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Figure V-14 - Photograph of bracing (photograph courtesy of N. lannacchione).

V.G.3 - Bridging

Bridging is used to strengthen and stiffen a structure against differential movement. It is
generally applied within the attic of the structure (Figure V-15). Bridging reinforces levels
within a structure, decreasing the impact of differential settlement. This can be an effective
means of withstanding the passage of a subsidence wave propagating through a large structure.

Figure V-15 -'B’ridging applied to a structures attic to stabilize the roof (Photbgraph from PA
DEP files).

V.G.4 - Trenching

One of the most effective measures to reduce high surface horizontal strains is trenching (Figure
V-16). In general, a trench is excavated near the structure to absorb horizontal strain. The trench
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should extend to a depth approximately 2-ft below the lowest point in the structure’s foundation.
Typically, the trench is covered over with planks to satisfy safety concerns.

P —~ PR s b
Figure V-16 - Photograph a structure to mitigate high
horizontal strains (Photograph from PA DEP files).

V.G.5 - Cribbing

Cribbing is one of the most cost effective mitigation measures. In general, cribbing is used to
arrest vertical movement within a structure (Figure V-17). Most cribs are constructed of wood
and can withstand considerable vertical movement without losing their load bearing capacity.
Wood cribs are not effective when significant horizontal movement occurs.

Figure V-17 — Photograph of cribbing (photograph courtesy of N. lannacchione).
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V.G.6 — Mitigation Measure Effectiveness

Some companies rely on these measures, while others prefer compensation to the property
owner. Regardless, there is little doubt that these measures can be effective. For example,
Figure V-18a (before) and Figure VV-18b (after) photographs show the application of mitigation

measures applied to this historic structure. It should be noted that this structure did sustain some
minor damage that was later repaired.

g

....... =

FgurV-18 - Phoograph§ fa) histori farm house in 2001 treated with several mitigation
techniques, i.e. banding, cribbing, and trenching and b) farm house on May 21, 2003
(Photograph from PA DEP files).

V.H — Summary Points

The University collected information concerning 3,735 structures. The precise distance to
mining of each structure as well as the overburden and topographic conditions were measured.

Each structure was compared to mining maps within the UGISdb and categorized according to
requirements of PA law.

The University found 456 reported effects listed within the PA DEP files. Three broad
categories of liability were analyzed:

e Company Liable = 301 (66.0-pct),

e Company Not Liable =59 (12.9-pct), and

e Unresolved = 96 (21.1-pct).

Longwall mines had a higher percent of reported effects per structure, 23-pct, than room-and-
pillar mines, 1.5-pct. In addition, the percentage of company liable effects was much higher for
longwall mines with 70.2-pct compared to 3.5-pct for room-and-pillar mines.
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Thirty-one feature types were identified. The most common features were dwellings (1,502),
followed by garages (593), barns (357), sheds (264), trailers (230), outbuildings (169), buildings
(95), silos (35), pools (32), and septic systems (21). There were several notable structural
features of importance including cemeteries, towers, churches, schools, bridges, and dams.

Mitigation measures were sometimes used by companies to reduce the impact of subsidence to
structures. In many cases the company prepared a report prior to undermining that 1) predicted
the potential subsidence characteristics associated with the structure under review and 2) outlined
site-specific mitigation measures.

There are five general categories of mitigation measures:

e Banding - Polypropylene / nylon rope or steel cables are wrapped around the structures
and tensioned,
Bracing - Typically applied to stiffen a structure,
Bridging - Used to strengthen and stiffen a structure against differential movement,
Trenching - An effective measures to reduce high surface horizontal strains, and
Cribbing - Used to arrest vertical movement within a structure.

V.H.1 - Longwall Mining

Longwall mines undermined 1,856 structures. Enlow Fork had the most with 507 and
Shoemaker the least with 6. The average acres-per-structure for all Iongwall mines was 14.2.
The total number of reported effects from longwall mines during the 3" assessment period was
427. A final resolution occurred in 352 of the 427 cases, taking an average of 238 days.
Seventy-five of these reported effects did not have a final resolution as of August 20, 2008.

