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Subsidence Disruption of Strata

Overburden Movement above a Longwall Panel
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Subsidence Vertical Cross Section:
Modified from Coe and Stowe, 1984
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Location of Streams

overlying Longwall
e Panels at Mine A

|

Stream Il in Figures 12 & 13 \
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Location of Streams overlying

Longwall Panels at Mine D

Note: Mine D located in North Central WV
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Reduction in Normal Base Flow
vs. Percent Mining in Watersheds
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Reduction in Normal High Flow
vs. Percent Mining in Watersheds
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Location of Streams Overlying
Longwall Panels at Mine Y
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Streamflow and Drainage Area

Examples:

A2 0N Adjusted Discharge: Area Ratio:
1 " (for sub-basin A2)

\ (Q2) / (A2)

Hplnn ma =R e S ' Net Adjusted Discharge: Area Ratio:
(for sub-basin A2)
________________ (Q2 -Q1) /(A2 - A1)

-
-- P

Note: sub-basin A2 includes

the area of upstream basin A1
(cumulative value). Likewise,

A3 includes the areas A1 and A2.
“Drawing Is not to scale A4 includes A1, A2, and A3.

Gill MS Thesis, 2000

Q1 = monitoring station for sub-basin 1
A1 = sub-basin drainage area for monitoring station 1




Stream Discharge Increase
vS. Sub-basin Drainage Areas
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Location of Streams overlying
Longwall Panels at Mine Y

Unmined coal
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Longitudinal profile Stream G
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Location of Streams overlying

Longwall Panels at Mine A
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Stream 1 Profile and

Discharge/Watershed Area Ratio

Dixon and Rauch, 1990
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Map of Stream 1 Segment 5 Overlying
Mine A and Assoclated Lineament

Dixon and
Rauch, 1990
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Location of
Streams and
Subwatersheds
Overlying

Longwall Panels
at Mine Z

Carver and Rauch, 1994

Note: Mine A located
in Northern WV
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Location of Streams and Mine Z In
Subwatershed B

Carver MS
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Location of
Streams and
Mine Z In
Subwatershed B

Carver MS
Thesis, 1994
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Discharge
VS.
Drainage
Area

Substrate

Carver and Rauch, 1994
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Discharge/Watershed Area

Related to Tributary Streams
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Conclusions

1) Streamflow loss caused by underground
mine subsidence can occur through several
mechanisms

—Water flows into tensional surface cracks and
remains in the shallow underflow system until
discharging to the surface water system

—Water flows into tensional surface cracks and into

the subsidence cracks overlying the subsided
underground mines (where mines are not flooded)

—Piracy of shallow aquifers and/or tributary streams



Conclusions (cont’d)

2) Angle of dewatering influence zone
— May exceed the angle of draw
— Average angle < 30 degrees in WV

— Angle may range between 0 and 72 degrees
depending on mine and geologic setting

3) Recovery of flow Iin streams
— Alluvium > 10 inches recovery occurred
quickly within 1- 3 years
— Alluvium < 10 inches recovery did not occur
within a 13 year period of observation

— Alluvium with 60 percent medium sized
particles experience the least dewatering



Conclusions (cont’d)

4) Subsidence impacted streams frequently
recover and exhibit beneficial post
recovery characteristics

— Baseflow can be higher and more uniform
than in un-impacted streams

— Fracturing can result in greater storage
capacity and hydraulic conductivity in the
aquifers supplying the streams
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Dewatering of Spruce Laurel
Fork, Boone Co., WV

Thomas A. Galya, Ph.D., CPG
Hydrologist
Office of Surface Mining
Charleston, WV




Acknowledgments

s The WVDEP/Logan office Inspector
supervisors Joe Hager and Bill Simmons

= WVDEP staff members that helped In the
past gathering streamflow measurements and
Installation of piezometers were Inspectors:
Allan Kuhn, Gary Sanders, Bob Fala, Brad
Duffield, Greg Meikle, LT Pack, and the late
Bill Cook.



.~ Boone Co.

