU N S SHN S S SR SH T S fhid. o S |

__A uojjewejdel1 pue Bujujw Buping __A Bujujweiy

008

508

oi8

6261 40 NNLVA TVIILHIA 211L34A03D TVNOILVYN

IA08Y 1334 NI *13A37 Y3LVM 10 3AnLiLIV

18



61

-= 8 €T ot 14 /b0 e —~==== TB303} ‘pEdT]
(o] - -- - - /60 e paATOSSTp ‘peaT
000‘0t1 00001 000‘¥%T 000’81 00Z‘s /B e Te303 ‘uoiax
0s1 oz oz oy 09 1/6d - pPOATOSSTP ‘uoil
0°0 0°0 0°0 0°0 z°o /bW e 9pTIIns u2boipiy
ozt - (o413 ozt ozt T/BW e Te303 ‘ssaupiel
(o} - 9 € €T T/BW e 93'UOQIEDUOU ‘SSaupiel
z°0 €0 rAdel tAde} z°0 T/BU e peATOSSTIp ‘apriontd
00°0 00°0 00°0 00°0 00°0 /bW e —————— e —————— apTuei)
- 8 S S z 1/6d . —m————— - Te303 ‘1addon
o] - - -- - b ) B - paatossTp ‘1addoj

1 1€ ot €1 o) 0d)-3d - ——- ——————— - 10T0)
- (014 o> o> o1 /60 e ———————— —————— 12303 ‘uniwoly)d
0o -- - -- - /B0 e PoATOSSTp ‘uniwoiyy
S°1 11 °1 8 1 €1 T/PU e P2ATOSSTP ‘2pTi0TYD
0 (o) o] o] 0 /b e ——————— ——eeeeeeee—~- 33RUOQIE)
-- - 1T €°9 1°8 T/BU e otTuebio Te3l03 ‘uoqie)
L*O 9°2 - - -— B2 S oTuebio paarossIp ‘uoqae)
6°Y :14 44 81 44 /6w —eeee —————— —————— 9pPTXOTp uoqied
9z - Lz 9z sz 1/be ——eee ———————— ———— DPOATOSSTp ‘wNnyofe)

T o] o] 0 o] /B0 e 12303 ‘untupe)
(o] - - - -—- 1/60 e ——————— ———— DOATOSSTp ‘untupe)
TSt oyt oyt 134¢ 9¢€T 1/bu -==--- 33RUOQIEDTIYg
- 00T 00T 0 001 1/6d e ———————— ——————— - Te303 ‘untieg

0 - - - - /B e poATOSSTp ‘untieg
-= 4 (o) T o] /60 —eeee ———————— e ————— fe303 ‘OTUaSIy

0 -= - - - /6 —eeee ——————— -~~~ DOATOSSTp ‘OTUaSI1y
- 1 o] 0 0 /B0 e e Te303 ‘Auowtjuy
- -- - - - T/BH e pPoATOSSTp ‘AuowTijuy
- oz 006°‘C oy og 1/61t - fe303 ‘wnurUniy
74 -- - - - /b0 e ———————— -~ POATOSSTpP ‘wnuiunfiy
141 STT STT 91T AR T/BU e - fojey se ‘K3TUTITENTV

8L-9-L LL=LZ-CT LL-ST-6 LL=-LT-9 LL~-9T~¢ sat3yiadoad
3TUn 10
s3UsN3ITISUO)

jusuwiInseauw IaYylo 10 uoTljevijuaduo)

[Do5Z 3@ 1932WT3ued 13d soywoIoTw ‘wd/oyun {300J-310®
19d suo3l ‘33-9210®/5U03 !S3ITun 3Ifeqoo-wnurjetd ‘0D-3d {19317 12d sweiboiotuw ‘/6n]

