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Aspects to be Covered

Physical Hydrology
 Recharge avenues and rates

« Spatial and seasonal recharge
variations

« Room and pillar verses retreat
and/or longwall mining

Geochemistry

* Initial water quality
 Temporal changes
« Spatial variations



How Are Mines Recharged?

* Vertical infiltration —downward moving
ground water enters from the roof.

» Lateral inflow - adjacent flooded or

partially flooded mines and from ground
water in the coal itself.

 Upward Inflow - leaky artesian units
underlying seat rock.



ertical Infiltration from the Roof
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Lateral Flow (Barrier Seepage)




Inflow from Seat Rock
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Recharge Variation

 Mine recharge rates are generally not
constant over time or spatially.

 Recharge rates respond climatic
conditions — precipitation, high ET vs. low
ET, temperature, snow vs. rain, etc.

 Response to precipitation events may
take hours to days depending on the
configuration and depth of the mine and
preceding climatic conditions.



Mine Discharge Hydrograph
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Recharge Variation

Recharge rates are not constant
throughout the mine, different parts of the
mine commonly have distinct recharge
rates.

This Is because there are commonly
discrete inflow points or zones.

Commonly, portions of the mine beneath a
stream valley or prominent lineament will
have higher recharge than other areas.

Deeper cover areas as a rule will have less
recharge than shallow areas.



Mine Recharge Rates

Rule-of-Thumb — or actually
from Parizek, 1970.

Range of values In northern WV
and southwestern PA. (Tieman and Rauch,
1987) to for the mountainous
portions of the PA bituminous coalfields
(Booth, 1986).

Experience has shown that the mountainous
areas usually have higher recharge rates.

If possible, estimate recharge rates for your
particular situation. If data are not available, |
start with 0.5 gpm/acre.



Conventional Mining




Impacts from Longwall Mining

Surface Disturbance
Zone

$5555555 S5 5 oo s55%7
5353555855593 53355755575 55555 555

Constrained and
Unaffected Zone
>60x void height to
50 below the surface

Dilated Zone
30 to 60x void height

AN /
Fractured Zone
24 to 30x void height AN
- . /
Caved Zone - \ [

6 to 10x void height
[

Ground Water Flow Paths Modified from Kendorski (1993)



Subsidence Creates New and

Opens Up Existing Fractures
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Initial Water Quality

Throughout the life of operation, the mine is an
Ideal environment for pyrite oxidation — exposed
pyrite-rich rocks and coal are constantly ventilated
by moist air.

The first water quality is usually the worst because
of the initial flush of soluble hydrous iron sulfates
(pyrite oxidation products) during flooding Is
concentrated.

Above-drainage mines may improve somewhat with
time but likely will remain acidic for decades if not
centuries.

Water quality in below-drainage mines tends to
Improve dramatically with time. There are several
reasons for this improvement.




Reasons for Flooded Mines Water
Quality Improvement Temporally

After the initial flush, there are less
readily available iron sulfates to dissolve.

Pyrite oxidation ceases once the mine Is
flooded (Watzlaf, 1992).

Geochemical changes in the mine pool
work to neutralize the water and reduce
concentrations of some of the metals.

Dilution from fresh ground water inflows.

The ground water flow path exhibits some
short circuiting.
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SW Pennsylvania Pittsburgh Coal
Seam Mine Below Drainage
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Differential Recharge and
Flow Short Circuiting
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Spatial Water Quality Variations

« Different sections of mines may produce
differing water quality due to inherent
geochemical changes in the coal and
associated strata.

 Age of the water can impact its water quality.
Water quality changes from when it first enters
the mine as it flows through the mine. The flow
through the mine is commonly very slow and it
will evolve over time.

 Mine water frequently stratifies with the worst
water quality being in the deepest sections.



Example of Lateral Variability




Comparison of Water

Quality
Parameter Point 1 Point 2
pH >6.0 ~3.5
Net Acidity -50 t0-100 mg/L >100
lron <0.03 mg/L >10 mg/L
Sulfate < 100 mg/L >600 mg/L




Fairmont Mine-pool Monitoring Wells
and Generalized flow Pattern

L T\
Jordan
sink %

Qaé™ 7 38 Ground water
Flow Direction

10 Miles

Modified from Perry and Hawkins, 2004




Water Quality of Fairmont Mine-pool In

Different Parts of Flow System

Eh

Site pH i Alkalinity TDS Fe Ca Mg Na SO, Cl
Mine38 7.32 -94 179.8 548 3.44 60.7 14.1 1057 207 341
Mine63 7.31 -130 589.6 3301 33.9 1584 33.1 853.4 1697 44.2
[S)i"’;;ootﬁ 720 -159 568.7 5194 134.8 250.6 89.7 1254 2812 119.9
Over-

857 -146 263 454 004 21 50 1383 479 52.1
burden

After Perry and Hawkins, 2004

Mine 38 well in recharge area, Mine 63 well at intermediate flow path
location, and Siphon at end of flow path. Dissolved constituents in mg/L.



Example of Water Quality Stratification
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There is Still A Lot of Work to be Done.




DEWATERING OF A SALINE MINE
POOL IN NORTHEAST TENNESSEE

A Joint Project of the Appalachian Regional
Coordinating Center, the Harrisburg Field Office and
the Knoxville Field Office

August 3, 2004
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CROSS-SECTION

Cross-section of Tackett Cr., Straight Cr., Valley Cr., and Clear Fork

Distance in feet
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Distance in feet

i 280 ft
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Hydraulic Conductivity of Coal

m Cleats (fractures) magnitude and orientation
m K = 0.01 to 0.5 ft/day (literature)

m Pump test in coal is difficult

m Site specific data not available



Oadl balrier

ow throug

Use analytic model

Q =Kia
0-02 fay® 280/ 4x 4.5X12,709
Q=67/gpm

DURING ACTIVE MINING!!