At the end of the 3" assessment period the following conditions existed:
e 300 structures with company liable for the reported effects
o Company Purchased the Property, 31-pct,
o Unspecified Resolution, 27-pct,
o Company Compensated the land owner, 23-pct,
o Pre-Mining Agreements, 12-pct, and
o Structures Repaired, 6-pct.
e 52 structures with company not liable for reported effects
o Not Due to Underground Mining, 77-pct,
o Withdrawn, 11.5-pct,
o No Actual Reported Effect, 7.7-pct, and
o No Liability, 3.8-pct.
e 63 structures with interim resolutions
o Currently Monitoring, 50.8-pct,
Temporary Repaired, 11.1-pct,
Unresolved, 11.1-pct,
Awaiting Additional Effects, 9.5-pct
Pending, 7.9-pct,
Pending Owner Approval, 6.3-pct, and
In Negotiation, 3.2-pct.

O O O O O O
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e 12 reported effects have no interim or final resolution with an average length of time of
689 days

Twenty-six reported effects from the 2" assessment period were resolved during the 3™
assessment period. A final resolution occurred in all 26 cases, taking an average of 643 days.

Twenty-three percent of the structures located over longwall panels had reported effects. The
average acres-per-structure for all longwall mines was 14.2. The analysis of the topographic
conditions of structures undermined did not show any significance.

The relationship between the structures distance from a longwall panel and the reported effects
provided insight as to what resolution outcome can be expected as the distance from mining
increases. The final resolution of Repaired and Pre-Mining agreements occurred most often
when structures were located very near to a longwall panel (< 35-deg). Conversely, when the
projection angle was large (> 35-deg), companies more often resorted to purchasing properties as
a final resolution.

V.H.2 — Room-and-Pillar Mining

Room-and-pillar mines had 50-pct of the structures undermined but only 1.5-pct of the structures
with reported effects. This was largely due to the pervasive use of “safe” pillar designs that
minimizes unplanned mine subsidence. During the 3" assessment period, 1,879 structures were
undermined by 42 room-and-pillar mines. The average acres-per-structure for all room-and-
pillar mines was 14.5.

Of 1,879 structures undermined by room-and-pillar mines, 29 had reported effects. Seven mines
reported effects with Clementine No.1 showing the highest number with 15. Thirty-six room-
and-pillar mines did not have any structures with reported effects during the 3™ assessment
period. Of the 29 reported effects, eight had a final resolution; one Company Liable and seven
Company Not Liable. The average days to resolution for these seven reported effects was 107.
There were 18 interim resolution and three outstanding reported effects, all of which occurred
after April 4, 2007. The average days to the interim resolution was 47.

Pillar failure was the overwhelming cause of the reported effects listed in BUMIS for room-and-
pillar mines with a total of 21 cases. The ARMPS program was used to test the stability
characteristics of pillars systems associated with many of the 18 pillar failures. In all cases the
ARMPS stability factor was calculated to be greater than 2.0 and met the PA DEP requirement
of a pillar safety factor greater than or equal to 2.0. However, minor changes in the assumed
conditions can significantly increase the risk for unstable conditions in the pillars and adjacent
roof and floor strata.
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SECTION VI: Effects of Mining on Water
Supplies
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VI.A - Overview

The PA DEP tasked the University to assess the impacts of underground bituminous coal mining
on the water supplies undermined during the 3" assessment period. This section provides details
of the determination of liability, actions by the mine operators and PA DEP, development of
permanent replacement water supplies, and length of time required to resolve these reported
effects. This section also includes an inventory of water supplies undermined by the 50 mines
active during this assessment. A conceptual model is provided to aid in assessing the
vulnerability of water supplies based on their proximity to mining and their hydro geologic
settings. A brief summary is also provided regarding the status of effected water supplies that
were undermined during the 2" assessment.