" -
: » L
\ 1. | “ £
4 \ l
X { \
. 4 ! = /




Headwaters of Spruce Laurel Fork




Description of the Spruce Laurel Fork
Watershed

m Spruce Laurel Fork is regionally a 3RP order stream
- Watershed study area Is 16,700 ac.

s The WV DNR classified the stream as a high
quality perennial stream and potential as a high-
quality trout stream

m Stream supports abundant wildlife and aguatic life.
DNR notes potential significant economic benefits
to the surrounding communities, If Spruce Laurel
Fork would be restored

m Watershed has been mined for the past 45 years



Underground mining brought about
changes to the hydrologic balance
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Spruce Laurel Fork streambed

Where did
Tthe stream




Underground mining in the Spruce
Laur'el Fork wa'rer'shed

= The most upgradient and
upstream mines are the pre-
SMCRA Island Creek Coal
Co.Guyan 1, 4, and 5 mines

- Mined only 22 % of the
SLF watershed

- v (R AL = Downgradient and _
"""“""""“ R N T | ) downstream SMCRA mines
L o s A, ‘ - Hampton No. 3 mine
Il.||||;|l~:||l'*.|n 4 mine |,( - Hampton NO. 4 mlned

m  Guyan-Hampton mines
contemporaneous and
hydraulically linked

m Eastern Associated- Lightfoot
; No. 1 & 2 longwall
'Guyan mines e T, \ ( \ Operations

m Dakota Mining Co. Casey #
1 & 2 mines; currently
mining the Alma seam and
dewatering Hampton No. 3

'Legend




Mining impacts to the
Spruce Laurel Fork watershed
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St S = Study area encompasses 10 miles

Tha
R AL AT o of Spruce Laurel Fork
H;‘t(‘:o 43 '?‘;\‘R ) = AN = About 3.5 miles of dewatered
o Siver || WA ) R reaches that overlie pre-law Guyan
wateNiiliel~ <[ 7 el e R e mines.

- Mined only 22 % of watershed

m About 6.5 miles of dewatered
reaches that overlie SMCRA mines
Hampton mines

- Hampton 3 mined only 55 %
- Hampton 4 mined only 56 %

m  Artestian effects from
downgradient portions of
Hampton No. 3 mine affected
residents in the Spruce Laurel
Fork and Pond Fork watersheds



Westmoreland Hampton No. 4 mine
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Westmoreland Hampton No. 3 mine
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Background history

During 1991-1992, WVDEP investigated residential
complaints of AMD artesianing in wells and homes
along Bim and SLF adjacent to the Hampton No. 3 mine

WVDEP ordered Westmoreland Coal Co. began pumping
the Hampton No. 3 mine to lower the mine pool to
alleviate offsite artesian effects; Dakota still pumping

DNR complained to DEP about AMD In Spruce Laurel
Fork impairing the stocking of trout

Pumping the mine lowered the mine pool level & stopped:

- The flowing (artesian) AMD In residential water wells
and other mining impacts to residents’ homes

Baseflow periods show Spruce Laurel Fork to be dewatered



Was there sufficient data available
to determine if mining impacts had
affected the hydrologic balance?

= No historical, baseline, or compliance flow
data was available from the Westmoreland
Coal Hampton mine permits

m Studies conducted since the mine permits
did not have the necessary information to
assess the hydrologic problems at SLF

m The Dakota permits did not provide the
background data to assess SLF streamflow



Hydrologic studies of Spruce
Laurel Fork

WVDEP and Almes Engineering (sponsored by
Westmoreland) in 1993 showed main stem of Spruce
Laurel Fork baseflow over sections of pre and post-SMCRA
mining

The WVDEP study in 1997 showed a loss of flow to Spruce

Laurel Fork in certain reaches overlying both the pre-and
post-SMCRA deep mines

- Approx. 9.5 miles reaches of SLF affected by mining

1997 Marshall Miller study showed similar results to
WVDEP study and indicated that some underflow
streamflow re-emerged further downstream

The 1998 WVU M.S. research showed that streamflow loss
occurred overlying both the pre-and post-SMCRA mines.
Paper by Reed and Rouch, 2001 given at AML conference



Factors identified in studies that
control the SLF hydrologic regime
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Subsided streambed of Spruce Laurel
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In search of the lost streamflow:

is it underflow or pirated?
*\M‘ /) X " m WVDEP (1997) installed 9

.\'-)\Reside,,ces( . piezometers in Spruce Laurel
b / Fork streambed

m Depth of water in each
piezometer was less than 0.5,
except:

- A12 had 0.97° water

m A dye trace placed into SLF at
A2 with no positive recoveries
at traps at piezometer locations

= Minimal occurrence of water
(and no dye positive recoveries)
In the piezometers indicates
that SLF streamflow iIs not
moving as underflow in the
alluvium, but pirated to the
Hampton and Guyan mines

\ -
7%
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Stream loss intfo the Hampton and
Guyan mines
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Hydrological model
Spr'uce Laurel Fork streamflow
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What the 1993 precipitation
data shows



Spruce Laurel Fork watershed
1993 ZdeX modeled precipitation

Modeled 1993 precipitation in the Spruce Laurel Fork watershed
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6742806747 /1998)
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Precipitation (inches)
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Months

ZzdX precipitation data provided by WYU-NRAC




What the streamflow
data shows



Spruce Laurel Fork low baseflow

STOP No.
Al

gpmiacre
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Spruce Laurel Fork low baseflow

STOP No. gpmfacre Streamflow {gpm)
0.2h4 1196
0183 875 Spruce Laurel Fork streamflow, 6-17-1993 (excluding
0.105 a11 tributaries)
0.0a0 0 0.300
0.000 ]
0.009 a3
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0.100
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Almes Engineering and WVDEP gpm discharge data, 1993




What the 1997-98
precipitation data shows



Spruce Laurel Fork 1997-98 ZedX
modeled precipitation

1997 98
June 5.34 o
July £ 19 MOdeled 1997-1998 precipitation in the Spruce Laurel Fork watershed
Aug. 33
=ept. 16
Dct. 0.952 WVU=C, Reed
Mo, 2.86 - A lln
Dec 973G streamtiow,
Jan. 3.86 measuremenis|
Feo 12/47/:97,
are ' 17257/:983/287/:98
April B.46
bl ay B.23

Precipitation (inches)

|

June  July Aug. Sept. Qct. Mov, Dec. Jan. Feb. March Apnl  May
Months

ZdeX precipitation data provided by WVU-NRAC




Spruce Laurel Fork low baseflow

Station Streamflow Streamflow
gpm/acre 12171997

C1 0.222 759
c2 0.223 814 Spruce Laurel Fork streamflow, 12-17-1997
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4 0.225 g4g 0 250
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‘ Y ™ Adg 0111 A7T Hampton 4
AZh 0.108 469 0150 LU g e
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A13b 0.024 180 T T <A < <z
Al3c 0.010 a1
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A1T 0.003 an

Time-corrected gpm discharge data (Reed and Rauch, 2001)



Spruce Laurel Fork moderate

baseflow

Station  Streamflow Streamflow
Station  gpm/acre  1/25/1998

1 1 G5B 5970
C2 1.659 bBS Spruce Laurel Fork streamflow, 1-25-1998
gi 1223 ggig (excluding tributaries)
5 1.652 B283 1.800 —
.-"-1'1.1 1198 dBBD Hﬂ |II||I||I1_|
Ala 1377 547 1 gon AIHHLL . | |
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,‘R““m““ pump =g ¢ L ATk 1300 ER24 1200 JHHEH A ‘-"""
\ ¥ % A3 1.300 57E7 o s
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A3 1.085 4972 € 1.000 fHHHHHHHHHHHHHH —
Ad 0.6812 3654 £
AR 0.655 3382 o _
AR 0.684 3595 y DAl
AT 0 G565 3795 E_Q‘ n
AT 3 0.273 1697 oe00 AHHHHHHHHHHHHBEHHHBHH
A 0.471 2953 _
A 0.269 1964
A11 0.333 2314 0400 e nn e rnn
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A13 0.396 2957 o200 AHH S L
A13a 0.499 3792
A13b 0.400 3215
fﬂ\13|: DSEE 2543 I:II:II:II:I ‘_I :'-ql Iml Iml IUI Iml Igl I-DI Igl ;H\-I IQI I‘_I :'-ql I-DI Lq-l Ir_l:ll
A14 0.324 2659 000 ooz o <L ;;g;;
215 0.442 3844 _ _
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A7 0.419 3372

