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McDannel
The south permit boundary of the Decker mines are located approximately two miles north of the Wyoming-Montana border and approximately 26 miles north of Sheridan, WY
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McDannel
Relative location of the mines, main pit areas and the Tongue River reservoir.
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McDannel
The coal seams in the Decker area are part of the Tongue River member of the Fort Union Formation. The Tongue River member is  characterized by lensoidal, discontinuous beds of siltstone and sandstone interbedded with coal beds of extensive lateral extent that commonly converge and diverge. Mined coal seams at the East Decker Mine include the D1 upper (av. 27 feet thick) , D1 lower (av. 19 feet thick) and D2 (av. 16 feet thick) seams. At West Decker, the D1 and D2 seams are mined. At the Spring Creek Mine the seams converge to form a single 80-foot thick seam known as the  Anderson-Dietz. The Canyon/D3 seam is not mined and underlies the D2 seam by approximately 100 feet. Coal seams are the principle aquifers in the area and are generally under confining pressure.
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McDannel
Approximate location of coal seam convergence/divergence.


Ground-Water Movement During Mining

<= Mining Progression

Overburden

Underburden


McDannel
Cartoon illustrating the progression of open-pit mining at the Decker and Spring Creek mines. In this cartoon mining is progressing from right to left. Overburden (spoil) is cast into the previous pit as mining progresses. Ground water levels in and adjacent to the pit area experience drawdown as ground water drains from the coal into the pit.
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McDannel
Upon completion of mining the last pit is filled, spoil is graded to an acceptable topographic configuration and water moves into and through the reclaimed spoils. Because the spoil is mainly a loose heap of what was previously bedded and sorted sedimentary rocks, the characteristics of the new, spoils aquifer are different from the coal seam aquifer that it replaced. Typically the spoils are more transmissive than the coal aquifer. As the overburden is fragmented and converted to spoil, mineral surfaces are exposed to ground water and are available for dissolution. Spoil water typically has a higher concentration of total dissolved solids (TDS) than coal aquifers. In the Fort Union  ormation, sodium and sulfate concentrations
typically show the greatest increase.


Table 2.1.--Range of values for hydrologic parameters determined for aquifers in
the Decker area

(Decker Coal Company, 1991; Spring Creek Coal Company, 1980).

Aquifer Transmissivity (g/d/f) Storativity
DIL 96 - 5157 6x107°; 4x10™
DIU 1-630

D1 611
D2 129 - 2020 4x107
D3 287 - 449
Anderson-Dietz 980 - 1320 2x107°: 1x107

Canyon 24 - 60

Spoils 2368 - 3006



McDannel
Range of hydrologic parameters in shallow coal aquifers in the Decker area.




McDannel
 The Tongue River is an area of ground water discharge. The reservoir stage is extremely low in this photograph. Spring Creek Mine peaks out of the northwest corner of photo.
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McDannel
Looking east toward the reservoir across the West Decker pit area. In the immediate foreground are open pits which cut off the natural direction of recharge to reclaimed spoils in the middle ground.




McDannel
Color enhanced aerial photo shows the three pit areas in the Spring Creek Mine. The natural ground water flow direction is from west to east, toward the Tongue River. The Spring Creek drainage cuts northwest to southeast along the north edge of the mine pits.




McDannel
Mining at Spring Creek in Pit 1 is advancing from the left (north) to the right (south). The linear, gray features on the left are spoil ridges created by casting stripped overburden into the previously mined pit. (south). The linear, gray features on the left are spoil ridges created by casting stripped overburden into the previously mined pit. Coal (black) is exposed in the active cut. The green patches on the far left represent vegetation in reclamation after the spoil ridges are contoured and seeded.


Generaiized siranigraphic relationshizs. Actual stratigraphic intervals cra variable

Coal-bed dasignations from Decker Coal Co

36

R.39E.

31

R.40E.

36

R.40 E.

GROUND-WATER FLOW IN THE D-1 COAL BE

BEFORE MINING BEGAN NEAR DECKER,
SOUTHEASTERN MONTANA

EXPLANATION

ﬁ Direction of iateral ground-water fiow.

3440 Line of equal hydrostatic pressure expressed as feet
of water. Interval is 20 feet; datum s mean sea e

() Data point, water-observation well.
(o] Data point, water-use weli.

Fault, upthrown and downthrown sides are indicatec

Boundary of proposed mine area.

)T O
n
4

-


McDannel
Pre-mine ground water flow direction and potentiometric surface in the D1 coal seam at the Decker mines (from Bulletin 97, Montana Bureau of Mines and Geology, 1975).
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McDannel
Pre-mine flow direction and potentiometric surface in the D2 coal seam at the Decker mines (from Bulletin 97, Montana Bureau of Mines and Geology, 1975).
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McDannel
Numerous northeast-trending normal faults traverse the Decker area and create hydrologic boundaries that locally control drawdown.




McDannel
Another significant control on the local hydrologic system is the highly fractured and transmissive rock referred to as clinker, created by the baking of sedimentary lithologies adjacent to burned coal seams. Clinker is important in local  recharge of ground water, although it is commonly dry due to its high transmissivity. Much of the coal in the north pits at West Decker Mine burned, creating  widespread clinker. The clinker acts as a conduit for Tongue River reservoir (middle ground in photo) water at high stage, which can result in flooding of the pit.




McDannel
The Tongue River reservoir near full pool elevation (May, 1999) after the dam
spillway elevation was increased four feet. Previously, pool stage commonly had
been kept ten and more feet below the elevation of the older spillway.




McDannel
Water poured into the east end of the north pit from the reservoir at high water stage
during the early summer of 1999.
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McDannel
Potentiometric surface in the D1 Upper aquifer at East Decker Mine in the fall of 1998. The extent and depth of  drawdown created by mining is strongly influenced by the normal fault southeast of the pit area.
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McDannel
Potentiometric surface of the D1 Lower coal seam aquifer at East Decker Mine in the fall of 1998.
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McDannel
Potentiometric surface of the D1 aquifer at West Decker Mine in the fall of 1998.


D2 Aquifer \9/98

I |
1 mile

E\\ ‘ y
)

\N
S


McDannel
Potentiometric surface of the D2 aquifer in the Decker mines in the fall of 1998. Steep drawdown is evident between the two faults that bound the East Decker pit area of greatest mine-related drawdown in the Decker area.


-

iz
S
(qv]
O
>
oo
—
R=
s
o
E
<
P
o
(2
o
=
@\
—



McDannel
This hydrograph from a D2 well represents the greatest amount of recorded drawdown at the Decker mines. Variability in the drawdown rate probably represents changes in mine activity at a given location--which commonly changes over time. The rate change may also reflect the system’s response to a continuous stress.
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McDannel
Potentiometric surface of the Anderson-Dietz (or combined D1 and D2 aquifers) in the fall of 1998. The down-dropped fault block north of the Spring Creek Mine pit area showed no mining-related drawdown.
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McDannel
Although the Canyon/D3 coal seam is not being mined, it is experiencing drawdown
in response to mining.
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McDannel
Potentiometric surface of the spoil aquifer at West Decker Mine. Water is moving into (recharging) reclaimed pit areas from the two ends of the horseshoe-shaped pit. Clinker between the pit and the reservoir assists in the movement of water into the former pit area.




McDannel
As normal upgradient recharge is cut off at both East and West Decker by open pits, recharge to spoils is largely from the reservoir.
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McDannel
Spoils recharge is not always steady. It is influenced by the fluctuation of the reservoir and the location of mine activity.
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McDannel
This is a comparison of upgradient (baseline or background) ground water quality and spoils water quality. Each of the points on the diagram represents the average TDS from a discreet well which has been monitored for a number of years. Upgradient ground water generally falls between the 1,000 and 2,500 mg/L TDS concentration, but the TDS concentration in spoils water is generally at the high end of the upgradient values or higher. A general rule of thumb is to expect spoil water to be 2 to 2.5 times higher in TDS than upgradient or baseline water quality.
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McDannel
Well 407W is an  Anderson-Dietz coal seam well that has recorded increasing TDS concentrations as spoil water moves out of the pit are and into the downgradient coal aquifer.
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McDannel
Ionic concentrations (mg/L) in spoils ground water at West Decker. Spoil water concentration can vary markedly from well to well. SO4 strongly influences the dissolved solids (TDS) concentration in this well.
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McDannel
Changes in ionic concentration (mg/L) over time in an East Decker Mine spoil well. Again, TDS is strongly influenced by SO4.
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McDannel
Hydrographs of West Decker Mine monitoring wells. Abrupt declines in water level reflect drawdown associated with coal bed methane production which began in December, 1998. In order to produce methane gas, the water level (pressure head) must be reduced by pumping the coal seam aquifer. Earlier water level declines are
associated with mine activity.
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McDannel
The East Decker, West Decker, and Spring Creek mines are located adjacent to one another in southeast Montana near the town of Decker, in Big Horn County. Mining was initiated at the West Decker mine in 1972, followed by the opening of the East Decker mine in 1978 and the Spring Creek mine in 1979. In December of 1998, the first coal-bed methane  production in Montana was begun in the Squirrel Creek area, immediately south of the West Decker mine. The data used in this presentation reflect the status of the ground-water system in the vicinity of Decker, Montana, after more than 25 years of mining, but prior to pumping ground water for coal-bed methane production.

