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3 TASK 3 - FIELD CHARACTERIZATION 

3.1 Mapping of Mines in the Pittsburgh seam 

3.1.1 Executive summary 

Mine mapping products including mine outlines and flooding (circa end of 2003) maps at 
scale 1:24,000 have been completed on a topographic map base for 61 quadrangles in West 
Virginia and Pennsylvania. They were created by obtaining original mine maps of approximate 
scale 1:5000, georeferencing using field- and map-locatable points, and digitization of mine 
outlines and pillars.  The maps show considerable variation in quality and accuracy from place 
to place, depending primarily on the age and quality of available mine maps.  The mine mapping 
was performed specifically to address mine-flooding issues at scales of 1:24:000 or coarser.  
Every effort was made to preserve the relative geometry and thickness of mine barriers, even at 
the expense of distortion of the mined areas themselves.  This is because the flow between 
mines induced by barrier leakage is a major variable in the hydrology of mine flooding, to a 
greater degree than variation of mine area itself. 

These maps are available for public access and retrieval on www.hrc.nrcce.wvu.edu.   

3.1.2 Experimental 

Mine maps were created in vector form at a nominal scale of 1:24,000 from original mine 
maps, scanned and georeferenced into a mosaic of maps.  The purpose of these outlines was 
to provide a base to represent both active and closed mines within the Pittsburgh seam, and 
within the closed mines, to represent state of flooding at various times. 

3.1.2.1 Mine data 

Some of the mine outlines were obtained in digital vector form.  The largest source of such 
data was from mapping compiled by the West Virginia Geologic and Economic Survey Coal-Bed 
Mapping Program (2001); data for several mines were obtained from mine operators under 
confidentiality agreements. 

Original mine maps at various scales were used for the remaining mine outlines.  Maps 
were collected from various sources and scanned.  Poor quality of many of the maps required 
image-processing after scanning to improve legibility; for some maps portions remained illegible 
after repeated attempts.  Many of these maps were of sections of mines and had to be joined.  
Very few maps were originals, and so distortions induced by scanning/photography made 
reconstruction of some of the mine maps difficult.  Although sections were distorted to allow 
splicing, these distortions did not rectify all errors induced by copying.  Finally, adjacent mines 
with common barriers in some cases did not agree as to the location of that barrier, and in such 
cases the barrier location had to be arbitrarily chosen to maintain integrity of the mapping with 
respect to the barrier geometry.  For all these reasons, many maps are only approximately 
accurate.  The quality varied greatly from location to location.  More recent mine maps are, in 
general, highly accurate relative to maps of older mines.   

These scanned and reassembled maps were then georeferenced to modern topographic 
maps, often augmented by GPS coordinates taken at recognizable features in the field that 



correspond to features on the maps such as shafts or boreholes.  Errors were probably 
introduced at this stage because, although the surface features shown on the mine maps were 
similar in shape and general relationships to features shown on modern topographic maps, 
there is no guarantee that roads have not been moved or old buildings removed and new ones 
built nearby in a similar arrangement.  Such shifts of cultural features are known to have 
occurred.  Also, the quality of some of the mine maps was poor; it was often difficult to identify 
the precise location on the map of features which had been defined by GPS coordinates on the 
surface. 

After the initial georeferencing, a number of the maps underwent one or more additional 
cycles of georeferencing, usually alternations of referencing one map against an adjacent mine, 
and then switching roles between the two maps, in order to reduce the relative error between 
adjacent mine outlines. 

Following georeferencing, the mine maps were digitized using ESRI�s ArcView or Golden 
Software�s Didger.  Data derived by this process were outlines of mining, outlines of unmined 
coal within the general mining area, and locations of various types of openings to the mine.  The 
result was a reasonable representation of the underground mined areas.  However, these 
results are not completely accurate because some segments of the maps were illegible or 
missing, so these portions of the mine outlines were estimated.  Mining may be more extensive 
than shown because some maps were not closure maps, or mining which occurred at the end of 
operations was not recorded on the mine maps. 

As a result of variations in mine map accuracy, it is impossible to apply a uniform estimate 
of inaccuracy (error) to mine-outline and barrier locations.  In some locations, errors of less than 
50 feet are likely valid.  In others, errors in excess of 200 feet are quite possible.  In fact, for 
some very old mine maps, it is possible that the mapping employed is highly in error due to 
duplication/archival difficulties with the original mine maps.  For this reason, the mine mapping 
presented at scales as large as 1:24,000 may be up to hundreds of feet in error.  In any case, it 
is unlikely to be more accurate than about 20 feet, the "best case" accuracy of GPS readings 
used to aid georeferencing of mine maps.  The accuracy will be highest for recently-closed and 
active mines, and lowest for very old, long-closed mines.  

3.1.2.2 Structural data 

Structure contour and outcrop data were obtained from the following sources: 

• elevations compiled by the West Virginia Geologic and Economic Survey Coal-
Bed Mapping Program (2000) 

• basic geological references for the area (Berryhill and others, 1971; Shaulis, 
1985; Skema, 1988) 

• structure contours of the Pittsburgh coal from Roen and Farrel (1980), Fedorko 
(1990a, 1990b, 1990c, 1990d, 1990e, 1990f, 1990g, 1990h, 1990i, 1990j, 
1990k), and Ruppert and others (1997) 

• elevations abstracted from original mine maps 
• original mine maps, at scales from 1:1200 to 1:24,000 

These data were combined into a single map theme with a contour interval of 20 feet, 
although in some cases there was a discrepancy of more than 20 feet between overlapping data 
sets.  Best judgement was used to adjust the contour lines in these cases of discrepancy. 



3.1.2.3 Mine-associated point data 

As noted above, mine openings, such as shafts, portals, boreholes, and other openings 
were digitized when found on mine maps.  Additional points were derived from U. S. Geological 
Survey topographic maps.  However, most of the points were collected from field investigations 
using GPS readings. 

A major effort for the current period was the location and characterization of mine 
drainages.  The search for these involved identifying probable discharge areas using a 
combination of the mine maps, the structure contour map, the outcrop map, and topography. 

3.1.2.4 Mine flooding 

Approximate flooding areas were delineated using the structure contour map, the mining 
extent map, and water level data derived from water level loggers, elevation of mine water 
discharges, and spot water elevation data using a water level tape. 

3.1.3 Results and Discussion 

3.1.3.1 Quadrangle Maps of Mine Extent (1:24,000) 

Mapping for mine extent, shafts, geology, and hydrogeology are presented in a series of 
1:24,000 quadrangles.  For this project, 61 quadrangles (Appendix A), which are partly or fully in 
the area of Pittsburgh seam mining, have been completed.  Twenty-four of the quadrangles are 
new in this report.  Of the remainder, 13 were completed in Phase II of this project; 23 were 
completed in Phase III of this project, of these 7 have been revised and are included in this 
report.  These maps are based on the U. S. Geological Survey topographic quadrangles with 
green (forest) and brown (contours and other elevation information) removed.  Table 3.1 is a list 
of these quadrangles and figure 3.1 is an index map.  The following themes, where such 
features exist, are overlaid on this base: 

• extent of underground mine workings determined from mine mapping at various 
scales 

• blocks of unmined coal within mine workings 
• structure contour elevation of the bottom of the Pittsburgh coal 
• outcrop of the Pittsburgh coal 
• location of point-source discharge from an underground mine 
• mine shaft, existing 
• mine shaft, sealed or closed 
• mining-related well or borehole (location verified) 
• mine water treatment plant. 

This mapping is a reasonable, but not exact, representation of the distribution of 
underground mined areas.  As noted in the preceding section, the factors involved in the 
production of the data for these maps introduced certain inaccuracies.  Due to the complexity of 
these factors, the absolute accuracy of specific barrier locations, mine outlines, and unmined 
coal blocks may not be easily measured.  However, it is estimated that errors may locally be as 
great as 100 meters, although in general the mapping may be somewhat more accurate than 
this.  Mine features have been generalized; in that individual mains, longwall panels, and pillars 



are not explicitly shown.  Unmined coal blocks within mines were mapped only if their total area 
was greater than about 20 acres, although the minimum area of individual blocks varies widely. 

This mapping is considered the best regional product of its type for Pittsburgh seam mining.  
However, it is cautioned that these maps would not be amenable to very large-scale 
applications, such as examination of local mine subsidence effects or the location of individual 
mine features such as gas wells, mains, etc. 

3.1.3.2 Quadrangle Maps of Mine Flooding (1:24,000) 

A similar set of maps to the Mine Extent series, also showing extent of flooding for year 
2003, has been prepared at a scale of 1:24,000 (Appendix B).  These maps show mine extent, 
shafts, and discharges, but also show the estimated or modeled extent of subsurface mine 
flooding in December 2003, shown as a blue area (flooded) over the underlying grey area of 
closed, unflooded or free-draining mines.   The rose color on these quads corresponds to active 
operations as of December 2003.  In active mines, no flooding has been mapped, and these 
mines are designated using their own color.  

3.1.4 Conclusion 

Mine mapping products including mine outlines and flooding (circa end of 2003) maps at 
scale 1:24,000 have been completed on a topographic map base for 61 quadrangles in West 
Virginia and Pennsylvania.  These maps are available for public access and retrieval on 
www.hrc.nrcce.wvu.edu. 
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3.1.6 Figures and Tables 

Table 3.1.  List of the quadrangles of the area investigated in this project, and presented 
in appendices A and B. 

Amity Glover Gap Powhatan Point 
Avella Grant Town Prosperity 
Bethany Hackett Rivesville 
Blacksville Holbrook Rogersville 
Braddock Irwin Shinnston 
Bridgeville Majorsville Slickville 
Burgettstown Mannington Smithton 
Businessburg Masontown Steubenville East 
California Mather Tiltonsville 
Canonsburg McKeesport Valley Grove 
Carmichaels Midway Wadestown 
Clarksburg Monongahela Wallace 
Claysville Morgantown North Washington East 
Clinton Moundsville Washington West 
Donora Murraysville Waynesburg 
Ellsworth New Salem West_Middleton 
Fairmont West Oakdale Wheeling 
Fayette City Oak Forest Wind Ridge 
Garards Fort Osage Wolf Summit 
Glassport Pittsburgh East  
Glen Easton Pittsburgh West  

 



 

Figure 3.1.  Index map of the quadrangle maps produced in this project, and included as 
mining extent maps in Appendix A and flooding maps in Appendix B. 



3.2 Pittsburgh mine discharge chemistry 

3.2.1 Executive summary 

Spatial distribution on mine-water chemistry was plotted using 161 samples of mine water 
taken during 1999-2003 at 115 locations throughout the Pittsburgh coal basin.  The following 
observations have been made: 

• pH is bimodal throughout the basin, with few exceptions, with most above-drainage 
mines being less than 4.5 and most below-drainage mines being above 4.5 

• iron is by far the highest-concentration metal and is more-or-less uniformly 
distributed, with minor variations apparently related to discharge age 

• manganese and aluminum are low in concentration and generally restricted to 
above-drainage and near-outcrop mine settings. 

• alkalinity is found primarily in deeper, below drainage mines, especially those that 
have been discharging for several years.  A few mines show very high alkalinities, 
attributed to high pCO2 values sustained in these waters 

• net alkalinity is bimodal as for pH.  Most mines that are below drainage in the basin 
are net alkaline, even though they carry a significant iron load. 

• sodium is present in elevated concentrations in a few mines and appears to be 
restricted to immature (recent) mine discharges 

• sulfate is generally uniform but tends to be higher in more recently flooded mines. 

Spatial variability of mine-water chemistry in the Pittsburgh mine basin is thus believed to 
be non-random and thought to be controlled by three principal factors 

• age of mine discharge post-flooding � the time duration for which the discharge has 
existed 

• depth of mine and degree of exposure to oxygen, e.g. below drainage versus above 
drainage, and 

• spatial variability between mine locations in factors such as overburden 
geology/chemistry and closed-mine management (sludge injection, rock dust 
application, etc) 

It is possible, within limits of uncertainty, to quantitatively assess mine discharge age, although 
this has not been attempted in this work.  Depth of mining and degree of mine saturation may 
be readily assessed.  The third factor � spatial variability in geology and mine reclamation 
handling � is not easily assessed and its role can only be speculated on the basis of empirical 
observation.   



3.2.2 Experimental 

Mine waters originating from mines in the Pittsburgh seam were sampled from 1999-2003.  
These samples are of several varieties: (1) samples from pumping of boreholes in closed mines; 
(b) samples from naturally-flowing portal or flowing-well discharges, (c) pumping discharges 
from post-closure treatment plants, and (d) pumped discharges from active operations.   

The protocol for sampling was straightforward except for the pumped boreholes, as other 
flows were continuous and thus no well purging was required.  For class (1) of wells, a nominal 
20 gpm high-lift 3 hp pump was employed.  Enough water was pumped from each well to purge 
the casing 1.5 times, a purging that required in most cases several hours of pumping.  Samples 
were collected in a single clean container from which samples were drawn for filtration.  One 
filtered (0.45 µ) aliquot was chilled immediately, the other was acidified with 1% by volume 
concentrated hydrochloric acid.  Raw pH and conductivity were measured in the field in the 
pump discharge.  Alkalinity was determined in the field for samples with pH>4.5 on the raw 
sample using a Hach digital titrator dispensing 1.6 N sulfuric acid; thereupon it was used to 
estimate HCO3, CO3, and pCO2 concentrations using the equilibrium solver PHREEQC.  The 
filtered acidified sample was thereupon used for analysis of major dissolved cations (Ca, Mg, 
Na, K, Fe, Mn, Al) by inductively-coupled plasma (ICP) spectrometry.  The filtered unacidified 
sample was analyzed using Lachet colorimetry for most anion analytes (Cl, F, NO3, SO4). SO4 
gave some significant charge balance errors in the samples through 2002, attributed to loss of 
sulfate by adsorption onto ferric oxyhydroxides in the unacidified sample; this precipitation 
occurred especially rapidly in the alkaline samples.  Therefore, in 2003 samples, the analysis for 
SO4 was done by ICP spectrometry, with better results and charge balances. 

Alkalinities were measured directly by field titration.  Net alkalinity was also calculated using 
a combination of measured alkalinity and calculated metal plus hydrogen ion acidity.  Metal 
acidity was calculated using stoichiometric coefficients of 2, 2, and 3 for Fe, Mn, and Al, 
respectively.  This makes the implicit assumption that all iron and manganese are in a fully-
reduced state in the water discharging from each mine.  This assumption is easily justified for 
below-drainage mines, and not highly in error for oxic mine discharges.   

3.2.3 Results and Discussion 

The samples listed in Table 3.2 include all samples previously reported in earlier phases of 
the project, from 1999-2002, as well as those sampled and analyzed in 2003.  Corresponding 
sample locations are shown in Figure 3.2. 

3.2.3.1 Spatial distribution of chemistry 

3.2.3.1.1 Metals 

Iron concentrations (Figure 3.3) range from less than 10 mg/L in a small number of mines 
along the Monongahela River east of Waynesburg (small dots) to hundreds of mg/L in deep 
recently-flooded mines.  In the West Fork area south of Fairmont, and in the Irwin Basin 
southeast of Pittsburgh, iron concentrations are generally lower than 50 mg/L, in areas where 
mines have been closed for a long period.  In deeper mines iron concentrations tend to be 
higher.  The distribution of iron concentrations is notable for its relative uniformity, excepting 
selected areas of shallow mines that have been discharging for long periods 



Manganese concentrations (Figure 3.4) are substantially lower than iron and show a 
different spatial pattern.  Deep mines are relatively low in manganese, rarely exceeding 25 
mg/L.  There is one cluster of higher concentrations, from shallow above-drainage mines in the 
Morgantown area.  Manganese is most commonly a minor proportion of mine water acidity. 

Aluminum concentrations (Figure 3.5) in nearly all deep mine waters are very low, <10 
mg/L.  The only cluster of elevated aluminum concentrations are in shallow and near-outcrop 
mining near the West Virginia-Pennsylvania border north of Morgantown. 

3.2.3.1.2 pH and Alkalinity 

Measured field alkalinity � the sum of carbonate and hydroxyl alkalinity in mg/L of calcium 
carbonate equivalents � is shown for the basin in Figure 3.6.  A large number of mines 
discharge water that has alkalinity (grey dots in Figure 3.6).  These are the dark-blue circles in 
Figure 3.7.  A number of above-drainage and near-outcrop mines have pH<4 and zero alkalinity 
(red dots on Figure 3.7).  Only a few mines have discharges which lie between pH 4 and 5 
(yellow dots on Figure 3.7). 

It is not an unexpected result that shallow and above-drainage mines should show low pH 
and zero alkalinity.  However, the magnitude of the alkalinity at a small number of mines 
(Jamison 9, as well as a series of mines on the east side of the Monongahela east of 
Waynesburg) is in the very high range for typical groundwater, >600 mg/L.  Even limestone 
aquifers rarely attain this level of dissolved carbonate alkalinity. 

Net alkalinity � that is, measured field alkalinity minus hydrogen ion and metal acidity, all in 
mg/L as CaCO3 � is shown in Figure 3.8.  This is similar data to Figure 3.6 for samples with very 
low metals and pH>4.5, but adds the small orange circles, which represent the magnitude of net 
acidity for samples that contain both substantial metal concentrations and, in some cases, 
dissolved alkalinity.  Thus the yellow symbols represent net alkaline chemistry, with the 
magnitude of residual alkalinity (after all metals are neutralized)  represented by size of symbol, 
and the orange symbols represent scaled net acidity, the residual metal acidity after all alkalinity 
is consumed.   