--"Z 9TqeL




0z

*BUTYDOR] 9a® BIBP Siruipu: yowp 9[ghOQ

-~ o} 09 oy 0s 1/6d - - - Te303 ‘dUIZ
o1 ol - - - 1/60 ——m—emmemmmem—————— D3ATOSSIP ‘DUTZ
G €T 0° 11 0'€1 0 €1 s z1 Jo - -— sanjeradwal 193eM
LT 9T LT LT (014 1/but e ~=—=—-—=—---- D3ATOSSTIP ‘d3BIINS
-- oy 09 08 08 /60— ————————— ~-=- T®303 ‘WNTIluciisg
09 - -~ - - 1/5d ~———eemem————== DIATOSSIP ‘WNTIUOILS
9y2 06¢ 0se 12 24 06¢ uwd foyurf ————een (PT®T3) 9oUE3IONPUOD OTITOads
9 (o] L 9 8 §  mmmmmmm—m e (3u@o1ad) unipos
9°¢ o'y 1987 8°¢ z°s 1/b6u ———mememeemm——me~~ DIATOSSTIP ‘WUNIpoOS
10 - z°0 Z°0 Z°0 ———————— ~=-= 0T3eI UoT3dIOSpe UNIPOS
-- o} o o} o} 1/6d  mmeeee emmmeeeeeea——e—— T®303 ‘IJATIS
0 0 - - - 1/bd --~ DIATOSSIP ‘I3ATIS
v A ST Al 9T 1/bu B ~ paATOSSIP ‘eOTTIS
-- o} 0 o} o 7/6d e ~=--= [®303} ‘UNTUSTIS
o] - -- - -- T/B e POATOSSTIP ‘UNTUSTSS
12°0 - 0z°0 0Z°0 12°0 33J-9108/SU0] —=—-~~-==-—- DIATOSSIP ‘ONPTSOY

€ST - Lyt 97T 1sT T/ —mmeeee ————— (uns pajernoTeDd)
POATOSSIP ‘9NpIsay
8°0 L°O 8°0 L0 L0 1/6u ————————————— POATOSSTIP ‘unisselod
- - €00 €0°'0 00°0 1/bu mme—ewaaa TR303} ‘(Voq se) snioydsoyg
- 10°0 10°0 10°0 00°0 1/bu ——————————— Te303 ‘(4 se) snioydsoyq
00°0 - - - - 1/6u ~——~——— pOATOSSTpP ‘(4 se) snioydsouyq
v 6 z g L 176t e -—-- stTousyq
Lt 6°9 oL 1L o°L ~==-= (PT273) Hd
- £0°0 ot1°*0 80°0 zo*0 1/6u —mmmeee—ee-- TR303 ‘(N se) fON + ZON
LO°0 - -- -- - T/Bu mmeeeeee paatossIp ‘(N se) fon + Con
y0°0 - - - - 1/bu - paAToOSSIP ‘(N Se oruebio) UaBOI3TIN
- 10°0 10°0 10°0 00°0 1/6bu —————mme Te303 ‘(N se VYgyN) usboiaIn
00°'0 - - - - G 771 S— DaATOSSTP ‘(N Se VHN) uabolIlTN
-- 8 9 9 9 1/6d e Te303 ‘Ta¥OIN
o] -- - - -- T/60 e POATOSSIP ‘TIaY¥OIN
-- S°0> S°0 0°0 o°o 1/64 e Te303 ‘Aindoisy
60 S 0> _— — - 1/6d —————— eemmeme——= PIATOSSIP ‘KINdi1ay
os o1t 09 0SsT og /69 ——— e ecceceeao. T®3}03} ‘OSourbuey
o¢ 09 o1 (e} 4 o1 /b0 —————— poATOSSTpP ‘asauebuey
1 - €T €1 ST 1/bu —————————————— paATOSSTp ‘unisaubey

8L-9-L LL-LZ-TT LL-ST-6 LL-LT~9 LL-9T-€ sa1319do1d
3Tun 10
S3U9N3TISUO)
jusuaansead I9Yjljo IO UOTIRIJUIDUOD

panuiju

~-*Z °1qeL



POSTMINING GROUND-WATER HYDROLOGY
Data Collected During Phase 3
Ten observation wells were reinstalled in September 1978
after mining and grading were completed. Four wells were
completed in the spoils material, five wells were completed in

the middle aquifer, and one well was completed in the deep
aquifer.

The wells were drilled by cable tool through the replaced
overburden materials and by air-rotary through the undisturbed
rocks below. Each hole was completed in order to monitor only
one of the three major saturated zones. The wells were completed
with slotted casing in the replaced materials and open hole in
the appropriate intervals in the undisturbed rocks. The rein-
stalled well network is shown in figure 12. Land surface
altitudes were surveyed in at each observation well from nearby
benchmarks, and aerial photographs were used for locating wells
and defining watershed boundaries.

