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ABSTRACT 
It is estimated that over 156 billion tons of coal in 

the united States are amenable to multiple-seam mining. How­
ever r currently most op~rations mine only a single seam, and 
in the past indiscriminate practices have sterilizpd large 
amounts of coal in continguous seams. In the interests of 
conservation, it is imperative that procedures be followed 
that enhance resource recovery. 

The total life-cycle costs of mining are site specific 
because of the wide variations in land acquisition costs. 
capit~l expenditures, resource recovery, labor productivity, 
and geological conditions. However, under similar circum­
stances the costs of single- and mUltiple-seam mining are with­
in 5 percent, using the best available technology. Improve­
ments in present methods could lower costs of multiple-seam 
mining further, making it more competitive. 

Ground control (entailing roof support, bumps, and 
subsidence) is the most important tech'nical proble!Il encounter­
ed in multiple-seam mining, mainly caused by remnant pillars. 
However, the nature and thickness of partings and overburden, 
as Wf!ll as the type of floor, roof, and coal play a significant 
role. ventilation control to prevent air leakage and gas 
accumulation, haulage difficulties because of floor undulations 
and roof falls, and fear of water innundation from an abandoned 
upper seam are other problems to be considered. Spontaneous 
heating may be experienced in snme wes~ern coals. 

Changes in regulations that streamline permitting proced­
ures and encourage multiple-seam mining need to be introduced. 
Union attitudes that permit better coordination between seams 
should be fostered. 

A research program addressing some of these problems is 
presented which costs about $5 million over a 5-year period. 
It is anticipated that the results of this research could 
lower the costs of mUltiple-seam mined coal by about $1.35 
per ton. 
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EXECUTIVE SUMMARY 

Conservation of the nation's energy resources requires 
that as much as possible of the coal reserves in the United 
States be exploited. In many areas of the country, coal 
seams overlie one another. It is therefore, imperative 
that each minable se~~ be extracted in a manner that causes 
minimal damage to others in the area. It was the objective 
of this study to ascertain how much coal was affected by 
multiple-seam mining, determine the technica~ regulatory, 
and institutional problems involved, outline a program of 
research that would minimize these problems, and indicate 
the cost/benefit ratios entailed. 

It was estimated that there are 229 billion tons of 
minable coal (under 1,000 ft of cover), of which 156 bil­
lion tons (68 percent) was amenable to multiple-seam min­
ing. Most of this coal occurs in 8 states--Colorado, 
Illinois, Kentucky, Ohio, Pennsylvania, Utah, West Virginia 
and Wyoming. 

Mine life-cycle cost analyses of single-seam and 
multiple-seam mining operations indicated that mining 
costs were highly dependent on land acquisition expenses, 
capital investment requirements, labor productivity. 
geologic conditions, and total resource recovery. Hence 
the precise production costs are site specific and 
would not be very meaningful to generalize. But compari­
sons of costs computed for sing1e- and multiple-sedm min­
ing under the same conditions showed that these varied 
less than 5 percent. This order of magnitude of cost 
differentials can occur with single-seam mining because 
of changed geological conditions or operational proced1).res. 
Hence, it is evident that some multiple-seam operations are 
already competitive with single-seam mining. A well 
planned research program could further reduce costs and , 
equally significantly, conserve resources and augment safety 
by permitting enhanced recovery with diminished he&lth 
and ground control problems. 

Multiple-seam mining may entail working below a 
previously worked-out area (undermining), working above 
it (overmining), or working two or more S2ams concurrently 
(simultaneous mining). In the latter case the working 
faces in the upper seam could be in advance of those in 
the lower seam (undermining mode), or behind them (over­
mining mode) . 