= But, what happens when the mine floods?

= The hydraulic gradient decreases
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During Mining: 67 gpm

After Flooding: 48 gpm
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How do I account for this flow
When I don’t know K, or K,

I Fudge it!

I add an extra foot to the coal
thickness



During Mining: 67 ghm = 81 gpm

After Flooding: 48 ghm = 58 gpm
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m From the 1982 permit application

m 1971 acres mined (some 90%)

= Ave daily pumping rates (5 pump sites)
2535 gpm average
23000 gpm maximum

= Or,
u2535/1971 = 1.28 gpm/ac
=x3000/1971 = 1.52 gpm/ac



= The new adjacent mine has 984 acres
below drainage
= SO,

= 1.28 gpm/ac x 984 = 1,259 gpm ave

= 1.52 gpm/ac x 984 = 1,496 gpm max

mIn this case, the floor seepage is most
Important!



= Current mine gravity discharge
= = 1025 gpm
= = 4341 acres of underground workings

= = 0.24 gpm/acre workings

= New mine has 984 acres below drainage
= 984 x 0.24 = 236 gpm when flooded



m 0.24 gpm/ac inflow

m = 1.93 cu. ft. /hour per acre workings

m = 46.3 cu. ft./day per 43,560 sqg. ft area
m = [16,907 ft3/yr ]/ 43,560 ft2

m = 0.39 ft recharge or

m = 4.7 inches per year



sFORGET ABOUT IT !



= During mining:
m1,340 gpm = 3 cfs

= After flooding
= 294 gpm = 0.65 cfs



TDS Affects on Receiving Stream

o Mass balance mixing model
[Qucu + chm] / Qt = Cd
Q., = 3 cfs during mining
Q., = 0.65 cfs after flooding
C, =777




TDS Affects on Recelving Stream

Trilinear Diagram

Leg§ed

Clear Creek
H UG discharge

SO4




TDS Affects on Recelving Stream

ID pH TDS SO4 Na K Ca Mg ClI HCO3 Fe Mn SiO2
Clear Fork Creek 7.6 383 170 19 3.7 44 27 0O 112 05 0.1 !
Mine Pool 7.8 1941 418 552 42 18 9 3 933 0.7 0.2 2.97

*USGS Classification (Hem):
e 1 to 1000 mg/Il fresh water
e 1000 to 3000 mg/I Slightly Saline
e 3000 to 10000 mg/l moderately saline









TDS Affects on Recelving Stream

* Mine Pool Water
— TDS: 1100 to 2100 mg/I
— S0,: 400 to 950 mg/I

e Stream Water
— TDS: 290 to 550 mg/l
— S0,: 100 to 300 mg/l




TDS Affects on Recelving Stream

Mass Balance Model 3.0 cfs at 1500 mg/l TDS

4 miles below mine

Parameter Jan Feb Mar April May June Jul Aug Sept Oct Nov. Dec
Flow (cfs) 385 44 522 403 254 136 97 76 6.2 74 162 324
TDS 220 200 230 280 310 330 350 330 330 270 212 200
Predicted Flow 415 47 552 433 284 16.6 127 106 9.2 104 19.2 354
Predicted TDS 313 283 299 365 436 541 622| 661 | 712| 625| 413 310

7Q-10 = Aquatic life standard
3Q-2 = Drinking water standard




Part Il — To be
Presented by Brent

Means of OSM on
Thursday

Discussion of City Well-field and
hydraulic connection to the Stream



Groundwater Modeling of
Underground Mine Voids
being employed to
Dispose Waste Heat

James M. Stiles
Joseph J. Donovan
Bruce R. Leavitt
Paul F. Ziemkiewicz
West Virginia University
3 August 2004



HST3D

= [hermal groundwater models constructed for this

project use the U.S. Geological Survey’'s HST3D.

HST3D was designed to simulate heat and solute
transport in three-dimensional saturated
groundwater flow systems.

HST3D solves finite difference approximations of
the saturated groundwater flow equation, the
conservation of enthalpy equations for the fluid
and porous media, and the conservation of solute
mass equation for a single species.
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400 Series Results after 25 yrs
Overburden = 558 ft
Surface Area = 13,065 acres