Water levels in each of the wells have been measured
monthly. Digital recorders were used to continuously measure
water levels in two top-aquifer wells, one middle-aquifer well,
and one deep-aquifer well.

Premini B o ; - Hydrol

The rock above the top underclay has been replaced by
spoils, but the material below the Middle Kittanning No. 6 coal
bed of the Allegheny formation remains virtually unchanged. 1In
the mining process, the material above the top coal (fig. 13) was
blasted and removed, after which the coal was extracted. The
spoils were then graded into the approximate premining shape.

The intention of the mine operator was to leave the top underclay
undisturbed.

Topography and water-table levels within the watershed
suggest that the ground-water divides for the top and middle
aquifers coincide with the new surface drainage divide. However,
a transient divide occurs between wells P6-1 and P5-1 as the
saturated zone continues to enlarge. The mine spoils are above
the clay that underlay the Middle Kittanning No. 6 coal bed of
the Allegheny Formation, and is above the premining land surface
where the clay does not exist. The cross section (fig. 14) shows
that the areal extent of the mine spoils is greater than that of
the premining top aquifer because of the redistribution of spoils
during regrading.
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EXPLANATION

0 200 FEET
Postmining watershed boundary

—— _—__ Premining coal outcrop

855 Postmining observation weil and
P4-2  altitude of water tevel (last
digit of well number refers
to aquifer; 1=spolis, 2=middle,
3=deep) f

Figure 12, =-Postmining observation wells and altitude of water-
levels in watershed COG6.
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PREMINING

MINING
High wall

[Posltlon of premining land surface

POSTMINING

~ g {Posltlon of premining land surface

Postmining surface

Figure 13. --Schematic sections illustrating strip-mining process.
(Heigesen and Razem, 1981)
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As in the premining condition, the mine spoils receive
recharge from precipitation that infiltrates to the saturated
zone, The rate of recharge to the saturated zone has decreased
as a result of the destruction of the soil structure, compaction
of the soil, revegetation, and increased storage in the unsat-
urated zone.

The rate of recharge to the middle aquifer has been slower
during the initial postmining period because leakage from the top
aquifer is reduced and precipitation must now percolate through
the spoils. The recharge rate should become steady after soils,
vegetation, and the top aquifer stabilize.

Discharge from the mine spoils includes downward leakage to
the middle aquifer (in the areas where sufficient head has devel-
oped), flow to springs along the flanks of the spoils material,
and evapotranspiration where the water table is near the surface.
Discharge from the middle aquifer is downward leakage to the deep
regional aquifer and lateral movement to the stream.

Water is stored and transmitted within the intergranular
pore spaces of the spoils material and within openings,
fractures, and bedding planes in the middle and deep aquifers.
Two major perched saturated zones still exist in the postmining
watershed. However, the top zone is not completely saturated
(well P5-1 is dry) and it appears from the fluctuation shown by
the hydrograph of P6-1 (fig. 15) that resaturation is slow and
irregular. In December 1980, postmining well Pl-1 had 5 feet of
water, P6-1 had 2.5 feet, and P5-1 was still dry.

The movement of water in-the mine spoils and middle aquifer
during postmining is toward the center and mouth of the watershed
(fig. 12), whereas the flow in the deep aquifer is to the north
as in premining conditions (U.S. Bureau of Mines, 1978). The
flow direction and mechanisms for recharge, movement, and
discharge of water in the postmining middle aquifer are the same
as before mining.

Aquifer testing in the spoils material has been difficult
because the saturated zone is too thin to allow for adequate
testing. During bailing operations for water-quality sampling,
it took many hours for wells to recover enough to obtain samples.
This indicates that postmining hydraulic conductivity in the
spoils is low, although higher than in the premining overburden.
The storage capacity has increased because the handling and
breaking of the overburden material has created many more open-
ings, pores, and voids than were present in the premining consol-
idated rocks. The hydraulic conductivity remains low because
fine-grained material has plugged the interconnected openings.
The mining operation did not disturb the material below the
Middle Kittanning No. 6 coal bed of the Allegheny Formation, so
the hydrologic properties of the middle and deep aquifers have
not changed.
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Figure 15. -~Hydrographs of postmining water levels from the spoils,
middle, and deep aqulfers at watershed COG6,
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Figure 15.--Hydrographs of postmining water levels from the spoils,
middle, and deep aquifers at watershed CO6 --Continued.
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The most obvious changes that occurrecd as a result of the
strip mining are the removal of the top aquifer and its replace-
ment by mine spoils. The mine spoils now cover about 30 acres,
corniparec to 23 acres of the top aguifer before mining, anc the
arez hes been shifted laterally (compare fig. 4 with fig. 12).
The vertical dimensions of the mine spoils are different from the
preniring top acquifer, some areas gaining 60 feet and other areas
losing 70 feet (fig. 14). The premining stretification of the
top aguifer has been completely destroyed. The mine spoils con-
sist of heterogeneous rubble that ranges from clay-size particles
to large boulders. The saturated thickness of the premining top
acuifer, which ranced from 5 to 57 feet before mining, is much
more than the saturated thickness of the mine spoils which ranges
fromn O to 4 feet. The low water—-table gradient in the postmining
top acuifer. is the result of either (1) incomplete saturation of
the mine spoils or (2) e hicher hydraulic conductivity.