V1.B — Data Collection

An inventory of the undermined water supplies was accomplished by cross referencing the PA
DEP’s BUMIS database with the company submitted 6-month mining maps. A 200-ft buffer
was extended from the edge of the mining that occurred during the 3" assessment period to
determine which properties and corresponding water supplies were considered undermined.
Water supplies must have a use, as stated by the property owner in the pre-mining survey, to be
considered in the inventory provided by BUMIS and the 6-month mining maps. The University
compiled the inventoried water supplies, by mine, into an Excel spreadsheet, annotating the
water supply type (well, spring, or pond) and the water supply use (residential, agricultural,
commercial, etc.).

A water supply impact record was established in BUMIS when either the property owner or
mining company contacted the CDMO and reported a problem. Using a BUMIS query tool, the
University determined the total number of reported effects that occurred during the assessment
time period. A second Excel database was created to track these reported effects by mine type,
date of occurrence/resolution, type of effect, type of resolution, and actions taken by the DEP
and mine operators.

The two Excel spreadsheets were joined to the spatial UGISdb, and the University researchers
added additional details related to distances to active mining, topographic characteristics, and
other relevant information. The University gathered these additional details via the archival
permit and water loss files from the CDMO, the PaGWIS database, and both existing and
University generated topographical maps.

VI1.C — PA DEP Determination of Liability

In accordance with ACT 54, mining companies are required to restore or replace water supplies
that are contaminated, diminished, or interrupted by their underground mining operations. The
Act also requires the mine operator to notify PA DEP of any claim made by a landowner or

water user. The PA DEP tracks the claims from origin to settlement. A mining company and a
property owner may settle a claim without further PA DEP involvement as long as the owner is
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satisfied with the company’s actions. If the property owner is not satisfied with the mining
company’s actions, a claim is filed with the PA DEP for further investigation of liability.

The PA DEP is responsible for determining the liability of reported effects when it is unresolved
if mining is responsible for the water supply impairment. A liability buffer, or RPZ, is created
by projecting a 35-deg line from vertical, from the edge of mining to the surface (PA DEP,
2008). If the water supply falls within this 35-deg angle, the mining company is assumed liable
for the impact, and it is the company’s responsibility to dispute this assumption. If the water
supply is located outside of this buffer region, the PA DEP is responsible for proving that mining
was the reason for the impact. Factors used in determination of liability include type of mining,
proximity to mining, overburden, seasonality of the claim, pre-mining water supply data, and
observed effects on neighboring water supplies. If the PA DEP determines that the mining
company is responsible for the water supply impact, the company must provide the property
owner with a temporary water supply, if the property owner is without water, until a permanent
replacement of pre-mining quality and quantity or an agreement is established. During the 3™
assessment period, temporary water was provided to property owners in 277 cases for longwall
mines, 69 cases for room-and-pillar mines, and 12 cases for room-and-pillar with pillar recovery
mines. Permanent water supply replacements include repaired wells or springs, new wells or
springs, or connection to public water.

Reported effects include contamination, diminution, contamination and diminution, or damage
to physical components. A reported effect can also have the classification of not an actual
problem, which describes a reported effect that upon investigation by the mining company or PA
DEP was not impacted. Not an actual problem can also be assigned to a reported effect if a
mining company provides a temporary water supply as a precaution.

Diminution can signify either a reduction of water quantity or a complete loss of the supply.
During this assessment period, there were 683 reported effects to undermined wells, springs, and
ponds; the effects were tabulated in Table VI-1 and sorted by mining type. The total number of
reported effects included effects from mines that were active during the assessment period as
well as effects from mines that ceased operation prior to the August 21, 2003 assessment start
date.

Table VI-1- Number of reported effects tabulated based on mining type.