Time-corrected gpm discharge data (Reed and Rauch, 2001) B



Spruce Laurel Fork high baseflow

T “\Re:mnncns {

Rockhouse pump
L

Station

C1
C2
C3
C4
Ca
A1
Ala
Alh
Al
A2
AZa
AZh
A3
Ada
Adh

A1
AlZ
Al3

A13a
A13b
Al3c

Ald
AlS
A1B
A7

1.519
1.522
1.524
1.527
1.527
1.298
1.543
1.443
1.427
1.496
1.470
1.458
1.655
1.563
1.514
0.541
0.566
0.560
0.847
0.423
0.663
0.644
0.874
0.5449
0.473
0734
0.560
0.571
0.606
0.583
0.495
0614

Streamflow Streamflow

gpm/acre 3/28/1998

8475
5565
5724
5785
5303
5286
B327
BO02
BO02
B327
B315
6305
7343
7143
B933
4466
4939
5462
5473
30239
4213
4403
/072
4036
3574
5612
4502
4624
4932
8073
4550
5334

Spruce Laurel Fork streamflow, 3-28-1998
(excluding tributaries)

Guyan mines

Flow, gpm/acre

T8 e %

Gaging stations (Stops)

A1

Hampton 3
—

o8 3L

T 7T

Downstream

Time-corrected gpm discharge data (Reed and Rauch, 2001)




Comparison between measured flow
and modeled WCMS flow

Stations Reed, Rouch, 2001 WWVU-NRAC WCMS Percent
Spruce Laurel FK 30 yr avg gpm flow  difference

1) ¢ ij'J' _f_lj‘*y fJ OW. 15-Jan-98 January

inciuded 5039 SEEE
E706 2004
BE2E G54F
4913 oEa3
4441 10731
4918 11655
4950 13105
E510 13495
7781 20483
777 21358
7127 21695
E510 22525
7770 JR156
10146 JRI0R
556D 27157
fo07 27283
o023 27547
10198 28440
10258 31304
11592 31587

Al
A
A3
Ad
A5
Ah
A




Low baseflow impact assessment
(excluding tributary flow)

Hafnpton No. 4 mine

B =/ Glyaat-bmines " Reed and Rauch (2001)
Streamflow and impact assessment key > / 12-_1.2"1.19'9? 'HOW dat'a

\ No impact=blue Legend
Minor gain= violet .
Little to no gain=cyan blue

60 degrees+/=20
degree verticalfangleror:
dewatering infiuence
(Reedand Rauch #2001

Minor loss of flow=yellow
Substantial loss of flow=orange
Total loss of flow=red

e—
_—




Moderate baseflow impact

assessment (excluding trib. flow)

e
Vats

_Hampton No. 3 mine

Hampton No. 4 mine

_Guyan 1-5 mines “ \ Reed and Raumﬁ (2001)
* 1-25-1998 flow data

Streamftlow and impact assessment key

No impact=blue
\ Minor gain= violet

Little 1o no gain=cyan blue

60 degrees+/="20
degreeiverticaliangle
: i ofi dewatering
Minor loss of flow=yellow infitences(Reedfand

Substantial loss of flow=orange Rauchp 20011
Total loss of flow=red ! -




Water quality of Spruce Laurel
Fork

The upstream water quality supports abundant
aguatic and animal life

The upstream water chemistry reflects some mine
discharge from upstream Dennison Fork

The loss of SLF flow into mines results in pumped
mine discharges that contribute to downstream
flow In Spruce Laurel Fork

Downstream water chemistry reflects the loss of
stream baseflow substituted by pumped discharges
from Eastern Assoc. Coal Co. mines from SKin
Poplar and Sycamore Fork tributaries, and from
Dakota Mining, Inc into SLF



Water quality of Spr'uce Laurel Fk
il
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Summary and conclusions

m Lower seasonal baseflow levels in Spruce Laurel Fk
demonstrate that overall SLF Is a losing stream

= Underflow does occur, but 1t cannot used to explain
the disappearance of streamflow

m The pre-SMCRA Guyan mines resulted in the
dewatering of only the upper reaches of SLF

s SMCRA Hampton mining dewatered sections of the
Spruce Laurel Fork

m Ground water levels and chemistry changes occur If
Hampton No. 3 mine pool is un-controlled

= Pumping the Hampton No. 3 mine pool Is critical In
oreventing downgradient offsite impacts to Pond
~ork and SLF watershed residents




The End
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Background

Citizen’s Complaint:

Alleged that underground mining
by Shamrock Coal Company
caused damage to water supplies,
streams and structures along
Greasy Creek.