Recharge, discharge, and movement of ground water in the CO0O6
postmining watershed are similar to the premining condition.
Eowever, the middle aquifer now receives recharge by infiltraticn
through spoils material insteac of directly from precipitation
because the acuifer is almost entirely covered by spoils material.
The strip mining had little or no effect on the middle and ceep
acguifers' hycdraulic characteristics. Water levels and well
yields are nearly identical to those before mining.

POSTEINING GROUND-WATER QUALITY
Data Collected During Phase 3

Sixty water samples were collected for water-quality analysis
(table 3); 14 from mine spoil wells, 32 from middle-aquifer wells,
11 from deep-acquifer wells, and 3 from springs.

Samples were collected with a nitrogen—-gas-operated membrane
pump when enough water was present to allow pumping. If only a
few feet of water was present, @ PVC bailer was used for collect-
ing the sample. 1In either cage, the well was conpletely evacuated
and allowecd to recharce before a sample was ccllectea. If the
well recharged quickly, the sample was obtained after a volume of
water ecual to three times the well volume was discharged and
after the specific conductance had stabilized.

Tenperature, specific conductance, pHE, and alkalinity were
determined ir the field. Samples were chilled until laboratory
analyses were made. Dissolved constituents were determined from
samples that were filtered in the field with 0.45-micrometer
filters. Samples were analyzed at the U.S. Geological Survey
laboratory in Doraville, Ga.
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[mg/L, milligrams per liter; ug/L, micrograms per liter;

Pt-Co, platinum-

cobalt units; tons/acre-ft; tons per acre- foot, wmho/cm, micromhos per
centimeter at 25°C]

Concentration or

Constituents NMumber other measurement,
or of mine spoils
properties Unit samples
Min. - max. Median