3.2.3.1.3 Sodium 

Dissolved sodium (Figure 3.9) indicates that, in general, shallow-mine discharges have very 
low sodium (<100 mg/L).  Deep mines, on the other hand, show generally higher values, from 
100-1500 mg/L.  In several active mines, the values exceed 1500 mg/L, generally the highest 
observed in the basin. 

It has been known that, early in flooding history, sodium concentrations are initially high, 
then exponentially decline once initial flushing of the mine is complete (Donovan and others, 
2003).  Thus, much of the observed spatial variation may be related to this �temporal factor�, 
and sodium concentrations may be expected to decline in recently-closed operations.  Capo 
and others (2001) have outlined an ion-exchange mechanism for mine waters by which high 
sodium concentrations are obtained soon after the roof-rock above the coal is exposed to water.  
This mechanism may be deemed to apply in cases where chloride is much lower in molar 
concentration than sodium, as is the case for these samples; only three locations exceed 200 
mg/L. 



While temporal variability is thought to be a key factor, there may also be some spatial 
and/or geologic factors involved in where the higher sodium values are observed.  For example, 
the Clyde discharge (initial flooding 1997) had sodium of 2210 mg/L in 2003, while Arkwright 
(initial flooding 2001) varied between 380 and 481 in 2001.  Apparently, some regions of the 
basin contain overburden rocks over the coal that are higher in sodium than others.  In both 
cases it is expected that concentrations will become lower with time after initial discharge 
occurs. 

3.2.3.1.4 Sulfate 

Sulfate concentrations (Figure 3.10) range from 200-9508 mg/L in the basin, a considerable 
variance.  The lowest concentrations are in areas of above-drainage and very old mining, such 
as West Fork and the west Uniontown complex, as well as along Chartiers Creek and other 
areas of outcrop mining.  The highest concentrations are in recently-closed deep mines, 
especially in Greene County, Pennsylvania, and in Monongalia and Marion counties, West 
Virginia, on the eastern side of the basin. 

Sulfate is by far the dominant anion in these mine waters, representing >93% of the total 
equivalent anion concentration.  Its distribution is therefore a good surrogate for total dissolved 
solids, as may be seen by comparing Figure 3.11 with Figure 3.10.   

As a result, it may be inferred that age of mine discharge is an effective control on the 
absolute concentration of dissolved solids.  Older mine discharges tend to be more dilute, and 
hence lower in dissolved solids and sulfate.  The spatial pattern of Figure 3.10 is somewhat 
simpler than that of the metals (Figures 3.3, 3.4, and 3.5), which have other factors than simply 
mine discharge age related to their occurrence. 

3.2.4 Conclusion 

Spatial variability of mine-water chemistry in the Pittsburgh mine basin is non-random and 
thought to be controlled by three principal factors: 

• age of mine discharge post-flooding � the time duration for which the discharge has 
existed 

• depth of mine and degree of exposure to oxygen, e.g. below drainage versus above 
drainage, and 

• spatial variability between mine locations in factors such as overburden 
geology/chemistry and closed-mine management (sludge injection, rock dust 
application, etc) 

It is possible, within limits of uncertainty, to quantitatively assess mine discharge age, although 
this has not been attempted in this work.  Depth of mining and degree of mine saturation may 
be readily assessed.  The third factor � spatial variability in geology and mine reclamation 
handling � is not easily assessed and its role can only be speculated on the basis of empirical 
observation. 
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3.2.6 Figures and Tables 



Table 3.2.  Data for all water samples collected during the project.  Part A � location and field data. 
Map ID Sample ID Mine Collector Sample Date Type Loc pH DO 

mg/L
SpecCond
uS@25ºC

Temp(C) FieldAlk H2S 
mg/L 

Depth 
to water

Flow rate 
gpm 

1 Adah Palmer LC 20-Dec-01 spring 7.14  2420 14.4 973 0.6  15 
1 Adah Palmer AM 03-Feb-03 flowing well 7.01   16.1 910    
1 Adah Palmer JW 05-Aug-03 mine opening 6.54  2390 16.7 1000   342 
2 AFR flowing well Mine #97 KM 20-Jul-99 well 5.85  234 13.7 98    
2 AFR flowing well Mines #73 & 24 JW 17-Jul-03 shaft 4.86  1481 15.4 13   324 
3 Alexander Alexander AM 26-Nov-02 well         
4 Ballpark Maiden #1 JW 28-Jul-03 spring 2.70  2570 14.3    29 
5 Ballpark B Maiden #1 JW 25-Jul-03 spring 2.89  2630 14.4     
6 Barrackville Beth #47 JD 02-Aug-00 well 7.17 0.8 1455 18.2 624 0.5 138.6  
7 Boston Gas 1 Boston Gas Coal JW 12-Aug-03 spring 5.88  4730 15.1 110   23 
8 Boston Gas 3 Boston Gas Coal JW 15-Aug-03 spring 6.16  2430 12.8 254   10 
9 Boston Run Unknown JW 22-Aug-03 spring 6.61  1969 25.2 180   967 

10 Bowlby Mills Christopher LC 05-Jun-01 treatment plant 5.16 0.4 973 15.5 48 1.0-2.0   
11 Brownsville Chamoni Anchor Snowy Hill LC 18-Dec-01 spring 6.84  2280 10.0 626 ND  est. 200 
11 Brownsville Chamoni Anchor Snowy Hill AM 03-Feb-03 mine drain 6.98   15.9 1032    
11 Brownsville Chamoni Anchor Snowy Hill JW 06-Aug-03 spring 6.49  1458 13.6 547   1233 
12 CC1 Vesta #3 JW 07-Aug-03 spring 6.68  1224 13.1 290    
13 CC10 Unknown JW 07-Aug-03 spring        120 
14 CC11 Vesta #1&#2 JW 07-Aug-03 spring 6.54  1285 13.6 352   81 
15 CC2 Vesta #3 JW 07-Aug-03 spring        130 
16 CC3 Vesta #3 JW 07-Aug-03 spring        122 
17 CC4 Unknown JW 07-Aug-03 spring        151 
18 CC5 Unknown JW 07-Aug-03 spring 6.81  1824 15.0 382    
19 CC6 Unknown JW 07-Aug-03 spring        55 
20 CC8 Unknown JW 07-Aug-03 spring        142 
21 CC9 Unknown JW 07-Aug-03 spring        30 
22 Chiefton D Chiefton BL 02-Mar-04 spring 6.39 0.0 1898 21.4 270+ 0.0  228 
23 Chiefton U Chiefton BL 02-Mar-04 spring 6.07 0.0 2200 21.4 240+ 0.0  540 
24 Clyde Clyde JD 25-Jun-01 treatment plant 6.24 2.2 11180 16.5 603    
25 Coal Run Unknown JW 25-Aug-03 spring 6.21  2670 14.1 478    
26 Colvin Run Borehole Robena LC 07-Jun-01 well 6.13 0.4 4240 17.2 480    
27 Culvert B Mine JW 20-Aug-03 spring 6.55  1575 16.4 77   432 
28 Cumberland Bleeder 1A Cumberland JD 18-Jun-01 treatment plant 3.43 2.8 17080 19.5     
29 Cumberland Bleeder 2A Cumberland JD 22-Jun-01 treatment plant 7.82 6.7 6120 19.5 572    
30 Cumberland Bleeder 3 Cumberland JD 22-Jun-01 treatment plant 7.01 6.2 14520 18.2 9    
31 Daybrook #3 Arkwright JD 15-Aug-00 well 4.75 0.7 5200 15.8 -1    
32 Delmont DS Delmont BL 03-Mar-04 spring 4.59 0.0 1194 12.8 0 0.0  328 
33 Delmont US Delmont BL 03-Mar-04 spring 4.12 0.0 1283 12.9 0 0.0  1478 



Map ID Sample ID Mine Collector Sample Date Type Loc pH DO 
mg/L

SpecCond
uS@25ºC

Temp(C) FieldAlk H2S 
mg/L 

Depth 
to water

Flow rate 
gpm 

34 Dogwood Lakes Jordan LC 18-May-01 treatment plant 6.31 0.3 7340 17.5 507    
35 Douglas Run Boston Gas Coal JW 15-Aug-03 spring 6.49  3880 13.7 296   1663 
36 Erie Erie AM 11-Jun-02 portal discharge 6.34   14.0 203   242 
37 Export Export BL 03-Mar-04 spring 2.40 0.0 1819 13.4 0 0.0  1440 
38 Fairmore Spring Fairmore JW 01-Jul-03 spring 6.39  1368 12.7 406    
39 Fetty Pursglove JD 09-Aug-00 well 7.69 0.4 615 21.0 215  442.2  
40 Flaggy Pump Arkwright SC 08-Feb-02 well 6.35   16.2     
40 Flaggy Pump Arkwright SC 19-Apr-02 well 5.01   17.9     
40 Flaggy Pump Arkwright SC 26-Apr-02 well         
40 Flaggy Pump Arkwright AM 06-Sep-02 well 5.14 5.2   28    
41 Gates Gates LC 15-Oct-01 spring 7.13  2350 16.5 923 2.0  240 
41 Gates Edenborn AM 03-Feb-03 flowing well 7.05   16.2 1037    
41 Gates Edenborn JW 05-Aug-03 spring 6.67  1789 16.7 1065   675 
42 Gladen Montour #1 JW 25-Aug-03 spring 5.88  1937 13.6 145   4166 
43 Gray's Landing  LC 16-Nov-01 spring 2.81 0.1 6160 15.0  ND  60 
44 Grimes Gateway JD 07-Aug-00 well 5.21 0.4  22.8 -1 0.7 428.1  
45 Hagans Jordan JD 25-Aug-99 treatment plant 6.43  7690 5.6 463    
45 Hagans Jordan JD 06-Jul-01 treatment plant         
46 Hillman A (Ballpark) Maiden #1 LC 20-Sep-00 spring 2.73 5.3 2540 18.3 -1    
46 Hillman A (Ballpark) Maiden #1 JW 25-Jul-03 spring 2.77  2850 14.4    112 
47 Hutchinson Westmoreland JW 20-Aug-03 spring 6.28  1887 16.1 236    
48 Irwin DS Lyons Run BL 03-Mar-04 spring 5.58 0.0 1782 14.3 135 0.0  1434 
49 Irwin US Lyons Run BL 03-Mar-04 spring 5.58 0.0 1784 15.2 120 0.0  9900 
50 Karen Karen JW 11-Aug-03 mine opening 6.50  1279 14.3 352   550 
51 Lambert's Run Laura Lee JW 03-Jul-03 mine opening 5.90  746 7.0 109   716 
52 Langolith Langeloth AM 11-Jun-02 portal discharge 6.00   14.5 190   88 
53 Little Indian Creek BH Jordan LC 22-May-01 well 4.64 0.6 4800 21.1 38    
54 Llewellyn Jamison LC 21-May-01 treatment plant 6.88 0.4 10310 19.4 1400 0.3   
55 Lower Guffy Lyons Run JW 20-Aug-03 spring 6.11  1172 13.6 229   1838 
56 Maiden#3A Maiden #3 JD 20-Aug-99 portal 3.61 2.3  22.4 -1    
56 Maiden#3A Maiden #3 JW 24-Jul-03 shaft 3.18  4350 15.0    88 
57 Maiden#3B Maiden #3 JD 20-Aug-99 spring 6.06  319 13.5 104   150 
57 Maiden#3B Maiden #3 LC 18-Sep-00 spring 5.87 0.9 3700 15.4 160    
57 Maiden#3B Maiden #3 JW 25-Jul-03 spring 5.87  3520 14.4 168   214 
58 Marchand Lyons Run JW 20-Aug-03 spring 6.02  3090 15.3 352   3693 
59 Marshville Flowing  JW 07-Jul-03 shaft 7.50  1355 13.4 514   46 
60 Mather Mather JD 19-Oct-00 well         
61 Mathes Mathies AM 12-Dec-02 well         
62 Mathes @ River Mathies AM 12-Dec-02 well         
63 Maxwell Lock Maxwell LC 20-Dec-01 spring 6.32  2530 12.6 210 ND  15 
63 Maxwell Lock Maxwell JW 06-Aug-03 spring 5.99  1962 13.4 159   14 
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64 MD 1 Unknown AM 07-Jun-02 portal discharge 2.81   15.6    12 
64 MD 1 Unknown JW 22-Aug-03 mine opening 5.33  1558 14.2 21   1809 
65 MD 10 Boston Gas Coal JW 15-Aug-03 spring 5.94  2520 14.1 136   83 
66 MD 1000gpm Pitts #3 AM 11-Jun-02 portal discharge 5.36   14.1 5   1199 
67 MD 100gpm Armide #1 AM 11-Jun-02 portal discharge 4.05   15.2    114 
68 MD 11 Boston Gas? AM 07-Jun-02 portal discharge 6.41   19.8 320   64 
68 MD 11 Boston Gas Coal JW 15-Aug-03 spring 6.40  2720 14.6 446   162 
69 MD 2 Unknown AM 07-Jun-02 portal discharge 5.17   15.4 4   22 
69 MD 2 Unknown JW 22-Aug-03 mine opening        2062 
70 MD 3 Unknown AM 07-Jun-02 portal discharge 5.02   15.8 7   89 
71 MD 4 Unknown AM 07-Jun-02 portal discharge 4.60   14.9 6   103 
72 MD 5 Courtney AM 07-Jun-02 portal discharge 4.16   22.3    351 
73 MD 6 Boston Gas? AM 07-Jun-02 portal discharge 6.55   14.8 373   232 
73 MD 6 Boston Gas Coal JW 12-Aug-03 spring 6.22  2320 14.3 453   78 
74 MD 7 Boston Gas? AM 07-Jun-02 portal discharge 6.31   15.5 438   78 
74 MD 7 Boston Gas Coal JW 15-Aug-03 spring 6.24  2590 14.5 395   122 
75 MD 8 Boston Gas? AM 07-Jun-02 portal discharge 6.37   15.0 327   195 
75 MD 8 Boston Gas Coal JW 15-Aug-03 spring 6.10  2830 14.5 383   87 
76 MD 9 Boston Gas? AM 07-Jun-02 portal discharge 7.01   21.2 262   4 
76 MD 9 Boston Gas Coal JW 15-Aug-03 spring 6.34  2200 13.7 368   44 
77 MD Stream Francis AM 11-Jun-02 portal discharge 6.57   13.0 548   52 
78 Nixon Run  JW 02-Jul-03 spring 2.86  1904 14.1    148 
79 Norway Mine #97 KM 20-Jul-99 well 6.32  1472 13.7 197    
79 Norway Mine #97 LC 28-Sep-00 well 6.48 0.8 1231 13.6 271    
79 Norway Mine #26 JW/JD 25-Jun-03 spring 6.02  1517 13.8 24   1152 
80 Owens 34  JW 02-Jul-03 mine opening 2.88  1701 13.2    251 
81 Owens 34b Scotts #2 JW 03-Jul-03 mine opening 5.91  954 13.3 65   341 
82 Palmer Palmer LC 17-Jan-02 spring 7.36 2.7 2390 17.3 947 ND  est. 200 
82 Palmer Palmer AM 03-Feb-03 flowing well 6.53   13.3 504    
82 Palmer Palmer JW 05-Aug-03 spring 6.87  1692 17.3 1058   587 
83 Paw-Paw Siphon Dakota KM 19-Jul-99 well 6.64  698 16.5 410  29.8  
83 Paw-Paw Siphon Dakota LC 21-May-01 well 6.40 0.5 6500 16.9 536    
84 PennOverall Mine #36 KM 19-Jul-99 well 6.71  965 15.5 120  41.1  
85 Pit Gas Pitt Gas AM 12-Nov-02 well         
86 Pool A Eagle #2 JW 10-Jul-03 mine opening 6.06  825 12.8 156   485 
87 Pool B Dawson #3 JW 11-Jul-03 mine opening 5.89  1091 13.9 147   827 
88 Presto-Sygon Essex #3 JW 25-Aug-03 spring 5.38  1515 14.7 31   2943 
89 Prospect A JW 10-Jul-03 spring 6.33  915 13.8 283   87 
90 Ruff Creek Sample 1 Gateway JD 07-Aug-00 well     -1  462.2  
90 Ruff Creek Sample 2 Gateway JD 07-Aug-00 well 6.60 0.6  21.3 562 trace 462.2  
91 S-2 Hazel JW 25-Aug-03 spring 6.14  1853 13.9 143   525 
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92 S-3 Canonsburg JW 25-Aug-03 spring 6.38  2830 14.7 438   759 
93 S-4 Canonsburg JW 25-Aug-03 spring 6.23  979 12.9 282   8324 
94 Saltwell  JW 02-Jul-03 spring 4.51  1111 13.6    111 
95 Sample 1 Lindley AM 05-Jul-02 portal discharge 5.15   17.4 2   113 
96 Sample 2 Hazel AM 05-Jul-02 portal discharge 6.35   14.8 55   142 
97 Sample 3 Hazel AM 05-Jul-02 portal discharge 6.50   16.4 317   602 
98 Sample 4 Canonsburg AM 05-Jul-02 portal discharge 6.22   14.0 255   4143 
99 Sawmill Run Unknown JW 20-Aug-03 spring 5.89  1234 15.3 547   1734 