The south permit boundaries of the Decker mines are located approximately 2 miles north of the Wyoming-Montana border and approximately 26 miles north of Sheridan, Wyoming.
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McDannel
The coal seams in the Decker area are part of the Tongue River Member of the Fort Union Formation. The Tongue River Member is
characterized by lensoidal, discontinuous beds of siltstone and
sandstone interbedded with coal beds of extensive lateral extent that commonly converge and diverge. Mined coal seams at the East Decker mine include the D1 upper (averaging 27 feet thick) , the D1 lower (averaging 19 feet thick), and the D2 (averaging 16 feet thick). At West Decker, the D1 and D2 seams are mined. At Spring Creek, D1 and D2 converge to form a single 80-foot-thick seam known as the Anderson- Dietz. The Canyon/D3 seam is not mined and underlies the D2 seam by approximately 100 feet. Coal seams are the principal aquifers in the area and are generally under confining pressure.
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McDannel
The cartoon  illustrates the progression of open-pit mining at the Decker and Spring Creek mines. In the cartoon, mining is progressing from right to left. As mining progresses, overburden (spoil) is cast from the pit mined, over into the previous pit. Ground-water levels in and adjacent to the pit area experience drawdown as ground water drains from the coal into the pit.


Upon completion of mining, the last pit is filled, spoil is graded to an
acceptable topographic configuration, and water moves into and
through the reclaimed spoils. Because the spoil 1s mainly a loose heap
of what was previously bedded and sorted sedimentary rocks, the
characteristics of the new, spoils aquifer are different from the coal
seam aquifer that it has replaced. Typically, spoils aquifers are more
transmissive than are coal aquifers. As overburden is fragmented and
converted to spoil, mineral surfaces are exposed to ground water and
are available for dissolution. Spoil water typically has a higher
concentration of total dissolved solids (TDS) than do coal aquifers. In
the Fort Union Formation, sodium and sulfate concentrations typically
show the greatest increase.
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McDannel
Upon completion of mining, the last pit is filled, spoil is graded to an acceptable topographic configuration, and water moves into and
through the reclaimed spoils. Because the spoil is mainly a loose heap
of what was previously bedded and sorted sedimentary rocks, the
characteristics of the new, spoils aquifer are different from the coal
seam aquifer that it has replaced. Typically, spoils aquifers are more
transmissive than are coal aquifers. As overburden is fragmented and
converted to spoil, mineral surfaces are exposed to ground water and
are available for dissolution. Spoil water typically has a higher
concentration of total dissolved solids (TDS) than do coal aquifers. In
the Fort Union Formation, sodium and sulfate concentrations typically
show the greatest increase.


Range of Values for Hydrologic Parameters

in Shallow-Coal Aquifers in the Decker Area

(this information appears as table 2.1 in Decker Coal Company,
1991, and Spring Creek Coal Company, 1980)

Aquifer Transmissivity (g/d/f) Storativity
DIL 96 — 5,157 6x10°; 4x10™
DIU 1 - 630

DI 611
D2 129 — 2,020 4x107
D3 287 - 449
Anderson-Dietz 980 — 1,320 2x107; 1x107
Canyon 24 - 60
Spoils 2,368 — 3,006




Photograph showing the Decker mines

straddling the Tongue River Reservotr.


McDannel
The photograph that follows shows an aerial view of the Decker mines straddling the Tongue River Reservoir (the Spring Creek mine peaks out of the top left [the northwest] corner of photo). The Tongue River is an area of ground-water discharge. The reservoir stage is extremely low in this photograph.


This next photograph looks eastward toward the
reservoir across the West Decker pit area. In the
immediate foreground of the photo are open pits
that cut off the natural direction of recharge to
reclaimed spoils in the middle ground.
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McDannel
This photograph looks eastward toward the
reservoir across the West Decker pit area. In the
immediate foreground of the photo are open pits
that cut off the natural direction of recharge to
reclaimed spoils in the middle ground.


| Photograph showing the three

pit areas at the Spring Creek mine.


McDannel
This color-enhanced aerial photograph shows the three pit areas at the Spring Creek mine. The natural ground-water flow direction in the areas is from west to east, toward the Tongue River. The Spring Creek drainage cuts northwest to southeast along the north edge of the mine pits.


Photograph showing mining in pit No. 1 at the
Spring Creek mine.


McDannel
Mining in pit No. 1 at the Spring Creek mine is advancing from north (to the left of the photograph that follows) to south (to the right of the photograph). The linear, gray features on the left are spoil ridges created by casting stripped overburden into the previously mined pit. Coal (black) is exposed in the active cut. The green patches on the far left represent  vegetation —part of the reclamation effort — on spoil ridges after they have been contoured and seeded..
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McDannel
The map shows premine ground-water flow direction and potentiometric surface in the D1 coal seam at the Decker mines (from Bulletin 97, Montana Bureau of Mines and Geology, 1975).
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McDannel
This map shows premine ground-water flow direction and potentiometric surface in the D2 coal seam at the Decker mines (from Bulletin 97, Montana Bureau of Mines and Geology, 1975).
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Numerous northeast-trending normal faults traverse the Decker area
and create hydrologic boundaries that locally control drawdown.
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Photograph showing the north pits at West Decker mine.


McDannel
Another significant control on the local hydrologic system is the highly fractured and transmissive rock referred to as clinker, created by the baking of sedimentary lithologies adjacent to burned coal seams. Clinker is important in local recharge of ground water, although it is commonly dry owing to its high transmissivity. Much of the coal in the north pits at West Decker mine has burned, creating widespread clinker. The clinker acts as a conduit for Tongue River Reservoir water (in the middle ground of photograph that follows), a consequence of which can be the flooding of these northern pits at reservoir high-stage conditions.


Photograph showing Tongue River Reservoir near

its full-pool elevation, in May of 1999.


McDannel
This photograph shows Tongue River Reservoir near its fullpool elevation, in May of 1999 after the elevation of the dam spillway had been increased by 4 feet. Previously, with the older spillway in place, the pool stage commonly had been kept 10 and more feet below spillway elevation.


Water poured into the east end of the north pit from the reservoir

at high-water stage during the early summer of 1999.



The map that follows shows the potentiometric surface in the
D1 Upper aquifer at East Decker mine in the fall of 1998. The
extent and depth of drawdown created by mining is strongly
influenced by the normal fault southeast of the pit area.
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McDannel
The map that follows shows the potentiometric surface in the D1 Upper aquifer at East Decker mine in the fall of 1998. The extent and depth of drawdown created by mining is strongly influenced by the normal fault southeast of the pit area.


This map shows the potentiometric surface of the D1 Lower coal
seam aquifer at the East Decker mine in the fall of 1998; the
two maps immediately following it show the potentiometric
surfaces of the D1 and D2 aquifers, respectively, at the West
Decker mine during the same period. Steep drawdown is
evident between the two faults that bound the East Decker pit
area, which is the area of greatest mine-related drawdown in the
Decker area.
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McDannel
This map shows the potentiometric surface of the D1 Lower coal seam aquifer at the East Decker mine in the fall of 1998; the two maps immediately following it show the potentiometric surfaces of the D1 and D2 aquifers, respectively, at the West Decker mine during the same period. Steep drawdown is evident between the two faults that bound the East Decker pit area, which is the area of greatest mine-related drawdown in the Decker area.
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McDannel
This hydrograph shows drawdown at a D2 well that amounts to the greatest amount of drawdown ever recorded at the Decker mines. Variability in the drawdown rate probably represents changes in mine activity at given locations, which commonly changes over time. The rate change may also reflect the system’s response to a continuous stress.
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McDannel
The map that follows shows the potentiometric surface of the Anderson-Dietz aquifer (that is, the combined D1 and D2 aquifers) in the fall of 1998. At that time, the down-dropped fault block north of the Spring Creek mine pit area showed no  mining-related drawdown. On the other hand, the aquifer in the Canyon/D3 coal seam (shown in the next map), which during the same period was not being mined, was experiencing drawdown in response to mining.
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McDannel
The two sets of hydrographs that follow show drawdown in the D2 and D3 monitoring wells, respectively.
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McDannel
This map shows the potentiometric surface of the spoil aquifer at the West Decker mine. Water is moving into/recharging reclaimed pit areas from the two ends of the horseshoe-shaped pit. Clinker between the pit and the reservoir assists in the movement of water into the former pit area.
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McDannel
Because normal upgradient recharge is cut off at both East and West Decker by open pits, recharge to spoils is largely
from the reservoir.
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McDannel
Spoils recharge is not always steady. In the Decker area, it is influenced by the fluctuation of the Tongue River Reservoir and the location of mine activity. (See the hydrographs.) 
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McDannel
This diagram compares  upgradient (baseline or background) ground-water quality with spoils-water quality. Each of the points on the diagram represents the average TDS from a discreet well that has been monitored for a number of years. The TDS concentration in pgradient ground water generally falls between 1,000 and 2,500 mg/L, but the TDS concentration in spoils water is generally at the high end of, or greater than, these upgradient values. A general rule of thumb is to expect there to be 2 to 2.5 times more TDS in spoil water than in upgradient or baseline water.