Previous Studies

OSM 1989 Technical Report resulted in an
enforcement action being taken.

Settlement Agreement June 1990 between
OSM and Shamrock Coal Company.

1)Additional hydrologic data were needed to
settle the allegations.

2)The Company would monitor surface and
ground-water locations in Greasy Creek
and the White Oak Creek and Lewis Creek
watersheds would be control watersheds.

Results:
Monitoring data was found inconclusive.



Previous Studies

(continued)

DSMRE in April 2000, conducted a new
Investigation and considered the following
allegations:

1) whether Shamrock mined outside of the permit
limits,

2) whether mining had impacted the quality and
guantity of the groundwater supplies,

3) whether the damage experienced by the
residents was related to subsidence from the
underground mines, and

4) whether Shamrock’s underground mines
Impacted the hydrologic balance of Greasy Creek,
resulting in segments being completely de-watered
during part of the year.



DSMRE Findings

DSMRE report dated July 20, 2000, contained the
following findings:

1) No evidence to indicate that Shamrock mined outside
permit limits.

2) Based on water sampling, mining had not impacted
the quality of the wells. Mining was completed prior to
Energy Policy Act (EPACT) 1992.

3) Based on the distance between the underground mine
works and the houses, DSMRE determined that it was
unlikely that mining was responsible for the damage.

4) DSMRE suggested that a dye tracing study should be
done to address the stream dewatering issue to
determine if the stream and the mine works were
connected.



OSM Study

* This study deals with allegation that
Greasy Creek now goes dry (no flow)
during times of dry weather in the area
locally know as the Mill Hole. Is the
stream dewatering being caused by
mining from Shamrock Coal Company?

 OSM also investigated reports of property
damage from stream dewatering and/or
subsidence. This was addressed in a
separate OSM report.




Greasy Creek Watershed
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Geologic Setting
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Figure 3: Stratigraphic Column for the Greas rek Project Aré:a (Csejtey, B. Jr., 1971).



Mining

« Shamrock Coal Company operated the
North and South underground mines.

* Fire Clay and Fire Clay Rider coal seams

(Hazard No. 4 coal bed)

* Total mining height: 72-96 inches (6-8 ft.)

* Room-and-pillar method (no pillar
extraction)
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Hydrogeologic Setting

Figure 5: Conceptual ground-water flow diagram for the stress-relief fracture system (Harlow &
LeCain, 1991).

Stress-Relief Fracture System



Ground-Water System

« Shallow-Unconsolidated and weathered
bedrock <30 feet thick

 Intermediate-Open-fracture stress-relief
system <150 feet below the surface

» Deep-Closed-fracture stress-relief system
deeper bedrock that comprises the core of
ridge



Baseline Data

 In the1980’s —minimal baseline data was
submitted in permit application.

« Groundwater:
— Dug wells: <31 ft. deep; median 13.8 ft.
— Drilled wells: <160 ft. deep; median 67 ft.

e Surface water:

— Used same locations as 1991-92 study by
D. L. Streib and Associates



Greasy Creek Study
Streamflow Stations
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Greasy Creek Sites

Greasy Creek above
Gabes Creek
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Stream Fracture System

Figure 19: Example of fractures in the Greasy Creek stream channel



Seasonal Low-Flow Values

7Q2 = 0.00235 A 1.05 \/ 562

7Q10 = 0.000498 A 00967 \/ -7.86

where:
“Q” = flow, discharge (cubic feet per second-cfs)
“A” = total drainage area (square miles-mi?)
“V” = Streamflow variability index (unitless)

Calculations for the Greasy Creek watershed
above Gabes Creek (Drainage Area = 25.32 mi?)

7Q2 =110 gpm -~ low pressure flow in a 4-inch pipe

7Q10=29 gpm ~low pressure flow in a 2-inch pipe



Analysis of Mining Impacts

* Changes to Ground-Water System (GWS)
—Impacts to GWS
- by the underground mine
- for several well users
- that recharges Greasy Creek



North Mine
Seal Dlscharge

Calculated flow of
641gpm (1.43 cfs)

Mine pumps 400-500
gpm all year

Source: most likely
from the undermining of
Alecs Branch in 1984

Flow is 3-6 times 7Q2
low-flow value

Flow is 12-21 times
7Q10 low-flow value




South Mine Discharge

Measured flows of 56 gpm and 73 gpm.