Mining Type Reported Effects
Room-and-Pillar 238
Room-and-Pillar with Pillar Recovery 20
Longwall 397
Mines not in operation during 3" assessment (Closed) 28
Total 683

A final resolution status indicates that there is no longer an impact to the water supply, or simply
that the water supply case is closed. Final resolutions are divided into three categories: 1)
Company Not Liable, 2) Company Liable, and 3) Unresolved or Resolution Pending. A reported
effect classified as Company Not Liable indicates the case was withdrawn or there was not an
actual water supply problem upon investigation by the mining company or PA DEP. The
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Company Liable classification indicates that the water supply has recovered, been repaired or
replaced, or that an agreement between the property owner and mine operator has been reached.
The Company Not Liable classification is given to situations where 1) mining is not responsible
for the reported effect, 2) the associated problem existed prior to mining, or 3) a claim was not
filed within two years of mining. The determination of liability requires action on the part of the
PA DEP at the CDMO. Table VI-2 lists the twenty categories used by the PA DEP when
recording the final resolutions for water supplies with reported effects.

Table VI-2- Categorized effects based on final resolution status as of August 20, 2008.

Final Resolution Number
Class Category
No Actual Problem 5
Company Not Liable | Withdrawn 7
(Unaffected / No No Liability 4
Liability) Not Due to Underground Mining 159
Water Supply Not Covered by BMSLCA 5
Agreement (Pre-mining) 1
Agreement (Unspecified) 96
Company Purchased Property 34
Compensated 8
Permanent Supply (Public) & O&M* Bond 2
Permanent Supply (Public) 9
Company Liable Permanent Supply (Public) & Agreement 7
(Assigned / Assumed | Permanent Supply (Unspecified) 1
Liable) Permanent Supply (Unspecified) & Agreement 1
Permanent Supply (Well/Spring) 59
Permanent Supply (Well/Spring) & Agreement 3
Permanent Supply (Well/Spring) & O&M* Bond 3
Recovered 19
Repaired 6
Resolved 20
Total 449

*Qperation and Maintenance (O&M)

The Unresolved (Resolution Pending) classification indicates that the water supply case is not
resolved or is still open at the end of the 3™ assessment period (Table VI-3). The interim status
classification is divided into two categories: 1) Operator Assigned / Assumed Liability-
Resolution Pending and 2) Under Investigation. Operator Assigned / Assumed Liability with
Resolution Pending are cases where the mine operator is liable and is evaluating possible supply
replacements or working to develop an adequate water supply. In some instances the permanent
water supply has been developed but operation and maintenance (O&M) costs for yearly usage
were being negotiated. The cost of operating and maintaining the new replacement supply
cannot exceed the pre-mining O&M cost or the company must provide payment for the
additional costs. The Under Investigation category simply means that liability has not yet been
determined or monitoring of the water supply is still taking place.
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Table VI-3- Categorized Unresolved (Resolution Pending) status reported effects as of August

20, 2008.
Unresolved (Resolution Pending) Number
Class Category
Agreement Pending 4
Evaluate Permanent Supply 18
Implementing WS Replacement Plan 27
O&M Review 2
Pending Owner Approval 2
Assigned / Assumed | Public Water / O&M Pending 6
Liable Temp Water / Awaiting Public Water 5
Temp Water / Will Be Undermined 21
Temporary Water 3
Well, Spring / O&M Pending 32
WS Replacement Plan Under Development 13
WS Replacement Plan Under Review 3
Currently Monitoring 17
In Litigation 2
Under Investigation | Unresolved 2
Unresolved / Pending Investigation 17
Outstanding Problem 60
Total 234

Figure VI-1 provides a visual summary of Tables VI-2 and VI-3. The Operator Assigned /
Assumed Liability category has been divided into four subsections of Agreement /
Compensation, Permanent Supply, Recovered / Repaired, and Resolved. The 234 reported
effects categorized in Table VI1-3 are all considered as resolution pending cases in Figure VI-1.