Anderson-Dietz Well 407W



McDannel
Well No. 407W is an Anderson-Dietz coal-seam well
that has recorded increasing TDS concentrations as
spoil water has moved out of a current pit area and into the downgradient coal aquifer.
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McDannel
Spoil-water concentrations can vary markedly from well to well. The diagram that follows shows ionic concentrations (in mg/L) in spoils ground water in spoils well No. 319195 at the West Decker mine. SO4 strongly influences the TDS concentration in
this well.
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McDannel
This diagram shows changes in ionic concentrations (in mg/L) over time in an East Decker Mine spoil well. Wells such as this one, which is recharged mainly by the reservoir, typically have lower dissolved solids concentrations.
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McDannel
The hydrographs that follow plot water levels in West Decker mine monitoring wells. Abrupt declines in water level reflect drawdown associated with coal-bed methane production, which began in the Decker area in December of 1998. In order to produce methane gas from a coal-seam aquifer, the water level (pressure head) in the aquifer must be reduced, which is typically achieved by pumping it. Earlier water-level declines (amounting to a few feet) in West Decker wells are associated with mining activity.





Laboratory Data: Quality
Assurance/Quality Control

David Poelstra, Inter-Mountain
Laboratories, Inc.



Quality Assurance/Quality Control

Sample containers

Sample login

Standard operating procedures
Lab auditing

Correctness of analyses



Water Chemistry

e Surface water

 Ground water




Sample Containers

Clean

Adequate volume

Preservatives

Sample information

Chain of custody




Sample Login

Unique lab 1dentification

Sample date and time
Temperature
Preservatives

Chain of custody

NOTE: All Inter-Mountain Laboratories, Inc’s, data are maintained within the
Laboratory Information Management System (LIMS).



Standard Operating Procedures

* Each method of analysis must incorporate a
standard operating procedure to ensure
uniformity among analysts.



Lab Auditing

Routine performance evaluation samples
Internal audits

External audits

State certifications

Corrective action plan



Correctness of Analyses

 Anion-cation balance:

. > cations — X anions
% difference = 100

Y. cations + X anions

Anion Sum Acceptable %

(meq/L) Difference
0-3.0 + (0.2 meq/L

3.0-10.0 + 2%

10.0 — 800 + 5%



-
 (Calculated total dissolved solids (TDS):

Calculated TDS = 0.6(alkalinity) + Na* + K* + Ca?" + Mg?"+ Cl- +
SO, + Si0;* + NO; + F-

e Measured TDS = calculated TDS:

measured TDS
1.0< <1.2

calculated TDS




* Measured electrical conductivity (EC) and.,
10N sums:

100 x anion (or cation) sum, meq/L = (0.9 — 1.1)EC

e Calculated TDS to EC ratio:
calculated TDS/EC = 0.55-0.7

e Measured TDS to EC ratio:
measured TDS/EC = 0.55-0.7



Contact Inter-Mountain Laboratories, [nc.

-
Headquarters/Laboratories:
* Headquarters *  Farmington Lab
555 Absaraka 2506 West Main Street
Sheridan, Wyoming 82801 Farmington, New Mexico 87401
(307) 674-7506 (505) 326-4737

* Sheridan Lab |
1633 Terra Avenue College Station Lab

Sheridan, Wyoming 82801 11183 SH 39
(307) 672-8945 College Station, Texas 77845
(409) 776-8945

« Gillette Lab
1701 Phillips Circle
Gillette, Wyoming 82718 Website:
(307) 682-8945


http://www.imline.com/
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Belle Ayr Mine
Hydrologic Monitoring History

Phil Dinsmoor and Robert Stowe
RAG Coal West, Inc.



Initial Permit (14 pages)

Hydrologic commitments:
= Divert Caballo Creek

= Monitor pH before discharge
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Reclamation Act (SMCRA)
SMCRA, passed in August 1977, mandates:

Bonding surface coal-mining and reclamation
operations

Describing the hydrology (surface and
ground water) and geology of permit areas

A minimum requirement for reclamation and
operation plans

Protecting the hydrologic balance
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G1llette Area Groundwater
Monitoring Organization

(GAGMO)

Initiated, by Jim Brown, in 1980

Mapped ground-water levels

Tabulated data describing ground-water levels
Collected data on October 1 of each year

Used by industry to document impacts on the
hydrologic balance
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Probable Hydrologic Consequence (PHC) Findings and
Cumulative Hydrologic Impact Assessments (CHIAs)

Wyoming Department of Environmental Quality (DEQ), Land Quality
Division (LQD), established drawdown requirements:

Drawdown 1n overburden attributable to any given mine must
be limited to 5 feet

Drawdown in overburden attributable to the cumulative effects
of regional mines must be limited to 5 feet

Drawdown in coal attributable to any given mine must be
limited to 5 feet

Drawdown in coal attributable to the cumulative effects of
regional mines must be limited to 5 feet

Approved mine plans must predict when ground water will
recharge backfill



Most companies used digital models to predict
drawdown extent and recharge time:
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Momtormg Durmg Mining at
Belle Ayr
m Original permit has expanded to 16
volumes
m 2 paragraphs describing hydrologic
commitments has expanded to 3 volumes

of text, 40 maps, and 7 appendices



Monitoring During Mining at
Belle Ayr

m First surface-water stations and

monitoring wells were established 1n
the early 1970’s
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Monitoring During Mining at
Belle Ayr

m First stream gage upstream of a mined area
was established 1n 1972

m First gage downstream of a mined area was
constructed 1 1975

m Second upstream gage was placed at an
upstream lease boundary in 1977



Monitoring During Mining at
Belle Ayr

m Third upstream
gage was placed
upstream of new

coal leases in
1981
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Monitoring During Mining at
Belle Ayr

m First well for facilities was drilled in 1972

m Three coal and one overburden monitoring
wells were drilled in February 1973



m Baseline surface-
and ground-water
conditions were
measured and

documented in the
early 1970’s
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Monitoring During Mining at

Belle Ayr

Initially, RAG Coal West, Inc.:

Kept data in notebooks
Stored water-level data in mainframe spreadsheets
Wrote a water-quality program for this mainframe

Chose HydroDat software to track water-quality data, generate

reports, and transmit these data to regulatory agencies

Now, we store water-level data on PC spreadsheets
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What Do Our Data Show?

= Belle Ayr’s largest runoff event was not gauged:
= This event occurred in May 1978

= A large reservoir 1s located less than 1 mile
from the upstream gage

* Many months of no flow have been recorded



water into Caballo

Creek drainage



What Do Our Data Show?

m Number of months with flow has increased:
1989-94: 6.7 months/year
1995-99: 10.2 months/year

m Amount of flow has increased:
1989-94: 36.4 ac-ft/year
1995-99: 178.7 ac-ft/year
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What Do Our Data Show?

Total dissolved solids (TDS) in Caballo
Creek:

" Upstream mean TDS = 5,881 mg/L
" Downstream mean TDS = 2,886 mg/L



What Do Our Data Show?

Total suspended solids (TSS) in Caballo
Creek:

" Upstream mean TSS =26 mg/L

"= Downstream mean TSS = 16 mg/L



What Do Our Data Show?

pH of Caballo Creek:
= Upstream median pH = 8.0

= Downstream median pH = 7.9



What Do Our Data Show?

Water quality of the 13 backfill wells:

= TDS readings were less than 5,000

mg/L (which 1s the livestock limit) in
11 of the 13 wells

= No toxic concentrations of chemicals
containing trace metals were found

= (ccasionally, pH readings were beyond
the 6.5 to 8.5 range



What Do Our Data Show?

m In 1995, 5-foot drawdowns 1n coal

extended 2 miles west of Highway 59

m Our modeled drawdown for 1995 showed
5-foot drawdowns in coal extending 2.5
miles west of this highway



What Do Our Data Show?

m In 1998, 5-foot drawdown 1n overburden
closely matched the modeled 5-foot

drawdown contour
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What Do Our Data Show?

In 1995, evident CBM effects were:

" 9 of 13 coal-monitoring wells were emitting

gas

"  Water levels in western wells dropped

dramatically

" GAGMO’s 1995 water-level map showed a

ground-water divide



What Do Our Data Show?

