PROJECTED 1MPACTS OF MINING ON ALLUVIAL

AQUIFERS AT COLSTRIP, SOUTHEASTERN MONTAKA (1)
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Abatract.--Western Enargy Company has devel-
opud & computer program to estimate cumulative
hydrologic impacts related to mining at Colatrip.
Predicted increases in total disasolved solids for
the Kosebud Mine, Big Sky Mine, Montana Power Com-
pany ‘s Colatrip Generating Units 1-4, and asso-
ciated facilities were routed, using Darcy’'s law,
through bedrock aquifers to alluvial aquifers and

summed over time.

e m e s ————-———

INTRODUCTION

Wastern Energy Cospany, at the Rosebud Mine
at Colatrip, sihes 10-12 million tons per year of
sub-bituminous coal for export to midwestern
cuatoners and for use at four mine mouth powar
plante. The mine is located at Colstrip, Montana
approxisately 35 miles south of Forsyth and 125
milea sast of Billings. Peabody Coal Company’nm
Big S5ky Mine i= approximataly five miles south of
Colsatrip (¥figure 1). The Colstrip area receives
15-16 in, of precipitation par ysar and is drained

E553 by spheseral or intermittent streams. At ths
3 Rossbud NHine, overburden material consisting of
R’ sandstons, siltstons and shale overlying the

Rossbud Coal is stripped by means of 60 and 75
cubic yard draglinea and coal ie maned with 15
cubic yard coal shovels. Regrading is done by
dozers with the help of graders for final
smoothing. Sub-soil and topsoil are laid down by
scrapars and the regraded and topsoiled surface is
then seeded using standard farsing techniques.

The Rosebud coal seawm is approximataly 24 ft.
thick near Colatrip and is separated from the
underlying McKay coal seam {about 6 ft, thick) by
10 to 100 f£t. of interburden saterial consisting
of shale, siltatona and lasser amounts of
sandstone (Figure 2). The Mckay coal seam is not
mined at tha Rosebud Mine bacause of ash, sulfur
content, and BTU values. The Northern Pacific
Railroad mined coal in Area E and Pit 6 for its
locosotivas from 1924 until 1958 when dissal
aupplanted coal. Western Energy Company started
sining in Pit 6 in 1967 and has since expanded
into Areas A, B, C, D and E. Pit 6 and Area E
have been mined out and have been or are currently
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being reclaimed.

Federal and State regulations resquire that
sach mine permit include a Cumulative Hydrologic
Impact Agseasment (CHIA). Much of the effort in a
CHIA is directed toward alluvial aquifers. Most
impact analyses to date (whether state, federal of
induatry efforts) have been qualitative
deterainations, whereas both state and federal

‘regulators have been increasingly asking for

quantitative determinations.

In an effort to provide quantitative
astimates of potential impacts, Western Enargy
Company davelopad a computer progras based on work
published by R. A. Rohlf (1982) to estimate
increases in dissolved solide for alluviai
aquifers which sight result from mining. That
program pradicted impacts of present and future
aining based on average water quality loading and
eatimated aining rates for an entire watarshed or
basin. Rohlf (1982) presented predicted TDE and
sulfate loading for two basins in Kentucky,

In an attempt to provide better estimates
using actual aine plans, overburden data, preasine
water quality dats, and postuine spoils water
quality collected at the Rosebud Mine, the
algorithm as originally published (Rohlf, 1982}
was modified based in part on rasearch by the
Montana Bursau of Mines and Geology. Premine
overburden data and postmine spoils water quality
data are used to predict postmine water quality
for areas to be minad. Predicted increases in
total dimsclved sclids are then routed using
Darcy’s law through the bedrock aquifers to
alluvial aquifers and aummed over time. Output
consists of plots of predicted postmine TDS vs
tima. The coaputer progras described in this
PApar was written in Basic, but the procedure just
described could easily be done for a specific mine
using a spreadsheet. Western Energy Company’s
program providea versatility in that it can be
used in a variety of situations, but it is
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Figure 2. GENERALIZED LITHOLOGY

somewhat cumbersome for a situmtion such as
Colatrip bscause esch watershed requires a
separatée run with two data files for each run. A
spreadahest would have to be set up for each
specific situation but the entire Colstrip erea
could be built into a aingle program.
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¥estern Energy Company’s program was used in
preparation of the CHIA for their Area B Expansion
Persit Application (Western Energy Company, 1986},
Resulte are discuased on pages 175-180 of that
permit and input data and output from the program
are included 1n Appendax F of that application.