- Unresolved, 34%

Company Not Liable, 26%

|:| Company Liable, 40%

Resolved Agreement /
3% Compensation
20%
Recovered /
Repair
4% Permanent
Supply
13%

Figure VI-1 — Reported Effects (n=683) classification as of August 20, 2008. The Company
Liable Classification has been separated into four categories: Agreement / Compensation,
Permanent Supply, Recovered / Repaired, and Resolved.
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As shown in Table VI-2, 449 reported effects were resolved during the 3 assessment period;
Table VI-4 provides the breakdown of the resolution types by mining type for each of these 449
reported effects. Figure VI-2, below, summarizes the number of days required for a reported
effect to be resolved based on the resolution type and by mining type. The final resolution date
and the date of occurrence were subtracted and then averaged to determine the number of
elapsed days for each resolution type. The pending resolution effects were not analyzed because
there was no final resolution date or the resolution date provided by BUMIS was after the 3"
assessment period. However, there were 12 cases exceeding three years without a final
resolution; eight attributed to longwall mines and four to room-and-pillar mines. The No
Liability category, represented in Figure VI-3, has the lowest average number of days that were
required; the category of no liability is a based solely on the PA DEP ruling, not actions taken by
a mine operator.

Table VI-4- Final Resolutions tabulated based on resolution type and mine type.

. Company Not Liable Company Liable
Mine Type
Unaffected No Agreement / Permanent Recovered / Resolved
Liability Compensation Supply Repaired
Room-and-Pillar 8 95 22 47 7
Pillar Recovery 0 4 0 4 6
Longwall 4 59 110 30 11 12
Closed Mines 0 10 7 4 1 1
Totals 12 168 139 85 25 20
600
500
@
§ 400 m Unaffected
;E: m Agreement/Compensation
= 300 ® Permanent Supply
[<5]
& ® Recovered/Repaired
o 200
Z Resolved
100 - = No Liability
O -

Room-and-Pillar Pillar Recovery Longwall Post-Closure

Figure VI-2 — The average number of days required to resolve the reported effects (n=449)
classified by mining type and categorized based on the resolution status as of August 20, 2008.

Of the 683 reported effects, 248 claims were filed and required a resolution via a CDMO ruling
during this assessment period. The 248 claims were divided by mining type (Table VI-5) and

resolution status (Figure VI-3). There were a larger number of reported effects due to longwall
mining as compared to room-and-pillar mining (Table VI-1), but there were a larger number of
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claims requiring PA DEP intervention associated with room-and-pillar mining. This may be the
result of longwall mining companies tending to assume liability, and room-and-pillar mining
companies tending to allow the PA DEP to make the final ruling; it could also be related to
presumptions that room-and-pillar mining has less potential to affect water supplies because it
causes less disturbance of overlying strata. Further discussion pertaining to the trends in
determination of liability is presented Section VI.E.

Table VI-5 - Number of Water Loss (WL) Claims filed by mining type.

Mining Type Number
Room-and-Pillar 141
Room-and-Pillar with Pillar Recovery 3
Longwall 86
Closed Mines 18
Total 248
100
90
80
g
8 60 ® Unaffected
S 50 = Liable
% 40 No Liability
Zz 30 ® Resolution Pending
20
10 -
0 - . .
Room-and-Pillar Pillar Recovery Longwall Post-Closure

Figure VI-3 — Total number of claims (n=248) classified by mining type and categorized based
on the resolution status as of August 20, 2008.