100 Sears  LC 22-May-01 treatment plant 6.06 0.5 2500 17.0 178    
101 SH1 Shannopin SC 12-Dec-01 well 4.04 0.5 24900 21.9   150.0  
101 SH1 Shannopin SC 14-Dec-01 well 4.02 0.5 23300 25.3   150.0  
101 SH1 Shannopin JD 21-Dec-01 well 4.02 0.5 20400 17.9   150.0  
101 SH1 Shannopin JD 15-Jan-02 well 4.15 0.5 20700 16.7   150.0  
101 SH1 Shannopin JD 16-Jan-02 well 4.10 0.5 20700 18.3   150.0  
101 SHAN - 248 Shannopin JD 24-Nov-00 well 7.78    202    
101 SHAN - 280 Shannopin JD 24-Nov-00 well 4.10    11    
102 Smith 03A Peacock KM 09-Jul-99 spring 2.93  316 14.0 -1    
103 Smith 06A Canyon/Nestor #1 KM 09-Jul-99 spring 2.27  414 11.0 -1    
104 Smith 13A unknown KM 12-Jul-99 spring 2.53  279 13.5 -1    
105 Smith 14A unknown KM 12-Jul-99 spring 2.31  246 13.3 -1    
106 Smith 22A Maiden #1 KM 15-Jul-99 spring 2.29  415 15.4 -1    
107 Smith 24A unknown KM 11-Jul-99 spring 2.80  483 13.8 -1    
108 Taylortown 2A Maiden #1 JW 18-Jul-03 mine opening 5.19  1268 15.8 23   330 
109 Taylortown 2B Maiden #1 LC 12-Jul-00 spring 3.28 4.5  16.2    est. 1350
109 Taylortown 2B Maiden #1 JW 18-Jul-03 mine opening 2.95  2880 15.7    1168 
110 Taylortown 4 Maiden #1 LC 12-Jul-00 portal 3.22 4.6  16.7    est. 20 
110 Taylortown 4 Maiden #1 LC 07-Jun-01 portal 2.52 5.5 2510 12.5     
110 Taylortown 4 Maiden #1 JW 18-Jul-03 mine opening 2.75  2590 14.0    876 
111 Upper Guffy Lyons Run JW 20-Aug-03 spring 6.31  1644 13.9 330   517 
112 West Fork 1 Lewis AM 27-Aug-02 portal discharge 7.43   17.3 221    
112 West Fork 1 Lewis JW 07-Jul-03 spring 6.48  1110 13.1 374   444 
113 West Fork 2  AM 27-Aug-02 portal discharge 6.26   14.8 205    
114 West Fork 5 Raybert AM 27-Aug-02 portal discharge 7.15   17.0 85    
114 West Fork 5 Raybert JW 03-Jul-03 spring 6.21  797 11.7 282   424 
115 West Fork 7 Ruby #2 AM 27-Aug-02 portal discharge 7.41   20.4 101    
115 West Fork 7 Ruby #2 JW 10-Jul-03 spring 5.88  1038 17.4 211   164 

 



Table 3.2.  Data for all water samples collected during the project.  Part B � laboratory analysis data. 

 
Map ID Sample ID Sample Date Na 

mg/L
K 

mg/L
Si 

mg/L
Fe 

mg/L
Mn 

mg/L
Al 

mg/L 
Ca 

mg/L
Mg 

mg/L
SO4 
mg/L 

Cl 
mg/L 

F 
mg/L

NO3 
mg/L

1 Adah 20-Dec-01 475 4.4  1.6 0.14 <.1 39 14.5 148 97.1 1.0 <.02 
1 Adah 03-Feb-03 583 4.6 6.9 1.7 0.16 0.11 48.6 18.1 103 103.0  <.02 
1 Adah 05-Aug-03 480 4.0 6.0 1.6 <.1 <.1 36.9 12.9 132 95.7   
2 AFR Flowing Well 20-Jul-99 143 5.1 2.9 125 12.5 0.43 304 58.1 1040 6.0 0.2 0.17 
2 AFR flowing well 17-Jul-03 105 5.4 17.1 106 6.9 4.5 171 58.3 874 4.8  0.02 
3 Alexander 26-Nov-02 5570 68.1 3.1 0.11 0.2 0.21 437 117 4970 3309.0  0.39 
4 Ballpark 28-Jul-03 25.8 0.7 31.1 20.2 5.6 39.9 292 95.1 1364 5.6   
5 Ballpark B 25-Jul-03 26.1 0.6 29.3 15.3 5.8 39 275 93.6 1494 5.6   
6 Barrackville 02-Aug-00 140 5.7 2.7 3.6 0.41 0.3 170 24.4 121 23.9 1.1 <.01 
7 Boston Gas 1 12-Aug-03 629 6.8 8.6 169 1.9 <.1 357 94.5 2673 81.7   
8 Boston Gas 3 15-Aug-03 448 4.2 6.6 22.9 1.2 0.29 151 38.4 806   0.15 
9 Boston Run 22-Aug-03 414 5.5 9.0 45.9 2.3 <.1 214 53.4 865   <.02 

10 Bowlby Mills 05-Jun-01 230 3.9  125 2 1.7 304 64.3 1529 9.4 <.1 <.02 
11 Brownsville 18-Dec-01 380 3.8  6.3 0.44 0.13 73.9 24.9 400 45.0 0.9 <.02 
11 Brownsville 03-Feb-03 401 3.6 5.5 3.3 0.4 0.06 77.2 26.2 380 32.7  0.03 
11 Brownsville 06-Aug-03 312 2.5 4.3 2.3 0.21 0.14 60.6 21.9 291 25.0   
12 CC1 07-Aug-03 124 3.2 3.3 <.1 <.1 <.1 106 48.8 315 68.7   
13 CC10 07-Aug-03             
14 CC11 07-Aug-03 213 3.2 4.1 <.1 <.1 0.42 97.4 36.8 337 50.0   
15 CC2 07-Aug-03             
16 CC3 07-Aug-03             
17 CC4 07-Aug-03             
18 CC5 07-Aug-03 288 3.8 5.3 0.54 <.1 <.1 225 55.5 731 121.0   
19 CC6 07-Aug-03             
20 CC8 07-Aug-03             
21 CC9 07-Aug-03             
22 Chiefton D 02-Mar-04 65.7 8.8 9.3 40.6 1.5 <.1 297 53.6 1027 2.5 0.5 0.07 
23 Chiefton U 02-Mar-04 84.2 8.2 13.7 103 3.3 0.23 371 64.3 1406 4.0 1.1 <0.02
24 Clyde 25-Jun-01 2210 6.2  239 5.2 0.41 269 118 5197 562.7 0.6 <.02 
25 Coal Run 25-Aug-03 662 4.2 7.7 30.1 0.47 <.1 70 23 417   0.06 
26 Colvin Run Borehole 07-Jun-01 50 22.3 3.9 486 7.5 0.54 440 390 6981 1321.0 0.3 <.02 
27 Culvert 20-Aug-03 173 3.8 4.8 11.7 0.73 <.1 123 45.3 310   0.78 
28 Cumberland Bleeder 1A 18-Jun-01 3480 6.4  206 7 21.1 424 267 9509 1168.0 0.1 <.02 
29 Cumberland Bleeder 2A 22-Jun-01 1160 4.7  0.34 0.3 <.1 78.4 24.1 1433 604.3 1.5 0.07 
30 Cumberland Bleeder 3 22-Jun-01 3060 11.0  97.4 2.2 0.12 221 86 3625 1298.1 0.8 0.03 
31 Daybrook #3 15-Aug-00             
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32 Delmont DS 03-Mar-04 28.7 2.9 9.6 44.8 3.1 1.3 111 36.5 631 30.3 <.1 <0.02
33 Delmont US 03-Mar-04 34.2 3.6 13.9 66.9 3.1 3.7 142 48 823 24.5 <.1 <0.02
34 Dogwood Lakes 18-May-01 120 9.9 5.0 151 3.4 0.28 460 132 4137 125.0 0.4 10.5 
35 Douglas Run 15-Aug-03 341 3.3 6.6 30.1 0.73 <.1 98.7 36 391   0.04 
36 Erie 11-Jun-02 170 5.8 8.1 76.9 1.9 0.4 199 67.9 910 16.5 0.4 0.02 
37 Export 03-Mar-04 23.4 1.0 21.7 8 3.5 39.8 149 55.5 1067 15.5 <.1 0.05 
38 Fairmore Spring 01-Jul-03 59.7 7.1 7.6 19.4 0.52 0.1 199 48.3 379 6.4  <.02 
39 Fetty 09-Aug-00 1300 13.2 <.1 3 2.3 0.79 445 405 2410 1610.0 1.4 0.02 
40 Flaggy Pump 08-Feb-02 481 24.0 16.2 295 14.6 33.8 654 263 3639 8.8  <.02 
40 Flaggy Pump 19-Apr-02 433 19.1 10.8 165 11.2 16.2 558 198 3297 12.2  0.03 
40 Flaggy Pump 26-Apr-02 384 16.1 9.3 227 10.1 13.9 496 175 3993 12.3  0.02 
40 Flaggy Pump 06-Sep-02 380 17.5 9.5 155 8.3 4.2 473 165 2775 12.6  0.04 
41 Gates 15-Oct-01 461 3.6  1.1 0.1 <.1 28.3 11 135 92.3 1.0  
41 Gates 03-Feb-03 582 4.4 6.5 1.6 0.09 0.06 35.1 13.3 131 97.5  <.02 
41 Gates 05-Aug-03 568 3.7 5.3 0.97 <.1 <.1 30.4 10.4 140 92.1   
42 Gladen 25-Aug-03 360 5.8 10.4 108 1.2 0.38 99.5 41.9 627   <.02 
43 Gray's Landing 16-Nov-01 66.6 1.4  204 6.7 65.4 394 121 2251 5.0 <.1 <.02 
44 Grimes 07-Aug-00 4560 18.6 1.1 2700 16.9 6 425 394 9520 1670.0 0.3 <.01 
45 Hagans 25-Aug-99 133 9.3 7.6 138 2.5 0.18 449 106 3260 115.0 0.3  
45 Hagans 06-Jul-01 1080 7.8  115 3.4 0.29 384 104 3553 94.3 0.4 <.02 
46 Hillman A (Ballpark) 20-Sep-00 24.7 <1 31.5 38.6 5.6 39.1 360 94.6 1700 5.2 <.1 <.02 
46 Hillman A (Ballpark) 25-Jul-03 24.9 0.5 29.8 15.8 5.5 37.1 261 88.4 1673 5.4   
47 Hutchinson 20-Aug-03 315 4.1 7.4 22.7 1.4 <.1 145 50.2 671   <.02 
48 Irwin DS 03-Mar-04 177 4.4 11.8 83.2 2.1 0.19 140 43.5 873 97.8 0.2 <0.02
49 Irwin US 03-Mar-04 157 3.8 10.8 76.4 1.9 0.29 123 38.6 796 97.4 0.1 <0.02
50 Karen 11-Aug-03 243 4.6 4.2 1.7 0.4 <.1 109 34.2 482 58.4   
51 Lambert's Run 03-Jul-03 83.1 4.0 6.8 28.4 2.1 <.1 143 47.8 504 2.3  <.02 
52 Langolith 11-Jun-02 1220 24.2 16.7 409 5.5 0.19 462 129 3313 520.4 0.1 0.02 
53 Little Indian Creek BH 22-May-01 50 13.2 7.1 803 7.7 31.3 497 176 3553 2758.0 0.2 <.02 
54 Llewellyn 21-May-01 110 10.6 16.2 11.2 0.54 0.2 350 87.5 3690 823.0 0.9 <.02 
55 Lower Guffy 20-Aug-03 264 2.5 7.4 25.5 0.75 <.1 75.2 26.9 279   <.02 
56 Maiden#3A 20-Aug-99 289 2.9 6.4 120 7.2 5.1 330 139 1210 990.0 <.1 <.01 
56 Maiden#3A 24-Jul-03 253 4.0 17.5 306 13.9 13.2 350 176 3353 9.2   
57 Maiden#3B 20-Aug-99 249 7.1 0.1 142 0.01 0.05 328 136 1240 14.2 22.0  
57 Maiden#3B 18-Sep-00 373 10.0 4.0 186 4.2 0.23 356 140 2195 9.8 <.1 <.02 
57 Maiden#3B 25-Jul-03 262 9.5 11.2 197 5.9 0.4 299 138 1999 9.7   
58 Marchand 20-Aug-03 690 4.6 9.8 71.8 1.4 0.12 152 46.3 1072   <.02 
59 Marshville Flowing 07-Jul-03 644 3.6 3.9 <.1 <.1 <.1 42 12.3 725 11.7  <.02 
60 Mather 19-Oct-00 170 5.5 6.7 0.34 0.1 0.17 85.6 29.3 368 41.1 <.1 0.11 
61 Mathes 12-Dec-02 760 14.1 9.6 117 12.7 1 464 143 2465 128.0  0.15 
62 Mathes @ River 12-Dec-02 338 6.2 17.5 19.8 7 43.3 401 133 2633 45.8  0.1 
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63 Maxwell Lock 20-Dec-01 214 7.6  69.3 2.9 <.1 227 62.7 1033 37.0 0.2 <.02 
63 Maxwell Lock 06-Aug-03 195 6.2 8.8 61.2 2.7 <.1 210 61 1115 28.8   
64 MD 1 07-Jun-02 105 2.9 20.5 21.4 2.1 7.1 117 42.1 685 48.5 <.1 <.02 
64 MD 1 22-Aug-03 174 4.7 9.3 81.4 1 <.1 133 45.3 683   <.02 
65 MD 10 15-Aug-03 252 3.9 7.0 75.9 1.1 <.1 77.4 25.5 672   0.02 
66 MD 1000gpm 11-Jun-02 71.5 4.7 11.7 57.8 1.7 2.9 156 54.8 694 45.7 0.1 <.02 
67 MD 100gpm 11-Jun-02 32.2 4.6 17.7 59.8 4.8 11.5 212 72.3 1012 24.6 0.1 <.02 
68 MD 11 07-Jun-02 400 4.9 9.5 23.5 0.35 <.1 75.3 23.5 527 114.1 0.6 <.02 
68 MD 11 15-Aug-03 542 3.4 10.0 25 0.54 <.1 90.6 25 509   <.02 
69 MD 2 07-Jun-02 130 4.7 13.7 71.4 1.3 0.44 99.2 32.4 587 64.2 <.1 <.02 
69 MD 2 22-Aug-03             
70 MD 3 07-Jun-02 135 5.1 12.2 37.9 0.82 0.18 116 38.6 623 63.7 <.1 0.02 
71 MD 4 07-Jun-02 173 5.1 12.7 103 1.3 7.3 247 54.3 1307 70.7 <.1 <.02 
72 MD 5 07-Jun-02 191 3.2 8.5 1.3 3.9 8.6 228 48.7 1169 17.9 0.1 0.85 
73 MD 6 07-Jun-02 433 14.8 8.7 29.3 0.68 <.1 92.9 29.3 696 128.4 0.6 0.25 
73 MD 6 12-Aug-03 420 4.0 6.6 18.5 0.63 0.5 97.3 31.7 576 116.0   
74 MD 7 07-Jun-02 381 4.1 10.8 48.4 0.66 0.27 86.9 25.6 633 100.9 0.7 0.18 
74 MD 7 15-Aug-03 533 3.8 10.9 47.8 0.64 0.12 88.8 23.4 590   0.03 
75 MD 8 07-Jun-02 465 15.2 10.6 59.8 0.61 <.1 107 27 817 138.4 0.5 0.02 
75 MD 8 15-Aug-03 650 4.9 11.5 61.7 1.2 0.53 125 31.2 878   <.02 
76 MD 9 07-Jun-02 329 4.4 6.8 14.2 0.34 <.1 63.3 22.7 431 74.8 0.6 0.03 
76 MD 9 15-Aug-03 344 2.9 6.4 26.3 0.34 <.1 51.8 17.1 359   <.02 
77 MD Stream 11-Jun-02 8.3 6.8 10.2 6.3 2.5 <.1 482 187 1257 4.5 0.1 0.02 
78 Nixon Run 02-Jul-03 17.5 0.2 23.0 20.2 3.7 27 169 68.1 704 1.8  0.11 
79 Norway 20-Jul-99 144 3.1 <.1 9 1.3 <.1 127 33.4 529 7.1 0.4 0.04 
79 Norway 28-Sep-00 159 2.4 <.1 11.1 0.46 <.1 118 33.2 4778 10.0 0.2 <.02 
79 Norway 25-Jun-03 152 4.5 6.3 8.7 0.79 0.24 133 40.9 452 7.2  0.09 
80 Owens 34 02-Jul-03 34.2 0.3 14.8 16.7 1.7 13 159 49.6 614 1.1  0.11 
81 Owens 34b 03-Jul-03 26.9 2.3 5.8 <.1 <.1 0.11 97.7 39.2 357 3.1  0.04 
82 Palmer 17-Jan-02 398 2.8  0.38 <.1 <.1  12.6 145 104.4 1.0 0.13 
82 Palmer 03-Feb-03 561 5.2 7.5 2.3 0.12 0.07 48.7 18 150 99.1  <.02 
82 Palmer 05-Aug-03 483 4.0 5.7 0.57 <.1 <.1 44.8 15.9 93.3 96.5   
83 Paw-Paw Siphon 19-Jul-99 83.2 8.3 0.1 72.4 5.5 0.37 390 93.6 2880 121.0 0.6 0.02 
83 Paw-Paw Siphon 21-May-01 30 10.3 6.0 58.7 1.6 0.18 318 95.5 3180 132.0 0.7 0.03 
84 PennOverall 19-Jul-99 93.9 2.5 <.1 11.3 12.5 6.6 81.9 33.4 454 31.0 0.3 0.1 
85 Pit Gas 12-Nov-02 2578 42.6 6.2 0.28 1.4 0.1 367 110 4243 390.0  0.03 
86 Pool A 10-Jul-03 15.1 2.6 4.3 1.9 0.65 0.12 117 48.9 341 1.6  0.37 
87 Pool B 11-Jul-03 91.4 3.5 6.1 23.2 3 <.1 197 62.9 595 2.2  <.02 
88 Presto-Sygon 25-Aug-03 177 2.5 9.8 41.5 0.88 1.8 113 44.8 574   <.02 
89 Prospect 10-Jul-03 78.6 6.1 6.6 58.1 0.82 0.19 172 54.5 504 3.1  <.02 
90 Ruff Creek Sample 1 07-Aug-00 6020 29.2 <.1 1.1 0.34 0.66 395 429 7200 1290.0 0.2 0.04 