- Thie paper discusses the methodology behind the
program and briefly deacribes the reaults of the
Area B CH1A which includes predicted impacts of
mining at the Rosebud and Big Sky Mines aB weall as
estisated impacts of Colstrip Generating Units 1-4
and associated facilities.

UNIT RESPONSE THEORY

A well known exasple of unit response
wodeling is the theory of unat hydroqraphs
({Sherman, 1932). The unit hydrograph reprasents
the runcff from a basin that would result from one
inch of rainfall occurring uniforauly over the
entire baein during & specified timo period.
Physical charactaristics of the basin auch asa
elope and storage are reflectad in the runoff
hydrograph (Figure 3). In a like wanner, each
unit of coal mining activity can be assumed to
result in a water quality unit response function
which shows the change in total dissolved solids
(TDS) or other conservative constituent loading
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Fi6. 3-Darlvation of a unit hydrograph (CHOW, 1964)

caused by coal extraction and accompanying
overburden disturbance. Rchif {1982) based his
scdel on the unit response function shown in
Figure 4 and repreaentad by the following .
equations:

Lmst .
Bty = «---, for t sTi
g mn -
SUGt) = Lm, for TL < t S T2 L
~k(t-T2)
Uit) = Lmee , for' t » 12

where (m ias the maximum loadiny in maas per unit
tamé, K 18 an empirical decay coefficiont {which,
tor this study, 13 based on gata published by Van
Voast, 1978), Ti and T2 are time parameters, t ia
tise, and U i1s the unit responsc loading function
(mase ol constituent per unlt tiwe per unit of
coal). Rohif's model then integrated the unit
responpe functiuns over time to produce a water
quality constituent load, L(t) related Lo the rate
of mining.

Overburden data, collected on a 1000 {t.
grid, have buen correlated with spolils water
Quality at the Rosebud Mine. kather than use
averdage values of Tod loading for the eatire mine
and relate the unit response function Lo minlng
rate aao i1n Rohlf's model, the cosputer program
daveloped during this study calculates the
reaponge for each cell of a flov net based on
‘medicted postmine TDS values derived from kriged

ovarburden electrical conductivitiea, The unit
responee loading function, U(t), then becomes the
conatituent per unit time for & cell. Mining and

reaaturation of the spoils is assumed to take
place duriny time To te T1 and 71 to T2 18 the
timé for the firnt pore volume of water to flow
through the ospoils 1n a cell (Figure 4,

The tlov net was drawvn uaing Rusebud coal and
spolils water levels adjusted to astimated postsine
conditions. A simplified representation ia ehown
in Figure 5. <ontour plots of transmiseivity and
TDS were prepared for the Keaebud coal and
overburden tv facilaitate eatimatiin of these
parameters for e€ach elemunt in the flow net.

These values ware used to calculate the preamine

" grounawatsar Llow ivoliume per unit time).
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Figure 4 - Unit response funciion (Rohlf, 1 982)

masy transport of dissoived sosios tnrough each
cell 1n a flow path. The smaximum postmane
1ncreasse 1n masgse transport through each element
{or maximum loading, Lm) 18 caiculated as the
difference between predicted postmine diasolved
80llos mass transport values tbased on the
predicted postmane TLS as snown on Figure & and