In all cases, the major factors governing ground 
control conditions are parting and overburden thickness, 
nature of the parting, and roof and floor strata. Gen­
erally, ground control problems, which include roof 
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ABSTRACT 
It is estimated that over 156 billion tons of coal in 

the United States are amenable to multiple-seam mining. How­
ever, currently most opp.rations mine only a single seam, and 
in the past indiscriminate practices have sterilizp.d large 
amoun1~:s of coal in continguous seams. In the interests of 
conservation, it is imperative that procedures be followed 
that enhance resource recovery. 

The total life-cycle costs of mining are site specific 
because of the wide variations in land acquisition costs. 
capitRl expenditures, resource recovery, labor productivity, 
and geological conditions. However, under similar circum­
stances the costs of single- and multiple-seam mining are with­
in 5 percent, using the best available technology. Improve­
ments in present methods could lower costs of multiple-seam 
mining further, making it more competitive. 

Ground control (entailing roof support, bumps, and 
subsidence) is the most important technical proble!ll encounter­
ed in multiple-seam mining, mainly caused by remnant pillars. 
However, the nature and thickness of partings and overburden, 
as well as the type of floor, roof, and coal playa significant 
role. Ventilation control to prevent air leakage and gas 
accumulation, haulage difficulties because of floor undulations 
and roof falls, and fear of water innundation from an abandoned 
upper seam are other problems to be considered. Spontaneous 
heating may be experienced in some wes~ern coals. 

Changes in regulations that streamline permitting proced­
ures and encourage multiple-seam mining need to be introduced. 
Union attitudes that permit better coordination between seams 
should be fostered. 

A research program addressing some of these problems is 
presented which costs about $5 million over a 5-year period. 
It is anticipated that the results of this research could 
lower the costs of mUltiple-seam mined coal by about $1.35 
per ton. 
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EXECUTIVE SUMMARY 

Conservation of the nation's energy resources requires 
that as much as possible of the coal reserves in the United 
States be exploited. In many areas of the country, coal 
seams overlie one another. It is therefore, imperative 
that each minable se~~ be extracted in a manner that causes 
minimal damage to others in the area. It was the objective 
of this study to ascertain how much coal was affected by 
multiple-seam mining, determine the technica~ regulatory, 
and institutional problems involved, outline a program of 
research that would minimize these problems, and indicate 
the cost/benefit ratios entailed. 

It was estimated that there are 229 billion tons of 
minable coal (under 1,000 ft of cover), of which 156 bil­
lion tons (68 percent) was amenable to multiple-seam min­
ing. Most of this coal occurs in 8 States--Colorado, 
Illinois, Kentucky, Ohio, Pennsylvania, Utah, West Virginia 
and Wyoming. 

Mine life-cycle cost analyses of single-seam and 
multiple-seam mining operations indicated that mining 
costs were highly dependent on land acquisition expenses, 
capital investment requirements, labor productivity, 
geologic conditions, and total resource recovery. Hence 
the precise production costs are site specific and 
would not be very meaningful to generalize. But compari­
sons of costs computed for single- and mUltiple-seam min­
ing under the same conditions showed that these varied 
less than 5 percent. This order of magnitude of cost 
differentials can occur with single-seam mining because 
of changed geological conditions or operational proced\,1res. 
Hence, it is evident that some multiple-seam operations are 
already competitive with single-seam mining. A well 
planned research program could further reduce costs and , 
equally significantly, conserve resources and augment safety 
by permitting enhanced recovery with diminished health 
and ground control problems. 

Multiple-seam mining may entail working below a 
previously worked-out area (undermining), working above 
it (overmining), or working two or more seams concurrentlv 
(simultaneous mining). In the latter case the working ~ 
faces in the upper seam could be in advance of those in 
the lower seam (undermining mode), or behind them (over­
mining mode) . 