CBM effects:
1999 GAGMO

map shows the

W TSI

coal ground-

15

f
:

water divide to be _ -

located less than

2 mile west of
the Belle Ayr pit
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What Do Our Data Show?
CBM eftects:

= There are more than 100 feet of drawdown 1n

coal in the CBM cone of depression

* Wyoming DEQ, LQD, will have a difficult
time preparing a CHIA describing CBM

Impacts



Summary

RAG Coal West, Inc., has a large volume
of Belle Ayr hydrologic data spanning
more than 25 years

These data were gathered as documentation
in support of bond release



Summary

m Some of the data are not helpful in determining
current impacts







Clinker 1s:

m rock that has been
baked and melted
by the natural
burning of coal
beds;

m mostly red, yellow,
and black; and

m highly fractured.




What causes coal outcrops to burn?

m Being located above a water table;
B Spontaneous combustion, including:

— The heat of a wetting reaction
and

— Oxidation reactions;

m  Wildfire, including:

— Range fires that ignite coal and

LY 1k s — Trees rooted in coal beds; and

2 - b
i 587 W : m Human causes.
. Ve o ,.‘



What 1s the structure of clinker?

m It is formed by
overburden that has
collapsed into void where
coal used to be.

It is highly brecciated.

It has chimneys of darker
melted and fused rock
that form in fractures.

m It has an ash/rubble zone
at its base.

m [t evinces little or no
heating of underlying
strata.




Cross-Section of Clinker and Coal

m The burn front retreats
from the outcrop.

m Overburden sags into a
void.

chimney of fused
and melted rock,

\

,sag in overburden \ Aissure filled with
( collapse breccia

back-rotated slump block

vegetation on hillsidd
at base of clinker,

\

|

J 7
zone of altered coal— ash zone at base of clinker-”
unaltered coal zone of jumbled overburden

E:I Area of Clinker



Clinker 1s common along the
edges of coal mines.




The Role of Clinker m the [Landscape

| Covers larue ziieas) OF Gile
Powder River Basin (PRI3)
Lol WLoaieeie zieiel WAy iling:

B Eoerms hard caprock: on
hnliissand ridges;

B Protecisiunderlying strata
ffieIm erosion:

m Creates broken topography;
and

m [ncreases the variety of
ecological niches.




Clinker as Caprock




A Typical Clinker Landscape

spring at base of clinker

pine trees along

clinker rim chimney
of fused clinker

clinker-capped

unburned coal

breccia zone of fused
and melted rock

Sandstone ' o
Shale NS : ash zone at base of clinker




The Extent of Clinker

m Clinker covers 1,600 mi? in
the PRB, specifically:

— 1,100 mi? in Montana and
— 500 mi? in Wyoming.

m  Clinker in place represents
the natural burning of 20 to
50 billion tons of coal in the
past 3 million years.

m Much additional clinker and
coal have eroded away.




Tongue River Valley, Montana

m Anderson coal burned some 1.4 to
1.7 million years ago, leaving
clinker (among other by-products)
as 1ts residue. A zircon fission
track dates this recorded age of
burning.

m  Anderson coal clinker caps
plateaus 1,000 feet above the
current river level.

m Knobloch coal burned 0.5 and 0.6
million years ago at locations 300
feet above Tongue River north of
Ashland and near the present river
level north of Birney, respectively.

m Knobloch coal clinker forms the
terrace above the current river
level.

R T
131 +- 03

e 417 . = .
Location of zircon fission-track clinker samples
B Samples lrom clinker of Anderson coal bed -1 N I

A Samples rom elinker of Knobloch coal bed 075 +/- 0.3 my :Fﬁ :i::f“f:_":: millions of years




Cross-Section C-C” Across the Tongue River Valley

Anderson clinker
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The
Hydrogeology
of Clinker

m Water storage and
flow

m Water quality
m Effects on coal mining

Crazy Head Springs




Water Storage m Clinker
Clinker:

— Has high permeability and infiltration rates;
— Has transmissivities of 1,000 to 1,000,000 ft%/d;

— Occurs as unconfined aquifers with storativities of
0.1 to 0.3; and

— Owing to fracture permeability, stores large
amounts of rainfall and snowmelt, protecting them
from evaporation.

Clinker-dominated watersheds have attenuated
peak flows and, during periods of lower flow,
discharge water gradually to streams.



Water Influences Ecology
of Clinker Areas

m  Well-drained soils and water at
depth encourage Ponderosa pine
to grow.




Clinker Basins

m Enclosed or hourglass-
shaped depressions are
formed by the episodic
burning of coal.

m [ake DeSmet occupies a
depression caused by the
burning of 200-foot-thick
Healy coal bed.

m Springs may occur at
outlets of basins.




Recharge from Clinker

Clinker plateaus in Rochelle Hills, Wyoming, recharge
ground water to coal, spoil, and sandstone layers
downdip to the west:

m Most springs in area
emerge from the base of
the clinker.

m Moyer Springs supports
trout and has water
rights that predate
mining in the vicinity.
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Effects on Coal Mines

m Saturated clinker
delivers flows into
mine pits.

m Water m pits may
destabilize spoil piles.

® Some mines leave a
fender of unmined,
less permeable coal
to serve as a dam
against inflow.




Inflow from Clinker into a Mine Pit
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Schematic of Groundwater Inflow Into Mine Pit From Clinker Updip
Rochelle Hills, Wyoming




The Quality oif Water m Rochelle
Hills Clinker Varies

m According to Wyoming coal-mine permit data,

quality ranges from under 200 mg/L to over
10,000 mg/L total dissolved solids (TDS).

m Clinker water-quality 1s better in well-drained
portions of Rochelle Hills where soluble ash has
dissolved away.

m Quality 1s poorer (higher TDS and sulfate levels)
where water 1s dammed against a contact with less
permeable coal downdip.



The Quality off Water Changes
Along Its Flowpath

~alcium/magnesiutr
—- bicarbonate

Precipitation
and epsomite in coal cleats

Area of groundwater —__ Direction of groundwater
288 ponding in clinker flow in clinker and coal

. Area of pyrite Potentiometric surface of confined coal aquifer
Unbaked sediments dissolution ==~ orwater table of unconfined clinker aquifer




Springs in Clinker i Lame
Deer/Ashland Divide, Montana

m Flow of up to 93 gallons per minute;

m TDS content of 230 to 460 mg/L;

m Calcium bicarbonate type;

m [ocal source of drinking water:;

m Headwaters of Lame Deer Creek; and

m Low TDS content of 614 mg/L in
creek.



Sprimgs Emerging lrom the Base of the Anderson Clinker
Lame Deer - Ashland Divide, Northern Cheyenne Reservation, Montana

Crazy Head Name of spring A Clinker springs noted on USGS topo maps
289 mp/L Total dissolved solds i mulhigroms per Liter Clinker is shown in red

23 gpm Flow m gallons per minule Wb s rorn Hellarm, Cosien, Whisoman amd Lilis, 1595,
d TWoeana ol oo, |90




A Conceptual Model

Water quality in clinker 1s better (low TDS and sulfate levels)
where:

Vertical recharge from precipitation is greater, and there is little or
no recharge from streams crossing clinker areas;

There 1s little or no lateral recharge from unburned coal or
overburden updip;

Enough time has passed and ground-water flow is great enough to
leach and carry away soluble components in ash from clinker;

There 1s little or no ponding of water along burn lines; and

The residence time for water in clinker i1s short.



Areas oi Best Quality Water

Water quality in clinker 1s best where:

— There are extensive plateaus capped by older clinker in
which burning has removed almost all coal and

— These areas are well-drained, lack lateral inflow from
coal, and are nearly entirely recharged from
precipitation.

The isotopic dating of clinker water would help
refine 1deas regarding where the highest quality
water occurs.



Sumimary

m The natural burning of coal 1s an important
part of PRB’s ecosystem and of the
evolution of its landscape.

m Clinker plays an important part in
recharging springs, streams, and aquifers.

m Water quality in clinker varies with
geologic setting; 1n some areas, clinker
provides the best quality water 1n the
region.



Two Articles and a Map, Published by
the Wyoming Geological Association,
Regarding Clinker

m Heffern, E. L. and Coates, D.A., 2000. Hydrogeology and Ecology of
Clinker in the Powder River Basin, Wyoming and Montana, in Miller,
R., ed., Coal Bed Methane and Tertiary Geology of the Powder River
Basin: 1999 Wyoming Geological Association 50" Annual Field
Conference Guidebook, p. 231-52.

m Coates, D.A. and Heffern, E.L., 2000. Origin and Geomorphology of
Clinker in the Powder River Basin, Wyoming and Montana, in Miller,
R., ed., Coal Bed Methane and Tertiary Geology of the Powder River
Basin: 1999 Wyoming Geological Association 50 Annual Field
Conference Guidebook, p. 211-29.