. discugsad later) and premine dissolved aolada i

transport, Fiom this difference the unit regponse

- fanction 1a detérmined for each elesent ac:ordan v

to the equaLJon: above,

The study area was divided into seven
watersheds or drainage basina: East Fork Armells
Creek, Stocker (reeik, Weat Fork Armells Creek, Cow
Creek, South Fork Cow Creek, Lee Coulee, und
Hiller Couiee tFigure 5). Responss functions are
routed using bDarcy’s law along bedrock fiow paths
to the alluvial aquifer assaciated waith the atream
draining the walershed and then downstream through
the alluvius. FKespunse functions, corrected for
tiow time, are gummed for all bedrock eiements to
be smined 1n the watershes above the point alcong
the stream (uaually an alluvial cruss section!
unoer consideratron according the following
ejuation:

Liv)

a2
3 ued
dl

where Lit) 28 the diesolved sulids load in mass
per unit time and dl ana 42 are the distances
upatream to the lowest and highest points affected
by mining. The TDS concentration at any time can
then be calculated from:

Cie) = (Lb +» L(t)) 7 @b
where Cl(t) is the TDS concentration imass per unat
voiume), Lo 14 the premin. transport of dissolved
golldy {maBBs per unit tama), ano @ 18 the
For
aluments of the fiow net not mined, the postmane
TDS was assumed to be unchanged ana was set equal
to the presaine TDS. Output from the program
consiats of line printer piots of predicted
postmine alluvial water quality (TDS) vs taime.
For thia study ampacts were predictad out to 1000
yuars beyond the ¢nd cof mining.
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ROSEBUD HIRE DATA BASE
Moat of the cata used in this study were

gathered as part of baseline and ongoing
monitoring programs conducted at the Rosebud Mine
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and is included in Western Energy Company's
Kesource Data Volumes on file with the Department
of State Lands in Helena and with Western Energy
Company in Billings and Colstrip. lInformation for
the Big Sky Mine was darived from publications or




0

from perschal communications with Peabody Coal
Company hydrolegiste (Koffler, 1986, and Wheaton,
1686}, Intormation for Colstrip Generating Units
1-4 and associated facilities (includang the ash
ponds} was derived in part from discussiocns with
Montana Power Company personnel (Chaffae, 1986) or
consultante working for them {(Hydrometrics, 1986),
and 1n part represents estisates mace by Western
Energy Company.

The data base utilized in thisg study includes
476 overburden analyses covaring 22,000 acrea and
watar quality and water level data from about 70
wella completed in the Rosebud coal, 50 wells in
epoils, 50 walle in overburden, and 140 wells in
alluvium., Overburden electrical conductivities
{E.C.) from paste extracts were averaged for aach
hole and analyzed using atatistical methods,
including kriging, contained in a geostatistics
package daveloped by H. P. Knudsen (1978).
Average premine overburden E.C. valuesg and drill
hola coordinatas wars entered on Western Energy
Cumpany’s main-frame computer. HMultidirectional

_variograms (plots of sample variance vs distance)

ware generated and since the data exhibited little

" anipotropy, the omnidiractional variogram was

fitted with & validated spherical model. Vertical

-variability was not considered as the overburasn

E.C, data were averaged vertically for the entire
depth of wach hole. The variogram model was -used
to krig overburden E.C. values for 300 it. blocks.
A subroutine written into the kriging program
convarted kriged E.C. valuea to TDS values
sccording to a linear regression equation relating
overburden E.C. to spoils IDS (Figure 7). )

Aa previoualy mentioned, TDS values and
traensmissivities were contoured to facilitate
eptimation of these parameters for each cell
within the flow net. Because of the relatively
sparse density and poor distribution of data in
some argas and lisited access to Western Energy
Company’s computer, it was falt that kriging these
data would not enhance the accuracy of the
wstimations anough to justify the effort.