In all cases, the major factors governing ground 
control conditions are parting and overburden thickness, 
nature of the parting, and roof and floor strata. Gen­
erally, ground control problems, which include roof 
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support requirements and potential for bumps, decrease 
significantly when the parting thicknt::ss-to-seam height 
ratio exceeds 40 (for seam heights up to 8 ft). As may 
be e:,~pected the parting thickness needed for the same 
likelihood of experiencing potential problems when work­
ing over a mine area is somewhat greater than when mining 
belmT it. Subsidence problems depend on the seam thick­
nesses extracted, and are reduced w~th simultaneous min­
ing because surface damage only occurs once. Pillars 
left in a seam while mining create considerable diffi­
culties during the extraction of both sub- and super­
jacent seams, and should be avoided as much as possible. 
Unfm~tunately, current mining methods and regulations in 
the United States require leaving a certain number of 
pillars. 

Besides ground control, there are a number of other 
operations that merit attention in multiple-seam mining. 
ventilation and methane control need to monitored closely 
SinCE! air leakage into adjacent seams '-..,111 occur and gas 
may accumulate, especially in non-working areas in an 
upper seam. Large roof falls may interrupt ventila-
tion circuits and interfere with haulage. Mine trans­
portation is also affected by floor heave or undulations 
that may occur, and by water creating slippery conditions. 
Generally water inflow into the mine tends to drain into 
the 10wer seam, thus permitting the installation of only 
one ~;et of pumping stations. However, if water collects 
in an upper seam there is the potential danger of an 
innundation. Spontaneous heating is not experienced in 
the Appalachian and Interior coalfields, but does occur 
in some western coals. The precautions that need to be 
taken are similar to those for single-seam mining, al­
thouqh this entails leaving barrier pillars. Dust prob­
lems are not unique to multiplE~-seam operations. 

Superpositioning and columnization of entries and 
pillars between adjacent seams is helpful, especially if 
the parting thickness is small. However, this technique 
requires careful planning and considerable surveying and 
engineering skill, and should not be embarked upon lightly. 

Regulatory and institutional constraints that impact 
multiple-seam mining relate to resource recovery, leasing 
procEdures, mine environment, worker health and safety, 
mine operations, and labor practices. The Bureau of 
Land Management requires that leasing of coal areas be 
based on an evaluation of individual seams. This practice 
does not encourage the combined evaluation of several 
seams which may be preferable in some instances, and 
permits the leasing of different seams to different lease 
holders. When this occurs, coordination of workings be­
comes difficult. The U. S. Geological Survey requires that 
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workings be superposed and that the upper seam be mined 
first. These could be restrictive under certain circum­
stances. Under the Office of Surface Mining regulations, 
sequential mining of multiple-seams entails repetitive 
subsidence control measures and some states (e.g. Penn­
sylvania) require recurrent repairs. 

Most health and safety regulations do not impose 
special requirements on multiple-seam operations, although 
more inspections may result if each seam is considered a 
separate mine. Maps may be required for each seam, and 
precautions would be needed if portions of the upper seam 
are water-filled. Many agencies require that the pillars 
be left for escapeways, ventilation, ground control, bar­
riers, protection of surface structures or prime farmland, 
oil/gas wells, and other reasons. These remnants cause 
bumps and ground control problems when mining other seams 
in the area. 

Some mining companies operate separate seams in the 
same areas different mines, so that wildcat walkouts by 
organized labor do not close the entire operation. This 
practice tends in increase costs and diminish coordination 
between the operations. 

Based on the assessment of technical economic, and 
regulator~' problems encountered by multiple-seam operations 
a research program which covers leasing and regulatory re-
form, examination of union attitudes, ventilation control, part­
ing behavior, ground control investigations, economic model 
development, and cost studies, needs to be undertaken. It 
is estimated that this program will cost nearly $5 million 
over a 5-year period, with about $2.5 million being spent 
during the first l~ years. This could reduce the cost/ton 
of coal mined from multiple seams by over $1.35, besides 
permitting greater resource recovery and improving miner 
health and safety. The cost/benefit ratio for various 
elements of the program varies--from a low of over 100 
for ground control to a high of nearly 150,000 for improve­
ments in leasing and regulations. However, as in all re­
search programs the various elements tend to be synergetic 
and the overall results may be expected to be greater than 
the sum of the individual parts! 
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TASK 1 