Wyoming Geological
Association Clinker Map

The map published as plate 1 in the 50™ Annual Field
Conference Guidebook appears as appendix E to these

proceedings. This map:

Covers the eastern Powder River Basin from Buckskin mine north
of Gillette to Antelope mine south of Wright;

Shows 153 mi? of clinker in the map area;
Shows the premining full-seam cropline of Wyodak coal;
Shows areas mined through 1997;

Was derived from public data , including U.S. Geological Survey
geologic maps, Montana Department of Environmental Quality
mine permits, and Bureau of Land Management color infrared
photos; and

Better defines areas of recharge to downdip coal.
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SEEPS BELOW SEDIMENTATION
PONDS: ASSESSMENT OF THE
SIGNIFICANCE OF THEIR IMPACTS TO
THE HYDROLOGIC BALANCE

John Cochran

Peabody Western Coal Company



Peabody Western Coal Company
(PWCC(C), Black Mesa Mining Complex

* Black Mesa and Kayenta mines:
e Supply coal to Navajo Generating Station and
Mohave Power Plant
 Mine 12 million tons per year combined

* Located in Northeastern Arizona on Navajo and
Hopi Reservations



NPDES Permit No. AZ0022179

* First issued in 1984

e 100 permitted outfalls (sediment ponds)

* 40 CFR 434 effluent limitation guidelines

* Representative sampling allowed by inflow category
* Discharges are periodic, infrequent, relatively small,
dependent on precipitation

 Monitoring and reporting of seeps below permitted
outfalls included in a recent modification to the permit
(March 1999)

e Permit expired in May of 2000, currently
administratively extended until ?



NPDES Permit No. AZ0022179 Seep History

* Annual compliance evaluation inspections (CEI) since 1985

* Seeps noted below several outfalls during 1987 and 1991, U.S. Environmental Protection
Agency (EPA) requested monitoring and reporting (Fe, pH, other)

* 1995 permit renewal included requirement to develop and implement comprehensive
study of seeps, and to submit a report:

e All outfalls included
* Impoundment and seep water studied
* Flow, pH, iron, nitrate, selenium
* Geology, source of seeps
* Study completed by late fall 1995; report submitted to EPA, Region 9, by August 1996
* Study found ten seeps below eight outfalls

* Low pH below four outfalls, high iron at two outfalls, high selenium below two outfalls,
high nitrate below two outfalls

* Impoundment and seep water quality variable
* Coal riders and carbonaceous shales nearby greatly influence seep water quality
* EPA considered incorporating seeps in the permit as point sources, problematic

* EPA requested that Peabody Western Coal Company (PWCC) develop a seepage
management plan in lieu of permitting seeps as point sources



Seepage Management Plan

Submitted to EPA in October 1997; implementation required by April 1999 NPDES
modification
Plan components: monitoring and management
Monitoring
* Quarterly OSM pond inspections
* Semi-annual seep inspections
 Embankment, toe, downstream channel ~ 100 yards
* Flow, iron, selenium, nitrate, pH, field parameters
Management
* Dewatering
* Fencing and riprap
e Vegetation enhancement
e Additional options : spring boxes, coffer dams and pump-back, passive treatment,
pond removal
Annual Reporting
* First submittal April 2000
e Inspection summaries, data collected
 Potential threats to livestock health
e Assessment of impacts to the hydrologic balance
* Recommended changes to the management plan
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Livestock Drinking Water Standards

Analyte Standard Units Agency
Aluminum (TR) 5.0 mg/L NAS
Arsenic (TR) 200.0 ug/L AZDEQ
Boron (D) 5000.0 ug/L AZDEQ
Cadmium (TR) 50.0 ug/L AZDEQ
Chloride 1000.0 mg/L WYO
Chromium (TR) 1000.0 ug/L AZDEQ
Copper (TR) 500.0 ug/L AZDEQ
Fluoride 2.0 mg/L NAS
Lead (TR) 100.0 ug/L AZDEQ
Mercury (TR) 10.0 ug/L AZDEQ
Nitrate 100.0 mg/L NAS
Nitrite 10.0 mg/L NAS
PH 6.5-9.0 S.U. AZDEQ
Selenium (TR) 50.0 ug/L AZDEQ
TD S 5000.0 mg/L WYO
Sulfate 3000.0 mg/L WYO
Vanadium (TR) 100.0 ug/L NAS
Zinc (TR) 25.0 mg/L AZDEQ

AZDEQ [((ADEQ, 1994)

NAS [O(NAS/NAE, 1972)
WYO [(Wyoming DEQ, 1980)
(D) - Dissolved

(TR) - Total Recoverable



1999 Livestock Drinking Water Exceedences - Seeps

Analyte Standard Sites Sites Freq. Value Range

Aluminum (TR) 5 mg/L 3 BM-A1-S1 1/1  13.6
J16-E-S1  1/1  17.2
No6-F-S1  1/1 154.0
BM-A1-S1*1/1 <200.0
J27-A-S2* 1/1  <200.0
N14-B-S1* 1/1 <200.0
N14-B-S2* 1/1 <200.0
J16-A-S1* 172  <200.0
J16-E-S1* 1/1 <400.0
N6-F-S1* 1/1  <200.0
BM-A1-S1 12 111.0
BM-A1-S1 2/2 4.72-5.21
N14-B-S1 1/4 6.42
J16-E-S1  1/1 4.04
N6-F-S1  2/2 4.10-4.28
Selenium (TR) 50 ug/L 3 J7-DAM-S11/1  64.0
J7-DAM-S31/1  60.0
J16-E-S1  1/1 160.0
TDS 5,000 mg/l1 3 J7-A-S1 1/1  5940.0
J16-E-S1 1/1 10800.0
No6-F-S1  1/1  7270.0
Sulfate 3,000 mg/L 3 J7-A-S1 1/1  3030.0
J16-E-S1  1/1  7720.0
N6-F-S1  1/1  5200.0

Lead (TR) 100 ug/L

|

Nitrate (as N) 100 mg/L
Field pH 6.5-9.0

N,

TR - Total Recoverable
* - Sample below method detection limit (MDL) and MDL greater than standard



Seeps Unsuitable for Livestock

Seeps below outfalls BM-A1, J7-DAM, J16-E, and N6-F were deemed potential threats to livestock health

BM-A1 Seep

* Exceeded pH, Al (tr), nitrate

* Seep flows from November through April; low flow < 0.5 gallons per minute, dries up when ET (spell
out please) kicks on

J7-DAM Seeps
* two of three seeps measured exceeded Se
* Confluence of all seeps <12 pg/L

J16-E Seep
» Exceedences of pH, Se (tr), Al (tr), total dissolved solids (TDS), sulfate
* Completely contained by adjacent, downgradient Pond J16-D

N6-F Seep
» Exceedences of pH, Al (tr), TDS, Sulfate
e Small pools only, limited reach (250 yards)

Further assessments of the impacts of seeps on the hydrologic balance focused on seeps below these four
outfalls



Hydrologic Monitoring Program

OSM-approved hydrologic monitoring program operated on Black Mesa since 1980

Shallow (< 70 feet total depth) monitoring wells constructed in alluvium (unconsolidated
stream-laid deposits) along the main washes and tributaries of Black Mesa

Stream monitoring sites located on the main washes and tributaries of Black Mesa

Several alluvial wells and stream monitoring sites are located either upgradient or
downgradient of the four outfalls

Water-quality data have been collected from these sites since at least 1986,; these data
provide a basis for evaluating impacts to the prevailing hydrologic balance that may
result from seeps below the four outfalls
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Analytical Methods

Statistics, trend tests, and time-series plots were run for each parameter that
exceeded livestock drinking-water standards

Basic statistics of waterquality records at each well and stream site were
reviewed, including means, maximums, and ranges

Trend analyses of water quality data: statistical and graphical techniques

* Routinely used by PWCC for annual reports to OSM

e Can indicate changes in water-quality impacts owing to mining-related
activities

Mann-Kendall trend test

Sen Slope estimator

Lowess curve fitting technique



Impacts Below Outfall BM-A1

Water quality data from alluvial wells 93 and 95 and from streamsite 26 analyzed
Maximum values of Al (tr) at all three sites have been much higher than at BM-A1-S1

e Al (tr) at site 26 averages over 350 mg/L owing to high sediment loads and the total
recoverable digestion process

All three sites typically show pH values greater than 7

Nitrate at all three sites has never exceeded 15 mg/L

No positive trends detected for Al (tr) at any of the three downgradient sites

No positive trends were detected for field pH; negative trends were detected for lab pH

e No lab pH values have been lower than 7

No trends for nitrate were determined for the two alluvial wells

A positive trend for nitrate was determined at ite 26

e Highest value 14.9 mg/L in 1992

* No values > 8 mg/ILsince 1992; Lowess plot indicates downward trend for nitrate at 26
since 1992

Trend tests indicate no impacts from the seep have occurred downgradient

Al (tr) is strongly correlated with suspended sediment, common in flash floods, often found

in saturated unconsolidated stream-laid deposits

The low pH at the seep is localized; seep water buffered by alkaline channel materials

within 1/4 mile (Sheep Pen)

