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HEYDROLOGIC STUDIES FOR TERMITTI
CCAL MINES IN THZ
WESTERN DNITED STATES

V. Straskrabsa
YYDRO~-GEO CONSULTANTS, Denver, Colorado, U.S.A.

INTRODUCTICN

Coal consumption and production 1ncrea ed 1n the Initec
Steates 1n 1985, While %the ¢oal production wn tradi::
ccal~-producing states in the eastern U.5. and in the Appalzch:::
region {(Pennsylvania, Obhio ané West Virginia, in rticuiar.
decreasing, the coal production in the western recic

in 1985 by 3.4%. The largest open pit mine coal

the western U.S. is concentrated in the Rocky Mcuntain Rec:
including Wycning, Montana, Ncrth Dakecta, Cclcradc and
Mexico. Wyoming produced 123 million metric tons of ccal
1585. The locations of coal fields in the Rocky Mountain Resginzn
of the western U.S, are shown on Figure 1.
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The rark of ceoal wmineé by open pits in the
ranges from lignite to hnigh volatile A bituminon
value ranges from 7,360 to 12,000 BTU per puup~, an-
contert is typicaily low. Mecst of the cecal is mi 3
and truck and shovel methods. Production rate
miliion metric tons per year in scme of the Wyom
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Coal mining in the western U.8. .s uﬁnt;oAJ
envirormental laws. The Surface Mining Controcl an
Act of 1977 established procedures for cbtaining
nine™ and for developing plans for reclamation
of mining. A federal agency, "Office of 5u
established to regulate the open pit minin
addit‘cn, each state has its own uep=r+neng
regulating mining within the particular state.
regulations reguire an analysis of the environr
mining. Cf particular concern in the semi-ari:
western U.3. 1s the impact of open pi: mini
ground water resourcecs. % detailed ev
hydrclogic characterist:ics and the potent
£he hydrolegic balance in the area a
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e h icant ing water Ifor
domestic and iSRS, Tne are situated
rrecominantly al b»asins and, vderefcre, aguifers are

unconfined near the »ropb and confined in the deeper areas of
tne basins. Permeabillities of both sandstone and coal aquifers
are relatively Low. Bcth materials have average hydraulic
cornductivitiss of approximately 2 x 1074 cm/sec and storage
values cn the order of 5 x 1076+ These values were obtained by
detailed studies cf 12 mining districts in Montana, Wyoming and
North Dakota {kehm, et. al, 198C). The sandstone and coal strata
are typically recharged at ocutcrops by the direct infiltratior of
precipitation ané snowmelt ané by the infiltration cf water fron
surface streams and reserveirs. Flow patterns are controlled by
geclogic gradients ané structures. Waters from sandstone and
coal aguifers in the westerr U.S. contain a wide rance of
concentrations of mcst constituents. The concentration of total
dissolved solids typicallv ranges frem 50C to 5,000 mg/l. ir
most waters scdium is the principal cation and bicarbonate is the
principal anion. However, large amounts ¢ calcium, magnesium
ané sulfatz are found in most aguifers.

In the western U.S. wnere the coal sulfur cocntent is
typically low (<0.7%) the acid mine drainage problem 1s not as
proncunced as in the Appalachian region where about 6,000 tons of
sulfuric acid are being produced daily through ozidaticn of
pyrite {(Ahmad, 1974).

INING IMPACTS AND REGULATIONS

Open pit mining cf cecal d&isturks the pre-miring pbysica
characteristics cf the land on which it occurs. Material
removed frcm overburden and interburden of mined ccal seams ar
replaced after the mining operation. The criginal aguifers :
sandstone and coal strata are disturbed and replaced by mine
spoils. Physical and chemical characteristics of the mine spoils
are different from the pre- mining aquifer properties. Hvdraulic
parameters c¢f mine spoils, permeacility ard porosity, in
particular, are different from the original aquifers. <Chemical
equilibrium in the pre-mining fydrologic system is disturbed by
disposing new chemical constituents avaitablie for dissoluzic: in
the mine spoils.

o IR R

Prediction ¢f posi-mining bs
conditicns is a part of plapring for r.
i the U.Z,. The determinaticn C
consequences of prorposed open o ol
operations is reguired by law and 1s T
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a permit to mine. The comporents ©¢f =he mine irpact studies
include:

o description of baseline {cre-mining.
hydrologic conditions:

o prediction of the effects on these paseline
conditions in the area of the mine plan and
adjacent areas by the propcsed open pit
mining and reclamation operations.