ECOt'JOMICS OF MULTIPLE-SEAM MINING 

5 



1. 0 UNITED STATES COAL RESERVES AMENABLE TO 
MULTIPLE-SEAM MINING 

1.1 Sources of Information 

Individual state geological surveys were contacted 
and lists of publications were obtained. The reserves 
estimations were based on isopach maps and State and Federal 
Agency Reports and Bulletins. 

1.2 Method of Computing Reserves 

By overlaying maps of areal distribution of individual 
coal seams, the "Area of Interaction" of seams was deter­
mined. This "area" multipled by the average thicknesses of 
the seams and divided by 25 cubic feet per ton of coal gave 
the tons of "Coal Subject to Multiple-Seam Mining." Often 
this method resulted in an over estimate. In which case, 
upon overlaying the seam maps, the "Area of Interaction" as 
a percent of the total area of seam distribution was estimated 
and that number multipled by the most recent in-place re­
serves estimated gave "The Reserves Subject to Multiple-Seam 
Mining" (see Table 1). Table 2 gives the number of coal 
seams included in the reserves estimated by state. 

Wherever possible an effort was made to subtract 
strippable reserves, seams less than 28" thick, and seams 
under more than 1,000 feet of overburden. 

1.3 Results Obtained 

A total of 28 states were in¢luded in the reserves 
study. The original reserves of bituminous coal for these 
states totaled 229 billion tons. Of these reserves up to 
156 billion tons of bituminous coal may be subject to under­
ground multiple-seam mining. 

In the Eastern coal region the estimated reserves 
subject to underground multiple-seam mining are as follows, 
by state: 

West Virginia (27.8 Billion Tons), 
Pennsylvania (16.61 Billion Tons) , 
Ohio (12.6 Billion Tons) , 
Eastern Kentucky (8.19 Billion Tons) I 

Virginia (2.7 Billion Tons) I 

Alabama (0.61 Billion Tons), 
Tennessee (0.53 Billion Tons), 
Maryland (0.31 Billion Tons) I 

North Carolina (0.01 Billion Tons). 
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TABLE 2 Number of Seams Included in Reserves Estimate 
by State 

NO. OF MINABLE 
STATE MULTIPLE-SEAMS 

Alabama 23 
AlaEika Not Available 
Arizona Not Available 
Arkansas 4 
Colorado >100* *Most of the minable coal 
Georgia 2 seams of Colorado are 
Illinois 2 lenticular and not well-
Indiana 12 correlated, thus the high 
lOWel 20 figure. 
KanEias 21 
Kentucky 20 
Mar}'land 11 
Micl"ligan 2 
Misf::ouri 11 
Montana Not Available 
New Mexico Not Available 
North Carolina Not Available 
Ohio 6 
Oklalhoma 4 
Pennsylvan.ia 9 
Tennessee 27 
Texas 8 
Utab >20 
Vir<;:linia 17 
Wasbington 54 
West Virqinia 55 
Wyoming Not Available 

The term tlNot Available tl implies that many of the coal seams 
havE: not been correlated and further information is needed 
in order to determine the number of seams. As one can see, 
Colorado has over 100 seams. This is probably typical of 
some of the coal-rich western states, such as Utah, Wyoming, 
and Montana, where information is scarce at this point. As 
these states continue to be explored, additional information 
will become available and better estimates of the number of 
seams and reserves will be possible. 
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For the Midwest Coal Region the results are: 

Illinois (57.78 Billion Tons). 
Western Kentucky (10.01 Billion Tons), 
Indiana (7.27 Billion Tons), 
Iowa (0.77 Billion Tons), 
Missouri (0.7 Billion Tons), 
Oklahoma (0.49 Billion Tons), 
Kansas (0.3 Billion Tons), 
Arkansas (0.08 Billion Tons), 
Michigan (0.04 Billion Tons). 