Map ID Sample ID Sample Date Na 
mg/L

K 
mg/L

Si 
mg/L

Fe 
mg/L

Mn 
mg/L

Al 
mg/L 

Ca 
mg/L

Mg 
mg/L

SO4 
mg/L 

Cl 
mg/L 

F 
mg/L

NO3 
mg/L

90 Ruff Creek Sample 2 07-Aug-00 6160 24.0 2.6 897 6.2 0.75 430 505 8560 1740.0 0.2 0.02 
91 S-2 25-Aug-03 262 4.8 5.4 1.6 0.5 <.1 171 73.1 569   0.64 
92 S-3 25-Aug-03 756 5.3 8.4 20.6 0.77 <.1 124 46.3 698   <.02 
93 S-4 25-Aug-03 130 3.2 4.2 0.55 0.48 <.1 90.9 37.4 200   0.02 
94 Saltwell 02-Jul-03 10.8 1.1 11.5 0.23 1.7 8.2 130 51.3 517 1.8  0.09 
95 Sample 1 05-Jul-02 50.5 4.5 9.1 0.5 0.67 0.59 82.7 35.4 356 77.4 0.2 0.4 
96 Sample 2 05-Jul-02 499 4.8 7.5 15.4 0.73 0.18 103 38.9 933 134.6 0.3 0.42 
97 Sample 3 05-Jul-02 181 5.8 6.6 2.4 0.61 <.1 173 73.4 775 173.7 0.6 <.02 
98 Sample 4 05-Jul-02 108 3.3 4.4 2.4 0.5 <.1 86.8 35.9 308    
99 Sawmill Run 20-Aug-03 177 4.0 6.1 19.7 0.95 0.39 124 44.2 349   0.19 

100 Sears 22-May-01 120 5.1 4.6 89.2 3.2 0.21 231 77.1 1156 17.8 0.2 0.05 
101 SH1 12-Dec-01 4561 13.1 36.1 5234 47.8 200 386 1052 27065 264.0 3.2 <.02 
101 SH1 14-Dec-01 4127 13.9 35.8 4854 42.1 200 393 916 24160 253.0 2.7 0.03 
101 SH1 21-Dec-01 3427 13.8 33.1 4082 35.4 200 396 760 20935 253.0 2.6 0.05 
101 SH1 15-Jan-02 3453 13.5 33.0 4241 36.9 200 398 744 21168 251.0 2.9 0.07 
101 SH1 16-Jan-02 3812 13.1 33.4 4257 37.9 200 401 761 19694 247.0 2.8 0.02 
101 SHAN - 248 24-Nov-00 850 15.6  0.3 2.2 0.22 167 89 2575 60.9 1.3 0.05 
101 SHAN - 280 24-Nov-00 4220 17.7  2435 16.6 49.3 380 870 21573 139.1 <.1 0.02 
102 Smith 03A 09-Jul-99 26.3 0.6 27.8 216 32.3 60.1 283 97.2 1440 55.7 <.1 0.28 
103 Smith 06A 09-Jul-99 1.9 0.5 30.4 483 10.8 79.6 75.1 37.6 2160 2.5 <.1 0.42 
104 Smith 13A 12-Jul-99 4.2 0.3 32.1 202 17.1 66.5 186 49.4 1720 5.4 <.1 0.29 
105 Smith 14A 12-Jul-99 3.4 0.2 73.1 166 43.4 44.6 159 46 1390 6.0 <.1 0.13 
106 Smith 22A 15-Jul-99 6.8 0.3 28.7 265 12.2 111 393 102 2730 1.9 0.3 0.35 
107 Smith 24A 11-Jul-99 15.4 0.6 35.5 544 24.7 176 325 112 4120 6.1 1.2 0.42 
108 Taylortown 2A 18-Jul-03 25.9 2.8 8.7 1 1.7 2.4 161 85.4 578 3.6  0.36 
109 Taylortown 2B 12-Jul-00 40.3 1.2 10.7 26.9 3.7 24.1 274 107 1050 5.2 <.1 0.11 
109 Taylortown 2B 18-Jul-03 39.8 1.3 18.8 35.9 4.5 33.5 240 114 1016 5.2  0.15 
110 Taylortown 4 12-Jul-00 37.8 1.8 12.4 22.6 3.5 27.9 249 102 1090 5.9 <.1 0.13 
110 Taylortown 4 07-Jun-01 30 3.2 20.4 68.8 5.8 28 409 114 1653 7.4 0.2 <.02 
110 Taylortown 4 18-Jul-03 17.9 0.7 21.9 54.7 4.6 21.6 251 85.1 887 5.8  0.05 
111 Upper Guffy 20-Aug-03 447 2.8 7.2 19.8 0.6 <.1 60.7 18.6 423   <.02 
112 West Fork 1 27-Aug-02 91.9 6.0  16.5 0.36 2.4 176  440 44.9 0.2 <.02 
112 West Fork 1 07-Jul-03 76.3 6.5 6.4 26.3 0.46 <.1 197 40.7 371 11.3  <.02 
113 West Fork 2 27-Aug-02 104 7.9  66.8 1.8 0.54 315  905 4.2 0.9 <.02 
114 West Fork 5 27-Aug-02 34.4 7.9  9.2 0.79 <.1 258  745 3.3 0.3 0.02 
114 West Fork 5 03-Jul-03 22.9 7.5 7.1 32.3 0.67 <.1 209 59.9 485 2.5  <.02 
115 West Fork 7 27-Aug-02 49.4 13.3  0.57 1.2 <.1 256  723 2.8 0.3 0.07 
115 West Fork 7 10-Jul-03 52.6 9.0 9.4 93.4 1.2 0.15 303 65.2 803 2.5  <.02 

 



 

Figure 3.2.  Location of water samples listed in Table 3.2.  Numbers 
correspond to �Map ID� in the table.



 

Figure 3.3.  Distribution of dissolved iron in mine waters of the Pittsburgh seam, 
superimposed on December 2003 mine flooding.  Circles are proportional to 
concentration. 



 

Figure 3.4.  Distribution of dissolved manganese in mine waters of the Pittsburgh seam, 
superimposed on December 2003 mine flooding.  Circles are proportional to 
concentration. 



 

Figure 3.4.  Distribution of dissolved aluminum in mine waters of the Pittsburgh seam, 
superimposed on December 2003 mine flooding.  Circles are proportional to 
concentration. 



 

Figure 3.6.  Distribution of measured field alkalinity in mine waters of the Pittsburgh 
seam, superimposed on December 2003 mine flooding.  Circles are 
proportional to concentration. 



 

Figure 3.7.  Distribution of pH in mine waters of the Pittsburgh seam, superimposed on 
December 2003 mine flooding. 



 

Figure 3.8.  Distribution of net alkalinity (alkalinity minus calculated acidity) in mine waters 
of the Pittsburgh seam, superimposed on December 2003 mine flooding. 



 

Figure 3.9.  Distribution of dissolved sodium in mine waters of the Pittsburgh seam, 
superimposed on December 2003 mine flooding.  Circles are proportional to 
concentration. 



 

Figure 3.10.  Distribution of dissolved sulfate in mine waters of the Pittsburgh seam, 
superimposed on December 2003 mine flooding.  Circles are proportional to 
concentration. 



 

Figure 3.11.  Distribution of total dissolved solids in mine waters of the Pittsburgh seam, 
superimposed on December 2003 mine flooding.  Circles are proportional to 
concentration. 



3.3 Monitoring wells drilled 

3.3.1 Executive summary 

 

3.3.2 Experimental 

There were three new wells (Figure 3.12) drilled or assumed for monitoring well purposes, 
including: 

Glendale Mine (GLE) (location UTM 523461E 4422552N) � see Table 3.3 
Valley Camp 1 (VC1) (location UTM 538157E 4438877N) � see Table 3.4 
Maple Creek (MAP) (location UTM 582556E 4444627N) � see Table 3.5 

The Glendale and Maple Creek wells have had transducers installed to collect water level 
data. The Valley Camp well was found to be dry, so no transducer was placed here. 

3.3.3 Results and Discussion 

Even though the Valley Camp 1 well is located in the deepest part of the mine and the mine 
has been closed for over 20 years, the fact that the mine is dry indicates that there is very little 
inflow to this mine, a condition that is consistent with the results from the Glendale mine. 

The Glendale well was found to be producing methane gas.  The well was shut in at a 
pressure of six psi.  A production test was conducted and the well was found to produce 
300,000 cubic feet per day at 90 to 100 percent methane under a negative pressure of nine psi 
(Table 3.6).  In order to make this well safe, a two inch pvc pipe was installed in the five inch pvc 
casing.  This pipe was screened in the bottom five feet, and installed below the elevation of the 
coal seam.  The annulus was then filled with course sand until the flow of methane was 
restricted.  Bentonite was placed on top of the sand and allowed to hydrate, and then the 
annulus was filled to the surface with neat cement grout.  This completely sopped the flow of 
methane yet allowed the measurement of water level in the well.  The water level measured in 
this well is higher than the actual water level in the mine by 13.95 feet due to the 6 psi pressure 
of the methane in the mine.  Water level measured in the Glendale mine indicates that the mine 
is completely flooded.  Consequently, the methane is contained in the fractured rock above the 
mine out coal.  This mine is too small to be economically viable as a coal seam methane 
project.  However it is significant to note that a relatively thin overburden is able to confine gas 
under pressure over the entire extent of the mine workings.  This has significant implications for 
ground water inflow in the vicinity of the Glendale Mine. 

3.3.4 Conclusion 

Two new wells have instrumented to collect water level data in portions of the Pittsburgh 
coal basin for which we have had little water level data.  These wells were acquired too recently 
for significant data to be obtained, but the monitoring will continue. 



3.3.5 Figures and Tables 



 
 

Figure 3.12.  New wells drilled during 2003-2004. 



Table 3.3.  Drilling log for the Glendale borehole. 

Mine Name: Glendale
Well ID: Cased Intervals From To Material

Date: 10/21 to 10/24, 2004 0 ft 170 ft 5" PVC grouted
Driller: 3D Drilling 0 ft 252 ft 2" PVC

Logged by: B. Leavitt
Total  Depth: 252 feet

Static WL: 234.65 Grout Intervals From To Type
MP: 0 ft 165 ft

MP Elevation:
Head Elevation:
UTM Northing: 4422552 Perforations From To Type

Easting: 523461 247 ft 252 ft

From (ft.) To (ft.) Lithology Formation
0 5 soil
5 7 clay water present
7 16 river gravel cobles up to 6 inches

17 17 sandstone
17 22 shale
27 30 sandstone, gray
30 31 shale
31 34 sandstone
34 40 shale, light gray
40 43 siltstone 3 gpm @ 42 feet
43 46 shale
46 49 claystone
49 50 limestone
50 54 shale
54 55 limestone
55 56 shale 7 gpm
56 65 limestone, with shale stringers 10 gpm
65 78 shale
78 85 shale
85 103 limestone, with shale stringers

103 104 shale, black
104 105 sandstone
105 120 shale, gray
120 121 sandstone 20 gpm
121 126 shale
126 131 limestone, with shale stringers
131 134 shale, black
134 138 coal
138 157 shale
157 170 limestone
170 173 shale, black
173 175 limestone
175 181 shale
181 186 limestone
186 209 calystone, shale
209 214 very soft @ 209
214 217 coal
217 219 (soft)
219 240 shale hole making mine water
240 252 shale

R  E  S  E  A  R  C  H     W  E  L  L     L  O  G

Comments

 



Table 3.4.  Drilling and completion data for the Valley Camp 1 well. 

Mine Name: Valley Camp 1
Well ID: Cased Intervals From To Material

Date: 10/26 to 11/10, 2004 0 ft 263 ft 5" PVC grouted
Driller: 3D Drilling 0 ft 395 ft 2" PVC

Logged by: B. Leavitt
Total  Depth: 395

Static WL: Grout Intervals From To Type
MP: 0 ft 263 ft

MP Elevation:
Head Elevation:
UTM Northing: 4438877 Perforations From To Type

Easting: 538157

From (ft.) To (ft.) Lithology Formation
0 390 not logged

390 395 mine void

R  E  S  E  A  R  C  H     W  E  L  L     L  O  G

Comments



Table 3.5.  Drilling log for the Maple Creek borehole. 

Mine Name: Maple Creek
Well ID: Cased Intervals From To Material

Date: 6/8/2004 0 ft. 70 ft. 6" PVC
Driller: TBSI - Todd Zilka

Logged by: G. R. Carter, Jr.
Total  Depth: 262.5 feet

Static WL: 234.65 Grout Intervals From To Type
MP: 0 ft 228 ft

MP Elevation:
Head Elevation:
UTM Northing: Perforations From To Type

Easting: 258 ft 262 ft

From (ft.) To (ft.) Lithology Formation
0 20 soil

20 29 limy shale

29 40 gray sandy shale

40 49 limestone

49 54 gray siltstone
54 63 limestone

63 68 claystone

68 83 gray to gray-brown siltstone

83 123 limestone

123 126 gray-brown siltstone

126 146 sandstone

146 151 siltstone, gray-brown & black

151 168 limestone, some siltstone

168 179 sandstone

179 188 claystone & siltstone
188 198 sandstone
198 202 gray siltstone
202 222 sandstone, carbonaceous at depth

222 223 carbonaceous shale & coal
223 246 gray siltstone
246 250 void
250 262.5 gray siltstone, mostly rubble

R  E  S  E  A  R  C  H     W  E  L  L     L  O  G

Comments

 



Table 3.6. Record of the Glendale mine vent test. 
   
 6 PSIG initial shut in  

  
Time Inches Vacuum PSIG MCF/Day % Methane

9:15 10 -5 295 100
9:45 8.5 -7 269 100

10:15 8 -8 261 90
10:30 7.5 -8 252 90
10:45 7 -8.5 243 90
11:00 7 -8.5 243 90
11:15 6.5 -9 243 90
11:30 6 -9 224 90

Shut down at 11:35- went to +5 PSIG 
12:15 6.5 PSI Shut-in  
13:30 7 PSIG Shut in  
13:45 7 PSIG Shut in  
13:45 12 -5 326 100
14:00 10.5 -5 302 100
14:15 10 -9 295 100
14:30 10 -9 295 100
14:45 10 -9 295 100
15:00 10 -9 295 100
15:15 10 -9 295 90
15:30 10 -9 295 90

Shut in 15:35- + 5 PSIG 
16:00- + 6.5 PSIG 

  



3.4 Water levels 

3.4.1 Executive summary 

Automatic recording loggers were installed throughout the Pittsburgh coal basin in locations 
which accessed the flooded or flooding mines (see Figure 3.13 for locations).  Most of these 
locations are shafts or boreholes which remained open after abandonment of the mine, but a 
number of these were specifically drilled for this project (see preceding section).  The data are 
presented in appendices C and D. 

A number of gaps may be seen in the data; these are generally a result of equipment 
failures.  In a few cases, sites became temporarily unavailable, or some sites were reclaimed 
and required moving the loggers to alternate sites 

Most of the loggers are continuing to operate, with the exception of Isabella, where the hole 
collapsed;  Mather, where the borehole is now blocked and therefore unusable, Valley Camp 3, 
where the hole was destroyed; and Dakota, Jordan, and Booth, which the equipment has been 
displaced at least temporarily by coal company pumping operations.  The latter three may be re-
installed at a later date. 

Table 3.7 lists monitoring stations which had automatic water level loggers installed, 
showing the time range of data and how many weeks the data loggers were operating at each 
site. 

The water level trends on the eastern side of the basin are rising in three West Virginia 
mines (Osage, Pursglove, and Humphrey) and four Pennsylvania mines (Gateway, Shannopin, 
Mathies, and Maple Creek).  On the west side of the basin, closed mines are apparently 
flooding slowly, and no known discharges of any magnitude have been identified.  