— Q0 =4000 GPM

—Q=7,900 GPM

— Q= 15,800 GPM

/__,-M*
% ——Q = 18,300 GPM
/

Q= 36,700 GPM

— Q1 =79,300 GPM

— Q= 158,500 GPM

Extraction Temperature, C

— Q= 183,500 GPM

— Q= 275,200 GPM

Q= 2317000 GPM

10 15

Simulation Time, years




500 Series Results after 25 yrs
Overburden = 459 ft
Surface Area = 13,065 acres

=9.900 gpm

= 15,900 gpm

= 19,800 gpm

= 39,600 gpm

= 79,300 gpm

=91,700 gpm

= 158,500 gpm

= 183,500 gpm

= 220,200 gpm




700 Series Results after 25 yrs
Overburden = 558 ft
Surface Area = 4,001 acres

Q=20 GPM

—Q =40 GPM

— Q=90 GPM

Q=180 GPM

— Q=370 GPM
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— Q=920 GPM

— Q= 1,830 GPM

—Q=3,670 GPM

10 15

Simulation Time, years




800 Series Results after 25 yrs
Overburden = 262 ft
Surface Area = 13,065 acres

— Q= 15,900 gpm

| — Q= 18,300 gpm
/ / ——Q = 36,700 gpm
T
/ ——Q = 55,000 gpm
/
/ Q = 73,400 gpm

——Q =91,700 gpm

Extraction Temperature, C

/__,f"'"
10 15 20
Simulation Time, years

Q= 110,100 gpm

ﬁ




Regression Results

Series 500 Cverburden = 459 ft
Area = 13 065 acres

Series 800 Overburden = 262 ft
Area = 13,065 acres

Series 400 Cverburden = 558 ft
Area = 13 065 acres

® Series 700 Overburden = 558 ft
Area = 4,001 acres

—Series 700 Regression

—Series 400 Regression

— Series 500 Regression

— Series 500 Regression

y = 6.8015Ln(x) - 12.751
R’ = 0.9404

y =4.0151Ln(x) - 24.326
R’ = 0.9931
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y = 4.1842Ln(x) - 16.665
R? = 0.9347

y = 4.4498Ln(x) - 22.54
R’ = 0.9488

1000 10000 100000 1000000
Discharge Flow Rate, gpm




Regression Analyses Results

C Inter. | Slope | Inter. Slope
: Inter. | Slope
Series | R? D Ect Ect t t Pr > Pr >
= ' "~ | value | value | t] |t

400 |95% | 9 | -29.2 | 4.39 | -6.29 | 11.9 | 0.0002 | <10*

500 |93% | 8 | -23.8 | 4.18 | -4.48 | 10.0 | 0.0029 | <10+*

700 |94% | 7 | -24.3 | 6.80 | -4.64 | 9.73 | 0.0035 | <10+*

800 [99% | 6 | -31.1 | 4.02 | -16.7 | 26.8 | <10+ <10+




600 MW Cooling Tower Parameters
(River Source)

T, = 120 OF (48.9 °C)
Tou = 105 °F (40.6 °C)
AT = 15 OF (8.3 °C)
Q. = 100,000 gpm (6.31 m3/s)
H = 2.06 x 10> BTU / sec (2.17 x 10> k] / s)




Underground Direct Cooling:

Key Elements

Capacity varies by mine area and pumping rate.
Predominately in the vertical direction.

In the early years, capacity will be higher due to
available heat capacity of rocks.

As thermal equilibrium is approached, cooling will
become radiative.

For any given AT and specific mine, pumping rate
must be selected to achieve the plant cooling
requirement (H).

Complicating factors (-) : flow short circuiting,
excess recharge.

Complicating factors (+): barrier leakage, thermal
dilution by recharge, seasonal pre-cooling.



Direct-Cooling Plant
Pre-Design Elements

600 Megawatt capacity.

H” (plant cooling requirement) 2.1 x 10°
BTU/sec.

Closed-loop underground cooling cycle.
Assumed 25 year plant lifetime.

Thermal equilibrium may be approached in
plant lifetime.

Metals treatment in excess mine water
(recharge) required.

Sufficient residence time (no short-circuiting)
in mine must be achieved for feasibility.



Disclaimer

s [he results shown today are
PRELIMINARY.

s No conclusions as to the feasibility of mine
cooling technology should be drawn from
these PRELIMINARY results.

= [he final report for this research will be
made public after the project is completed
and approval has been granted by the
funding agency.
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Numeric Modeling of the Irwin
Syncline, Westmoreland County,
PA

William R. Winters, R.P.G.

OSM - ARCC



This study:

Deals with a large system of underground mine

complexes

Focus on hydraulic relationships that developed

within a large synclinal basin

Developed a conceptual model of the larger

mined basin

Goal: develop numeric model for a typical

bituminous coal basin
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Irwin Coal Basin,
PA

100 mi? plunging
syncline

Bituminous
Pittsburgh Coal: 6-7
ft thick

> 90% mined out
Mined 1852 to 1981

27 mine complexes




Geochemical Models

Northern Sub-basins:

less flooded, shorter flow paths, shorter residence time
less fine-grain lithology, less second mining

direct connection with atmosphere

lower CO, concentration, silicate weathering

Result = lower pH, acidic to weakly buffered, more SiO,, Al 3*, very
undersaturated

Southern Sub-basins:

more flooded, longer flow paths, longer residence time
more fine-grain lithology, more second mining

no direct connection to atmosphere

higher CO,, more calcite dissolution, more cation exchange
Result = highly alkaline, circumneutral pH, more Na+, Ca?*,



Irwin Syncline

Mines and _ Irwin Sub-basins

Sub-basins

Coal Run — & (% - Export — location 1
 Delmont - location 2

« Irwin/Coal Run —
location 3-4

b e Upper/Lower Guffey —
7 -JU C / uZhinson/ﬂ- B \M h d 1
«ggrgougn e archan location 5-6

YoughiogheRy ~ =

3 « Marchand/Hutchinson
9 )
A — location 7-8

Banning — location 9




Basin Hydrogeology: General theory

Effect of conductivity (K) on basin flow system
(e.g. Freeze and Witherspoon, 1967)
e Mining
o Horizontal high K layer
o Fractures overburden
o Creates gradient into mine void
e Post mining
o Flooding

o Mine pool development
o Discharge potential

e Most mines develop into confined systems as
mining moves Into deeper structures



Regional Flow Models

Z1 i1 1)
[t T e |

FIGURE 7.11 Regional ground-water flow in confined aquifers: A. Aquifer confined by a
sloping confining layer. B. Aquifer confined by a flat-lying confining layer. Source: R. A.
Freeze and P. A. Witherspoon, Water Resources Research, 3 (1967):623-34.