The Western Coal Region Reserves subject to multiple­
seam mining are: 

Colorado (2.74 Billion Tons), 
Utah (1.97 Billion Tons), 
Wyoming (1.2 Billion Tons), 
New Mexico (0.08 Billion Tons), 
Montana (0.42 Billion Tons), 
Alaska (0.21 Billion Tons), 
Arizona (0.1 Billion Tons), 
Washington (0.08 Billion Tons). 

Texas and Georgia have no known reserves subject to 
multiple-seam mining. 

All reserves estimates are accurate within 20 percent. 
As ~)re reserves are delineated in future exploration, these 
reserves may increase. 
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2.0 REVIEW OF HRB-SINGER AND OTHER RELEVANT REPORTS 

2.1 The Impact of Overmining and Undermining on 
the Eastern Underground Coal Reserve Base 
(Report prepared by HRB-Singer, Inc.) 

2.1.1 Introduction 

It is widely accepted that coal recovery from an 
underground seam, expressed as a percentage of total coal 
available, is reduced if prior mining has occurred in a 
vertically adjacent seam. Due to the magnitude of the 
potential losses and to the importance of coal, as a long­
term source of energy a thorough understanding of seam­
interaction effects is of great interest. The HRB-Singer 
Report reviewed here, was one of the first quantitative 
studies of seam interaction in the United states. 

HRB-Singer, Inc., under Contract No. J0357129 from the 
Bureau of Mines, estimated the impact of coal seam inter­
action on the Eastern Coal Province. The primary objective 
of the study was to provide estimates of expected coal 
recovery, expressed as a percentage of the original in-situ 
reserves, when another seam had been previously overmined 
or undermined. Further, it was desired to understand the 
factors that affect the recovery and workability of the 
seam, so that overall recovery may be enhanced. 

The report contains a considerable amount of quanti­
tative information, but most of this is derived from maps 
of mines. The reliability of the data deduced from such 
sources is questionable, but these were used for statisti­
cal analyses and the results presented as conclusive. Be­
cause of the myriad of figures interspersed throughout 
the report, the relevant information can be extracted 
only with substantial effort. This may partly be the con­
sequence of the fact, that it was not until the end of 
the study that it was recognized which variable should 
have been measured and which computed. 

The Singer study conducted a review of the literature 
and a survey of opinions from experts on the subject of coal 
mining. In addition, studies were conducted in four (4) 
mines located in two states, West Virginia and Pennsylvania, 
in each of which a second seam was being mined. Data were 
gathered for both the previously-and currently-mined seam at 
each mine. The two types of multiple-seam mining were dis­
tinguished as follows: 

The currently-mined seam (CMS) lay above 
the previously-mined seam and was referred 
to as the undermined condition. The two 
mines were denoted by UM (1) and UM (2). 
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The currently-mined seam (CMS) lay below 
the previously-mined seam and was referred 
t? as the overmined condition. The two 
mlnes were designated OM (1) and OM (2). 

A major part of the discussion in the report dealt with 
the case of undermining and with the results from the first 
mine, UM (1). The data from the second undermined case do 
not appear to have been included in the statistical analysis. 

For the two mines in the overmined condition, OM (1) 
and 01'1 (2), the data were analyzed, but with little text and 
interpretation. This made a review difficult. 