3.4.2 Experimental 

Water levels were collected at 25 different sites in West Virginia and Pennsylvania between 
August 15 1998 and June 30 2004.  These sites were instrumented with Global Water   WL-
15X datalogger-coupled pressure transducers with ranges from 15-60 feet.  The loggers were 
suspended in the wells shown in Figure 3.12 from eyebolts set at the surveyed measuring point 
at the wellhead.  The sensor depth was calibrated using manually-obtained water level 
measurements, in conjunction with concurrent pressure readings on the sensor.  The manual 
calibration process was repeated periodically, to obtain an accurate estimate of the sensor 
depth and to watch for sensor drift.  The sensors themselves were periodically calibrated to 
check for sensor slope correction.  Measurements were obtained and logged hourly, then 
reduced to daily averages for storage and presentation. 

Using these pressures (=pressure above the sensor elevation) and the sensor depth, a 
water level depth with respect to the well datum was calculated for each time of measurement.  
This was subtracted from the datum elevation to give a calculated hydraulic head.  

The accuracy of the hydraulic head measurements is based on two elements.  The 
accuracy of the datum elevation varies from site to site.  Some sites were surveyed by 
engineering GPS and are accurate to 0.3 meters or better.  Others were extrapolated from 



topographic maps.  These are accurate to approximately 5 meters or better, although this 
number varies according to location.  Second, the accuracy of the water level depths are 
approximately accurate to the nearest tenth of a foot or better.  Thus the data have relative 
accuracy (within a well) that is much higher than absolute accuracy (which depends mainly on 
survey accuracy).   

Several wells with installed loggers were destroyed or collapsed in the course of the project.  
These include Isabella (well collapsed), Mather (well destroyed by surface reclamation 
operations) and Valley Camp 3 near Tridelphia (well destroyed by construction of new mall).  
The Valley Camp 3 monitoring setups were only installed for a brief time before the sites were 
destroyed, and yielded only initial water level information. 

3.4.3 Results and Discussion 

Results of hydraulic head estimates are tabulated in appendix D.  The following mines 
showed continued rises in water level over this period:  Osage, Pursglove, Humphrey, 
Shannopin, Mathies, Crucible, and Gateway.  The following mines showed no change or normal 
annual fluctuation over this period: Dakota, Jordan, Arnettsville, Arkwright, Pitt Gas, Clyde, 
Barrackville, Nemacolin, and Mine #38.  Data periods for Mather, Alexander, and Glendale are 
too short to classify definitively. 

3.4.4 Conclusion 

The water level history to date, as of mid-2004, shows the following: 

• most mines in the eastern part of the basin in West Virginia are active or stable in 
water level except for Osage, Pursglove, and Humphrey.  These mines are over 
50% complete in their flooding history and are expected to reach a fully flooded 
state within 1-2 years 

• the Shannopin and Gateway mines in Pennsylvania continue to flood; a fully-flooded 
state will be achieved within 1 year for Shannopin and within 2 years for Gateway, 
barring intervention, 

• The water level history in the Northern Panhandle of West Virginia is represented by 
only two mines (Alexander and Glendale), for which only short records are available.  
These seem to indicate that mines in this part of the basin are slowly flooding or 
stable.   



3.4.5 Figures and Tables 

 



 
Station Earliest Latest Number of Weekly Data 

Alexander 10-May-03 10-Jan-04 36 
Barrackville 26-Sep-98 05-Jun-04 279 
Booth 15-Aug-98 21-Feb-04 265 
Brock 27-May-00 05-Jun-04 198 
Carberry 06-Mar-04 05-Jun-04 14 
Crucible 09-Feb-02 05-Jun-04 112 
Dakota 15-Aug-98 07-Feb-04 235 
Daybrook 29-Aug-98 05-Jun-04 252 
Fetty 13-May-00 05-Jun-04 177 
Flaggy Meadows 26-Jan-02 15-May-04 81 
Flaggy Pond 13-Sep-03 05-Jun-04 39 
Glendale 24-Apr-04 22-May-04 5 
Grimes 16-Sep-00 05-Jun-04 174 
Hagans 15-Aug-98 19-Jun-04 209 
Hawkins 06-Jan-01 19-Jun-04 92 
Isabella 17-May-03 13-Sep-03 18 
Jordan 15-Aug-98 07-Feb-04 207 
Mather 13-Jan-01 31-Aug-02 86 
Mathies 04-Jan-03 28-Feb-04 50 
Nemacolin 13-Jan-01 05-Jun-04 123 
Penn Overall 15-Aug-98 05-Jun-04 263 
Pitt Gas 01-Feb-03 05-Jun-04 66 
Ruff Creek 23-Sep-00 05-Jun-04 175 
Shannopin 07-Nov-98 05-Jun-04 201 
Warwick 3 26-Jan-02 20-Sep-03 86 
Willard 30-Oct-99 05-Jun-04 231 

Table 3.7.  Monitoring wells for this project, with periods of record.  For locations see 
Figure 3.13. 



 

Figure 3.13.  Monitoring well locations for this project for which water level data are 
presented in appendices C and D. 



4 TASK 4 - INTEGRATED MODELING 

4.1 Mine flooding update, year 2003 

4.1.1 Experimental 

These results show at very coarse scale the flooding extent in the basin as of 2003.  The 
methods for delineating flooding were described in Section 3.1. 

Using the flooding outlines, calculations were made of the extent of flooding in each mine, 
expressed as a proportion of total mine area.  The methodology was to measure the areas for 
both flooded and total mine areas, with subtraction for each of the large-pillar areas (>40 acres) 
within each.  Areas were measured automatically using Boolean geospatial processing tools. 

In addition of mine flooding proportion, an estimate of mine discharge was made for each 
mine.  Some of these were made by instantaneous measurement using a Marsh-McBirney 
pressure-sensor type flowmeter and profiling across stream channels using 6 or more stations.  
The velocity at each station at a depth 0.4 times the total depth at that location was used as the 
average velocity for each location.  Total discharge was estimated using a depth-area-velocity 
integration across the channel. Error is estimated at ±20% according to manufacturer 
guidelines.  Flows were generally measured at different times for each station, and so the flow 
measurement may not in all cases be an accurate estimate of the year-long average velocity for 
these discharges. 

In locations where AMD is treated, the operator-reported pumping rate was used as an 
estimate of flow.  No effort was made to estimate the accuracy of these estimates. 

Most mines have no discharge.  This is because a small number of mines are still in the 
process of flooding, while a large number of mines discharge into other mines across leaky 
barriers or through cut-through entries. 

4.1.2 Results and Discussion 

4.1.2.1 Mine-flooding, year 2003 

Figure 4.1 shows the extent of mining through December 2003 within the Pittsburgh 
coal.  The mines are classified by status of mining in 2003, either actively mining coal (rose); or 
closed or inactive mines (gray).  There are only a small number (eleven; Robinson Run, 
Loveridge, Federal #2, Blacksville #2, Emerald, Cumberland, Mine #88, Maple Creek, Bailey, 
Enlow Fork, Shumaker) currently active Pittsburgh mines in this area.  These mines are isolated 
from shallower closed mines by thick barriers.   

Table 4.2 shows a list of flooded mine areas and volumes, relative to total mine size and 
volume, for 127 mines in the Pittsburgh basin that have pools estimated to contain at least 106 
m3 flooded volume.  This is all except 60 of the mines with flooding in the basin.   

Table 4.3 shows the summary of flooded volumes for the basin in 2003.  The total 
volume in the basin  is 1804 x 106 m3 water.   



It should be carefully recognized that mine volume does not equate to yeild of water over 
any specific time period.  The volume of water in storage is in general unrelated to the quantity 
of discharge leaving any specific mine.  The discharge (yield) of a mine over any time period, 
rather, is dictated by the amount of recharge and leakage it receives over that period.  The 
magnitude of discharges in the basin are described in Section 4.2 below. 

4.1.2.2 Areas and volumes of mine flooding, year 2003 

Figure 4.2 shows a frequency distribution for flooded mine volume in 165 mines with 
discernible flooding, in millions of cubic meters of water, taken from Table 4.2.  This graphic 
shows there is an exponential distribution of mine water reservoir size, which ranges up to 85.1 
m3 of water in an individual mine (Vesta #4 and #5).  This plot also excludes approximately 1220 
mines with no discernible flooded area.  About 84.2% of mines are less than 20 million m3 in 
reservoir volume.  The remaining 26 mines are of >20 x 106 m3 volume.  Thus the largest 
portion of mine storage volume is held within a very few large reservoirs, of the >1000 mines 
now closed. 

Figure 4.3 shows a graphical relationship between percentage of mine flooding and total 
mine area for those mines that demonstrate some flooding (n=167).  There is no evident 
relationship between mine size and the tendency for a mine to be flooded or unflooded.   

4.1.3 Conclusion 

Of the 1300+ mines in the Pittsburgh basin for the study area, approximately 167 show 
discernible levels of flooding; of these, only about 26 mines are of >20 x 106 m3 storage volume 
of water.  Thus most of the flooding in the basin is concentrated in a relatively few large mine 
reservoirs.  The total estimated flooding volume in year 2003 is 1803  x 106 m3 , of with 99% of 
the volume is concentrated in these large flooded mines.   

It should be carefully recognized that mine volume does not equate to yeild of water over 
any specific time period.  The volume of water in storage is in general unrelated to the quantity 
of discharge leaving any specific mine.  The discharge (yield) of a mine over any time period, 
rather, is dictated by the amount of recharge and leakage it receives over that period.  The 
magnitude of discharges in the basin are described in Section 4.2 below. 

 



4.1.4 Figures and Tables 

 



Table 4.1.  Mine areas and volumes flooded for Pittsburgh basin mines with greater than 
one million m3 flooded volume. 

mine total flooded total flooded total flooded total flooded %
name area (ha) area (ha) area (a) area (a) vol (m3x 106) vol (m3x 106) volume (a-ft) volume (a-ft) flooded

Vesta #4 & 5 10232 7505 25283 18546 116.0 85.1 94064 68999 73.4%
Robena 7070 5948 17471 14698 80.2 67.5 65002 54685 84.1%
Federal #1 5725 5725 14146 14146 64.9 64.9 52631 52631 100.0%
Humphrey 6721 5495 16609 13578 76.2 62.3 61794 50518 81.8%
Lyons Run 7287 4884 18007 12070 82.6 55.4 66996 44905 67.0%
Banning 11345 4825 28033 11922 128.6 54.7 104297 44355 42.5%
Arkwright #1 4956 4533 12246 11201 56.2 51.4 45561 41672 91.5%
Jordan #93 4797 4460 11854 11020 54.4 50.6 44102 41000 93.0%
Nemacolin 3888 3888 9607 9607 44.1 44.1 35743 35743 100.0%
Valley Camp 1, 2 & 3 5332 3880 13176 9589 60.5 44.0 49020 35674 72.8%
Osage #3 5443 3626 13449 8959 61.7 41.1 50037 33332 66.6%
Montour #4 5166 3559 12766 8795 58.6 40.4 47497 32721 68.9%
Gateway 3850 3512 9515 8679 43.7 39.8 35399 32292 91.2%
Mariana #58 3437 3437 8492 8492 39.0 39.0 31596 31596 100.0%
Clyde 3705 3240 9155 8007 42.0 36.7 34062 29790 87.5%
Mathies 5194 3084 12835 7620 58.9 35.0 47752 28350 59.4%
Idamay #44 2875 2875 7105 7105 32.6 32.6 26433 26433 100.0%
Alexander 2776 2756 6860 6810 31.5 31.3 25522 25335 99.3%
Pursglove #15 3898 2561 9633 6329 44.2 29.0 35838 23548 65.7%
National Mine 3328 2552 8225 6307 37.7 28.9 30600 23465 76.7%
Shannopin 3311 2473 8181 6112 37.5 28.0 30437 22739 74.7%
Barrackville #41 2412 2412 5960 5960 27.3 27.3 22172 22172 100.0%
Joanne 2379 2379 5878 5878 27.0 27.0 21868 21868 100.0%
Crucible 2213 2213 5470 5470 25.1 25.1 20349 20349 100.0%
Isabella 2175 2166 5376 5352 24.7 24.6 20000 19912 99.6%
Beech Bottom 3560 2058 8797 5086 40.4 23.3 32729 18922 57.8%
Montour #1 3470 1597 8576 3947 39.4 18.1 31905 14683 46.0%
Westland #1 2640 1537 6524 3799 29.9 17.4 24273 14133 58.2%
Mountaineer #92 #43 1773 1485 4380 3669 20.1 16.8 16297 13651 83.8%
Ocean1-2 1593 1471 3937 3635 18.1 16.7 14647 13523 92.3%
Blacksville #1 1687 1450 4168 3582 19.1 16.4 15509 13326 85.9%
Mine #84 9405 1392 23241 3440 106.7 15.8 86469 12797 14.8%
Compass #2 1390 1339 3434 3309 15.8 15.2 12777 12310 96.3%
Maple Creek 4800 1305 11862 3225 54.4 14.8 44132 11999 27.2%
Barrackville #8 1288 1288 3183 3183 14.6 14.6 11843 11843 100.0%
Hutchinson 1280 1280 3163 3163 14.5 14.5 11769 11769 100.0%
Filbert 1136 1136 2808 2808 12.9 12.9 10447 10447 100.0%
Compass #3 1113 1103 2751 2725 12.6 12.5 10235 10140 99.1%
Edenborn 1132 1097 2798 2711 12.8 12.4 10408 10086 96.9%
Langeloth 1109 1087 2740 2686 12.6 12.3 10194 9995 98.0%
Washington Run 2123 1072 5246 2648 24.1 12.2 19519 9851 50.5%
Bridgeport 1379 1044 3407 2581 15.6 11.8 12675 9602 75.8%
Manifold 1121 989 2771 2443 12.7 11.2 10308 9088 88.2%
Edna #2 1106 952 2733 2352 12.5 10.8 10168 8752 86.1%
Maxwell 994 942 2457 2327 11.3 10.7 9139 8657 94.7%
Mather 1778 941 4393 2325 20.2 10.7 16343 8650 52.9%
Unknown 2073 913 5122 2256 23.5 10.4 19055 8393 44.0%
Keystone South 1407 909 3478 2245 16.0 10.3 12938 8353 64.6%
Dakota 896 896 2214 2214 10.2 10.2 8237 8237 100.0%
Colonial #1 1321 892 3265 2203 15.0 10.1 12146 8196 67.5%
Colonial #4 875 875 2163 2163 9.9 9.9 8046 8046 100.0%
Pittsburgh Terminal 870 870 2149 2149 9.9 9.9 7996 7994 100.0%
Palmer 851 851 2104 2104 9.7 9.7 7826 7826 100.0%
Warwick #2 1433 821 3540 2029 16.2 9.3 13170 7550 57.3%
Colonial #3 819 819 2024 2024 9.3 9.3 7532 7532 100.0%
Hazel 821 800 2028 1976 9.3 9.1 7545 7351 97.4%
Lincoln 788 788 1947 1947 8.9 8.9 7244 7244 100.0%
Matt Barnes - Atlas 762 762 1882 1882 8.6 8.6 7003 7003 100.0%
Canonsburg 2470 751 6103 1857 28.0 8.5 22705 6907 30.4%
Pittsburgh Terminal 737 736 1822 1819 8.4 8.3 6779 6767 99.8%
Lambert 765 734 1891 1815 8.7 8.3 7037 6751 95.9%
Lindley 756 727 1867 1797 8.6 8.2 6946 6685 96.2%
Pittsburgh Terminal 768 725 1898 1790 8.7 8.2 7060 6661 94.3%
Buffington 1520 707 3757 1747 17.2 8.0 13977 6500 46.5%
Mine #38 758 698 1873 1725 8.6 7.9 6967 6417 92.1%
ODonnell 3131 694 7736 1715 35.5 7.9 28781 6381 22.2%
Montour #10 3053 690 7543 1705 34.6 7.8 28064 6345 22.6%
Thompson 688 688 1700 1700 7.8 7.8 6326 6326 100.0%
Tyler 672 672 1660 1660 7.6 7.6 6176 6176 100.0%
B Mine 631 631 1559 1559 7.2 7.2 5801 5801 100.0%
Marchand 928 629 2293 1553 10.5 7.1 8531 5778 67.7%
Ronco 692 623 1711 1541 7.9 7.1 6365 5732 90.1%



Table 4.1 (cont.). Mine areas and volumes flooded for Pittsburgh basin mines with 
greater than one million m3 flooded volume. 

mine total flooded total flooded total flooded total flooded %
name area (ha) area (ha) area (a) area (a) vol (m3x 106) vol (m3x 106) volume (a-ft) volume (a-ft) flooded