VI1.D —Water Supply Analysis by Mining Type

This section provides an analysis of the influence of mining on water supplies by mining type.
The section is divided into four parts to discuss: Room-and-Pillar Mines, Room-and-Pillar with
Pillar Recovery Mines, Longwall Mines, and Closed Mines. Closed mines include room-and-
pillar and longwall mines. Each subsection provides an inventory of the water supplies
undermined and an analysis of the reported effects. Refer to Section I for details regarding the
expected subsidence characteristics of mining type.
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V1.D.1 — Room-and-Pillar Mines

Thirty-six underground room-and-pillar mines were in operation during the 3" assessment
period, with a total of 11,552 acres (see Section Il1). The room-and-pillar operations undermined
1,212 water supplies. Sixty-seven percent of undermined supplies were of residential use, 25-pct
other/unknown, and the remaining 8-pct distributed among agricultural, commercial,
recreational, and community/institution uses.

Although subsidence is generally not an issue with room-and-pillar mining, by creating a void in
the earth within or below an aquifer there is a chance that the groundwater flow path can become
altered, impacting overlying water supplies. The movement of water through the stratigraphic
layers of the ground is influenced by permeability. Permeability may be classified as primary or
secondary permeability. According to Wyrick & Borchers (1981), primary permeability refers to
the movement of water through the intergranular pore spaces of the strata layers; whereas
secondary permeability refers to groundwater movement through geologic features such as
fractures, bedding plane separations, joints, and cleats associated with the strata. Western
Pennsylvania hydrogeology is largely influenced by secondary permeability. Enlargement of
fractures and bedding planes by subsidence will increase the secondary permeability of the strata.
The total number of water supplies undermined and reported effects by each mine are shown in
the Figure VI-4.
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Figure VI-4 — Total number of undermined water supplies (n=1,212) and number of reported
effects (n=238) associated with room-and-pillar mines.

Alteration of the groundwater flow path can cause diminution in the form of an insufficient
quantity or total loss because of a drop in the groundwater levels. Contamination can also be an
issue with altered flow paths as groundwater from contaminated sources such as mine pools or
surface water is drawn into the recharge area or as fluctuating water levels cause oxidation of
acid producing minerals in the overburden. As shown in Figure VI-5, diminution was reported
most frequently as the cause of the water supply impacts, with a quarter of the impacts being the
result of contamination. Of the 238 reported effects, 226 were wells and the remaining 12 were
springs or ponds.
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Figure VI-5 — Impact types for the reported effects due to room-and-pillar mining

Figure VI1-6 tabulates the number of cases for room-and-pillar mining and their resolution status
as of the end of the 3" assessment. It was determined in 40-pct of cases, or 95 of the 238, that
mining was not the cause of the water supply impact. Thirty-five percent of the reported effects
were considered as liable impacts, and three percent of cases were unaffected after investigation.
The remaining 22-pct of cases were unresolved at the end of the assessment period.
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Figure VI-6 — Tabulation showing the status of the 238 reported effects for room-and-pillar
mines.

V1.D.2 — Room-and-Pillar Mines with Pillar Recovery

Six underground room-and-pillar with pillar recovery mines operated during the 3™ assessment
period, accounting for 2,097 acres undermined. The majority of contributing acres came from
the conventional room-and-pillar method; only 13-pct (276 acres) were actually associated with
the pillar recovery mining method (see Section I11). Although the pillar recovery area is very
small, the concepts discussed in the room-and-pillar subsection still apply. In areas where pillar
recovery took place, additional impacts can be seen. As discussed in Section I, pillar recovery
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involves removing roof support pillars which will, in turn, allow the roof to collapse into the
mined cavity. The overburden strata experiences additional fracture development, causing the
secondary permeability to increase. These fractures are passageways through which
groundwater may drain by gravity into the mine workings. As shown in Figure VI-7, there were
75 undermined water supplies, 20 of which had reported effects. Sixty-four of the 75 water
supplies undermined were wells and the remaining 10 were springs. Uses of the 75 water
supplies included 57 residential, 16 other/unknown, one recreational, and one of commercial use.
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Figure VI-7 — Total number of undermined water supplies (n=75) and number of reported effects
(n=20) associated with Room-and-Pillar with Pillar Recovery mines.