A list of twelve basic input variables were identified, 
and most of the computations were related thereto. These 
were: 

1. Roof strength of currently-mined seam (CMS) 
2. Floor strength of currently-mined seam (CMS) 
3. Previously-mined seam (PMS) thickness 
4. Percent extraction in the previously-mined seam (PMS) 
5. Roof strength of the previously-mined seam (PMS) 
6. Floor strength of the previously-mined seam (PMS) 
7. Maximum pillar width in the previously-mined seam (PMS) 
8. Maximum width of span in the previously-mined seam (PMS) 
9. Distance between seams 

10. Depth of the previously-mined seam (PMS) 
11. Time between mining 
12. Remnant pillar pattern. 

FactoTs such as marketability and productivity have no 
direc1i: impact on the technology of multiple-seam mining, but 
need to be considered in an economic evaluation. In fact, 
Lowrie (1968), has shown that higher priced coals were 
generally associated with higher recovery (up 10%), whereas 
productivity was inversely related to recovery. 

The study area comprised of 9 states in the Central and 
Eastern United States. The four mines selected for detailed 
investigation, were from two eastern states and belonged to 
one geological formation, namely the Pottsville Group forma­
tion of the Pennsylvanian System. 

In order to develop the Coal Loss Calculation Model 
(CLCM! planimetric measurements of the coal left underground 
were made from mine maps. However, to validate the CLCM, 
the recovery estimates used were provided by operators. It 
was not possible to determine how these estimated figures 
compared with the actual recovery achieved. It should also 
be borne in mind that often coal stubs left underground 
during pillar recovery operations are seldom depicted on 
mine maps. 
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2.1.2 Technological Considerations 

2.1.2.1 AdvanCES in Technology 

The methods of extraction of underground coal seams, 
using room-and-pillar systems of mining, have changed 
enormously during the past 50 years, and especially during 
the last 20 years or so. Whe~eas the methods practiced 
during the 1920'5 and 1930's gave overall recoveries of 50-
55%, current methods and equipment are quite capable of 
achieving a recovery of 90% assuming that the seam is flat 
and of relatively moderate thickness. 

In the past, a seam was generally opened at portals and 
the entire coal area was developed into pillars up to the 
boundaries of the property. Then pillar extraction was 
started. In some cases, when difficulties were experienced 
a large block or chain of pillars was left intact and fur­
ther mining was performed outby of the troublesome areas. 
This treatment of a mine as a single block resulted in 
significant losses of coal resources, whenever difficulties 
in mining are encountered. 

Now the mines are invariably planned with panels which 
may be considered as separate, isolated blocks. with 
improved methods, early diagnosis of impending problems, and 
quick response to problems of strata control, gas drainage, 
ventilation, transportation and communications, even a small 
panel is abandoned only when safety and health considera­
tions are involved. With current mining methods, coal 
recovery from a panel can vary from 60% to 90% of the in­
situ reserves. The precise amount depends partly upon 
whether or not old gob areas are ventilated by a network of 
bleeder entries. For ventilation it is necessary to leave 
at least one line of chain pillars on one side of the panel. 
If there are no bleeders the panel is sealed off entirely. 

In the HRB-Singer report, a review of Table VIII-1 
indicates that for both the Inines with undermining the 
average percentage extraction for a previously-mined seam 
was 54.57 and 48.16%, while the extraction in the currently­
mined seam (eMS) was 65.17 and 64.18% respectively. This 
implies 10.60 and 16.02% greater extraction over the previ­
ously-mined seam. This higher recovery could be because of 
better technology and improved methods of mining available 
for the currently-mined seam. It should be noted that the 
time lapse between the prior and present mining activities 
for the two mines was 10.84 and 25.27 years respectively. 

14 ENGINEERS INTERNATIONAL, INC. 



2.1.2.2 Effect of Seam Thickness 

The vertical extent to which the overburden or super­
jacent strata is broken or disturbed depends on the thick­
ness 0: the seam previously mined. A recent study conducted 
by Engineers International, Inc. (1979) indicates that the 
strata up to a distance equal to nearly 10-12 times the 
thickn(~ss of seam extracted is broken and fractured. The 
strata lying above this gradually settles on the broken rock 
mass. This results in surface subsidence, with tension 
cracks developing at the edge of the subsidence trough. The 
ease of working any nearby seam is affected by both the 
thicknt~ss of the seam and the nature and thickness of part­
ing bel:ween the seams. Cognizance of the thickness of the 
parting has been taken into consideration in the HRB-Singer 
equations derived statistically, but the thickness of the 
seam mined has dropped out as not being significant. This 
does not appear reasonable from a physical viewpoint. 