Water quality samples have been collected
from over 125 aliuvial welle i1n the Colstrip area.
Naturally occurring TDS levals range from 1206 to
4015 mg/l for East Fork Armeils Creek alluvium,
1929 to 4852 my/l for West Fork Armells Creek
alluviua, and 1543 to 6434 ag/l for Stocker Creek
alluvium. Lithologic logs of monitoring walls and
drill holes complated in alluvium were used to
construct cross sections for each of the streams
draining the study area. Thirteen cross sectiocna
were prepared for the alluvium of East Fork
Armells Cresk, five for Stocker Creak, eight for
West Fork Armella Creek, two for Cow Creek and
three for South Fork Cow Cresek. Data published by
Dollhopf, et al (1%98)1) as wall as information from
Paabody Coal Company {(Koffler, 1986 and Wheaton,
19686) were used for Lee and Miller Coulees,
Locations were asaigned to each croes-section
bused on the distance up-qQradiunt (or uyp-stream
since alluvial grounawater gradisnts parallel
struam courses) along the axis ol Ui atluvaium

139

POILY WATER TDS {mg /1)
_g
T

TOR = IOBEEC + 343
r=0.83
20001,
000 |
. S ¥ ¥ T L
. H 2 3 i

OVERBURCEN EC{mmNsascm)

F1a. 7 aPOILS WATER GUALITY-ve-OVERMMDEN KC
{ Walis within 500" of sveriurden siben)

with the lowersost crose-section designated as
mile O,

Computer input data for alluvial aquifers
include groundwater gradient, average praaine TDS,
wile designation, and the number of wells in each

cross-section; and the parmeability and

crosa-sectional flow area for each weil. The

.loweat crosa-section in each of the basins

conaidered in this study was several miles below
aining. Computer data input paraseters had to be
¢stimated for the lowest cross-sections along Cow
Creek, South Fork Cow Creek, Lee Coulee and Miller~
Coulee, o ‘ ’

Groundwater divides near Colstrip generally
corraspond to surface water divides, and
groundwater flow ia toward the alluvium which
underlies stream channels or toward outcrop areas.
The flow net was created by drawing hypothetical
flow lihes at rignt angles to potentiometric
aurface contours &0 that the area was divided
approximately into sgquares. By definition, flow

.does not crose flow lines, so they can be

considered to be flow path boundaries. The aeries
of cells betwesen flowlines or boundaries that a
aolacule of water would flow through 43 i1t moves
down-gradient repressnt a flow path. Input data
to the computer program for the badrock aquifers
includes the number of cells in each flow path and
the mile point along the axis of the alluvial
aquifer where the bedrock flow path discharges to
the alluvium; the width and length of each cell;
the Rosebud coal transmissivity, gradient and
premine TDS; overburdan transsisaivity, gradient
and premine IDS; and the predicted postmine TDS.
For flow net cells which will not be mined, the
postmine TDS was set squal to the premine TDS.

In its present form, the program routes
diessolved aclids along a single alluvial flow
path; so for this anslysis, tributaries were
handled by setting the alluvial flow time from the
point where the bedrock flow enters the tributary
alluvium to the confluence of the trabutary and
the main stem equal to zero. Thia will not




introduce appreciable erxor because alluvial flow
timus are short relative to the length of the
analysia. For some areas which have been or will
be mined, it is known that no direct connection
axiats with the alluvial aquifer asacociated with
the ephemeral stream draining the area. It is
assuped that groundwater diacharges to the surface
in these areas and then evaporates creating a
slight salt buildup which ie flushed away each
spring during runoff. Areas where the degree of
alluvial connection wa8 Unknown werd assumed to
impact alluvium, even though in some caseg a
direct connection ia extremsely unlikely.

Potential impacts of the lined ponds
associated with the Colstrip Generating Unita 1-4
(Sec. 34, T.2H., R.41E.) were factored into the
analysig by assuming that 1,000,000 gallons of
water per year (less than 2 ¢gpm) might enter the
alluvial groundwater system from that source.
¥ontana Power Company'’'a two ash ponds in Sec. 29,
T.2N., R.41E. and in Sec. 5 and 6, T.1N., R.42E.
ware simulated by setting the post-disturbance TDS
for the bedrock c¢alls under the ponde squal to
15,000 mg/]l (the approximate TD5 of water in the
" pondai, although no mopnitoring wells indicate TD5
levela near this concentration, .