South Mine Discharge

Water sample taken in
November 2001

Alkalinity = 373mg/I
pH=7.38

Sp. Cond. = 1000 pumhos/cm
Low metals

Low sulfate (35 mg/l)
TDS =621 mqg/l

High sodium (213 mg/l) |

High chloride (87 mg/l)



Impact to Ground-Water System
Used by Water Wells

Shamrock replaced only 6 domestic wells.

Median depth of replacement wells 115.5 ft.
compared to median depth of original wells
56 ft.

Shallow dug wells and deeper drilled wells
apparently were not affected to the point of
needing replace.

Flow path was altered at an intermediate
depth in the fracture system.

Mining occurred prior to the Energy Policy
Act (EPACT) 1992; therefore, water
replacement not required.



Impacts to the Ground-Water
System Recharging Greasy Creek

Comparison of Water Levels to the Greasy Creek Channel Bottom

1320.00
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Figure 14: Comparison of the elevations of static water levels for selected wells to the
clevation of the bottom of the Greasy Creek channel adjacent to the well

 Dug wells-water levels above Greasy Creek channel
bottom; recharge by shallow aquifer system

* Drilled wells-water levels below Greasy Creek
channel bottom; stream channel recharging
underlying aquifer
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Percentage Stream Yield Gain and Loss —
Low Base Flow

Percentage Stream Yield Gain and Loss - Low Base Flow
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Figure 15: Percent Loss and Gain for Stations on Greasy Creek during low-base flow conditions.




Impacts to Surface-Water System

A 4,200-foot section of Greasy Creek between G-3
and G-6 exhibited mining impacts.

A weak to moderate orientation exists between
stream orientation and the percentage of stream
yield losses.

Climate conditions would affect the entire project
area, not specific stations along Greasy Creek.

Surface mining in Sang Branch, Rockhouse Creek
and Alecs Branch increased base flow In tributaries.

Removal of 700 gpm causes impact during low-base
flow conditions (during precipitation deficient
periods) because the normal 7Q2 (110 gpm) and
7Q10 (29 gpm) low-flow values for Greasy Creek (at
G-8) are small.



Conclusions

« Shamrock’s underground mining impacted
Greasy Creek. The impact caused
diversions of the ground-water flow Into
the North and South Mines. This resulted
In less ground-water in storage in the
valley bottom stress-relief system beneath
Greasy Creek and allows streamflow to
leak into the underlying fracture system.



Regulatory Conclusion

« Shamrock has impacted Greasy Creek but
not to the extent that constitutes a violation
for fallure to minimize the disturbance to
the hydrologic balance.

* The mining impacts are minimal and no
evidence of impacts outside the adjacent
area.

» Ground-water discharge lost in Greasy
Creek upstream Is replaced downstream
with discharges (~700 gpm) from the
South and North Mines.
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Table 1. Summary of combined pre- and post-mining hydraulic conductivity data.

Pre-Mining Post-Mining Pre-Mining Post-Mining Pre-Mining Post-Mining Pre-Mining Post-Mining

Samples Samples Maximum Value | Maximum Value | Minimum Value | Minimum Value | Average Vaive | Average Valuve
Natural fracture 10 NC 40x107° NC 20x10™ NC 40x10™ NC
Mining fracture NA 41 NA 30x10” NA 8.0x10~ NA 3.0x10”
Coal (below drainage) 13 5 8.0x10° 30x10™° 20x10” 1.0x107 8.0x10” 6.0x10°
Coal {above drainage) 11 7 20x10~" 1.0x10~ 1.0x10~° 1.0x107 9.0 x10™ 1.0x10~
Sandstone 45 a1 3.0x10° 3.0x10”° 2.0x107 6.0x 10" 1.0x10°° 20x10"
Shale/sandy shale 43 22 6.0x10° 8.0x10™" 30x10° 8.0x10 " 4.0 x10" 8.0x10°
Interbedded 18 11 6.0x10~° 3.0x10™° 30x107 1.0x10” 20x107° 50x10™°

NC=not calculated
MNA=not available




CONSOL’s Program To Address
Longwall Undermining of Streams

Kenneth L. Johnson
Hydrogeologist
CONSOL Energy, Inc.