2.1.2.3 Size of Remnant Pillars 

In the past, mine surveys and plans were made using 
instruments that were not as precise as those available now. 
Generally measurements of remnant pillars are seldom made at 
the time of abandonment. The remnant pillar is either shown 
on such plans as either fully extracted, or at best its 
approx ... mate size is shown. This gives rise to inaccuracies 
with respect to maximum span width, minimum and maximum size 
of pillars, and the shape and configuration of the remnant 
pillars. 

The occurrence of such practices is borne out by the 
experience of HRB-Singer in the computation of extractions 
from mine UM (1). In this case, in 19 blocks (each of 16 
acres) 100% extraction was noted in the previously-mined 
seam uning room-and-pillar mining. However, in such work­
ings some pillars are invariably left for maintaining road­
ways for supply, haulage, and escape routes. Besides pillar 
stubs are also left behind for safety reasons. Thus full 
extraction is not possible from any block. 

2. 1 .2. t:, Percentage of Coal Extraction in the Two Seams 

'l'he percentage extraction from individual blocks in the 
previously-mined seam (PMS) was found to vary from as little 
as 15% in two blocks to 100% in 19 blocks, out of a total 
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sample population of 50 blocks. Coal losses were attributed 
to: 

• surface support 

• control of subsidence 

• maintenance of entries for 
normal mining operations 

• difficult mining conditions 
arising from geologic, tectonic, 
or technical considerations 

A comparison with the percentage extraction in the 
corresponding blocks in the CMS indicates that generally 
this increases or decreases in the same manner as the PMS, 
with relatively few exceptions. This implies that probably 
the same factors govern recovery in both the seams, even 
though there was no superposition of entries and pillars in 
the two seams. 

2.1.3 Statistical Analysis 

Two independent approaches for predicting the loss of 
coal due to seam interaction were attempted. The first was 
statistical, based on principal components analysis and 
multiple regression. The second was an engineering model, 
based on a set of empirical and assumed relationships. 

In any statistical study one must be assured that a 
population is defined in advance, and that a sample is drawn 
from that population. Theory requires that the sample be 
drawn at random. Measurement:s are then made on the sample 
members. If the results are aggregated suitably, and if 
certain other things are true, one can then make an infer­
ence or induction as to the population at large. In the 
HRB-Singer study the target inference was an estimate of the 
percent of coal recovery in the currently-mined seam (CMS). 

For each mine the population was defined geometrically. 
For mine UM (1) the entire mine was divided into square 
blocks of 16 acres each. The result was 287 such blocks, 
each block being about 834 feet on a side. An association 
was made here. The behavior in a 16-acre block in the CMS 
was to be predicted from the history in the vertically 
adjacent 16-acre block in the previously-mined seam (PMS). 

16 ENGINEERS INTERNATIONAL. INC. 



J;'or each of the 50 blocks some 43 observations were 
made. For each block an additional 20 variables were 
calculated resulting in 63 variables or observations for 
each block. Among the 63 are perhaps 4 or 5 variables 
that one wishes to predict. All others are candidates for 
prediction, 

It does not seem useful to define all 63 variables 
here as most of them play little role. However, a few 
variables are central to the argument and it is useful to 
repeat their definitions here: 

eMS % extraction 

PMS % extraction 

Vertical distance between the 
seams (feet) 

PMS depth of overburden (feet) 

Time elapsed between mining vertically 
adjacent blocks (years) 

Each variable has a fixed value in each sample block. 