IMPACT EVALUATION

Line printer plots of calculatad poatmine
alluvial aquifer groundwater TDS ve time ware
generatad by the computer program for 21 alluvial
croas-sections plus 5 additional points on Cow
Creek, South Fork Cow Creak, Miller Coulee and Les
Coulee., Only the lowermost cross-aections were
replotted for inclusion in this paper aa Figures
8~14., Locations and changes in TDS correaponding
"to all 26 TDS vs time plots are tabulated in Table
1 starting with the lowermost cross-sections for
each drainage. In most cases predicted impacts to
alluvial groundwater quality for tha drainages
under consideration are ssall because the
estinated fiow rates through Rosebud coal,
overburdan and spoils are very small in coapariaon
to flow rates through the alluvius. Predicted
wncreages in TDS for alluvial groundwater quality
at the loweat cross-section in each drainage are
31% for East Fork Armells Creek, 10X for Stocker
Creck, 3% for West Fork Araells Creek, 6% for Cow
Creak, 0% for South Fork Cov Creek, 181X for Les
Coulow, and 64% for Miller Coulee.

Significant increases in TDS were predicted
for Euat Fork Armells Creek alluvial groundwater
immadiately below Colstrip. The sastimated flow
rate for alluvial groundwater at the NE 1/4, Sec.
4, T.1N., R.41E. is about 63 gpm. At 1.6 and 2.2
ai. downstream (SW 1/4, Sec. 27, T.2K., R.41E. and
ME 1/4, Sec. 28, T.2R., R.41E.) the ailuvial
groundwater flow is reduced to 23 and 13 gpr
respectively accompanied by increased surface flow
in East Fork Armells Creek which is a parennial
stream below Colstrip and ephasmeral or
intermattent above. Because of the reduced flow
in the alluvium and the resulting lack of dilution
of estimated lateral inflows to thesa locations
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Table 1. Summary of pradictad impacts

from tributary alluvius, relatively large
increasas in TDS are predicted. Estimated TDS
inpute from Areas A and D, power plant facilities,
and the ash pond in Sec. 29, T.2H., R.41E. combine

11

to produce an estimated 2.5 fold increase in TDS
for alluvial groundwater at the NE 1/4, Sec. 28,
T.2N., R.41E. Considerable data has been gathered
for the purpoase of tracking impacts of mining on
East Fork Armells Creek alluvium, but Weatern
Energy Coampany haes little data on the existence,
extent and aquifer properties of the alluviue in
tributaries to East Fork Arsells Creek downstreae
froz Colsetrip. Tharefore, as a conservative
pgtivate, a direct connection between the
potential esources of TDS loading and East Fork
Armells Creek alluvium was assused. In addition,
leakage (if any! from surge pond which stores
water for the plants and town as well as the
peveral hundred thousand gallons per day of
irelatively low TDS (about 1200 mg/l) water fron
the sewage treatment plant was not accounted for
in thas analysis bacause it is not known how much
actually enters the groundwater system. A amall
anount of watar from either the surye pond or the
sewage treatment plant entering the alluvial
groundwater syestem would result in a significant
reduction in predicted impacta downatream. For
sxample, 5 gpa of water from the sewage treatment

plant {1-2% of the effluent} infiltrating into the

alluvial groundwater systee would reduce the
ispacts at the NE 1/4, Sec. 28, T.2N., R.41E. by

_ 10 per cent. -Groundwater quality data for _

alluvial wells at the SN 1/4, Sec. 27, T.2N.,

- K.41E. suggest a significant contribution to

‘alluvial groundwater flow from sewage treatment
plant effluent.

