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square meters (147 acres) with a Maximum Ventilat­ 3 REVIEW OF PANEL SIZE, METHANE j
ing Perimeter (MVP) of the longwall panel = 5,105 m LIBERATIONS AND CONCENTRATIONS 
(2,438 m +2,438 m + 229 m). As global energy sup­
plies continued to influence the downward trend of 
coal prices, coal operators looked to offset the down­
ward price spiral with improvements in productivity. 
The obvious choices were to increase longwall panel 
size, and at the same time increase the ratio of long­
wall coal to continuous miner coal, thus lowering 
production costs. By the mid to late 1990's longwall 
panel dimensions had increased to 3,810 m x 283 m 
(12,500' x 930') with a MVP = 7,903 m (25,930'), 
encompassing 1,078,230 square meters (269 acres). 
Longwall panel dimensions in a new reserve at 
the mine were projected to be 4,419 m x 382 m 
(14,500' x 1250') and a MVP=9,219m (30,250') 
encompassing 1,688,058 square meters (416 acres). 
Comparing panel size of the early 1990's to the pro­
jected panels in the new reserve MVP's and acreage 
are projected to increase 81 % and 183% respectfully. 

:1 Monitoring of methane levels and air flow quantities 
indicated there was a direct one to one correlation 
between MVP and methane liberated into the section's 
ventilation system. This indicated the requirement for 
additional section ventilation capacity. It was appar­
ent that completion of longwall panel development 
would be significantly hampered by an inadequately 
designed ventilation system, especially since section 
advancement is always critical at a longwall mine. 
Computer ventilation modeling of the 3 entry gate 
road development sections indicated that those current 
systems would probably not be capable of deliver­
ing sufficient quantities of air to adequately ventilate 
the development section without significantly affect­
ing the section advancement rates. With the projected 
increasing MVP's new concepts were evaluated. Mine 
Wide Atmospheric Monitoring Systems and Under­
ground Horizontal Directional Longhole Drilling were 
two potentials to supplement the ventilation system. 

Table I. Comparison of aChml section methane produced with increasing MVP. 

In the early 1990's when the typicallongwall panel was 
229 m (750') wide and 2,438 m (8,000') long typical 
volumes at this mine's section regulators were set at 
2,831 cubic meters per minute, (cmrn) (100,000 cfm) 
and methane levels were just below the legal limits 
of 1.0%. The total methane being liberated from a 
single three entry development section was approx­
imately 25.5 cmrn (900 cfrn) of methane when panel 
development was near completion. 

By the mid 1990's typicallongwallpanel's MVP had 
increased to 7,903 m (25,930'). To meet the require­
ments ofthe federal and state regulations this operator 
began utilizing Atmosphere Monitor Systems (AMS) 
which permitted methane levels to increase by 50%, to 
1.50% in section return entries. As longwall develop­
ment section's MVP increased the quantity ofmethane 
liberated by a three entry system also increased. When 
reviewing the percent rise in methane generated by a 
3 entry development sections compared to the percent 
rise in MVP, both entities were increasing at similar 
rates (see Tables 1 and 2). 

After evaluating Tables 1 and 2 it is apparent 
the mine's ventilation system in a very long three 
entry development section will marginally meet the 
requirements of the federal ventilation criteria. What 
options are available to the mine engineer? This paper 
discusses utilization of an aggressive underground 
degasification program and how it resolved numerous 
regulatory and operational issues. 

4 IN-MINE LONGHOLE DEGAS1FICATION 

In the mid 1990's the coal dperator began to utilize 
longhole drilling technology to shield longwall devel­
opment sections from the impacts of methane delays 

i. 
Air quantity @ Methane Total section, methane 

MVP regulator (crnm) concentration liberated (cmm) 

Early 1990's (Act) 5,105 m (act) 2,831 0.90% 25.5 (No de-gas) 
Late 1990's (Act) 7,903 m (act) 2,831 1.30% 36.8 (Limited de-gas) 
% Increase +54.8% Same +44.4% +44.4% 

Table 2. Estimated section methane produced with largest MVP. 

MVP 
Air quantity @ 
regulator (cmm) 

Methane 
concentration 

Total section, methane 
liberated (crnm) 

Actual Readings 
Estimated Readings 
% Increase 

5,105 m (act) 
9,220 m (act) 
+81% 

2,831 
3,398 (Est.) 
+20% (Est.) 