Subsidence Theory

Subsidence Prot

Angle of Draw

Mined-out area




Subsidence Zones
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Subsidence Profile — Detall

Subsidence
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Conceptual Hydrogeologic Model

e Steady state (Equilibrium) hydrogeologic conditions

e Source terms: Recharge from overlying strata as
precipitation evenly distributed over model surface

* |Increased recharge zones related to shallow cover areas
along boundary perimeter

* No - flow boundary conditions along model bottom
and along all outcrop areas



Conceptual Hydrogeologic Model

e Aquifer units modeled as mechanical units rather
than stratigraphic units as per Kendorski, 1994
e All aquifer properties assigned per subsidence model

* River boundary conditions along the Youghiogheny
River

 Discharges modeled using pumping well theory



Model Grid

Project Area: 50,000 ft wide x 120,000 ft long
Total Project Area: 137,741 acres, 215 sq. mi.
Modeled Area: ~ 62,814 acres, 98.15 sqg. mi.
24 Layers, 25 feet thick

50 Rows @ 1000 ft, 120 Columns @ 1000 ft
144,000 total cells

37,233 active cells



Model Characteristics

329 iterations

Convergence Criteria: 0.1 ft

All aquifer units modeled as confined units

All leakage computed as Leakance in VCONT array

Head values computed using MODFLOW 88/96



Boundary Conditions

Model Base: Pittsburgh coal underclay/shale

Southwest Boundary: Youghiogheny River —

Constant head boundary to model base, based
on river elevations (800 ft AMSL in south, 780 ft
AMSL In north)

Northwest, East and South Boundaries: No-flow
boundaries based on outcrop of the Pittsburgh
coal

Discharges: Well boundary condition utilizing
pumping well theory



Hydraulic Conductivity Determination

Determine K and T using Irwin discharge points,
mine pool monitoring points and equilibrium

well theory (Thiem Equation)

Thiem equation relates the drawdown curve by

using drawdowns at 2 monitoring points

Used pairs of points to calculate T values within

the Irwin sub-basin



Thiem Equation

Thiem

Equation:

T = Transmissivity (ft?/day)

K = Hydraulic conductivity (ft/day)
b = Aquifer Thickness (ft)

Q = Pumping/discharge rate (ft3/day)
h, = hydraulic head at r, (ft)

h, = Hydraulic head at r, (ft)

r, = Observation point 2 radius (ft)

r, = observation point 1 radius (ft)



Thiem Parameters

Q Ground surface

/
* Original prezometric surface
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Methodology

i Radial Dist
Methodology uses radial
Irwin Discharge 1.5
distance of “logical S Side A/S 1220
pairs” of monitoring Adams A/S 4350

points from the Irwin Biddle A/S 8150
Di scharge Jimtown A/S 14600
Edna #2 15450

McCollough
A/S 22700

MW 5 33400

“Logical pairs”

determined by radial

relationship to Irwin
« :

discharge All d_lstances and water
levels In feet



Calculated Conductivity Results

Transmissivity (T): Assume b = 20 ft, K Is:
Range: 4354 to 28458 ft?/day Range: 218 to 2782 ft/day
Median: 14377 ft’/day Median: 719 ft/day
Avg: 18021 ft?/day Avg: 901 ft/day

Model uses K values between 500 and 1000 ft/day



Aquifer Property Values

e Cave/Mined Zone: 2 — 10t; model = 25 ft (4t)
Kx = Ky = Kz = 100-1000 ft/day; S = 0.005; n = 0.20

e Fracture Zone: 10 — 21t; model = 100 ft (15t)
Kx = Ky = 0.5 ft/day, Kz = 0.1 ft/day; S = 0.005; n =0.25

Dilated Zone: 24 — 60t; model = 25 — 375 ft (1- 57t)
Kx = Ky = 0.001 ft/day, Kz = 0.0015 ft/day; S = 0.005; n =0.20

Surface Zone: 50 ft
Kx = Ky = 0.1 ft/day, Kz = 0.005 ft/day; S = 0.05; n =0.15

t = mined thickness of coal seam:; Irwin Basin = 6.5 ft



Hydraulic Conductivity Zones

South North

Banning Export




Storage/Porosity Zones

North

South

Banning

Export




Irwin Basin Outline

Biddle A4S

darchand A0S u

Hutchinson Jim T owun 4SS
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Velocity Profile — Irwin discharge
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Velocity Profile — Marchand/Hutchinson
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Sub-basin Velocity Profiles

Delmont/Export, max = 16.5 ft/day, min = 4.0e-2
ft/day, avg = ~3.0 ft/day

Irwin/Coal Run, max = 85.0 ft/day, min = 8.29e-3
ft/day, avg = ~ 12.0 ft/day

Marchand, max = 41.6 ft/day, min = 7.0 e-1 ft/day,
avg = ~ 7 ft/day

Upper/Lower Guffey, max = 16.5 ft/day, min = 7.0e-
3 ft/day, avg = ~4.5 ft/day

Banning, max = 17.6 ft/day, min = 2.0e-1 ft/day, avg
=~ 2.5 ft/day



Calculated Velocity vs Modeled Velocity

Delmont, calc = 8.7 ft/day; model = 3.0 ft/day
Export, avg = 14.4 ft/day;

lIrwin, avg = 27.1 ft/day; model = 12.0 ft/day

Coal Run, avg = 11.9 ft/day

Marchand, avg = 7.8 ft/day; model = 7.0 ft/day
Upper Guffey, avg = 8.2 ft/day; model = 4.5 ft/day
Lower Guffey, avg = 4.7 ft/day