To meet regulatory requirements for a CHIA,
cumulative impacts of sining at the Rosebud Mine
and the Big Sky Mine had to be addressed.
Praedicted impacts to Lee Coulee and Miller Coulee
are aignificant for the first 20 years after
mining., Predicted increases in TDS concantrations
(4,200 eg/l for Lee Coulee and 1,700 mg/l for
Miller Coules) in alluvial groundwater hear
Rosebud Creek are thought to be higher than what
could be reasonably expected because of
assunptions made to ovarcome data gaps. Although
Peaboay Coal Coapany personnel weroe very helpful
during this study and most of the needed
information for the Big Sky Mine i= available in
mine permit applications, little information is
available on lower Lee or Hiller Coulwees and
Western Energy Company does not have direct acceas
to Peabody Coal Company’s mine plans or data.

Mine biocke assumed for the input data were large
which tends to compress the time pariod over which
impacts are calculated to occur and increasss the
peak change in TDS. DBecauss little inforsation
was available concerning croas-sections or aquifer
propsrties for Lee and Miller Coulees, input
parameters had to be astimated froa data reported
by Dollhopf, et al (196l1) and Peabody Coal Company
{Foffler, 1986 and Wheaton, 1986}. Weatern Energy
Company did nut have access to actual
potentiometric surface maps for the Big Sky Mine
area, so the potentiometric surface was
approzimated using data published by Dollhopf, et
&l (1981) and Van Voast (1977). Uwing to time
constraints and uncertainties sbout the flow
systea and extent of alluvium, the flow net mwas




drawn azsauming a3 a woret case that ail mining at
the Big bxky Mine would occur simultaneously and
would contribute groundwater flow to either Lee of
Miller Coulew. As a result of these assumptions,
the flow patterns do not fit the potentiometric
contours precisely, and the 1mpacte of areas which
probably do not contrabute to alluvium of Lee
Coulue or Miller Coulue were included. An error
analyois along with the resulis of expelimental
runs during program developmcnt With varying cell
slies suggest that the ideal cell size for a
simulation of this large an area is about 1500 by
1500 £t,, whevreas cell siges for the Big Sky Mine
ware about 3000 by 3000 ft, For the reasons
mentioned above, the predicted maximue postrine
TDS loading for Lees and Miller Coulees is thought
to be greatly exaggerated,

Total i1mpacts to Rosebud Creek were estimated
by summing the maximum increase in mass tranapert
of dissolved aolids for Miller Coulee, Lee Coulee,
South Fork Cow Cresk and Cow Creek (total alluvial
aquifer mass tranagport = 5.1 x 10*8 mg/day) and
coaparing that figure to the average maas
transport for Rosebud Creek near Colatrap (USGS
station 0655250, mass transport = 1,2 x 10°11
aj/day), Maximume impacta for all four streaes
wore assumed to reach Hosebud Creek simultanecusly

" and, becauss Western Energy Company has no

information on groundwater flow rates or water
quality for Rosebud Creek alluvium, the entire
change 1n mauss transport predicted by the model
wad uas:aumed to lmpact surface water quality.

Undu: these assumpirions the praedicted change in
Lotal divsolved aolids for the avetrago annual flow
of Roscbud Creek would be an increase of about 0.4
X from 850 to 954 mg/l.

Analysos of the i1mpacta of mining were
eyvaluated for specific locations which are thought
to be sensitive in Westarn Energy Company’s Area C
Amendment Application (Weetern Energy Company,
1984) and their "‘Area D Permit Application (Western
Energy Company, 19686). Input data for those
analysas wore updated and included in this
analysis where appropriate (Wesatern Energy
Company, 1966). Exceptions were analyses of
ampacts for springs along West Fork Armells Creek
in the KE 1/4, Sec. 1, T.1N., R.39E. (Western
Energy Company, 1984) and a spring in the 5W 1/4,
Suc. 19, T.28., R.42E. on Pony Creei (Western
Energy Company, 1986). Alluvium Associated with
these ephemeral atreams is not continuous below
the springs so impacts which might be felt at the
springs will not affect alluvial groundwater
quality downstream where alluvium ig again
present.