0.90% 
1.36% (Est.) 
+51.1% 

25.5 (No de-gas) 
46.2 (No de-gas) 
+81% (Est.) 
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at the mining face. The initial drilling pattern involved issues that must be evaluated and properly engineered 
a single horizontal longhole being drilled parallel to when developing and designing a mine layout for an 
the return entry of the active section. existing mine. For a longwall mine to be a viable entity 

This initial drilling pattern provided some relief of the first overriding goal that must always be recon­
methane accumulations at the mining face. However cilec;l is that section development must always stay 
because the underground drilling site is developed by ahead of longwall retreat. This ensures maximizing 
section advancement the horizontallonghole had min­ the longwall productivity without major interruptions 
imal time producing "free gas" that is trapped in the caused by section development not being completed 
coal cleats. Within a few months section development in a timely manner. A second criterion for mine lay­
advances passed the end of the horizontallonghole and out is to maximize the available coal reserves. Other 
the developing section was back to the same problems design criteria include minimizing the impact from 
associated with methane accumulations at the face. It roof control and ventilation issues. 
was obvious that more time was needed to allow the Utilizing Surv Cadd Software, numerous mine plan 
horizontallonghole to degasify the coal seam. timing models and configurations were evaluated and 

Drilling patterns evolved to maximize degasifica­ it became apparent that the remaining coal reserve 
tion time and drain the "free gas" trapped in the would not be split into two equal east and west 
coal cleats by utilizing cross panel boreholes, this halves off the mains section development. To meet 
allowed up to 18 months degasification time prior to the timing model projections, longwall panel length 
the continuous miner advancement. had to be reduced' in the short term to ensure sec­

It also became apparent the entire development tion development would be completed on the west 
section had to be shielded with horizontal longholes side of the mains. This accomplished the first goal 
to effectively degas the entire mining area; therefore of the mine engineer: moving the longwall equip­
branches were drilled'from the main longhole to obtain ment from one recovery to the next set-up without a 
continuous coverage along both the return and belt delay. Because the mine plan timing issues divided the 
entries. coal reserve in unequal halves, the projected longwall 

panel's MVP exceeded any previous developed panel's 
MVP by 17%. However the proposed mine plan layout, 

5 MINE PLAN DESIGN - TIMING AND maximized recovery of the coal reserve. 
RESOURCE UTILIZATION The new mine plan layout proposed longwall 

panels 4,419m (14,500') long x 382m (1250') wide, 
Planning for the new reserve, given the goals of mining 416 acres per panel, with a MVP=9,220m 
increasing the mine's viability, proved to be a depar­ (30,250'), Again it was assessed that these larger 
ture from the past. There are many considerations and panels would create a situation where the presently 
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Figure 1. Single longholes parallel to return entry, 
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Figure 2. Cross panellongholes parallel to return and belt entries. 
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projected ventilation system design might not be suffi­
cient to meet the legal ventilation requirements. With 
greater MVPs two ventilation issues were identified 
that would be detrimental to executing the mine devel­
opment plan in a timely manner. The two ventilation 
issues were 

• Methane levels at the mining faces exceeding 1.0%
 
methane, causing operational delays to the continu­

ous mining process.
 

• Methane levels	 in the Section Return exceeding
 
1.5% methane, resulting in suspension of mining
 
in the entire operating section.
 

The strategies to minimize these two ventilation 
risks associated with the mine layout utilizing very 
large panels were: 

Increase mine ventilation capacity by increasing fan 
horse power 33%. 

2 Reduce section return methane concentrations 
below 1% thus eliminating the required AMS sys­
tem. This goal would allow a 50% margin ofsafety 
in the ventilation requirements (1.0% to 1.5%) to 
meet the federal ventilation standards. 

3 Develop an aggressive underground degasifica­
tion strategy to capture and safely transport the 
"free gas" to the surface before mining activities 
released the "free gas" into the Mine's Underground 
Ventilation System. 

6	 DEVELOPMENT OF IN-MINE 
DEGASIFICATION PLAN 

The main emphasis ofthe in-mine degasification strat­
egy was focused on capturing the "free gas" trapped 
in the fractures or cleats of the coal and directing it 
into an underground gas pipeline gathering system and 
ultimately to the surface (through vertical boreholes), 
rather than releasing the gas into the mine's ventilation 
system during mining. This would be accomplished 
utilizing safety measures approved by the governmen­
tal agencies in a safe and responsible manner. Because 
the main line development split the coal reserve into 
unequal parts, special emphasis for degasification was 
put into the larger portion ofthe coal reserve where the 
longwall panels were 4,419 m (14,500') long, 382 m 
(1,250') wide with Maximum Ventilating Perimeter 
(MVP) of 9,220 m (30,250'). The degasification plan 
focused on those issues that would most effectively 
impact the reduction of methane in the coal reserve. 
They were: 

• Drill longholes	 as soon as possible to maximize 
degasification time. 