Impacts are localized



Impacts below Outfall J7-DAM

Water-quality data from alluvial well 29 and streamsite 155 analyzed

Selenium levels at well 29 have not exceeded 20 pg/L and have not exceeded 14 pg/L at site
155

No positive trends for selenium were determined at either well 29 or site 155

Trend tests indicate no impacts from the seeps have occurred downgradient

Sampling at J7-DAM-SS (seep flow coalesced) indicate selenium concentrations lower to
less than 12 pg/L within 270 feet downgradient of the seeps

Fencing in 1999 around the seeps below J7-DAM to prevent livestock access (just below
J7-DAM-S5)

Planting of willows and cottonwoods during 1999 in the vicinity of seeps

Impacts are localized



Impacts below Outfall J16-E

Water quality data from alluvial wells 88 and 89R and streamsite 35 were evaluated

Al (tr) values at all three sites are similar to those in the two wells and streamsite located
below BM-A1

Selenium values measured at all three sites have not exceeded 10 pg/L

Values for pH at all three sites have not been below 6.5 (standard lower limit)

Sulfate and TDS at streamsite 35 have averaged very low concentrations (both less than 500
mg/L)

TDS and sulfate at well 88 averages greater than livestock standards, and at well 89R, lower
than the standards

No positive trends for selenium, Al (tr), or sulfate were detected at any of the three sites
Negative trends for pH were detected at both wells, but the mean values at both wells are
greater than 7.2

A positive trend for TDS was detected at only well 89R, but no measurement has exceeded
the livestock standard of 5,000 mg/L

Trend tests indicate no impacts have occurred downgradient

Seep water from J16-E-S1 flows to an adjacent sediment pond,; no potential to discharge
downgradient

Fencing of both pond areas including the seep face was completed in the spring of 2000 to
prevent livestock access

Impacts are localized



Impacts below Outfall N6-F

Trend tests performed for pH and Al (tr) at sites below BM-A1 show no impacts
have occurred

Seepage below outfall N6-F occurs as very shallow, disconnected pools in a limited
reach of channel about 250 feet in length; no pooled or flowing water was noted

further downstream

No change in length of the wet portion of the channel or the amount of pooled water
was noted

Recent observations (May 2000 quarterly inspections) of the reach below outfall N6
F show all pools have completely dried up

Impacts are localized



Constituent Concentrations and Flow Rates Used for

Mixing Analyses
Contributing Sources Receiving Sources

Chemical  Site Value Flow Site Value Flow

Constituent 1D (mg/L) (cfs) ID (mglL) (cfs)
Nitrate BM-A1-S2 111.0 0.00089 SW26 2.68 3.75
Sulfate J16-E-S1 7720.0 0.00223 SWI155 144.6 5.73
TDS J16-E-S1 10800.0 0.00223 SWI155 342.6 5.73
Se (TR) J16-E-S1 0.160 0.00223 SW35 0.0036 9.53
Al (TR) N6-F-S1 154.0 0.00223 (1) SW35 274.0 9.53

(mgLl)- milligrams per liter

(cfs) - cubic feet per second

(TR) - total recoverable

1) - No flow from N6-F-S1 (pool); used flow rate measured at J16-E-S1



Mixing Calculations and Results

Contributing Sources

Receiving Sources

Chemical  Site Chemical Site Chemical Resultant
Constituent ID Load 1D Load Concentration (mg/L)
Nitrate BM-A1-S2  0.0002667 SW26 0.027135 2.71
Sulfate J16-E-S1 0.0464821 SW155 2.237106 147.68
TDS J16-E-S1 0.0650268 SWI155 5.300365 346.99
Se (TR) J16-E-S1 9.6336 E-07 SW3S5  9.2632 E-05 0.0036
Al (TR) N6-F-S1 9.2723 E-05 SW35 7.050294 274.25

(mg/L)- milligrams per liter

(TR)

- total recoverable



Conclusions

Seeps below four of the 13 outfalls inspected during 1999 show notable exceedences of livestock
drinking-water standards and exhibit water quality that may be a threat to livestock health

No significant impacts from the seeps have been detected at shallow alluvial wells or stream-
monitoring sites downgradient of the four outfalls

Any impacts to the hydrologic balance are local and can be minimized by implementing management
plans

Monitoring conducted in 1999 and during the 1995 seep study indicate the following key points:

e The pH of water controls solubility and transport of metals

e Channel bed and bank materials in the vicinity of seeps are alkaline and provide buffering effect on
low pH water

* Some constituents are as high or higher in the natural system

* Seep flow rates and associated chemical loads are relatively low in comparison with flow rates and
loads historically documented in stream flows



Management Plan Modifications for 2000

* The April 2000 submittal reiterates plans implemented in 1999
* Fencing, riprap, and vegetation enhancement below outfall J7-DAM
* Vegetation enhancement above outfall BM-A1

* For 2000, PWCC proposes:
* To fence the seep area at outfall J16-E was proposed and was completed in the spring of 2000
* To rock riprap 250 feet of channel below outfall N6-F to prevent livestock access
* To install a passive treatment system below outfall BM-A1
* Shallow trenches dug across short valley width at two locations
* Geofilter bags containing crushed limestone put in, along with backfill with larger sized
limestone upstream and downstream of both trenches



Adequacy and Utility of Premining
Water-Resource Data

John W. Kern,
Spectrum Consulting Services, Inc.

David Bickel,
North Dakota Public Service Commission



Adequacy Is Determined by Objectives:
What |Is Needed?

e \Webster's New World Dictionary defines “ad-e-quate
adj.” as:

1. enough or good enough for what is required or
needed; sufficient; suitable

2. barely satisfactory; acceptable but not remarkable



Mining and Reclamation Dynamic:

e Premining condition (this is the baseline condition)
e Mining phase (intervention is occurring)

e Postmining phase (reclamation [not restoration] is
complete)

e These are three distinct phases; postmining
conditions do not represent a return to the premining
state (dynamic is A-B-C, not A-B-A)



Monitoring Data Must Be Sufficient To:

e Develop a fact-based conceptual model of ground
water and surface-water systems

e Describe the ground water and surface-water
systems

e Demonstrate satisfactory protection of resources
during mining

e Demonstrate adequate reclamation after the
intervention of mining




Statistical Adequacy:

e “Adequate data” are often defined as the minimum
size a sample can be and still support statistical
comparisons of premining to postmining conditions

e There may be some guilt by association with Surface
Mining Control and Reclamation Act (SMCRA)
requirements to demonstrate successful revegetation

e SMCRA does not include specific statistical
requirements for water-resource data



Statistical Adequacy--continued:

e Baseline data must be adequate to reasonably
document, at the time of final bond release, that
reclamation has been successful and that water
resources are protected

e The ability to document successful reclamationis
necessary for both industry and the regulatory
authorities



Adequacy v. Utility:

e Baseline sampling designs should really be
treated more like long-term monitoring plans

e Rather than measuring reclamation success
on the basis of “adequate data,” it may be
more appropriate to measure on the basis of
useful data



Monitoring for Multiple Objectives:

e Characterize, in basic terms, the water-bearing units

e Sample flow systems, including hydrostratigraphic
units occurring below all mined areas, upslope and
downslope of the area of disturbance

e Sample outside the probable radius of influence to
document maximum area of effects

e Sample within the probable radius of influence
(positioned to survive mining) to determine the onset,
patterns, and magnitude of effect



Monitoring for Multiple Objectives--continued:

e Collect samples between mined areas and sensitive
or at-risk features (as, for example, water supplies,
alluvial valley floors, and critical fish/wildlife ‘habitat) in
order to predict impacts and/or assess the probable
contribution of mining to observed effects

e Acquire basic hydraulic information, upon which the
engineering designs for pit dewatering and mine-
water management can be based

e Meet National Pollutant Discharge Elimination
System and storm-water monitoring requirements



Final Bond Release:

e Unlike a determination of having met revegetation
requirements, the final bond-release decisioniis not
based on prespecified criteria

e Because specific hydrologic criteria have not been
spelled out, sample/data adequacy cannot be
prespecified

e The adequacy of any data will only be known when
“adequate reclamation is or is not demonstrated”



Data Ulility:

e The prudent approach seems to be to generate data
and analyses that maximize utility

e Bond-release decisions are likely to be based upon
weight-of-evidence type arguments rather than
statistical tests of hypothesis

e Strong data and defensible analyses should serve as
Insurance against contentions over final bond release



Data Utility--continued:

e \Weight-of-evidence decisions are based upon:
— Literature reviews and expert opinion
— Modeling
o Ground water
e Surface
o Fate and transport
— Basic data from the site under consideration

— Consideration of one or more statistical analysis that provides
supporting evidence (unlike “regulatory decisions,” which can be
based on a single statistical test)

e As their name implies, such decisions favor evidence in
proportion as it weighs heavily

e Arguments founded primarily on basic data tend themselves to
carry more weight in the most contentious situations