SUMMARY ARD CONCLUSIONS

A coaputer prograr to calculats cumulative
hydrologic impacts waa developed by Weatern Energy
Company and used to estimate impacts of mining and
related activities naar Coletrip on alluvial
aquifer water quality., The estimaten described in
Lhis paper were originally done toir purmit
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applications for the Rosebud Maine, Predicted
ampacts are generally small because of dilution
resulting from the fact that calculated
groundwater flow rates for spoils are very small
relative to groundwater flow rates for alluvium.
The most significant impacts are predicted for
areag which have gignificant data inadequacies for
the purposes of this type of analymsia. Predicted
maximum postmine alluvial groundwater 105 levela
for these areas, where worst cCasé agsunptions were
made, range from 4321 to 7636 mg/l as compared
with maxisun TDS levels of 4815 to 6434 mg/) for
alluvial groundwater quality in areas unaffected
by mining. Because these predicted extremes are
unlikely to be reached, postmine alluvial
groundwater is expected to be within tha range of
natural groundwater quality for the Colatrip area.

The same type of snalyeis was worked out by
hand and added to Western Energy Company’s Area B,
Sec. 7, 8, 17 and 19 permit in 1582 (Western
Energy Company, 1981). In 1983 the Department of
State Lands who regulates surface mining in
Montana had & similar analysis done by a
consulting firm {(Systems Technology, 1983) for
Area E, This type of mass transpurt analysis
‘where dissolved eolids or any other conservative
constituent is routed through a system acefained by
a flow net is easy to visual, has been accepted by
the state and can be set up asasily for most
eituations using a epread sheet. Such a program
would be Bite specific, but could provide a
graphic represcntation of water quality changes
occurring as wate: moves through a aystem
disturbed by mining.

REFERENCES CITED
Fhaf[ee. J. T. 1986, Pgraonal communication.

Dollhopf, D. J., J. D. Goering, C. J. Levine, S.
A. Young and E. L. Ayers. 1981. Crop
charactérintics on subirrigated alluvial
valley systems. Research Report 178, Montana
State Univeraity, Bozeman, Montana.

Knudsen, H. P., and Y. C. Kim. 1578, A short
course on geostatistical ore reserve
estimation, University of Arirona, Tucson,
Arizona.

Hydrometrice. 1986. Personal communication with
p. C. Parker and D. Rogneas.

Kotfler, M. 1986. Personal communication.

Rohlf, R. A. 1982. Unit response water quality
sodelling for cumulative impact agsessament.
Proceedinga of the 1582 Symposium on Surface
Mining Hydrology, Sedimentology and
Reclamation (Lexaington, Kentucky, December
5-10, 1982), pp. 609-616.

Snerman, L. K. 1932. Streamflow from rainfall by

the unit-graph method. Enginoerang Newn
kRaecora, vol. 108, pp. 501-505, Aprii ¥, 1932,




(%

Syateme Technology Inc. 1983. Potential water use
effects of estimated apoilas related increases
in total dissoclved solids of the Rosebud Mine
Area. DSL Open File Report.

Van Voast, W, A., R. B, Hedges, J. J. McDarsott.
1977. Hydrogeclogic conditions and
projections related to mining near Coletrap,
Southeastern Montana, Montana Bureau of Mines
and Geology Bulletin 102.

Van Voast, W, A,, R. B. Hedges, J, J. McDermott.
1978, Strip coal mining and mined land
raclamation in the hydrogeologic syetenm,
Southeastern Montana. Project Completion
Raport.

Western Energy Coapany. 1981. Westarn Energy
Company’'s application for amendeent to
surface mining persit No. 80003, Area B,
Sections 7,8,17,18, T.1N., R.40E., Mining
axpansion.

Western Energy Company. 1984. Western Energy
Company’s application for amandment to
aurface mining permit 82003C-A001.

Western Energy Coipiny.;lsaﬁ.-weétdrn Energy
Company’s application for surface mining
permit, Area D West, SMP 86003-D.

Western Energy Coipany. 1986. Weatern Energy
Company’s amusndment to surface mining perkit
84003B-R1, Area b.

Wheaton, J. R. 1986. Personal communicatien,

163 .