The purpose of these studies is tc insure that the mining
and reclamation plans are developed to minimize hydrologic
impacts. The studies of mining impacts must also 3sddress the
probable cumulative impacts in areas where several mining
operations are proposed.

HYDROLOGIC INVESTIGATICNS

The hydrology baseline studies for a mine site typically
consist c¢f an analysis of regional and site specific geclogic,
and surface and ground water hydrologic data. Gaging stations on
surface water streams are installed and streams are monitored to
determine seasonal streamflow characteristics and water guality.
Stream gaging stations typically consist of Parshall flumes with
continuous recording devices or prefabricated weirs on perennial
or intermitent streams, and of crest stage gages used in
combination with sediment samplers on ephemeral streans. Site
specific data regarding drainage characteristics, precipization
and soils are used to calculate peak flows for a range of storm
recurrence intervals from 5 to 100 years. Hydrclogic balance for
the project area consisting of runcff, evaporation and
infiltration are calculated.

Ground water studies typically consist of installation of
test and monitoring wells to all significant warer-bearing
strata. An average of two monitoring wells per sguare
kiometer installed in major agquifers are usuallv reguested.
Monitoring and test wells are cased with PVC (Polyvinyl Chioride)
or fiberglass pipe in most cases. Aquifer testing consists of
pumping tests with a pumping period ranging between 6 and 24
nours, and subsequent recovery measurements. Pumping tests are
supplemented by field permeability tests consisting predominantly
of "falling"” or "rising”" head tests or "slug” tests. Ground
water bearing strata are tested for permeability, transmiszsivity
and storage. Samples of overburden are ccllected during driiling
rrograms and analyzed for physical and chemical properties.
Monitoring wells are used for monitoring water levels (monthly)
and water quality sample collection !{quarterly) for at least one
vear prior to submitting the applicaticn fer a permit to mine.
Monitering data are used to develop potentiometric surface maps

174

Reproduced from best available copy



IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

P

-~ QUTFLOW TUBE

M

! e e

RUBBER

i SEALNG
| RING

; NeTOP PLATE
P srass a€ADS
{b— Fuven

!
j
f i
|
i }
I : |
i ‘ E
: ! ! Y ————-t——— TESTED MATERIAL |
H +
H i H
'; i /o |
{ ) [ !
; il ‘ 1 !
‘ 1 | i
! I ARt i
i !h H
E A !
N f *—:Lﬁa i
i H S / ] —— GLASS BEADS {
H \ 'J/ ——BOTTOM |
1} Y d ya PUATE !
—mn AUBBER
SEALING
AING !
i
t
|
ESM COLUMN ASSEMBLY i
i
;
FIGURE 2 {
| \
1400
i
1Y
LN 2AMPLE 1 ‘:
! 1200} \ o~288vUL |
H Py H
] N
¢
! soock SAMPLE 2 !
i 5 N 225-.766 VirL :
! E . :
i T eoci N :
| s . SAMPLE 3 :
) FEE ~ Te8- 1.22 Vit i
I § § soot ™~ SAMPLE & '
» - t22-1.73 Vi
j ?E T~ SAMPLE 5 :
{ & a0t \'\\‘r L73-2.44 VAL ;
i S P— :
: ; —— .
i 200+
1 H
. i
@ 3.26 868 Q7% 1.00 128 *.5C "3 2.00 .08 2.50

TONDUCTIVITY VE, PORE VOLUMES

RESULTS OF ESM TEST

FIBURE 2

Reproduced from best available copy



IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

for major aguifers and plots cf water ievel and water guallt:
fiuctuations for the period of mocnitoring.