Statistical Analyses Should Be Used to
Increase the Ultility of Monitoring Data:

e (Geostatistics demonstrate the precision of contour
maps:
— Graphical display is essential
— Demonstration of good precision provides defensibility

e Control charts quantify when and where mining
effects have occurred

e Arguments are strengthened with references such as:

— Paired watersheds, which compare Before/After Control-
Impact designs

— Analyses that incorporate nonmining factors as, for example,
climate or quantifiable human impacts



Control Chart for Water-Quality Parameters

Control limits are posited on

the basis of natural Control Chart for Cl
variations in baseline data

UCL95

—e— Average of Cl
Cl concentration was ——Upper Action Limits

outside control limits on e e
one occasion, but
continued monitoring
indicated that water quality
had returned to baseline
conditions

4/17/1997
8/17/1997
10/17/1997
12/17/1997
2/17/1998
6/17/1998
10/17/1998
12/17/1998

Changes in average, variability, and trends
are measured relative to the natural
variation observed in baseline data




Before/After Control-Impact Designs:

Before/After Data
With No Reference

Active Mining

Estimated impact due to
mining would be 5 ug/L
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Before/After Control-
Impact Design

The 5-ug/L change in water
quality at the minesite is similar

to the change in quality
observed over the same period
at the reference area
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Changes in Hydrologic Function May Be
Associated With Long-Term Climate Patterns:

Reduction in Spring Flows
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Changes in Hydrologic Function May Be
Associated With Long-Term Climate
Patterns--continued:

e The control chart provides a tool for environmental
management that is particularly useful during the life
of a mine

e Incorporating reference-area data in the before/after
control-impact design provides a means to evaluate
potential mining effects relative to natural trends that
may not be associated with mining

e Other covariates, such as climate indices, discharge
rates, or land-use practices, may explain changes in
hydrologic function



Data-Utility Summary:

e The greatest monitoring resources should be data
most likely to support arguments related to
contentious issues

e Monitoring the primary resource may not be adequate
If mining effects are coincident with other decades-
long trends

e Resources should be allocated to the collection of
covariate data regarding the most contentious issues,
among them:

— paired watersheds
— discharge, mine-pit pumping rates, and climate indices

e Ultility is enhanced with defensible statistical methods
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Surface Mining Control and
Reclamation Act Program Goals

Mine coal with minimum disturbance
Protect the environment during mining
Reclaim the disturbance contemporaneously
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History Of Pond Removals In
North Dakota

* In 1987, North Dakota developed a policy
memorandum for pond removals

» |In 1988, the first ponds were removed

» Over 50 ponds have been removed since
1988



Guidelines

o Sedimentation ponds cannot be removed
from a permit area until 2 years after the
last augmented seeding of the area

» No major violation occurred at a North
Dakota mine discharge point during the 24
months preceding this presentation



Pond Removal Requests

 Site-specific reclamation plan must be submitted to the
North Dakota Public Service Commission, Reclamation
Division, and to the North Dakota Department of Health

 Removal-request maps must show all ponds, watershed
poundaries, structures (roads, stockpiles, diversions,
etc.) and must identify proposed locations of and
access trails to all best-management-practice sites

» Eachremoval request must include a grading plan




Reclamation Plans

Each site-specific reclamation plan must include
general information about the mining and
reclamation history within the watershed

Each plan should detail dewatering, sediment-
removal, and grading proposals

Reclamation proposed by a plan should be In
accordance with best management practices

Plans should propose vegetation establishment
and stabilization

Plans should take account of equipment access




General Information

GENERAL

As outlined in PSC Policy Memorandutn 19 to Mine Operators, The Coteau Properties Company requests
permission to remove and reclaim sedimentation pond P-B17-01 and its associated disturbance arcas.
NDPDES discharge point 015 will also be eliminated with the removal of this pond. This reclamation
plan provides detailed plans pertaining to the removal of pend P-B17-01. Items addressed in this
reclamation plan include reclamation timing and details, postmining land use, vegetation establishment,
equipment access, and best management practices for erosion control. Attachment 1 is 2 postmining
topography map showing watershed boundaries for pond P-B17-01. Attachment 2 is an aerial photo
showing the general location of the pond and its associated disturbances, coal loading limits, and
temporary structures located within the watershed.

The postmining watershed for pond P-B17-01, as shown on Attachment 1, consists of approximately
1,123 acres. Coal removal, as shown on Attachment 2, took place within this watershed from 1983 to
1989.

Reclamation of this area was conducted between 1984 and 1996 with all reclaimed areas located within
this watershed returned to normal land use in 1996. Therefore, the criteria referred to in paragraphs one
and two of Policy Memorandum 19 has been met.

o

Several temporary features that have recently been, or are projected to be, reclaimed prior to removal of
pond P-B17-01 are located within this watershed. These features account for approximately 4.7 percent
{53 acres) of the total watershed of pond P-B17-01. These features are more accurately described as SS
pile 38 and the drainage below it, SS pile 44, PTS piles 75 and 49, and TS pile 47.

S pile 38 and its drainage are already removed and seeded, SS pile 44 will be respread during ramp 3
reclamation, PTS piles 75 and 49, and TS pile 47 will be respread in ramp 3 and on the base of SS pile 44.
These operations will take place just prior to the removal of P-B17-01.

Three temporary features within this watershed will be reduced or eliminated with the reclamation of P-
B17-01. These features are SS pile 24, TS pile 51, and the OB backfill pile for P-B17-01. These features
occupy approximately 55 acres within the watershed, of which 30-35 acres will be restored to original
land use after these features are used to reclaim P-B17-01. The overburden pile will be retumed to the
basin of pond P-B17-01. SS pile 24 and TS pile 51 will be removed from the south to the north, thereby
eliminating the southern portions (approximately 14) of the piles. These reclaimed portions will be
returned to their normal land use in conjunction with pond reclamation.

Long-term features account for approximately 11 percent of the watershed (127 acres). These features are
more accurately described as follows:

The SW corner of the AVS Ash Pit located in the SEXASW% Section 7.
The East Mine Area conveyor and its associated topsoil piles.

The East Mine Area haulage road/SS pile 80.

588 pile 36 and sump $-B17-01.

The SPGM access trail located in the EV4SWY Section 17.

Watershed information

__— History

Other activities

«__ Pond-related
disturbances



Reclamation

RECLAMATION DETAILS

Water contained in sedimentation sump S-B17-G1will be removed to the extent possible prier to
commencement of filling of the pond’s containment area. Small trenches leading to sumps will be
constructed at least 30 days prior to pond removal. This dewatering system will enhance the drying
process of the pond bottom. Removal of this water will be conducted in accordance with NDPDES
effluent limits set for the pond. Water removed from these sumps will not be discharged off the mine site
if a question of effluent quality exists.

Option 1 under paragraph five of PSC Policy Memorandum 19 to Mine Operators has been selected to
delete discharge points from the NDPDES permit. In accordance with option 1, proper notification of
reclamation activities will be given.

Sediment which has accumulated over the years into pond P-B17-01 is not of a significant quantity and
will be buried in-place with reclamation of the pond. Extra care will be taken during commencement of
pond removal operations to ensure that accumulated sediment is properly covered with backfill
overburden.

Pond P-B17-01 is basically a dugout with a shallow but long earthen embankment that spans across a
drainage and connects hills on the north and south sides of the pond. Several predisturbance
wetland/depressional areas were located in the drainage that traverses the pond area from west to east.
Reclamation of the pond will generally consist of backfilling the excavated areas to the approximate
original topography of the pond. Due to the large disturbance area that will require backfill and the
upstream disturbance from stockpiles required to reclaim the pond, reclamation activities will be
conducted to contain any water that may run across disturbed areas until the entire project is very nearly
completed. Although site conditions usually dictate reclamation methods and procedures, plans currently

_ consist of splitting the pond reclamation into two haives. The north half and the south half of the main
drainage that carries water through the pond area. The pond embankment will remain in place as long as
possible and serve as a large sump to contain any runoff received during reclamation of the pond. The
drainage will be the first portion of the pond to be reconstructed to overburden grade. From this drain,
overburden will be replaced in the pond to the north, then to the south, leaving an approximate 75 foot
wide trench without overburden backfill the entire length of the pond embankment. This trench will serve
as the water management for the project until such time as the overburden stockpile area and at least the
west % of the pond reclamation area have SPGM respread completed on them. At this time, the
embankment will be used as backfill for the trench, and the remainder of the pond area and S5 pile 24
will have SPGM replaced on it.