Banning, avg = 4.3 ft/day, model = 2.5 ft/day
** Calculated velocity taken from Winters & Capo, 2004



Irwin Basin Outline

Biddle A4S

darchand A0S u

Hutchinson Jim T owun 4SS

McCullough A




Preliminary Calibration

Location Target Modeled Residual
Marchand A/S 767 798 -31.93
MW 10 772 821 -50.00
Biddle A/S 888 955 -67.23
JimTown A/S 898 973 -75.87
Adams A/S 900 877 24.99
o [gFWAVAS) 910 949 -39.46
McCullough A/S 924 1000 -76.35

Residual Mean = - 34.36

Residual Standard Deviation = 33.20
Residual Sum Squares = 16,000
Residual = Target - Modeled



Preliminary Results - Summary

Large mined basins can be modeled using
MODFLOW based models

Application of subsidence profiles to aquifer units
appears to produce acceptable results

Calculated velocities closely approximate model
derived velocity profile

Numeric modeling corroborates effects of barriers
on sub-basin delineation

Large scale mining appears to act as an
underlying conduit for ground water movement



Mine Pool Marketing

Acid Mine Drainage Reuse



Definition:
Opportunity - The meeting
of two or more problems
with a common thread



Background

+ In 2002 LTV and Beth Energy were
undergoing bankruptcy proceedings

- 19 underground mines with treated discharges

Secretary Hess asked the MRAB to
investigate the issue of orphaned mine
pools and make recommendations for
dealing with the problem.

Orphan Mine Drainage Task Force was
formed and passed 19 resolutions in July
2003



MRAR Resolutions

* DEP to form partnerships to
assist in the marketing of mine
pool discharges where the
opportunity exists for recycling
and reuse.



Plale 13

Curreant Mine Outlines
Study Area 1 - Inset 9




Flooding of Shannopin =
3 Opportunity
» Abandoned in 1994

+ Rising at rate of 1 3 foot per month

* Predicted to discharge late 2004 or
early 2005

» Highly acidic discharge into Dunkard
Creek, 2 mile from the Mon River

- 2000 gpm



Impacts

* There are 5 municipal water
authorities that will be significantly
affected

- There are 2 current industrial water
intakes that would be affected

* Recreational and tourism impacts



Treatment Costs to Pa

- $800,000 to construct treatment
system

» $1.5 million annually to treat
- No onhe benefits from the water



FLOODING OF DANA MINING COMPANY’S
SEWICKLEY COAL SEAM FROM ABANDONED
PITTSBURGH SEAM SHANNOPIN MINE

GREENE COUNTY-PENNSYLVANIA



EFFECTS OF A RISING MINE
POOL
ON THE DANA'’S MINES

LAND SURFACE

SMALL STREAM

MONONGAHELA RIVER




DANA MINING COMPANY'S
PENNSYLVANIA MINES

- Titus Mine - 500,000 tpy production rate -
active but reduced production

» Dooley Run Mine - 500,000 tpy production
rate - idled in June 2002 due to flooding
from Shannopin

+ 4 West Mine - proposed - application
submitted to PADEP on January 30, 2003

+ ($150,000 annually intfo AML fund)



CURRENT SHANNOPIN MINE
POOL
IMPACT AREA IN SEWICKLEY COAL SEAM

b
&

DUNKARD

CURRENT ___
MINEPOOL

PENNSYLVANIA _ _ _
WEST VIRGINIA




MINEABLE SEWICKLEY COAL

WASHINGTON COUNTY
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400 million recoverable tons of coal



FINANCIAL CONSEQUENCES TO
PENNSYLVANIA IF SEWICKLEY COAL
SEAM IS FLOODED

Greene County, its municipalities, and its

school districts stand to lose $550,000/year
In property tax revenue

The Pennsylvania economy will lose
$25,000,000/year of current gross revenue

Loss of more than 10 billion dollars of
potential gross revenue

Loss of more than 2.5 billion dollars of
potential payroll- approximately 200
employees



DANA’S SOLUTION

POWER PLANT

AMD PLANT
(e == - - — = = - o ¢ i |
| SMALL STREAM

ANE POOL LEYER ; - ; — MONONGAHELA RIVER

BAMD treatment plant and pumping station



DANA'S PROBLEM =
1/2 OPPORTUNITY

* Dana indicated they had the financial
ability to chemically treat the water
from the Shannopin mine, but they
lacked the capital to construct the

treatment plant



COST OF PROPOSED TREATMENT

» Pumping infrastructure will cost $1,750,000
» Treatment plant will cost $5,500,000

» Long term operating expense will be
$800,000/year

* These costs are based upon measured water guality



The Commonwealth's

Response = No Brainer

* Definition: Opportunity- when two or
more problems meet

+ DEP provided $1.8 million in Title IV
funds

» PennVEST provided $4.3 million low
interest loan

- DCED provided $1 million in
performance grants



DANA’S CURRENT EFFORTS

POWER PLANT

AMD PLANT
[ == - - - = = - s | —
| SMALL STREAM

STEELE
SHAFT

MONONGAHELA RIVER

B AMD treatment plant and pumping station construction —
Plant planned to go on line June 1, 2004

B DEP to own plant if companies default

BProposed GenPower 600 MW power plant would require
/7000 gpm
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Actions Needed for
Implementation