Ontario 578 578 1429 1429 6.6 6.6 5316 5316 100.0%
Pitts #2 531 531 1313 1313 6.0 6.0 4883 4883 100.0%
Ocean No1 850 522 2102 1290 9.6 5.9 7819 4798 61.4%
Gates 506 506 1250 1250 5.7 5.7 4651 4651 100.0%
Unknown 505 505 1247 1247 5.7 5.7 4641 4641 100.0%
Francis 988 495 2442 1224 11.2 5.6 9086 4554 50.1%
Bertha 730 491 1803 1213 8.3 5.6 6710 4513 67.3%
Williams #98 1816 487 4488 1203 20.6 5.5 16696 4476 26.8%
Jamison #9 2608 485 6445 1199 29.6 5.5 23979 4461 18.6%
Aurora 910 485 2248 1198 10.3 5.5 8363 4456 53.3%
Glendale 507 465 1252 1150 5.7 5.3 4658 4278 91.8%
Pike 506 458 1250 1131 5.7 5.2 4650 4207 90.5%
Ralph 457 457 1128 1128 5.2 5.2 4198 4198 100.0%
Unknown 446 446 1103 1103 5.1 5.1 4105 4105 100.0%
Chamoni Anchor Sno 903 438 2232 1083 10.2 5.0 8303 4028 48.5%
Mine #26 506 428 1250 1059 5.7 4.9 4649 3939 84.7%
Briar Hill 423 423 1045 1045 4.8 4.8 3889 3889 100.0%
Mars 502 403 1239 997 5.7 4.6 4611 3709 80.4%
Maiden #1 1409 400 3481 989 16.0 4.5 12950 3681 28.4%
River Seam 681 361 1684 893 7.7 4.1 6265 3322 53.0%
Kingmonts 354 354 874 874 4.0 4.0 3251 3251 100.0%
Erie 486 348 1200 859 5.5 3.9 4465 3196 71.6%
Yough Slope 387 330 957 815 4.4 3.7 3561 3033 85.2%
Tower Hill #1 327 327 808 808 3.7 3.7 3008 3008 100.0%
Arden 327 327 808 808 3.7 3.7 3006 3005 100.0%
Alicia 316 316 780 780 3.6 3.6 2902 2902 100.0%
Unknown 319 304 787 751 3.6 3.4 2930 2794 95.4%
Mine #73 & #24 610 303 1507 750 6.9 3.4 5606 2789 49.8%
Naomi 386 301 953 743 4.4 3.4 3546 2764 78.0%
Maiden #3 432 291 1068 720 4.9 3.3 3975 2677 67.4%
Pitts 278 272 688 671 3.2 3.1 2560 2498 97.6%
Avella 265 265 654 654 3.0 3.0 2435 2435 100.0%
Mine #34 & #22 820 249 2027 615 9.3 2.8 7541 2288 30.3%
Diamond 289 240 715 592 3.3 2.7 2658 2204 82.9%
Crescent 668 229 1651 565 7.6 2.6 6143 2104 34.2%
Montour #4 282 218 696 539 3.2 2.5 2590 2005 77.4%
Sumner 276 217 682 536 3.1 2.5 2537 1992 78.5%
Pitts #3 206 206 508 508 2.3 2.3 1892 1892 100.0%
Alice 415 196 1026 484 4.7 2.2 3816 1800 47.2%
Unknown 408 192 1008 474 4.6 2.2 3752 1764 47.0%
Emiley 350 189 865 468 4.0 2.1 3220 1741 54.1%
Magee 707 188 1748 464 8.0 2.1 6502 1725 26.5%
Denbo 236 181 584 447 2.7 2.1 2173 1663 76.6%
Lilley 185 172 458 426 2.1 2.0 1705 1584 92.9%
Delmont Mine 513 171 1268 422 5.8 1.9 4716 1570 33.3%
Mine #56 286 158 706 390 3.2 1.8 2628 1452 55.2%
A 177 143 438 354 2.0 1.6 1629 1319 81.0%
Unknown 122 122 302 302 1.4 1.4 1125 1125 100.0%
Morgan  #2 397 121 981 300 4.5 1.4 3650 1116 30.6%
Unknown 252 113 623 278 2.9 1.3 2319 1035 44.6%
Tower Hill #2 120 111 296 273 1.4 1.3 1101 1017 92.3%
Essen No #3 1906 99 4709 244 21.6 1.1 17520 909 5.2%
Chiefton 95 95 234 234 1.1 1.1 872 872 100.0%
Maxwell 88 88 219 219 1.0 1.0 813 813 100.0%
Station 84 84 208 208 1.0 1.0 775 775 100.0%  

Table 4.3.  Summary of flooded mine volume for the Pittsburgh basin 

flooded flooded
vol (m3x 106) vol (a-ft)

all mines 1803 1,461,442
large flooded mines * 1784 1,446,480 99.0%

* > 20 x 106 m3
 



 

Figure 4.1. Flooding status at end of 2003 for Pittsburgh basin mines. 



 

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Frequency distribution of mine volume in flooded mines (free-draining, 
unflooded mines numbering 1227 are excluded) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Relationship between percentage of mine flooded and total mine area. 
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4.2 Flow and chemical flux from Pittsburgh seam mine discharges 

Discharges from the Pittsburgh seam constitute a large portion of both the flow and solute 
mass balance for aquifers in the Monongahela and Ohio watersheds.  To date, no estimate of 
the amount of this discharge has been made.  The purpose of this section is to approximately 
the fluid and solute flux for discharges from closed mines of the Pittsburgh seam.. 

4.2.1 Experimental 

The dataset presented here are a series of maps of mine flooding, generated from a 
combination of information sources as outlined in Section 3.1.  The compiled information 
includes mine outlines, representing the perimeter of each mine; mine pillars, representing 
interior blocks of coal >20 hectares in area; the coal outcrop location; and structure contours on 
the bottom elevation of the coal bed.  Full details of the procedure are laid out in Leavitt et al. 
(2003).  The most critical element of mine mapping for hydrogeological purposes is maintaining 
the spatial integrity of coal barrier pillars, which influence the degree of hydraulic connection 
between adjacent mines and separate individual mine "pools" (portions of the mine aquifer 
constrained within individual mines that are hydraulically insulated from those of surrounding 
mines) from their neighbors (Luo et al., 2001; McCoy et al.).   The leakage rate through barrier 
pillars is quite variable spatially and may be either very high (with hydrologically open conditions 
between adjacent mines) or very low (creating relatively isolated �pools� of one or more mines).   
Barrier pillars range in thickness from about 7.5 meters (25 feet) to in excess of 190 meters (400 
feet), and mines must be located to extreme accuracy for these barrier widths to be correctly 
preserved.  Therefore, the mapping was constrained to preserve the geometry and thickness of 
these barriers as a first priority.  Original or duplicate mine maps of scale 1:12,000 or better 
were used to map the form of the barrier pillars between mines, and these were then used to 
constrain mine outline location in transferring them from mine maps to vector form. 

Utilizing these map representations of barriers and mine outlines, maps of the approximate 
extent of mine flooding were estimated using historical water level information, either collected 
by the authors or compiled from a variety of sources.  Flooding maps, showing the extent of 
saturated vs unsaturated conditions on the mine floor, were established for 1980 and 2003.  The 
maps were constructed using straightforward extrapolation of the surveyed mine-water hydraulic 
head from the point of measurement to all surrounding portions of that particular mine.  While 
there is some variation of hydraulic head within individual mines, it is normally very small in 
range (<3 meters [10 feet]), due to the very high hydraulic conductivity of the mine aquifer, and 
the flooding extents of most mines would be relatively insensitive to such minor variations.  For 
some mines, no well hydraulic head data were available, and the flooded area in the mine was 
inferred from the hydraulic head of the discharge from that particular mine. 

The 2003 mine flooding extent was modified to estimate the approximate extent of flooding 
in year 2015.  This projection was not difficult inasmuch as all but about 10 mines were already 
at a fully-flooded and/or equilibrium hydraulic configuration in 2003.  These ten mines fall in two 
categories:  (a) mines that are as of 2003 partially flooded and continuing to flood; and (b) 
anticipated mine closures within the next few years of present.  Although the flooding of any 
specific mine is completely dependent on local conditions, experience has shown that most 
mines in this portion of the basin, close to the Monongahela River, take less than 10 years to 
fully flood (Donovan et al., 2003); therefore, the mapped flooding for year 2015 shows the 
estimated fully-flooded levels of all mines that are either currently flooding or expected to close 



within the next few years after 2003.  It should be recognized that the flooding estimates for 
2015 are projections, subject to numerous uncertainties related to the equilibrium water levels 
the flooded mines attain, the ultimate recharge these mines receive, and how water 
management in the basin proceeds.  They are not predictive in nature, and should not be used 
for detailed planning.  Substantial deviations from these results are quite likely to occur in 
specific instances. 

Mine discharge rates were also estimated based on field measurements for untreated 
discharges during 2002-2003 and on reported pumping rates of treatment plants.  The 
discharges shown here exclude above-drainage mines; they represent only mines which are at 
least partially below-drainage with flooded areas of about 80 hectares (200 acres) or greater.  
For year 2015, discharge rates are extrapolated from the 2003 data, using estimated values for 
new discharges.  A new Flaggy Meadows treatment plant near Everettville, West Virginia, is 
estimated to increase to 19000 L/m (5000 gpm), accounting for the discharges of three mines in 
West Virginia that are currently flooding and will be fully flooded by about 2006.  The Colvin Run 
plant (Garards Fort, Pennsylvania) was reduced to 1900 L/m (500 gpm) in 2003 because the 
Dilworth mine to the north stopped pumping into it in early 2003.  The Crucible-Nemacolin mines 
may possibly show some new discharge associated with closure and flooding of the Dilworth 
mine to the west, into which they are interpreted to have leaked water when it was active.   The 
Gateway-Mather-Pitt Gas mines are expected to converge in their flooding to form a new 
discharge in an unknown location along Ten Mile Creek, starting in year 2005 or earlier.  This 
discharge may also cause increased pumping rate in the neighboring Clyde mine, for the same 
reason as the potential Crucible-Nemacolin discharge.  The Mathies mine, currently discharging 
10,200 L/m (2700 gpm), is expected to show an approximate 3800 L/m (1000 gpm) increase, 
when the main portion of this mine floods and merges with the small pool that now exists.  And 
the Maple Creek, Dilworth, and Shannopin mines are expected to develop new discharges by 
that time.  Estimates of the magnitudes of these discharges were based either on existing 
pumping during active operations or, for mines for which no discharge estimates were available, 
the predictive equation of McCoy (2003), based upon the proportion of the mine shallower than 
100 meters of cover above the top of the coal.   

Water chemistry data were compiled for these discharges from the dataset described in 
section 3.2 above.   

With the estimated discharges and solute concentrations, estimated solute fluxes of iron, 
manganese, and aluminum were compiled, in kilograms per year.  These represent loadings to 
the Monongahela and Ohio river drainages.  These are the results presented in this report. 

4.2.2 Results and Discussion 

Results for discharge estimates are presented in a series of figures and in Table 4.2, which 
shows the breakdown between 9a) below-drainage and above-drainage mine discharges, and 
(b) year 1980, 2003, and projected 2015 estimates.   

4.2.2.1 Year 1980 

Figure 4.2 shows the estimated extent of mine flooding in year 1980, as well as discharges 
believed to have been present at that time (yellow circles).  The magnitude of the discharge is 
indicated by the size of the circles.  All of these discharges total to an estimated 70,700 gpm 
and represent primarily untreated discharges of mines closed prior to this time.  The discharges 



are concentrated mainly in the area south and east of Pittsburgh.  There were an estimated 30 
active mines at this time. 

The mine outlines shown in this figure date to year 2003 and are thus an over-estimation of 
the area of the active mines in this figure.  The mapping for closed mines at that time is 
accurate. 

4.2.2.2 Year 2003 

Figure 4.3 shows the extent of mine flooding in the beginning of year 2003, as well as all 
discharges of flooded mines known at present (orange circles).  The yellow circles are retained 
from discharges which originated prior to 1980.  There were at this date 11 active mines and 
relatively few (11) in which the extent of flooding was still increasing.   Total discharge is 
estimated at 86,400 gpm. 

The new discharges between 1980 and 2003 totaled 15,700 gpm and are concentrated in 
the Washington PA, Waynesburg PA, and Morgantown WV areas.  All these are pumped and 
treated at mine drainage treatment plants for removal of metals.   

4.2.2.3 Year 2015 

Figure 4.4 shows the projected extent of mine flooding in the beginning of year 2015, as 
well as projected new discharges that will have likely evolved between 2003 and 2015 (red 
circles).  The orange and yellow circles of the earlier discharges are retained from previous 
figures.  There are projected at this time to be 8 active mines and relatively no mines that are 
still flooding.  However, this projection is very much subject to future mining conditions and can 
only be conjectured in this analysis, which is presented for the sake of discussion.   

The new discharges arising after 2003 and before  2015 � which, as must be restated for 
emphasis, are much less robustly known than those for 2003 and earlier -- total 9500 gpm and 
cover a wide area between Pittsburgh and Fairmont, WV.  An extensive number of mine 
drainage treatment plants will be required to control the impacts of these new discharges.  
Figure 4.4 shows 22 active AMD plants as of 2003, and in some locations, new or larger plants 
may be required.  Alternately, diversion schemes to move water from one or more mines to 
existing large treatment plants may become a preferred strategy for controlling the mine water.   

The total 2015 discharge in the basin from treatment plants is projected to be 32,100 gpm, 
assuming that all new discharges are served by water treatment plants.  This is about five times  
the amount of such water that was being treated in year 1980. 

4.2.2.4 Water budget for treated and untreated mine water 

Table 4.4 shows the progressive increase since 1980 not only in the magnitude of mine 
discharges but in the proportion of flows that are undergoing treatment.  The estimated 
proportion of mine water that is treated has risen from 9.8% in 1980 to 26.2% in 2003.  For the 
projected 2015 discharges, it is estimated that 33.5% of total mine drainage will be treated.  This 
estimate is, of course, made under the assumption that new discharges will be captured and 
treated by either mine operators or, in some cases, by plants operated by the state of 
Pennsylvania. 



4.2.2.5 The equilibrated Pittsburgh mine aquifer 

In 2015, the �new� aquifer will behave as most natural aquifers do.  It will be supported by 
spatially-distributed recharge and have multiple points of discharge.  Once all flooding is 
complete and water levels in all portions of the aquifer cease rising, it is expected there will be 
annual fluctuations in water level driven by seasonality, but an overall balance between 
recharge and discharge.  At this point, the aquifer will be at a new hydrologic equilibrium. 

There will continue to be deep mining in the basin at greater depth than the flooded mines 
shown in Figure 4.4.  However, these mines will (by design) have sufficiently thick barriers to 
hydraulically isolate them from updip neighboring mines.  In addition, these mines are 
sufficiently deep that their rate of recharge will likely be far lower than for those mines that are 
currently flooded.  Thus although mining continues in deeper parts of the basin, these mines will 
likely never contribute appreciably to the flow rate of discharges from the shallow mines.   

The current (2003) area (500,000 hectares [1.24 million acres], or 5025 square 
kilometers[1941 square miles]) and total discharge (327,000 L/min [86,400 gpm]) of mines on 
the eastern and northern sides of the basin make this the highest-yield continuous aquifer in the 
region, excepting the carbonate aquifers of the Cambro-Ordovician rocks of the folded Ridge 
and Valley Physiographic Province to the east.  The aquifer is about 39% flooded, representing 
an estimated 5.15 trillion (1012) liters (1.36 trillion gallons) of water in storage.  Flooding by the 
year 2015 will not appreciably increase the flooded area of the basin (a 6% increase) but will 
substantially (by 11%) increase its discharge. 

4.2.2.6 Limitations of results 

These results are subject to error in mearsurement/estimation as well as in projection to the 
future.  These limitations include: 

• This analysis has focused primarily on the eastern and northern sides of the valley.  
While some mines on the western (Ohio valley) side are known to be partially or 
wholly flooded, less is known about details of the hydrogeology in this region.  No 
orphan mine discharges of any substantial magnitude are known for the Pittsburgh 
coal on this side of the basin, and only three treatment plants (two from active 
mines) are operating.  Therefore, the conclusions of this paper pertain only to the 
eastern and northern portions of the basin.  The Ohio Valley side appears to be 
taking a longer timeframe for flooding to be accomplished. 

• many flows at discharging mines were measured only once.  Most mines undergo 
transience in flow due to weather and seasonality � in some cases considerably so.  
Some of these measurements may be poorly representative of long term conditions 

• some discharges may have been omitted from the survey, particularly those that are 
low in discharge 

• the flows associated with active operations are poorly represented in this study 

• the projection to 2015 conditions should be considered a preliminary estimate, only. 



4.2.3 Conclusion 

The Pittsburgh mine aquifer is in mid- to late-age of its flooding history, and is expected to 
largely equilibrate to a new steady state by the year 2015.  At this time, flooding will have 
completed on the eastern and northern sides of the basin, and there will be an estimated 140 
discharges, large and small, from flooded below-drainage mines.  A number of these in the 
northern portion of the basin are quite old discharges and largely untreated, but more recent 
flooding has created or will create new discharges between Washington, Pennsylvania, and and 
Fairmont West Virginia, all of which to date have been treated for metals removal.  These new 
treated discharges represent a potential water resource for commercial and aquaculture 
development. 

 



4.2.4 Figures and Tables 



Table 4.4.  Mine water discharge estimates for years 1980, 2003, and 2015.  The 
estimates for year 2015 are projections and subject to considerable 
uncertainty. 