Water temperature —=--—-—=—-=-e-emeee—ooo (°c) 5 7.5-12 11
Specific conductance (field) --=------ umho/cm 5 1,160-2,020 1,600
pE (field) ------—-—--——mmmmemee e 5 6.4-7 6.5
Carbon dioxide ~~---=-=-m-mememm e ng/L 5 135-828 178
Alkalinity, as CaCO3) -----=----------- mg/L 5 218-1,070 710
Bicarbonate, (mg/L as HCO3) =--—=--=---- ma/L 5 266-1,300 860
Carbonate, =—==———mcc—mmmm e e mg/L 5 0.0-0.0 0.0
Nitrogen, as N, dissolved —--—--~———c——- mg/L 5 0.00-1.2 0.3
Nitrogen, (NH, as N), dissolved ------- mg/L 5 0.02-0.54 0.16
Nitrogen, NH4 + organic as N, cdissolved mg/L 5 0.06-0.54 0.29
Mitrogen, (organic as N) dissolved ---- mg/L 5 0.00-0.91 0.01
Phosphorus, (as P), dissolved -=~===~==—- mg/L 5 C.C1-0.07 0.01
Carbon, total organic —-—-==--—mm—eceeeao mg/L 3 4-14 12
Carbon, dissolved organic ——--=-=—-——e-- mng/L 2 2.7-5.3 4.0
Carbon, organic, suspended total ------ ng/L 1 15-15 15
Cyanide, total ——-=———==—m———mmee e mg/L 3 0-0 0
Hardness, total ————==-——memmeme e mg/L 5 590-1,100 820
Hardness, noncarbonate ————=-——ce——eae—-o mo/L 5 0-870 110
Calcium, dissolved - - mg/L 5 100-240 130
Magnesium, dissolved -=-=-———-—cemeecee—m mg/L 5 65-140 120
Sodium, dissolved ~=-———=——-m——em——————e mg/L 5 9.5-19 15
Sodium adsorption ratio -——--——m————ee- ng/L 5 0,.2-0.3 0.2
Sodium, percent ———————m——mm————m——————— ) 5 3-11 4
Potassium, dissolved =~~-=-—————meeee—ano mg/L 5 4.3-5.9 5,2
Chloride, dissolved -—-—-—-—-———————c-— -- mg/L 5 3.5-10 8.7
Sulfate, dissolved —=~=—-cccmmccemcccanaa ng/L 5 14-940 320
Fluoride, dissolved --——=-——m——emmm———a- mg/L 5 0.1-0.4 0.2
Silica, dissolved ——===c—mmmememce— e mg/L s 2,7-26 7.2
Arsenic, dissolved ——-—--—-- — ug/L 3 1-2 1
Barium, dissolved —=-——m=—m-me—m——————e ng/L 3 30-100 50
Cadmium, dissolved --- - ng/L 3 0-3 1
Chromium, dissolved ~—-——=c-ceceememeuoaoo ng/L 3 10-10 10
Copper, dissolved ~-~——=————meeee—————— wg/L 3 2-12 3
Iron, dissolved ————=——ccmmmmm ng/L 5 3,600-140,000 32,000
Lead, dissolved - - pg/L 3 1-12 5
Manganese, dissolved —-—-———-——c—e——aea- ng/L 5 1,200-7,700 1,800
Nickel, dissolved ——=——————mmcmmmma wg/L 3 4-16 8
Silver, dissolved —— ug/L 3 0-0 0
Strontium, dissolved -—- ng/L 5 180-700 480
Zinc, dissolved —————=————mmmmee e pa/L 3 10-170 20
Antimony, dissolved -—-—-——-—m—mc——ae—a ng/L 3 0-4 0
Aluminum, dissolved ---—-——————eeee— xug/L 3 10-700 50
Selenium, dissolved ----———---=--—-—-———- ng/L 3 0-0 o]
Phenols —————c o - ug/L 5 0-4. 0
Nitrogen, ammonia as NH,, dissolved---- mg/L 5 0.03-0,. 0.21
Hydrogen sulfide, total ~~—==——-ecee-— ma/L 5 0.30-9. 0 1.40
Mercury, dissolved - »ng/L 3 0.2-0.1 0.1
Nitrogen, organic as N, dissolved ----- mg/L s 0-0.14 0.04
Solids, sum of constituents, dissolved- mg/L 5 825-1,510 1,060
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during postmining conditions~-Continued