» Build database of eligible discharges
- Flow

- Chemistry

- Location



Mine Discharges In Pennsylvania
Discharges Greater Than or Equal to 100 GPM Average
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Actions Needed for
Implementation

» Build database of eligible discharges
+ Seek partnerships



Actions Needed for
Implementation

* Build database of eligible discharges
+ Seek partnerships
+ Secure adequate funding for projects



Actions Needed for
Implementation

* Build database of eligible discharges

+ Seek partnerships

+ Secure adequate funding for projects
» Overcome legal and legislative issues



Actions Needed for
Implementation

* Build database of eligible discharges

+ Seek partnerships

+ Secure adequate funding for projects
* Overcome legal and legislative issues

- Provide incentives

- Reclaim aml lands for industrial
development

- Low cost for water



Actions Needed for
Implementation

* Build database of eligible discharges

+ Seek partnerships

+ Secure adequate funding for projects
* Overcome legal and legislative issues
* Provide incentives

+ Seek new or improved technology



BUGS ON BOOZE

» Acid mine drainage remediation
utilizing sulfate reducing bacteria



Acid Mine Drainage

- pH Acidity Alk Fe Al SO,
- 2.8 400 0 60 30 850

Can be treated with a passive treatment system






Acid Mine Drainage

- pH Acidity Alk Fe Al SO,

- 2.8 400 0 60 30 850
- 24 2100 O 475 230 3000

Can’t be treated with a typical passive treatment system.
For this one we turned to a sulfate reducing bioreactor



SRB Reactor Ingredients
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SRB Bench Test
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SRB Bench Test Results

- pH Acidity Alk Fe Al SO,
- 24 2100 O 475 230 3000
- 6.0 0 2700 007 0.1 1120
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SRB's in Underground Mines

» It would be very difficult to pack the
dry ingredients into a backfilled mine
pool.

» SRB require a carbon source for food

» Alcohols and sugars can provide the
necessary carbon

* More mobile than solid ingredients,
therefore must constantly replenish






* In]
* In]
* In]
* In]

Procedure

ect Carbon Dioxide

ect and Circu
ect and Circu
ect and Circu

ate Caustic Soda
ate Methanol
ate Molasses



SRB will:

* Metabolize organic carbon, consuming
dissolved oxygen at a rate greater
than it can be recharged

* With d.o. depleted the SRB will
utilize alternative electron receptors,
i.e. manganese, iron and sulfate



Expected Results

* Increased pH
+ Decreased acidity
* Increased alkalinity

» Decreased iron, aluminum, manganese
and sulfate (these likely convert to

sulfides)



Unknowns and Future Work

» Cost to maintain system on a long
term basis

- Feed rates of various alcohols and
sugars to maintain consistent results

» Can waste products be substituted
for commercial products

» Costs compared to active or passive
chemical treatment



Role o

f Local Governmental
Agencies

« Work with County Industrial Development

groups —

pecome an active partner

 Educate the residents in your area about the

mine poo

| marketing concept

» |ldentify areas within your area with the
potential for fitting Into this marketing plan



Abandoned Underground Coal Mines
as Municipal Water Supplies in the
Eastern Kentucky Coal Field

Dennis H. Cumbie

James S. Dinger
Kentucky Geological Survey



Background:

Focus of research — Community Water Supply
History of Mine water usage
Quantity of Water available
Quality of Water available

Study Sites:
Mines with potential, in close proximity
to communities with need

Water Quality Data:
Spatial variation in quality
Temporal trends
ACS>
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Coal Field

Appalachian
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Eastern Kentucky Coal Field
Water Supply Problems

¢ Inadequate surface water supply due to steep
terrain and highly dissected topography

¢ Ground-water occurrence sporadic and
usually difficult to locate



Existing Water Systems
Using Abandoned Deep Mines

Kentucky:

¢ Two community systems with no distribution
¢ Two seasonal users

¢ Two emergency back-up supplies

¢ Three full-year municipal water systems

eWheelwright (Floyd Co.)
= 1,000 customers, 130,000 gal/day

e Fleming-Neon (Letcher Co.)
= 900 customers, 100,000 gal/day
e Evarts (Harlan Co.)
= 1,000 customers, 125,000 gal/day

&GS



HARLAN COUNTY

Location and
condition of
Evarts primary
water source prior
to July, 2001.
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Existing Water Systems
Using Abandoned Deep Mines

West Virginia:

¢ /0 systems

¢ Eight counties

¢ 81,000 customers

¢ 7.3 million gal/day use

Lessing and Hobba, 1981. Abandoned Coal Mines in West Virginia
as Sources of Water Supplies. West Virginia Geologic and Economic

Survey Circular No. C-24.



Other Uses:

Fish Farming; West Virginia hatchery produces
250,000 to 300,000 Arctic Char and Rainbow
Trout annually.

Industrial; Manufacturing, cooling for power plants.