Land use areas shown on Attachment 2 will be respread with SPGM as follows:

Land Use SS Respread Depth TS Respread Depth
Rangeland 40 inches 8 inches
Cropland 36.2 inches 11.8 inches

Prime Farmland 34.6 inches 13.4 inches

Details

“— Dewatering plan

— Sediment removal

Detailed information

N regarding grading and
water management
during grading



Vegetation Establ

VEGETATION ESTABLISHMENT

With completion of this project expected in late October, vegetation establishment will be very limited in
1998. Cropland areas will be mulched with a'straw muich applied and crimped at a rate of 1.5 to 2 tons
per acre. In the spring of 1999, they will be incorporated into the normal cropping rotation for the area.
Rangeland areas will be dormant seeded and mulched and crimped at 1.5 to 2 tons of straw per acre. If
field conditions will not allow for a dormant seeding, rangeland areas will be mulched and crimped to
stabilize them for the winter and will be seeded in the spring of 1999. The general guidelines for
vegetation establishment at the Freedom Mine can be found in Section 4.4.1 of Permit NACT-8203. The
pre and postmining land use for this area is shown on Attachment 2.

Significant flows of water are expected in the reclaimed drainage channe] due to the large watershed area
draining through the area. It is anticipated that the entire drainage that runs through the reclaimed pond
area will need to be armored with erosion control blanket and closely menitored during spring runoff to
ensure preservation of the drainage until vegetation is established. Along with erosion control blankets,
any or all of the best management practices described in the following section may be used to reduce the
potential for erosion in the reclaimed areas.

ISshment

Seeding and mulching

Drainage-channel
stabilization



Best Management Practices

BEST MANAGEMENT PRACTICES

Best management practices will be incorporated into the pond reclamation plan. Site specific review will
determine the best practice to use in each situation that exists or may arise. The on-site Environmental
Specialist will be responsible for assigning and implementing the appropriate best management practice
for each situation. Special consideration will be given to areas that have the potential for concentrated
water flows and all storm outfall areas. Best management practices will also be employed for any minor
erosion features that may develop after project compietion. Examples of best management practices that
may be used include, but are not limited to, straw bale dikes, erosion control blankets, contour seeding,
straw mulch, use of cover crops, back-filling and blading, reseeding or interseeding, and silt fences.



Equipment Access

EQUIPMENT ACCESS

Heavy equipment access will be restricted to disturbed areas as much as possible. An existing overburden
road enters the pond site from the north, and the overburden backfill pile is located directly northwest of
the pond. Therefore, all heavy equipment access should be on overburden until SPGM respread is in

progress.

It will not be necessary to maintain a permanent access to this area once reclaimed. Access for small
vehicles for normal maintenance or inspection will be randomly picked as weather and farming activity
dictate. County Road 21 and an unnamed section line road run very near the pond site on the east and
south sides, respectively. These roads will allow access adjacent to the site for walking inspections of the
reclaimed site. Access on the reclaimed site with vehicles will be limited to those times that will not
cause rutting or erosion in the reclaimed areas.



Aerial Photo Map
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Site Inspection

Check the cover for controlling erosion

Ensure the use of best management practices on
cropland areas

Verify the proposed locations of best-management-
practice sites

Review the proposed grading plan
Review proposed access plans




Approval Letter

e Aconsensus between the North Dakota

Department of Health and the North Dakota

Public Service Commission, Reclamation

DIvVISion

e Contains all specific conditions related to
proposed reclamation procedures




Sediment Disposal
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Grading




Grading




Topsolling




Erosion Blankets in Drainage




Reclaimed Pond




Reclaimed Pond
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Where Does This Fit
Into Bond Release?

North Dakota’s Public Service Commission
may grant final bond release in less than 10
years for permit areas surrounded by larger
reclaimed tracts

The Commission may iIssue policy memoranda
on small-area variances



Variances For Small Areas

Such variances may be granted for areas that:
e Aresmall

* Include only ponds, diversions, stockpiles, and/or
their associated access trails

* Meetthe standards of the surrounding bond-
release area
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Western Energy Company
Mining Activity Near Colstrip, Montana
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Colstrip Mining Operation







Background for Area C Ground-Water
Modeling Effort

=[[Western Energy proposed revising an existing mine plan (existing plan) for
Area C.

=[[The proposed mine plan (proposed plan) differed from the existing plan in
that the proposed plan called for:

» Longer highwall cuts.

» Many of the highwalls to be open for longer periods during mining.
» A different sequencing in mining activity.

s[[Montana Department of Environmental Quality (DEQ) requested further

evaluation to predict the relative consequences of and differences between
the two plans.

s[[Montana DEQ also requested a review and evaluation of the mining
responses to date (ground truthing).



Mining Plans - Area C

Existing Plan

Model Stress Periods
During Mining Activity

Years ress Perio

. 1997-2001 One (a)

. 2002-2006 Two
2007-2011 Three

. 2012-2016 Four
. 2017-2019 Five




A Ground-Water Modeling Effort

Established as a Tool to Address Montana DEQ Concerns

s[[Phase 1: Developing a hydrogeologic system
conceptual summary.

s[[Phase 2: Defining the model structure and
completing the model calibration effort.

s[[Phase 3: Using the calibrated model to evaluate
hydrologic response.

(NOTE: Montana DEQ participated in every phase of
the modeling effort.)
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General Coal Geology

Water Level Monitoring Wells in Overburden (WLO)
Water Level Monitoring Wells in Rosebud (WLR)
Water Level Monitoring Wells in McKay (WLM)

Overburden
vWLO

Rosebud
Overburden

Interburden

Transmissivity, m*/d Storage Coefficient
Mean Median

Alluvium (Armells) - Moderate Yields 156 123 [0.1 to 0.3]

Overburden - low to very low yields 111 0.7 [0.006 to 0.03]

Rosebud Coal - low to very low yields 6.5 04 [0.000015]

Interburden - low to very low yields 0.5 0.1 [no data in EIS, probably low]
McKay Overburden 19 71 [no data in EIS, probably low]
McKay Coal - very low yields 1.81 1.3 [no data in EIS, probably low]
Sub McKay - low 10.7 5.8 [no data in EIS, probably low]

Spoils - low to very low 248 0.8 [no data in EIS, probably high]




Ground-Water Database

® Historical water-level data: 241 monitoring wells,
some of them measured since the early 1980's; 96
of these wells were useful for modeling effort.

m Aquifer parameter data (EIS, 1983).

® Observation data from mine operations (e.g.,
relative amounts of water resulting from dewatering
operations).
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Rosebud Coal-Monitoring Well Response to
Previous Mining Near Active/Historic Mining
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Rosebud Coal-Monitoring Well Response to
Previous Mining Away from Active/Historic Mining
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General Conclusions Regarding Well
Observations in Area C

s[[Vertical hydraulic gradient is generally downward,
and vertical impedence is high.

s[|Relative zone of mining-activity influence (e.qg.,
drawdown) is generally limited to within 1 kilometer
of active mining.

s[|Discharges in vicinity of mining cuts are relatively
low, except in vicinity of alluvium (~ 500 m®/day).



Model Tools

Western Energy Area C Ground-Water Model

= U.S. Geological Survey — MODFLOW

= Conceptual model development —
Groundwater Modeling System (GMS)

m Steady-state calibration — Groundwater
Vistas

= Transient calibration and application — GMS



Vertical Model Structure

Layer 1

Overburden

Alluvium’ Layer 2

i
Rosebud , Layer 3

Interburden
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Model Calibration Stages

Area C Ground-Water Model

s[[Model steady-state calibration to “premining”
(generally 1983) observation data.

s[[Model transient calibration using monitoring data
from early mining to current mining. (NOTE:
Transient calibration effort was iterative.)

s[[Perform sensitivity analysis for all calibration
phases.



Calibrated Model Parameters

= Transmissivity range (m?/day):
» Overburden (0.6 to 2)
» Alluvium (28 to 170)
» Rosebud coal (0.5 to 8.5 [or 1.6 to 91 ft*/day])

= \Vertical conductivity/horizontal conductivity:
» Overburden (10™ to 10)
» Coal (10)

= Recharge range:
» From 0.2 to 0.84 cm/year (or ~ 0.1 to 0.3 in/year)



Zonation, Key Parameters

Layer 2 Transmissivity
m?/day

Recharge, cm/year




A

o _ “m%m
L wm ._nnnn
EiE / e ideicdinee
n.|“ T.. J u
e
HH £ :
e S e fioshi ey
il w
f
i e
R b
ErE w




Steady-State Calibration Results

Overburden (m) (ft) Rosebud (m) (ff) Alluvium (m)(ft)

Number
Residual Mean -0.78 (-2.56 ft) 0.21 (-0.69 ft) -0.12 (-0.29ft)

Residual Std. Dev.

Sum of Squares
Abs. Residual Mean 1.57 (5.16 ft) 2.05 (6.71 ft) 1.16 (3.79 ft)

Minimum Residual
Max. Residual
Head Range




Observed v. Simulated
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Residual Plot v. Observed Water Levels
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Simplication of Mining Process

Representation of Historic Mining Through 1996

Area C Boundary

Period 2

Period 3

Period 4

Mining
Period Years

Period 1 1983-1986
Period 2 1987-1988
Period 3 1989-1991
Period 4 1992-1993
Period 5 1994-1996




Using GMS to Represen