Concentration or

Constituents Number other measurement,
or of middle aquifer
properties Unit samples
Min., - max. Median
Vater temperature -—-—==~=-—————m—m—mee—o (°C) 28 8.5-20 11.5
Specific conductance (field) --=-=~===-=~ umho/cm 28 220-2,000 590
pH (field) ~===———mmeme e 28 6.2-8.6 6.8
Carbon dioxide -~—=~————m—mmem— e ng/L 28 0.7-809 73
Alkalinity, as CaC0Oj3 ---—--——~-———-——-o mg/L 28 131-1,040 289.5
Bicarbonate ~—~~——memmmm— e mg/L 28 150-1,270 352
Carbonate ~==—=———mcmme e mg/L 28 0-9 (o}
litrogen, as N, dissolved —---=~—===—=—mm mg/L 23 0.16-10 0.59
Mitrogen, (NH, as M), dissolved ------- mg/L 28 0.01-6.4 0.41
Nitrogen, MNH, + organic as M, dissolved mg/L 27 0.16-10 0.55
Mitrogen, NO + NO-, as N, dissolveG ---- ng/L 28 0-2.7 0.03
Phosphorus, (as P}, dissolved --------- ng/L 28 0-0.07 0.01
Carbon, total organic ~-—~—=—————————eene mg/L 5 0.6-126 2.1
Carbon, dissolved organic ~-——————————- mg/L 22 0.2-40 2.3
Carbon, organic, suspended total ------ mg/L 20 0-2,1 0.2
Cyanide, total ——=—-m—mem— e e mg/L 23 0-0.01 0
Hardness, total ~—~————mmemmmmm e ng/L 28 43-850 180
Fardness, noncarbonate -~~—=—--memmem———— mg/L 28 0-47 o]
Calcium, dissolved ~~——=——~———memm——————— mg/L 28 9.7-160 43,5
Magnesium, c¢issolved ————=—=——m———————a ng/L 28 2.5-110 17.5
Sodium, dissolved ~=~—=~—=———m——m————————— mg/L 28 9.4-250 15
Sodium adsorption ratio ~—==-—m=—e————- mg/L 28 0.2-13 0.5
Sodium, percent ~—————————mmmmm———————— % 28 3-%0 15.5
Potassium, dissolved ~~=—=—=——————mmm————— mg/L 28 2.2-23 3.85
Chloride, dissolved -—————==m—————————— mg/L 28 1.1-18 1.85
Sulfate, dissolved —~—~——=—————————————— ng/L 28 1-400 31
Fluoride, dissolved --———=————————————— mg/L 28 0-1.5 0.3
Silica, dissolved =~~~ mg/L 28 1.1-24 12
Arsenic, dissolved ~-~--=——-—-—-m—e—e=m ng/L 24 0-8 2
Barium, dissolved ~~~—~——~—c—mmmmm e ng/L 24 90-800 200
Cadmium, dissolved ~----—~———————e—eeeeo ng/L 24 0-29 1.5
Chromium, dissolved ~~~~~——c—mmmmmmm e ne/L 24 0-3C 10
Copper, dissolved -=~~=~~——-mm—mmm——————— ng/L 24 0-54 1
Iron, dissolved ——~=~=mmmmm e ng/L 28 10-130,000 1,100
Lead, dissolved -————-———~————————mmeeme ng/L 24 0-140 0.5
lianganese, dissolved ---=~————=———mmm—e= ng/L 28 50-110,000 665
lickel, dissolved --——————————————===== hg/L 24 0-28 3
Silver, dissolved ---—————————————————— ng/L 24 0-2 0
Strontium, dissolved ---—-~——-—-———m—— hg/L 25 320-2,000 630
Zinc, dissolved ~===--mmmmmmm e ——— pg/L 24 0-460 25
Antimony, dissolved ~=———=~mm=—m—ceee——— ng/L 24 0-4 o)
Aluminum, éissolved ——————m———————————— ng/L 24 0-4,900 20
Selenium, dissolved ---——-———————-————- hg/L 27 0-1 0
Phenols ————===m e e e hg/L 27 0-470 2
Nitrogen, ammonia as NH,, dissolved---- mg/L 28 0-8.2 0.53
Hydrogen sulfide, total ~~=—==—m—————— ng/L 28 0-170 0
llemcury, dissolved ~---——————ccecmeeee—— ng/L 24 0.1-0.5 0.25
Nitrogen, organic as i, dissolved ----- mg/L 27 0-3.6 0.24
Solids, sum of constituents, dissolved- mg/L 28 143-1,100 340
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ble 3.--Chemical ] ‘ 3
during postmining conditions--Continued

Concentration or

Constituents NMumber other measurement,
or of deep aquifer
properties Unit samples
Min, - max. Median