Program Objectives

» Better understand factors that affect streamflow loss
and pooling from longwall mining in southwest PA
(focus Is stream loss)

* Apply this knowledge to predicting changes in stream
hydrology












Approach

» Assemble and study mine maps of our PA longwall operations

 Build geologic models of each mine area using existing
drillhole data; generate cross sections; ground truth

« Make initial prediction of effect of mining on stream by
stream basis

« Monitor real field response in different settings, and refine
predictions/conceptual model (work in progress)

« CONSOL has been studying the problem since early 1990s,
but started more comprehensive program in 2002.



Factors That Affect Streamflow Loss

 Drainage area

* Depth of cover

» Lithology of shallow overburden

» Pre-existing fracture zones

» Composition of stream channel

» Valley width and geomorphology (heaving)
» Other factors

« Complex interactions; difficult to predict w/ certainty



Conceptual Model
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Monitoring Program

Purpose

* Provide stream-specific baseline conditions

« Understand conditions in which changes occur
In the stream

» Protect the company from unfounded allegations

 Determine if changes from mining are substantive



Monitoring Program (cont)
Specifics

Monitor every USGS mapped blue line stream:
2 yrs. before/after mining; during mining

1. Streamflow measurements (m&w); gates
2. Mapping dry reaches and pooling (m&w)
3. Levels of wells near streams (m&w)

4. Biological (habitat mapping and biota
sampling, wetlands — fall and spring)

[May start to look 3+ years before mining
(intermittent streams)]

[Note: “m” and “w” — monthly and weekly]
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Geologic Characterization

» Create geologic model from drillhole data
 Run cross sections of specific streams

» Map surface geology using GPS

» Refine cross section from field data

» Apply above method to all streams
at least 2 years before mining

« Utilized internally (Dunkard Fork example) and in
permit applications and renewals



Stream Geology Cross Section
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Summary

« CONSOL has committed substantial manpower,
expertise, resources and $$ to get a handle on
this problem (four consultants; ~70-80 man-months/yr).

* Neither streamflow loss nor pooling from 1/w mining
are widespread, but confined to specific geologic
and topographic conditions.

 Change not to be viewed as always bad (e.g., surface
water loss can mean ground water gain)

« Hydrologic changes easier to assess than biological.
Jury still out on biological impacts especially for temporary
flow loss situations. Data on pooled streams suggests little
If any negative impacts.
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Summary of Stream Loss Investigations, 1977-Present

Case Number | Depth To Coal | Stream Loss Cause
1 300° Drought
2 300° Stream sinking in colluvium
3 ? Drought
4 150° Drought
5 >1000’ Drought
6 ? Intermittent stream, flowing after complaint
7 380° Longwall
8 150° Pillaring drained stream and overlying workings feeding stream
9 Underground mining in two seams in stream headwaters
10 120° Underground mining intersected valley floor fracture system
11 >700° Longwall, fault control
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Restrictions to mining underneath streams are based on
the assumptions that:

« Groundwater fracture-flow systems are intimately related
to the stream above them (gain/loss), and;

» Most fracturing occurs 100 feet below stream bottom, and,;

 The caving/fracturing zone due to full extraction extends
30 times the mining height.

Ergo, mining must be designed so that the
caving/fracturing zone does not extend within 100 feet
vertically of the stream bottom, i.e, this zone does not
Intersect the fracture-flow system, causing dewatering.



Guidelines for Mining Beneath Streams

If <100’ of cover, no mining 1s allowed. Headings may be

driven to access a coal block across drainage with certain restrictions (grouting/grouting plan,
upstream and downstream groundwater and surface water monitoring, report of in-mine observations,
etc.)

At depths of 30 X Mining Height + 100°, First-
Mining, Only, is allowed.

At depths > 30 X Mining Height + 100°, Full
Extraction is allowed.

Caveat; mining in vicinity of fault and fracture
systems will be given particular attention.



Geologic Constraints on
Underground Mining

« Most underground mining occurs In
ridgetop settings, I. e., potential impact Is to
headwater streams

« Except for very limited areas, depth to
mineable seams under regional drainage Is
500 feet or greater (Pocahontas 3 only seam
mined to great extent)
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