Results of aguifer testing are used to calculate water
inflow intc the proposed open pit, and to estimate the extenticr
of the radius of influence around the mine with time.

PREDICTION OF MINING IMPACTS

Prediction of mining impacts on the local hvdrologic balance
are based on hydrologic baseline studies and the propcsed mining
and reclamation methods. Several computer models for simulation
of the procbable hydrologic consequences of oper pit mining were
deveioped by federal agencies, universities and consulting firms
{Day, et. al, 1984: Schwartz and Crowe, 1984; Lall and Sorenson,
18843,

Studies of mine reclamation concentrate on the predicticn
and post-mining testing and monitoring of physical and cremical
properties of spoils and ground water. Predicticrn of pcst-mining
water guality irn spoils are based on gre-mining water quality and
chemistry of the overburden materials., The water contaminaticn
potential of spoils is based on the availability of botn water
and contaminants within the reclaimed pits. Based c¢n the
assumption that the minimum contaminant potential of the spoils
is indicated by the quantities of water sciuble caticns and
anicns present, the saturated paste methcd was developed tco

chemically characterize tne spoils (Herget, 1571). This test
consists of saturating crushed spoil samples with distilled water
for 16 hours. The water 1is ther removed from the saturated paste
by vacuum extraction and analyzed for various cations and anions.
Although this method does not express the influence of such
factors as weathering, microbe activities, catien exchancge

capacities and nonequilibrium chemical reactions; the results cf
water guality estimates rased on the szturzted paste methcd
correlate well at several mining sites with quality of the grecund
water in mine spoils (McWhorter, et. al, 1974, and 1979, in
some cases Eguilibrium Soluble Mass (ESM) Columr Leach Tests are
performeé on the specils meterials. This type of test consists of
passing distilled water throuab columrns of spoil, (Figure 2!

collecting the leachate in time increments and measuring the
electric conductivity, or other chemical component, of each
increment. An example of a plot of electric corductivity versus
pore volumes leached from spoils resulting from a cclumr leacr
test is presented on Fiqure 2.

Results of saturated paste aud leach tests on spoils in the
Edra mine in western Colorado indicated that 2.2 kg ¢f sciubkls
salts would be removed from each cubic meter of speils before the
concentration of the percolate is reduced to z necgligible level

{McWhcrter, 1%74}. The major chemical contanminants were found to
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pe calcium, magnes:um and sulfate. More detailed descriptions =7t
overburder testing and =svaluation can be found in Caruccic arnc
Ggeidel (1981j, Van Vocast, et. al (1978), and McWhorter, et. a.
(1974, 1979;.

MINE RECLAMATION EXPERIENCE

Open pit coal mining in the western U.,S. have been developed
extensively in the last 10 - 13 years and, therefore, monitoring
records of the ground water recovery in the reclaimed pits are
relatively short in comparison with the eastern U.S. and Europe.
However, due to the rapid development of mining, strict
environmental laws, and the historical shortage of surface and
ground water resources in the mostly semi-arid climate of the
western U.S., extensive hydrologic studies of the reclaimed open
pit coal mines have been performed in the past decade.

Physical Properties of Spoils

The hydraulic properties of spoils, hydraulic conductivity,
storage and porosity, are very important factors in aquifer
restoration during an open pit reclamation,. Numerous studies of
the hydraulic characteristics of spoils have been performed in
reclaimed open pits in Colorado, Wyoming, Montana and North
Dakota. Rehm, et. al (1980) summarized available data pertinent
to undisturbed and reclaimed pits from five mining areas in the
Northern Great Plains. His study concluded that the hydraulic
properties of the spoils vary over both the area of. reclaimed
land and with time. This study indicated@ that the hydraulic
conductivity of mine spoils has a six order of magnitude range
with a mean of 8.0 x 10”5 cm/sec. Variability of spoils
permeability is due tc spatial variation of overburden iithology,
the method of mining and spoils handling, and the time cf year
during which the spoil is handled. Several studies indicatecd
that permeability of spoils handled by a dragline is higher than
that of spoils replaced by a truck and shovel operation.