Water temperature =—=—-—-————=—--emeeeam——o (°C) 6 §.5-15 12,75
Specific conductance (field) =-==~===~==- uamho/cm 6 1,050-1,780 1,225
pH (field) —===== e 6 8.4-8.7 8.6
Carbon dioxide ~=-~=-ccccommmeee e mg/L 6 2.6-5.6 3.3
Alkalinity, as CaCly -—---omommmmm e mg/L 6 673-735 683
Bicarbonate ~=-~-eeecm e mg/L 6 764-896 791.5
Carbonate =======—mem e ng/L 6 0.0-28 20
Nitrogen, as N, dissolved -=-=--==—=—cee- mg/L 4 0.37-1.4 1.15
Nitrogen, (NH, as N), dissolved ------- mg/L 6 0.05-0.42 0.36
Nitrogen, NH, + organic as N, dissolved ng/L 6 0.35-0.91 0.68
Nitrogen, NO, + NO, as N, dissolved --- mg/L 6 0.02-0.48 0.33
Phosphorus, (as P), dissolved -----=~--~ mg/L 6 0.09-0.17 0.12
Carbon, total organic -=-=-=—===—-—ceeeme-- ng/L 1 2,3-2.3 2.3
Carbon, dissolved organic =-=-=-=-—===—-e=—o mg/L 5 0.4-13 3.7
Carbon, organic, suspended total =-~—=--- mg/L 5 0.2-2.7 0.4
Cyanide, total =~==---ccemcmm e mg/L 5 0-0 o]
Hardness, total ==-==-=—-=-—cemmemmeea———o mg/L 6 6-9 6
Hardness, noncarbonate =~==~=====ceeeee-- mg/L 6 0-0 o
Calcium, dissolved ~=~===cccmmmce e mg/L 6 1.5-2.4 1.65
Magnesium, dissolved =--==-==-c-ceeeeceee—- mg/L 6 0.4-0.8 0.5
Sodium, dissolved =—======-=m—cmeeee———— mg/L 6 300-390 325
Sodium adsorption ratio =-==----ceemea- mg/L 6 47-68 57
Sodium, percent =~==——===—mememe—meeee—— e % 6 98-99 929
Potassium, dissolved -=-----ccceeeuuunaa ng/L 6 1.8-2.2 2.15
Chloride, dissolved —--——=—==c—c—c—o——-- mg/L 6 14-25 19.5
Sulfate, dissolved =——--———-—ccocmmmmmee e mg/L 6 4-150 7.35
Fluoride, dissolved -=-=-—=====—e—cee—e—o ng/L 6 1,7-3.1 2,75
Silica, dissolved =~=~=———cocmmmmmm e mg/L 6 6.4-7.1 6.55
Arsenic, dissolved —~~~—==-—cemmmeeua ng/L 5 1-2 2
Barium, dissolved ~~~--ccmemmmmem e ng/L 5 30-100 50
Cadmium, dissolved ~~=~~=c-ecmmmmmee e ug/L 5 0-2 2
Chromium, dissolved ~~-~===m—mmeemem——- ng/L 5 0-30 20
Copper, dissolved ------------——cee———- ng/L 6 1-36 6
Iron, dissolved ----———=---cmmmmmeee——o ng/L 6 10-630 140
Lead, dissolved -------------ceeeue—o—o ng/L 5 1-37 18
Manganese, dissolved =--===----cemee—ea- Hg/L 6 6-20 10
Nickel, dissolved -------=—-——ceeea———- ng/L 5 0-5 3
Silver, dissolved ==~==mcmmccmcccee e pg/L 5 0-0 (0]
Strontium, dissolved ~~===-cecmmcecmnna pg/L 5 40-90 50
Zinc, dissolved ~~----cc—mmmmee ng/L 5 0-20 10
Antimony, dissolved ~=~~=-~-mmmmm—mmo—o ng/L 5 0-4 1
Aluminum, dissolved ~=---cccccmmemee ng/L 5 20-610 80
Selenium, dissolved ~~~~~————meeemuo Mg/L 5 0-5 1
Phenols ====ccmcm e e pg/L 6 0-8 2
Nitrogen, ammonia as NHy, dissolved---- mg/L 6 0.06-0.54 0.465
Hydrogen sulfide, total -=-------eeeme—o ma/L 6 0-1.2 0.0
Mercury, dissolved =====-cecmmmmmcemeeo »ng/L 5 0.1-0.5 0.5
Nitrogen, organic as N, dissolved -=---- mg/L 6 0.15-0.67 0.305
Solids, sum of constituents, dissolved- mg/L 6 749-924 796
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Premini ini -1

Water in the postmining mine spoils is a calcium bicarbonate
or calcium sulfate type. Some samples of water have magnesium as
a codominant cation (fig. 16). Water from the premining top
aquifer was predominantly a calcium bicarbonate type (fig. 17).
Well P1-1, which has sulfate type water, is finished in the top
underclay in the area where coal was removed (fig. 16). Well
P6-1, which has bicarbonate type water, is finished beyond the
premining underclay outcrop and on top of the premining land
surface (fig. 16). The postmining springs that discharge near
the point of the premining underclay outcrop are also sulfate
type water. From these limited data points, it seems that water
derived from areas where the coal was mined is sulfate type,
whereas water derived from spoils downslope from the premining
coal deposits is bicarbonate type.