• Plan drilling far enough in advance to insure contin­
uous coverage along both the belt and return entries 
in aU three entry longwall development sections. 
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• Utilize surface to in mine vertical boreholes to max­
imize gas flow and vent gas to atmosphere or capture 
for sale. 

7	 MAXIMIZE DEGASIFICATION TIME 

Longwall panels were projected to be developed from 
both sides of the mains. The smaller western panels 
were to be mined first while the larger eastern pan­
els were not scheduled to be mined for 2.5 years. 
This allowed a unique opportunity to drill longholes 
into the eastern reserve as the main's development 
advanced north, maximizing degasification time for 
this portion of the reserve. Drilling sites favorable 
to longhole orientation were developed to maximize 
longhole shielding along both the belt and return 
entries. Sumps were cut in the mine floor to allow sep­
aration of drilling fines and water. Longholes drilled 
from the mains section would effectively shield the 
first 25% ofthe gate road development and were com­
pleted prior to the longwall section "neck ins" being 
developed. The longholes were planned, oriented, and 
drilled through the longwall recovery entries in such 
a way that the "neck in" of the development section 
would not intersect the longholes, again maximiz­
ing the effective time the longholes were producing 
methane. This drilling strategy permitted longholes to 
be active for 6-24 months prior to any mining develop­
ment near the longholes. Prior to the continuous miner 
section intersecting the longholes, the longholes were 
water infused, mined through, and reactivated utilizing 
a mechanical flow through packer on each side of the 
section where the longhole was intersected. 

Additional challenges presented themselves when 
the first longwall panels in the eastern side of mains 
development were started. The orientation of the belt 
entries in the tailgate and headgate sections created 
a situation where a degasification longhole could not 
follow the typical plan of drilling with the wellhead 
in the return entry. This would have left 75% of the 
section without sufficient number of shielding long­
holes. Ifdegasification longholes were to be drilled to 
shield the belt entries ofeither the headgate or tailgate 
sections, it would require the wellheads would have to 
be located in an active belt entry. Working with fed­
eral and state agencies, local mine management and 
representatives of the UMWA local, a plan was devel­
oped and approved to permit drilling from the intake 
entry, with wellheads in an active belt entry ofan active 
development section. 

The approved plan included the following guide 
lines: 

•	 Methane monitor sensors were positioned in 
the belt entry. These sensors were continuously 
monitored on the surface, and included audible and 
visual alarms at the section tailpiece. 
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Table 4. Comparison of% rise in MVP versus % rise in section methane liberated without/with degasification. 

MVP 
Air quantity @ 
regulator (cmm) 

Methane 
concentration 

Total section, methane 
liberated (cmrn) 

\ : 
1 ' 

Without De-gas (Act.) 
With De-gas (Act) 
% Increase(Decrease) 

5,105 m (act) 
9,220m (act) 
+80.6% 

2,831 
3,822 
+35% 

0.90% 
0.80% 
(Il.1 %) 

25.5 (No degasification) 
30.6 (Actual, With de-gas) 
+20% 

, I 

! 
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completed without delays associated with exces­
sive methane at the mining faces or in the mine's 
ventilation system. 

When analyzing the value ofthis project to the mine 
operation it is difficult to quantify, because ofso many 
variables, but the following given. 

Production delays for excessive methane associ­
ated with continuous miner development approach 
zero minutes compared to 4,000 minutes for previous 
sections without degasification. 

Section advancement rates were not negatively 
impacted by methane delays. 

2 Section methane delays were reduced 30% to 35%. 
3 With the belt air direction reversed from intake to a 

neutral split, typical belt entry maintenance such as 
rock dusting were more easily managed. 

4 Reversing the belt air direction eliminated signif­
icant amounts of methane reporting to the mining 
faces (14.2 crom [500 cfrn]). This methane reduc­
tion helped eliminate excessive methane delays. 

In summary without an aggressive degasification 
strategy the methane delays would have severely 
impacted the development of the longwall develop­
ment sections, and the mine plan's timing schedule 
would not have been met. As a result there would 
have been two choices, shorten the longwall panels 
and lose significant portions of the coal reserve or 
idle the longwall for munerous months and lose sig­
nificant amounts of money. Either choice would have 
been unacceptable. 

I 
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