Resource Extraction: Mine water used for dust
control, cooling, and coal preparation.
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Locations of study sites in Eastern Kentucky

Crafts Colly
Cow Branch

Sand Lick site

Manchester

Leatherwood

? 9 E 52 Mles




Benco Site,
Perry county +  Production well N

/\/ Mine floor elevation contours

1 Approximate mine boundary S/
Y%

00

N

A

600 0 600 1200 Feet
— ]

100 Mgal in storage
300 kgal/day recharge

&GS



Manchester Site,
Clay County

Manchester, 2 miles

J ! O Q10 200 e

# Production well
Storage volume: /\/ Mine floor elevation contours
460 Mgal [_1 Approximate mine boundary

&GS




Leatherwood Site,
Perry County

® Qutflows
/\/ Mine floor elevation contours
[_1 Approximate mine boundary

Total seasonal outflows range between
300 to 750 kgal/day




Sand Lick Site,
Letcher County

e \\ell or outflow
/\/ Mine floor elevation contours
[ Approximate mine boundary

0 500 1000 Feet
—— ]

114 Mgal in storage
120 kgal/day recharge
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Crafts Colly Site, e Production well

| etcher Cou nty /\/ Mine floor elevation contours
1 Approximate mine boundary

1000 0 1000 2000 Feet
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150 Mgal storage
180 kgal/day recharge _x6S>




Locations study sites in Letcher County

Crafts Colly

Cow Branch

»

Approximately 3 miles between sites

LETCHER




Water Levels in Letcher County Monitoring Wells
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WATER QUALITY:

Analyses include 20 samples collected by DSMRE

Laboratory Analysis:
¢Dissolved metals (Fe, Mg, Mn, Ca, Na)

¢Dissolved anions (CI, F, SO,, NO,)
¢ Total Dissolved Solids
¢Organic contaminants

Field Measurements:
¢pH

¢Sp. Conductance

¢ Temperature
¢Dissolved Oxygen




Legend:

Sand Lick
Crafts Colly

Above local

Collected from private well

Cow Branch
Manchester
Leatherwood
BenCo

Camp Branch

drainage

Mg

80 /

60 £

80 60 40 20 20 40 60 80
Ca Na+K HCO3 Cl

&S

Piper Diagram for Eastern Kentucky Mine-water Samples




Water Quality Parameters separated by Coal Seam

pPH vs Coal Seam

8.9 F

8.4 | i ——————————————— :

pH (std. units)

Harlan
Hazard #5A
Hazard #7
Kellioka
Manchester

Hazard #4(Fire Clay)
Upper Elkhorn #3



Water Quality Parameters separated by Coal Seam

HCO3 vs Coal Seam

1200 F :
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Fitted regression using Box-Cox Transformation

Power=0.30068, Shift=0.0
2400 F | | | | 3

2000 |-
1600 |-
1200 [
800 [
200 [

TDS (mg/L)

0 5 10 15 20 25
. . . (X 1000)
Estimated time since mine closure (days)

P-Value = 0.002
R? Value = 27.682 Moderately strong relationship



Fitted Regression using Box-Cox Transformation
POwer=0.0287277, Shift=0.0
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Fitted Regression using Box-Cox Transformation
Power=-1.04063, Shift=0.0
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P-Value = 0.0002
R2Value = 91.73 Relatively strong relationship



Future Work?

Increase Data Set:
Funding for additional samples
Incorporation of other data sets
DSMRE
AML

Continue Statistical Analyses:
|dentify other factors contributing to
water quality variations.
Apply to other models.



Funding provided by:
Kentucky River Authority
Kentucky Infrastructure Authority



An Ohio Mine Pool:
Opportunity and Calamity

Mary Ann Borch ODNR DMRM
Bob Evans OSM



LAKE

FLLTON LUCAR ASHTANULA
|
WILLIAMS OFTAWA GEALGA
' CUYAHODGA
FREMESH N - FRUMBLLL
3 a ." s SN 3 )
HENKY Woon ANDLUSKRY LESRARY
. MORTAGE
PAULIING e SO METHN A SUMMET
TINAS / SENECA
o : R A MAHONING
& 5
5 L asor & ¢ @
vas S— r g
Chaster ™ 342 & ooy STARK COLUMMIANA
Sl A ;\' WAYNE
\ g MARION ~
B;’;v1\|nggll;|r11 - . %, HOLMES CARROLL
B O\S - 5 EFFERSON
r g Londonderry I MORROW TISCARAWAS J
NO"N} N A~y 2 ; q ENOX
P Py AR qon DELAWARE COSHOCTON
' &) SaltFork {22¢ NION SARRESON
Salt Fark 1 Antrim A——
Lake . -1 A —
S et 1M HCKING e
¢ Winterse
| e BEELMONT
- & FRANKLIN
B ] i [+) N A rp B
el ; )
(_1' U E g Y E X L MUSKINGLD
42N ~ i 40 .
— \[ %, asgi'r? - o N 1 RSON FAIRFIELD NOHLE /0 aROE,
am IL’ge — ] . Fairview RRY  MORGAN
O TR RN 1B A e
, =! =g 40" BES : PICRAWAY
\New N0 A w5 | ¢ 4 NG CastvGroN
Concordfsiby_s/ 40 B ‘.‘. ’ “:”.g P s 3 HOUKING
has—ms ] 4 173 —~2 , 265 )\ Salesville Qaiker ' ROSS e ATHENS
5/ 169 "1 \ (2%, 3 1Byesville Gibson i = 5 8->+
"'. 83 J ‘BUC\H'.@WIIQ [:;;[ Ay : 7 1 O Bailey S
1 ‘}Q{f_‘ 821 v'Senucale ) 3‘3_.'[ 761 ) Mills MKE FIGS
313 [ L O, s~ By i
= ey S ~ Batesville §, | 147 | [379 ) JACRSON
o Derwentoy™ [} - ‘_,/] £ ‘_\;’ i
3"3 / Pigasant City] +/ Buffoio Py 313 < T‘mm
oA 1 Blysbel .x : see ) 1574 y ' v AMS S0 GALLIA