The recommended limits (U.S. Environmental Protection
Agency, 1977) for drinking water for dissolved-solids concentra-
tion (500 mg/L), iron (0.3 mg/L), manganese (0.05 mg/L), and sul-
fate (250 mg/L) are commonly exceeded in the water from the mine
spoils (table 3). Maximum concentrations for selected constit-
uents in water from the mine spoils are as follows (maximum pre-
mining concentrations for corresponding well locations are in
parentheses): dissolved iron, 140 mng/L (2.3); manganese,

8.9 mg/L (0.89); sulfate, 940 mg/L (80); dissolved-solids
concentrations, 1,510 mg/L; and specific conductance, 2,020
amho/cm (520) .

Water in the middle and deep aquifers consists of calcium
bicarbonate and sodium bicarbonate types (fig. 16). From the
trilinear diagram (fig. 17), the water types from the premining
and postmining middle aquifers are the same, except that the
postmining field is larger and includes more of the sodium
bicarbonate field. The local lithologic conditions and hydraulic
conductivity appear to be controls on water guality in the middle
and deep aquifers (U.S. Bureau of Mines, 1978). Recommended
limits (U.S. Environmental Protection Agency, 1977) of dissolved
iron and dissolved manganese are exceeded, but the concentrations
are not as high as those found in water from the mine spoils
(table 3), and are similar to those found before mining.
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EXPLANATION

543 Dissolved solids (milligrams

per liter)
Calcium i Bicarbonate & Carbonate
Magnesium E Chioride
Sodium & Potasslumé Sulfate 0 200 FEET
i 1 1

201505 0 5 1015 20
Cations, in milliequivaients Anions, in miillequivalents
per liter per liter

Premining coal outcrop
Pa2 Postmining watershed boundary

Postmining observation well and desigation
(tast digit in weil number refers to aquifer,
1 spolis 2 middie 3 deep)

Figure 16. ~--Stiff (1951) diagrams showing distribution of water types
in the postmining condition of the spoils and middie aquifer
at watershed CO6.
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EXPLANATION

X Premining top aquifer
A Premining middie aquifer
I Postmining top aquifer

e Postmining middle aquifer

Figure 17. --Water-analysls diagram showing premining and post-
mining water-quality characteristics ot watershed COG6.
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SUMMARY

Five small watersheds associated with coal seams in eastern
Ohio are being studied to assess the hydrologic effects of strip
mining. This report describes ground-water conditions before,
during, and after mining in Watershed CO6.

The premining watershed was characterized by nearly flat-
lying sedimentary rocks of the Pennsylvanian System. Clay beds
below the two major coal seams formed bases for perched saturated
zones (aquifers). Generally, water in the perched aquifers
constituted local flow systems. Premining ground-water quality
was generally a calcium or sodium bicarbonate type. Dissolved-
solids concentration of water generally increased with depth.

As mining in adjacent watersheds became closer, water levels
declined in the top aquifer near the divide of the watershed.
Destruction of wells prevented documentation of any continued
dewatering during mining. Reduced flow of the stream and an in-
crease in dissolved-solids concentration of the stream base flow
resulted from destruction of the top aquifer. The increase in
c¢issolved-solids concentration indicated a change to the middle
aquifer and the overburden spoils as the predominant sources of
base flow during mining.

Most wells completed in graded overburcen spoils were dry at
first, although some areas contained a few feet of saturatead
spoils. Resaturation of the spoils after mining has been slow
and irregular; saturated zones have ranged from O to 5 feet in
thickness. Water levels in the middle aquifer are relatively
unchanged.

2 comparison of the premining top aquifer with the post-
mining spoils shows numerous changes in geometry, recharge rates,
discharge rates, saturated thickness, water-table gradient,
hydraulic conductivity, storage, and water quality. Changes in
the middle aquifer include the quantity of recharge from precipi-
tation, and quantity of leakage through the overlying clay bed.

Recharge rates from precipitation seem to be lower than in
the premining top aquifer in some areas owing to lack of soil
structure, compaction of the soil, and lack of an established
vegetation. The underclay underlying most of the mine spoils
is absent in some areas. Leakage rates are higher in areas where
the underclay is absent.

The mine spoils do not discharge water to springs or to the
base flow of the stream. Differences in water quality between
the mine spoils and the premining top aquifer reflects increases
in dissolved-sulfate concentrations from 11 to 940 mg/L and in-
creases in specific conductance from 120 to 2,020 uamho/cm. Water
quality of the middle and deep aquifers appears unchanged.
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