<<gallons per minute>>
1980 2003 2015

below drainage 14200 14200 14200
above drainage 56500 72200 80700

total 70700 86400 94900

treated 6900 19600 26900
untreated 63800 66900 68100
% treated 10.8% 29.3% 39.5%

<<m3/year x 106>>
1980 2003 2015

below drainage 28.3 28.3 28.3
above drainage 112.4 143.7 160.6

total 140.7 171.9 188.8

treated 13.7 39.0 53.5
untreated 126.9 133.1 135.5
% treated 10.8% 29.3% 39.5%  

 



 

Figure 4.2.  Extent of mine flooding and mine discharge locations/magnitude in year 1980.  
Base of mine outlines from year 2003 mapping.   



 

Figure 4.3.  Extent of mine flooding and mine discharge locations/magnitude in year 2003.  
Base of mine outlines from year 2003 mapping.   



 

Figure 4.4.  Projected extent of mine flooding and mine discharge locations/magnitude in 
year 2015.  Base of mine outlines from year 2003 mapping.   



4.3 Web visualization of Pittsburgh seam mining and flooding 

4.3.1 Experimental 

This section describes information contained for public dissemination on the web site of the 
WVU Hydrology Research Center (http://www.hrc.nrcce.wvu.edu).  It is the primary vehicle for 
dissemination of project results from the 4-year timeframe of the project.  The key features and 
user instructions for the web site are included herein. 

4.3.2 Results and Discussion 

The maps displayed on the Hydrology Research Center website represent mine 
mapping identical to that used in WV-173 reports.  There are three types of web visualization 
products on the web site: 

1. an interactive Internet Map Service allowing web site users �real-time� access to 
project data through a map interface 

2. a set of animated maps generated to display flooding sequences over time in 
selected areas of the Pittsburgh coal seam 

3. a set of two static index maps allowing access to the entire series of individual 
maps that comprise appendices A, B, and C. 

4.3.2.1 Interactive map server 

The interactive map service was built using Mapserver 4.2.1 software. The primary 
operational difference between the interactive map and the other image-based web visualization 
products is its dynamic functionality. Both the animation series and index map graphics are 
simply displayed in a web browser when a request is made.  The interactive map interface 
operates in a dynamic manner by utilizing raw data files and creating each map graphic �on-the-
fly� at a user�s request (Figure 4.5).  The flooding data are then projected in UTM NAD 83 
coordinate system.  Geographic data are selectable by layer and may be turned on or off.  In 
addition, attribute information associated with the layer�s individual features can also be 
accessed (Figure 4.6).  

The interactive map service provides users with the ability to pan, zoom, and turn layers on 
or off. Each time a request is sent to the server, the map legend, scale bar, and interactive 
reference map automatically regenerate to accurately describe the current map graphic. (Figure 
4.7). Also, display scale and annotation are dynamic, automatically accessing a feature�s 
attribute table for labeling purposes.  Both can be set to developer-defined scale dependencies 
(Figure 4.8).  In this way, users can only zoom to scales that are appropriate for the spatial 
resolution of the data being displayed.  The highest-resolution scale allowed is 1:24,000, due to 
the original scale of the mine mapping and to errors in absolute locations.  The annotation scale 
can be adjusted so that labels are only visible when they are clearly viewable. 



4.3.2.2 Animated Maps 

Animations were incorporated into the �Pittsburgh Coal� portion of the web site, offering 
viewers a perspective on mine flooding over time.   Under the �Pittsburgh Coal� link, there is a 
map image portraying the outcrop area of the Pittsburgh coal seam with several black-outlined 
areas (Figure 4.9). The outlines represent the spatial extent of the animated flooding maps.  
Clicking within these areas displays the appropriate animation in the browser window.  Each 
animation portrays the time period from 1980-2002 including years 1980, 1990, 1992, 1994, 
1996, 1998, 2000, 2001, and 2002.   

4.3.2.3 Index Maps 

The final set of web visualization products incorporate maps for two complementary 
purposes.  The index maps not only reference individual map extents and locations but they 
also function as selectable index maps providing user access to the individual PDF maps of 
mine flooding (Appendixes A, B, and C).  The first index map is a display of the available 
1:24,000 quad maps of mine outlines from appendices A and B (Figure 4.10).   Available quads 
are clearly labeled; the rest of the map remains faded.  Each quad is displayed at a 1:24,000 
scale derived from 7.5 minute quadrangle topographic maps.  The second and final index map 
displays the spatial extent and placement of the plate series of maps from appendix C (Figure 
4.11).  There are twenty-three maps in total, each outlined by a selectable black box. The plate 
series of maps contains a wide range of scales and extents, many of which overlap for full 
coverage of flooding areas.   

4.3.3 Conclusion 

The web visualization on www.hrc.nrcce.wvu.edu/wv173 allows both casual and 
sophisticated users full access to the dataset of product maps for mining and mine flooding in 
the Pittsburgh coal seam.  In addition, an interactive web service allows users the ability to 
zoom in and investigate more detailed areas of the mine-flooding history of the area.  The 
interactive server is accessed over the web and requires no special software or plugins.   

The size of the 1:24,000 quadrangles is about 4 megabytes each and therefore these maps 
are best accessed using a high-speed T1 or DSL connection.  These quadrangles are sized to 
print on standard 24-inch width plotter paper, although they can be resized to smaller format 
output with loss of resolution. 

http://www.hrc.nrcce.wvu.edu/wv173


4.3.4 Figures and Tables 



 

Figure 4.5.  Screen capture of interactive map server interface, as seen in a 
conventional web browser. 

 



 

 

Figure 4.6. Table of layers in the interactive map service. The Mine discharges layer 
can be queried to provide additional attribute information, as shown in the 
gray inset. 



 

 

Figure 4.7. Screen capture of interactive server,  demonstrating the ability to zoom to a 
desired location on the map and to dynamically generate legend, scale bar, 
and reference map. 

 



 

 
 

 

Figure 4.8. Screen capture showing attainment of maximum display scale. 



 

 

Figure 4.9.  Interactive entry screen to mine-flooding animations.  Clicking on any of 
these boxes initiates the animation 



 

 
 
 

Figure 4.10.  Interactive index map for mine-outline and mine-flooding 1:24,000 
quadrangle maps. 



    

 

Figure 4.11.  Interactive plate index map for small-scale mine maps 



5 MONONGALIA RIVER WATER QUALITY MODEL 

Executive Summary (to be merged into Task Summary) 

The objective of this task was to construct a water quality model of the Monongahela River 
between Point Marion and Grays Landing Lock and Dams.  The purpose of this model is to 
simulate the affect of a release of AMD from the Shannopin mine into Dunkard Creek on the 
water quality of the Monongahela River.  Because work in previous phases of this project 
indicated the Monongahela River has enough depth to undergo vertical stratification during 
summer months, the computer program CE-QUAL-W2 was used to construct this model. 

CE-QUAL-W2 is a two-dimensional, laterally averaged, and hydrodynamic water quality 
computer program designed to simulate the relatively long and narrow bodies of water exhibiting 
longitudinal and vertical water quality gradients.  The program has been employed to construct 
models of rivers, lakes, reservoirs, estuaries, and combinations thereof.  Because CE-QUAL-
W2 was designed to simulate the water quality conditions of streams not affected by AMD, the 
program had to be modified so that the release of AMD from the Shannopin mine may be 
simulated. 

Modifying the source code to CE-QUAL-W2 consisted of adding total acidity, manganese, 
aluminum, ferric iron ratio to the list of simulated parameters and changing the calculation of pH 
by the program.  Many of these changes to the water quality calculations were taken from the 
computer program TAMDL that was developed by the West Virginia Water Research Institute at 
West Virginia University. 

The results of the Monongahela River water quality model indicate that an uncontrolled, 
continuous release of AMD from the Shannopin mine starting in the spring of 1988 would have 
had significant impact on the water quality of the Monongahela River downstream of Dunkard 
Creek.  Major impacts to the river would be in the form of depressed pH levels and elevated iron 
concentrations.  Future work on the model should be devoted towards the collection of 
calibration data and estimating the quality and quantity of AMD that could be released from 
Shannopin. 

 



5.1.1 Experimental 

Experimental work for this task consisted of modifying the source of code of CE-QUAL-W2 
so that the program can simulate the affects of AMD on stream water quality and preparing the 
model of the Monongahela River between Point Marion and Grays Landing Lock and Dams.  
The modifications to the program�s source code consisted of the following changes. 

5.1.1.1 Manganese 

Manganese in AMD environments is normally in the Mn2+ state and oxidizes according to 
the following formula. 

++ +→++ 2HMnOO
2
1OHMn 222

2    (5.1) 

Because equation 5.1 normally takes a very long time to reach equilibrium, the following 
kinetic formulation based upon the discussion of Stumm and Morgan (1981) was employed. 
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Where: SMn = Rate of manganese oxidation within each model cell. 
  AMn = Empirical rate constant for manganese oxidation. 
   ≈ 100 L4/mg4/day. 
  CMn = Manganese concentration, mg/L. 
  CDO = Dissolved oxygen concentration, mg/L. 
  CFe3+ = Ferric iron concentration, mg/L. 
  EMn = Empirical rate constant for manganese oxidation. 
   = 107.987 kJ/mole. 
  R = Universal gas law constant. 
   = 8.314 x 10-3 kJ/mole/K. 
  T = Stream temperature, K. 
  [H+] = Proton activity, dimensionless. 

5.1.1.2 Aluminum 

Unlike manganese or iron, aluminum has one oxidation state, and aluminum precipitation 
only requires the presence of some alkalinity. 

++ +→+ 3HAl(OH)O3HAl 32
3      (5.3) 

Because kinetic rate for aluminum precipitation is normally fast enough to allow the 
assumption of equilibrium, CE-QUAL-W2 was modified so that aluminum was treated as a 
tracer whose concentration was not allowed to become greater than the solubility limit. 

 ( )pH9078.6071.35exp −≤AlC     (5.4) 

Where: CAl = Aluminum concentration, mg/L. 
  pH = -log10 of the proton activity, dimensionless. 



5.1.1.3 Iron 

Originally, CE-QUAL-W2 simulated the release of iron from anoxic stream sediments and 
the settling of iron with inorganic suspended solids.  This was changed by calculating the ratio of 
ferric iron to total iron and by forcing the iron-settling rate to be directly proportional to the ferric 
iron concentration.  The equilibrium assumption was made in deriving the formula for the ratio of 
ferric iron to total iron. 
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Where: CFe3+ = Ferric iron concentration, mg/L. 

  CFe = Total iron concentration, mg/L. 

Some error is introduced by this assumption, but the magnitude of the error is quite small 
for most of the pH levels simulated by the Monongahela River model. 

5.1.1.4 pH 

ORIGINALLY, CE-QUAL-W2 calculated pH from the total inorganic carbon concentration 
and the total alkalinity; because this relationship is not valid in streams affected by AMD, an 
empirical net acidity-pH constitutive relationship was employed. 

( )ALKACID CCf −=pH       (5.6) 

Where: CACID = Total acidity, mg/L CaCO3 equivalents. 

  CALK = Total alkalinity, mg/L CaCO3 equivalents. 

The empirical function in equation 5.6 was developed by the investigator for the computer 
program TAMDL (Ziemkiewicz, Stiles, and Kessinger, 2004).  This function is also shown in 
Figure 5.1.  Total acidity and total alkalinity were simulated as conservative tracers by the 
modified version of CE-QUAL-W2.  The modified CE-QUAL-W2 source code and executable 
code accompanies this report as a deliverable. 

5.1.1.5 Model Input Data 

Input data for a CE-QUAL-W2 model consists of: geometric data, initial conditions, 
boundary conditions, hydraulic parameters, kinetic parameters, and calibration data.  A detailed 
discussion of these data types for the Monongahela River model follows.  All model input files 
are listed in the documentation for the modified CE-QUAL-W2. 

5.1.1.6 Geometric Data 

Geometric data for a CE-QUAL-W2 consists of that data employed to determine the 
computational grid and bathymetry of the model.  A plan view of the computational grid of the 
Monongahela River model is shown in Figure 5.2.  In the vertical direction, the computation grid 
used a constant spacing of 1 m. 



Because the detailed bathymetry of the Monongahela River has not be documented, the 
bathymetric data for the model was estimated from the width of the river under normal 
conditions, which is shown in Figure 5.2, and from cross sections measured at a few locations 
along the river.  A typical cross section employed by the model is shown in Figure 5.3. 

5.1.1.7 Initial Conditions 

Monongahela River model runs were started on 1 January 1988.  This time of the year was 
selected because an assumption of uniform conditions would introduce the least amount of error 
if the model runs were started during the winter.  A summary of the initial condition parameters 
is listed in Table 5.1. 

The year 1988 was selected because it was the calendar year with the greatest potential for 
vertical stratification for which meteorological data was available.  For a given body of water, the 
vertical stratification potential is proportional to the air temperature minus the water temperature.  
Figure 5.4 shows the mean difference in temperature for all of the years for which 
meteorological data were available. 

5.1.1.8 Boundary Conditions 

For the Monongahela River water quality model, the boundary conditions consisted of 
inflow, outflow, and meteorological data.  Inflow data consists of discharge flow rate, 
temperature, and concentration data for the upstream end(s) of the model branches and model 
tributaries.  Outflow data consists of discharge flow rate data for the downstream end(s) of the 
model and all other places where water is extracted from the model domain.  The 
meteorological data defines the surface thermal boundary conditions for the model. 

5.1.1.9 Inflow Data 

Because the Monongahela River model is a topologically simple CE-QUAL-W2 model, 
inflow data must be specified for only the first branch (Monongahela River at Point Marion) and 
the two tributaries (Cheat River and Dunkard Creek).  The discharge flow rate data employed 
for these streams are shown in Figure 5.5.  Because sufficient in-stream temperature data were 
not available for these streams during the selected simulation year, the regression equation 5.7 
was employed to calculate daily mean temperature data for these streams.  A comparison of the 
observed temperature and the model temperature data calculated with equation 5.7 is shown in 
Figure 5.6. 

   QcTcTcTcTcT aaaam 53423121 ++++= −−−     (5.7) 

Where: Tm = Model water temperature, ºC. 
  Ta = Current daily average air temperature, ºC. 
  Ta-1 = Daily average air temperature for the previous day, ºC. 
  Ta-2 = Daily average air temperature for two days ago, ºC. 
  Ta-3 = Daily average air temperature for three days ago, ºC. 
  Q = Daily mean discharge measured at Masontown, PA, m3/s. 
  c1 = Regression coefficient, 0.41861. 
  c2 = Regression coefficient, 0.10624. 
  c3 = Regression coefficient, 0.13779. 
  c4 = Regression coefficient, 0.41523. 



  c5 = Regression coefficient, 0.0027537 ºC-s/m3. 

A similar regression equation was used to calculate the dissolved oxygen for these 
streams.  A comparison of the observed dissolved oxygen and the model dissolved oxygen data 
calculated with this regression equation is shown in Figure 5.7. 

    321 dQdTdDm ++−=      (5.8) 

Where: Dm = Model dissolved oxygen concentration, mg/L. 
  T = Water temperature, ºC. 
  Q = Daily mean discharge measured at Masontown, PA, m3/s. 
  d1 = Regression coefficient, 0.21585 mg/L-ºC. 
  d2 = Regression coefficient, 0.00034749 mg-s/L-m3. 
  d3 = Regression coefficient, 12.957 mg/L. 

Of less quality are the regression formulas employed to calculate total dissolved solids, 
inorganic suspended solids, total acidity, total alkalinity, iron, manganese, and aluminum for the 
streams entering the model domain.  However, the regression formulas had to be employed 
because a sufficient amount of data was not available for these parameters.  The regression 
formulas employed for these parameters are shown in Figures 5.8 through 5.14. 

For the Monongahela River model, the most important of these constituents are total 
acidity, total alkalinity, and iron.  Upstream concentrations of total alkalinity and total acidity are 
largely a function of the treatment actions being taken by active coal mines, so the small R2 
values on Figures 5.10 and 5.11 are expected.  Fortunately, the variation in total alkalinity and 
acidity has recently been small, so the results of the regression formulas should be realistic.  
Unfortunately, observed iron concentrations are much more variable, so the small R2 value on 
Figure 5.12 indicates that the regression formula�s results should be interpreted as being 
approximately the mean concentration at a given stream discharge. 

The inflow concentrations calculated by the regression formulas for Dunkard Creek were 
added to the AMD load from Shannopin mine.  The Monongahela River water quality model 
simulated a continuous release of 500 gpm from Shannopin mine that started on 31 March 
1988.  The AMD from Shannopin mine was assumed to have an iron concentration of 10,000 
mg/L and an inorganic suspended solids concentration of 5,000 mg/L.  These assumptions 
represent the worst possible scenario, which should not be considered a forecast of actual 
conditions during a release.  The iron release from Shannopin mine was assumed to be in the 
ferrous oxidation state and that complete oxidation would take place in Dunkard Creek when 
there was sufficient dissolved oxygen available.  The resulting total iron, dissolved oxygen, and 
inorganic suspended solids concentrations for Dunkard Creek are shown in Figures 5.15, 5.16, 
and 5.17.  Figure 5.16 indicates that Dunkard Creek was anoxic for the majority of the 
simulation after the Shannopin release.  The degree of impact on Dunkard Creek would depend 
upon the general hydrologic conditions at the time of the release as well as the volume and 
quality of water released by Shannopin. 

5.1.1.10 Outflow Data 

Again, because the Monongahela River model is a topologically simple CE-QUAL-W2 
model, outflow data must be specified only for the downstream end of the first branch 
(Monongahela River at Grays Landing).  The discharge flow rate data for the river at Grays 
Landing, Pa are shown in Figure 5.18. 