Van Voast, et. al (1978 ané 1985) conducted an extensive
evaluation of the pre- and post-mining ground water regime in
several open pit mines in the Powder River Basin of Montana. H2
found that grcund water re-enters spoils shortly after mining anc
that the hydraulic conductivity of spoils is statisticalily
similar to that of coal beds. Van Voast's studies indicated thac
a confined type of aquifer developed at the mine floor wnere more
ccarse spoils accumulated during backfilling of the open pits
near the Decker and Colstrip areas of Montana. A confining or
semi~confining bec is developed by finer-grained spoils. Thie
has been confirmed by the values of storage coefficient (i ~ 3 »
1073) resulting from pumping tests in spoils. Post-mining water
levels were found to be similar to pre-mining levels.
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Water Quality in Reclaimec Iper fitcs

Comparison of water guality in pre-mininc sandstone and cocal
aquifers with water quality in spoils of reclaimed pits are
available from many mines in Colorado, Wyoming, Montana and Nortr
Dakota. Most of the monitoring data indicates that the chemistry
of spoils waters is highly variable, reflecting the lithologic
and geochemical variability of overburden materials. Research
completed in the coal and spoils of the Decker, Montana mine (Van
Voast, et. al, 1978) indicated that spoils contained much more
calcium, magnesium and sulfate when compared to the coal water
quality. The total dissolved sclids content in the spoils water
was 2 to 3 times higher than in the pre-mining aguifers. This
conclusion was confirmed in other mines in the western U.S., for
example in the Big Horn mine in Wyoming, and the Edna and Colowyc
mines in Colorado.

In a study of the environmental effects of western Colorado
coal surface mining (Skogerboe, et. al, 1979) it was concluded
that higher concentrations of arsenic, iron, manganese, selenium
and zinc are found in waters draining mine spoils and that the
concentration of these elements varies with spoil age. Manganese
and zinc concentrations are higher in older spoils and arsenic,
iron and selenium are higher in newer spoils. However, these
conclusions were not confirmed on other mine sites.

Most reseachers agree that the chemical equilibrium in
monitored spoils has not yet been attained. The monitoring
history is too short and in many cases the salts available for
solution in spoils have not yet been leached. It is assumed that
the elevated levels of total dissolved solids in the spoils could
decline as leaching reaches equilibrium.

CONCLUSIONS

Opening of new mines and the extension of exisitng open pit
mines in the western U.S. is governed by strict environmental
laws. Studies of regional and local hydrology are one of the
most important parts of any application for a permit to mine.

During the last decade, a considerable number of studies of
the impacts of open pit coal mines in the western U.S. on
hydrecleogic balance have been performed. Most of the studies
concluded that the hydraulic properties {(hydraulic conductivity,
porosity and storage) of the water bearing strata found in the
replaced spoil will be similar, however, less homogeneous, when
compared to pre- mining properties of sandstone and coal
aquifers, Although the original coal and sandstcone agquifers have
secondary permeability characteristics and the spoils have
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TlY primary permeakbiiity characteristics, the original
1 1S not supstantially changed.

Studaies of water guality in spoills are not quite conclusive
pecause of a relatively shor+t period of monitoring available on
che impacts of open pit mining ir the western U.S. A general
observation of ground water quality in spoils is that the content
of total dissolved solids, calcium, magnesium and sulfate, when
compared tc the pre-mining conditions, is two to three fold
nigher at present. However, these elevated levels should decline
as leaching of spoils reaches an equilibrium. Even at a three
fold increase in the concentration of total dissolved solids the
water in the spoils will, in most cases, be suitable for its
predominant pre-mining use, stock watering.
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