Fraelan Oppermang? u J S~ /
T\m-:xax d = 77 5 . 2.
672 | Lzas / Seneca N\ -

V< g
. ; . Calais
o 1 AORY e

Mt Ephraim | 513

Ava G L
[ 146 |
LR P e NS | BuitP |

I~}

34/\ Phes

tigh Hitl .—\-
tm L l'uln *

LAWRENCE



Ohio Geol. Survey Study

1977 - Determined water supply potential for
coal conversion (or other uses)

17-sg. mile mine Is under artesian pressure
Forty observation wells drilled into the mine pool
Test pumping at 2000 gpm for 29 days

Most mines are interconnected

Sustained yield estimated at 1500 — 2500 gpm



*Recharge from precipitation

*Mine pool discharges to Wills Creek

*W.Q. High TDS (< 2000 mg/L with some
manganese and iron)

*Coal elevation approx. 40 feet below
ground surface (In some areas and
above drainage in others)



Opportunity

Abandoned in the mid 1900s, a
source of water:

*For Byesville well field

*For residential wells

*For industry

*For potential growth & expansion

*Regional ground water resources are
meager
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Calamity

* Well field experiences diminution
« Subsidence complaints
* Domestic wells experience diminution




Byesville well field

* Two wells off line due to unsustainable
yield

* Third well Is failing

» Byesuville forced to purchase water

e Total cost of water = $114,000



Well field investigation

Water levels monitored-Byesville well field
and old mine works across creek

Old mine discharges were monitored
Timing scenario

The Ohio Geol. Survey study was
considered

A nearby surface mine intersected
abandoned underground mine works at
least 3 times




Nearby Active Surface Mine.

Surface mine located 1.8 miles SW of well field

« Deep mine interceptions

- Gy 136 Walnut Hill  Sept. 30, 2001
— Gy 63 Buckeye Mine  March 2002.

Up to 2.3 million GPD pumped from October
through March

Acts as a large diameter pumping well
239 million gallons pumped
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Wire Helcepl Widp

Minnehaha Mine

De-watering Pumps
Past Subsidence

@@=

Recent Subsidence
0 600 1200 Feet Haul Foad

Highwall
Underground Mine



Data Problems

* Higher structural mine works discharging
between surface mine and well field

» Solid barrier directly between stripmine
and well field



Structural high
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mine and well
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DEIECWAREWAIES

Water levels were plotted from well field,
Timing of events

Base map underground mine works,
Water level elevations,



Water Level Plot — Well #10

Byesville Well #10 Water Level Variation Through Time

1988-1991 Data )—Dz}{ o

1950's Data | | +I B

2002 Data — I + B

31 35 39 43 47 ol 55
Depth to Water



Buckeye Mine Gy 62
Walnut Hill mine Gy136
Minnehaha Mine Gy 52
Kittle Kate #2 Gy 48
Blue Bell Mine Gy 27
McFarland Mine Gy 76
Harryette Mine Gy 28
Little Kate Gy 47



Underground
mine discharge
4.5 miles south of
the active surface
mine

Discharge ceased

when strip mine
was pumped




Byesville Wellfield Problem
Well 10 Water Level Fluctuations
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Subsidences

Lowered water levels in deep mine
Decreased hydrostatic pressure
Road and neighborhood subsidences

Subsidence occurred during pumping
events






Christian Hill Road Subsidence
Mine Intercept Map

Subsidence

Minnehaha Mine

# De-watering Pumps
@ Past Subsidence

@ FRecentSubsidence
800 0 800 1200 Feet . / Haul Road




Loss of hydrostatic pressure resulted in
L_oss of roof support in deep mine
*Exposure of roof to aerobic conditions

Creation of acid mine drainage



Goldhardt Water Quality Reports

6 months
after EPA

Parameters Pre- |After max | pumping | 2ndary
in Mg/L * pumping |pumping | stops MCL**
Sample
date Jun-00 Apr-02| Sep-02
pH (s.u) 7.38 4.98 6.74(6.5-8.5
Acidity 8 135 33
Alkalinity 265 10.3 314
Calcium 56 80.6 110
Chloride <5 <2 3.92 250
Hardness 293 319 392 0.3
Iron 4.6 72.7 18 0.3
Aluminum 1.44 1.9 <0.25 5
Manganese 0.37 4.8 2.98 0.05
Sulfate 44 499 209 250
Sp. Cond 589 909 986
TDS 376 751 624 500
TSS 376 127 223
SWL 9 feet 25 feet




— Chapman Run breaks







The CHIA

. No interception of deep mines planned,;
drilling program implemented.

. No hydrostatic head problems
anticipated from GY 63 due to anticline.

. Any Intercepted portion of a deep mine
will be sealed.

. Chapman Run will not be intercepted.



Lesson 1:

No interception planned

At least 3 Interceptions occurred.
Was drilling program adequate?
Inspection frequency?

Communication routes open?

— New Inspectors

— New owners/operators

— New mine foremen and mine workers

Greater buffer zone required?



Lesson 2: Hydrostatic pressure

* Potential head from Gy 63 and Gy 136
* Deep mines on both sides under pressure

 Pressure overcomes structure
— Drilling program
— Anticipated flow path



Lesson 3. Sealing interceptions

* No sealing took place initially

 Court order needed

« Confusion between surface and ground
waters allowed pumping to continue



Lesson 4: Chapman Run will

not be Intercepted

* The mine did not intercept Chapman Run
« Chapman Run intercepted the strip mine

« Confusion between surface and ground
waters allowed pumping to continue

More caution needed?
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