5.1.1.11 Meteorological Data 

For a CE-QUAL-W2 model, meteorological data consist of air temperature, dew point 
temperature, wind speed, wind direction, and cloud cover.  With the exception of cloud cover, 
these parameters were measured at the Pittsburgh, Pennsylvania, National Weather Service 
station.  These parameters are shown in Figures 5.19 and 5.20.  Cloud cover was not measured 
at that station, so a uniform cloud cover of 50% was assumed.  Model simulations with different 
values for cloud cover showed no perceivable difference in output. 

 



5.1.2 Results and Discussion 

Results of this task include the constituent concentrations calculated by the Monongahela 
River water quality model for the Grays Landing navigational pool and for the river downstream 
of the Grays Landing Lock and Dam.  Animated GIF files of the results for the navigational pool 
accompany this report as a deliverable. 

5.1.2.1 Navigational Pool Results 

Figures 5.21 through 5.27 show the constituent concentrations calculated by the model for 
3 April 1988.  These figures are color-flood images where the color indicates the mean value of 
the particular model constituent for the respective model cell at the given simulation time.  This 
date was chosen for these figures because the effects of the simulated AMD release from 
Shannopin were visible in the model results for this date. 

Figure 5.21 is a plot of the calculated total iron concentrations for the model domain for 3 
April 1988.  This plot definitely shows elevated iron concentrations in those lower model cells 
where Dunkard Creek enters the Monongahela River.  As the simulation progresses, this region 
of elevated iron concentrations moves up and down because the model places the flow from 
Dunkard Creek into the Monongahela River water column according to the relative water 
temperatures of the two streams. 

Figure 5.22 is a plot of the calculated ratio of ferrous iron to total iron concentrations for the 
model domain for 3 April 1988.  This model calculated this ratio with equation 5.5 using the 
calculated pH and dissolved oxygen concentrations.  While most of the Monongahela River has 
a calculated ratio in excess of 50%, the region of high total iron concentration indicated by 
Figure 5.21 is shown in Figure 5.22 to be nearly all ferric iron.  This result is expected because 
the model assumes that all available dissolved oxygen in Dunkard Creek is employed to oxidize 
the iron from the simulated Shannopin release. 

Figure 5.23 is a plot of the calculated dissolved oxygen concentrations for the model 
domain for 3 April 1988.  This figure indicates that the simulated release of AMD resulted in only 
a small decline in dissolved oxygen concentrations.  The complete simulation results indicated 
that the additional oxygen demand caused by the simulated AMD release is much less than the 
overall oxygen demand within the Monongahela River. 

Figure 5.24 is a plot of the calculated pH for the model domain for 3 April 1988.  As 
expected, the region of high iron concentrations shown in Figure 5.21 also has depressed pH 
levels.  Because the minimum calculated pH for 3 April 1988 is greater than 6.0, the amount of 
error introduced into the calculation of the ferrous iron ratio for Figure 5.22 should be rather 
small.  Unfortunately, during low flow periods later in the simulated year, the minimum pH 
approaches 4.0. 

Figure 5.25 is a plot of the calculated temperature for the model domain for 3 April 1988.  At 
this point in the simulation, the Monongahela River is not stratified and AMD entering the river 
from Dunkard Creek mixes quickly.  During the summer months, there were periods where the 
model results showed thermal and oxygen stratification. 

Figure 5.26 is a plot of the calculated residence time in days for the model domain for 3 
April 1988.  This plot shows the mean length of time the water in each of the model cells has 



been inside the model domain.  Given the non-stratified conditions shown in Figure 5.25, little 
vertical change in residence time is shown in Figure 5.26 with a gradual increase in residence 
time downstream. 

Figure 5.27 is a plot of the calculated inorganic suspended solids for the model domain for 
3 April 1988.  While the effect of the simulated AMD release can be seen in this figure, mixing 
conditions are such that the suspended solids from Dunkard Creek are quickly mixed 
downstream. 

Figures 5.28 through 5.34 show the constituent concentrations calculated by the model for 
17 June 1988.  This date was chosen for these figures to show the effects of the simulated AMD 
release during a period of thermal stratification. 

Figure 5.28 is a plot of the total iron calculated for the model domain for 17 June 1988.  At 
this point in the simulation, the water from Dunkard Creek entered the Monongahela River near 
the middle of the water column because the water entering from upstream and the tributaries 
was warmer than the water at the bottom of the river.  This is shown in Figure 5.28 by the large 
amount of vertical stratification in iron concentration near the mouth of Dunkard Creek. 

Figure 5.29 is a plot of the ferrous iron ratio calculated for the model domain for 17 June 
1988.  Near the region of high total iron concentration shown in Figure 5.28, there is a model 
cell where all of the iron is in the ferrous oxidation state.  This ferrous iron region was caused by 
the consumption of all of the available oxygen in Dunkard Creek.  Away from this region, the 
iron quickly oxidizes with the oxygen in the Monongahela River. 

Figure 5.30 is a plot of the dissolved oxygen calculated for the model domain for 17 June 
1988.  Sediment oxygen demand at the bottom of the water column is reducing the oxygen 
concentration in the hypolimnion to less than 5 mg/L.  Above the region where Dunkard Creek is 
entering the river, little vertical stratification of oxygen was calculated. 

Figure 5.31 is a plot of the pH calculated for the model domain for 17 June 1988.  Where 
Dunkard Creek enters the river�s water column, there is a model cell with a mean pH of 
approximately 4.  Away from this model cell, alkalinity is available, and the pH is in the normal 
range.  While this model cell is a small portion of the river, the abrupt change in conditions could 
result in a significant killing of fish. 

Figure 5.32 is a plot of the temperature calculated for the model domain for 17 June 1988.  
As expected from the earlier figures, the water column has developed a thermocline at a depth 
between 3 and 4 meters.  Because the depth of the thermocline does not correspond to the 
depth of the metalimnion shown in Figure 5.30, one can conclude that the majority of the 
dissolved oxygen the model has placed within the model domain is a function of the upstream 
and tributary inputs and not from surface effects.  In lakes and large estuaries, the large 
eppliminion oxygen levels observed in summer are usually a function of physical and 
biochemical reactions near the surface. 

Figure 5.33 is a plot of the residence time calculated for the model domain for 17 June 
1988.  This shows remarkable change from the same plot for 3 April 1988; below a depth of 
between 3 and 4 meters, the water is relatively stagnant.  This reduces the effective mixing 
volume significantly, so one would expect higher iron concentrations and lower pH values 
downstream of Grays Landing Lock and Dam. 



Figure 5.34 is a plot of the inorganic suspended solids calculated for the model domain for 
17 June 1988.  The regions of relatively stagnant water shown in Figure 5.33 have relatively 
high inorganic suspended solids content.  This may be caused by both the settling of suspended 
material entering the model domain and the level at which AMD laden flow from Dunkard Creek 
enters the river. 

5.1.2.2 Downstream Results 

Figures 5.35 through 5.42 show the mean constituent concentrations calculated by the 
model for the river immediately downstream of Grays Landing Lock and Dam.  The model 
assumes that complete mixing takes place in this portion of the river.  The thick vertical line 
indicates the time of the simulated release of AMD from Shannopin mine in these figures. 

Figure 5.35 shows the calculated total iron concentration of the water leaving the 
downstream boundary of the model at Grays Landing Lock and Dam.  After the simulated 
release, the maximum simulated concentrations are greater, but at times the concentrations are 
no greater than those before the release. 

Figure 5.36 shows the calculated downstream dissolved oxygen concentrations.  As 
expected, the changes in these concentrations appear to be more the result of conditions 
upstream of the model than the simulated AMD release from Shannopin mine. 

Figure 5.37 is a plot of the calculated downstream pH levels for the simulation.  Before the 
simulated release of AMD from Shannopin mine, simulated pH levels were nearly constant.  
After the release, the pH levels are more irregular and start a general decline during the dryer 
summer months.  As conditions became wetter during the autumn months, pH levels began an 
irregular recovery. 

Figure 5.38 is a plot of the calculated downstream pH levels between 1 July 1988 and 31 
October 1988.  Twice during the simulation, downstream pH levels dropped to below 5, and 
once the downstream pH was less than 4.  Because these plots show laterally and vertically 
averaged downstream conditions, these events in July and August show significant possibility of 
fish kill events.  Because 1988 was such a dry year, these low pH levels would probably not be 
observed during a normal summer after a release from Shannopin mine. 

Figure 5.39 shows the downstream total iron concentrations calculated by the model 
without the simulated release of AMD from Shannopin mine.  During the summer months, when 
simulated downstream iron concentrations with a release from the Shannopin mine were high, 
the simulated concentrations without the release are rather low. 

Figure 5.40 shows the downstream dissolved oxygen concentrations calculated by the 
model without the simulated release of AMD from Shannopin.  As expected, these 
concentrations are only marginally greater than the concentrations calculated with the release 
(Figure 5.36). 

Figure 5.41 shows the downstream stream pH levels calculated by the model without the 
simulated release of AMD from Shannopin.  As expected, the pH levels are very stable 
throughout the simulation.  While the stable nature of the pH levels appears to be unrealistic, 
without calibration data during the simulation year, it is difficult to determine what would be 
needed to make the model more realistic. 



Figure 5.42 is a plot of the calculated residence time in days for the water leaving the 
downstream end of the computational domain.  Because the simulated quantity of AMD 
released from Shannopin mine was not large enough to significantly change the hydrodynamics 
calculated by the model, the calculated downstream residence time would be the same with or 
without the simulated AMD release. 

As expected from the pH levels calculated with the simulated Shannopin release (Figure 
5.38), two significant peaks in residence time take place in July and August of 1988.  The first 
peak in July has a maximum residence time greater than 15 days, and the second peak in 
August has a maximum residence time greater than 25 days.  These peaks represent periods 
during the simulation where there was relatively little volume available for mixing with the AMD 
laden waters coming from Dunkard Creek and are present shortly after the troughs in pH levels 
shown in Figure 5.38. 



5.1.3 Discussion and Conclusions 

The results of the Monongahela River water quality model indicate that an uncontrolled, 
continuous release of AMD from the Shannopin mine starting in the spring of 1988 would have 
had significant impact on the water quality of the Monongahela River downstream of Dunkard 
Creek.  The magnitude of this impact would be a function of the discharge flow rate of the river 
as well as the quality and quantity of the AMD release by the Shannopin mine.  The model 
simulated a continuous release of 1895 L/min (500 gpm) of AMD that started on 31 March 1988.  
This simulated AMD had a ferrous iron concentration of 10,000 mg/L and 5,000 mg/L.  These 
values were chosen to represent the worse possible scenario � not a forecast of a likely release. 

The major impacts to the river would be in the form of depressed pH levels and elevated 
iron concentrations.  The magnitude of these impacts would likely be smaller than what was 
simulated by the model because the volume of the release from Shannopin would likely 
decrease during exceptionally dry years.  However, during more wet years, other 
undocumented sources of AMD in the watershed would have an increased discharge. 

5.1.4 Suggestions for Future Study 

The majority of future work on the Monongahela River water quality model should be 
devoted towards collecting additional water quality data.  In-stream data for the Cheat River, 
Dunkard Creek, and the Monongahela River could be collected to improve the quality of the 
upstream and tributary inflow data files.  Model calibration could be performed with temperature 
and water quality data collected in profile sweeps of the Grays Landing navigational pool.  This 
data should be collected for at least a single wet year and a single dry year so that the model 
can be calibrated against a variety of hydrologic conditions.  In an ideal setting, temperature and 
water quality data would be collected for a period of several years and employed for model 
calibration (Cole and Wells, 2002). 

Another improvement in the Monongahela River water quality model would be the 
development of a reliable method of forecasting the quality and quantity of AMD released from 
Shannopin mine, if an uncontrolled release were to occur.  The results documented in Stiles and 
others (2004) indicate that the quantity of dissolved solids in mine discharges tend to become 
smaller after the mine has completely flooded.  Since the AMD concentrations employed in the 
simulation were based upon samples pumped from wells in the mine, some reduction in 
dissolved metals is expected.  Unfortunately, it is difficult to quantify the magnitude of this 
reduction. 
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5.1.6 Tables 

 

Table 5.1.  Summary of initial condition parameters for the Monongahela River model. 
Parameter Value Units 

Starting time 0.0 days 
Ending time 365.0 days 
Simulation year 1988  
Initial water temperature 1.33 ºC 
Ice thickness 0.00 m 
Total dissolved solids concentration 51.0 mg/L 
Inorganic suspended solids concentration 1.0 mg/L 
Total iron concentration 0.1 mg/L 
Dissolved oxygen concentration 1.0 mg/L 
Total inorganic carbon concentration 11.9 mg/L 
Total alkalinity 31.0 mg/L CaCO3 equivalents 
Total acidity 1.0 mg/L CaCO3 equivalents 
Aluminum concentration 1.0 mg/L 
Manganese concentration 1.0 mg/L 

 



5.1.7 Figures 



 

Figure 5.1.  Empirical net acidity-pH constitutive relationship. 



 

Figure 5.2.  Plan view of the computational grid for the Monongahela River model. 



 

 

Figure 5.3.  Typical cross section of the Monongahela River model. 



 

Figure 5.4.  Mean difference between air temperature and water temperature for various calendar years. 



 

 

Figure 5.5.  Inflow discharge flow rate data for the Monongahela River water quality model. 



 

 

Figure 5.6.  Comparison of regressed and observed temperature data for the Monongahela River at Point Marion, PA. 



 

 

Figure 5.7.  Comparison of regressed and observed dissolved oxygen data for the Monongahela River at Point Marion, PA. 



 

 

Figure 5.8.  Comparison of regressed and observed total dissolved solids data for Monongahela River at Point Marion, PA. 



 

 

Figure 5.9.  Comparison of regressed and observed inorganic suspended solids data for Mon. River at Point Marion, PA. 



 

 

Figure 5.10.  Comparison of regressed and observed total acidity data for Monongahela River at Point Marion, PA. 



 

 

Figure 5.11.  Comparison of regressed and observed total alkalinity data for Monongahela River at Point Marion, PA. 



 

 

Figure 5.12.  Comparison of regressed and observed iron data for Monongahela River at Point Marion, PA. 



 

 

Figure 5.13.  Comparison of regressed and observed manganese data for Monongahela River at Point Marion, PA. 



 

 

Figure 5.14.  Comparison of regressed and observed aluminum data for Monongahela River at Point Marion, PA. 



 

 

Figure 5.15.  Calculated total iron concentrations for Dunkard Creek. 



 

 

Figure 5.16.  Calculated dissolved oxygen concentrations for Dunkard Creek. 



 

 

Figure 5.17.  Calculated inorganic suspended solids concentrations for Dunkard Creek. 



 

 

Figure 5.18.  Stream discharge flow rate data for the Monongahela River at Grays Landing, PA. 



 

 

Figure 5.19.  Air and dew temperature data measured at the Pittsburgh, PA National Weather Service station. 



 

 

Figure 5.20.  Wind speed and direction measured at the Pittsburgh, Pennsylvania, National Weather Service station. 



 

 

Figure 5.21.  Total iron calculated in the computational domain for 3 April 1988. 



 

 

Figure 5.22.  Ferrous iron ratio calculated in the computational domain for 3 April 1988. 



 

Figure 5.23.  Dissolved oxygen calculated in the computation domain for 3 April 1988. 



 

Figure 5.24.  Stream pH calculated in the computational domain for 3 April 1988. 



 

Figure 5.25.  Temperature calculated in the computational domain for 3 April 1988. 



 

Figure 5.26.  Residence time in days calculated in the computational domain for 3 April 1988. 



 

Figure 5.27.  Inorganic suspended solids calculated in the computational domain for 3 April 1988. 



 

Figure 5.28.  Total iron concentration calculated in the computational domain for 17 June 1988. 



 

Figure 5.29.  Ferrous iron ratio calculated in the computational domain for 17 June 1988. 



 

Figure 5.30.  Dissolved oxygen calculated in the computational domain for 17 June 1988. 



 

Figure 5.31.  Stream pH calculated in the computational domain for 17 June 1988. 



 

Figure 5.32.  Water temperature calculated in the computational domain for 17 June 1988. 



 

Figure 5.33.  Residence time in days calculated in the computational domain for 17 June 1988. 



 

Figure 5.34.  Inorganic suspended solids calculated in the computational domain for 17 June 1988. 



 

Figure 5.35.  Calculated total iron downstream of the computational domain. 



 

Figure 5.36.  Calculated dissolved oxygen downstream of the computational domain. 



 

Figure 5.37.  Calculated pH downstream of the computational domain. 



 

Figure 5.38.  Calculated pH downstream of the computational domain between 1 July 1988 and 30 October 1988. 



 

Figure 5.39.  Calculated total iron downstream of the computational domain without the Shannopin release. 



 

 

Figure 5.40.  Calculated dissolved oxygen downstream of the computational domain without the Shannopin release. 



 

 

Figure 5.41.  Calculated pH downstream of the computational domain without the Shannopin release. 



 

 

Figure 5.42.  Calculated residence time for the water leaving the downstream end of the computational domain. 
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E. Flooded areas and volumes in Pittsburgh Seam mines, 2003 
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