The 20 reported effects have been categorized based on impact and resolution type in Figure VI-
8. Diminution was reported as being the cause of impact 90-pct of the time. As shown in Figure
VI1-9, mining company liability was assigned for ten of the 20 reported effects. Four cases were
classified as no liability, and the remaining six cases did not have a final resolution status.

5% 5%

m Contamination

H Diminution

Contamination and
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Figure VI-8 — Impact types for the reported effects due to room-and-pillar with pillar recovery
mining.
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Effects
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Figure VI-9 — Tabulation showing the status of the 20 reported effects for room-and-pillar with
pillar recovery mines.

As shown in Figure VI-7, the Nolo Mine was the only mine with reported effects. Upon further
investigation, the University determined that, on average, the distance of all water supplies to the
pillar recovery portion of the mine were almost a mile (> 5,000-ft). Only one water supply was
located directly above a pillar recovery section, and this water supply showed no reported
effects.

V1.D.3 - Longwall Mines

Eight longwall mines operated during the 3" assessment period. These eight longwall mines
undermined 24,607 acres, approximately 64-pct, of the total 38,256 acres mined during the five
year study period. Based on the data collection strategy, the University determined that 1,502
water supplies were undermined by longwall mines. Table VI-6 lists the total number of
undermined water supplies for each of the eight longwall mines with a comparison to the total
acres to determine the water supply density per acre undermined. The water supplies
undermined included a combination of wells, springs, and ponds which are shown tabulated for
each mine (Figure VI-10). Unlike the room-and-pillar mines, there are considerably more
inventoried springs. Forty-nine percent of inventoried water supplies were of residential use,
followed by 39-pct other/unknown, 11-pct agricultural, and 1-pct for both commercial and
recreational.

Table VI-6- The inventory of undermined water supplies with water supply density calculation.

Mine Name |t Cioptes | AT Density per Acre
Bailey 337 6311 0.05
Blacksville No.2 114 2880 0.04
Cumberland 159 3665 0.04
Emerald 199 2855 0.07
Enlow Fork 400 6339 0.06
High Quality 10 501 0.02
Eighty-Four 274 1984 0.14
Shoemaker 9 72 0.13

VI 11



The Effects of Subsidence Resulting from Underground Bituminous Coal Mining on Surface
Structures and Features and on Water Resources, 2003 to 2008 — University of Pittsburgh

450
400
350
300 -
250 -
200 - E Total
150 = Wells
100 -+ .
50 - Springs
0 - - x - . EPonds

Number of Water Supplies

AN P
o) < @Q}\ N SN

Figure VI-10 — Number of undermined water supplies (n=1,502) and the water supply type by
each longwall mine

As discussed in Section I, longwall mining is a full extraction technique in which large panels of
coal are removed and immediate subsidence occurs when the overlying roof strata collapses into
the mine void causing a subsidence basin to form. According to Peng (1992) and shown in
Figure VI-11, the subsided overburden strata are divided into four zones with differing degrees
of fracturing. The variances noted in the height of the zones are primarily due to the types of
material comprising the strata. The zone closest to the mine void, called the caved zone, is
where the roof rock caves, irregularly, into the mined out void. The height of this zone can be
two to ten times the thickness of the mining height. The mining height for the longwall mines
averaged around 6-ft in thickness. Above the caved zone is the fractured zone. The strata within
the fractured zone are highly fractured, but remain stratified. This zone thickness can range
between 28 to 52 times the mining heights. The next zone is called the continuous deformation
zone, where the strata bends and separates but does not fracture. The uppermost zone is known
as the soil zone, and this is where the basin intercepts the ground surface. It is possible for
tension cracks to develop in this zone and propagate downward from the surface. Based on the
subsidence zones of movement descriptions, it is apparent that the fracturing the overburden
strata can cause impacts to the natural hydrology of the overburden by increasing the
permeability and groundwater flow pathways.
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