In a prediction model the analyst has two competing 
objec'Lives. First, one wants the model to be simple. 
This means that the predictors chosen should be few and 
shoulcl be easy to measure. It is especially useful if 
the predictors can all be measured in advance. Second, 
one wants to have an accurate prediction. This tends to 
increase the number of predictors as well as their expense 
and complexity. What normally happens is that the law of 
diminishing returns applies. Suppose there are 50 candidate 
predictors available. The best 4 predictors might describe, 
say, 50 percent of the total variation. If the next best 4 
are included with the first 4 one might be able to describe, 
say, 60 percent of the total variation. With all 50 
predictors one might still only describe 70 or so percent 
of the total variation. This occurs because relevant predic­
tors may have been ignored entirely, because of non-randomness 
in the sample, or because of measurement errors. 

If the prediction model is statistically based, the 
situation can be rather worse than that described above. 
What one wants are predictors that are statistically 
independent. Then, when a new predictor variable is included, 
new independent information is added to the prediction. One 
cannot assume that the candidate predictors will be indepen­
dent. Here is a case from UM (1). Let X54 ,be a candidate 
predictor defined as 

XS4 Maximum subsidence. 
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A calculation shows that XS 4 is highly correlated with 
X37 , PMS percent extraction, at 0.979. Thus if X

31 
exists 

in the model as a predictor, and XS4 is then included as 
another predictor, nearly no new information is added to 
the equation. One can say that X37 and X

S4 
are near per­

fect proxies or surrogates for each other. Including both 
in the prediction model, however, tends to destabilize the 
calculation which produces the (regression) coefficients in 
the prediction equation. 

The existence of relationships among variables can be 
explored most easily by applying principal components analysis. 
The result is to classify the variables into (approximately) 
independent sets, and to identify redundant variables. This 
was done. For the dependent variable (predicted variable) 
4 candidates were identified but X1S (defined above) was 
chosen as representative. A group of five dependent 
variables (predictors) was identified and X37 was chosen 
as representat.ive. Another group of B dependent variables 
was found and X60 was chosen. Finally, a separate 
argument, based on factor loadings, led to the inclusion 
of XS2 and X61 as predictors. 

Strictly speaking, the program described above was 
carried out twice for mine UM (1). In the first case 
19 blocks were removed from the sample of 50 blocks. In 
each of these 19 blocks the previously mined seam had been 
completely mined (X37 = 100%). The rationale was that if 
pillars in the previously mined seam had an effect on coal 
recovery in the current seam, then one could not legitimately 
use variables describing these pillars if the pillars had 
all been removed. There were three such variables: 

XSS PMS pillar Strength 

XS6 PMS Pillar Load 

XS7 PMS Ratio of Pillar Strength to Load. 

This is all to say that, with sample size n= 31 blocks, 
the principal components analysis was run including XSS, 
XS6 and XS7 as potential candidate predictors. They were 
later excluded, as outlined above. Subsequently a prediction 
equation was found based on the 31 blocks. 

In the second case the complete sample of 50 blocks was 
used, but variables XSS, XS6 and XS7 were excluded as 
candidate predictors. The principal components analysis 
was run and a new, somewhat different, prediction equation 
was found. 
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The next step in the analysis is to produce the 
prediction equation. This is readily done using multiple 
linear regression. One assumes a functional form such as 

and determines the a and B coefficients based 
The loqarithm of X6l was used instead of X61' 
clear to the reviewer why this was done. The 
equations obtained were, for m = 31: 

on the data. 
it is not 
two prediction 

XIS = 146.824 + 0.2718 X
37 

+ 0.2563 X
52 

+ 0.0307 X
60 

-105.5506 log x
61

' 

with R = 0.668 and R2 = 0.446. 

and for m = 50: 

XIS = 191.823 + 0.2266 X37 - 0.1583 X52 + 0.0158 X
60 

-105.8583 log X61 , 

with R = 0.50 and R2 = 0.25 

The quantity R is the coefficient of multiple correlation 
while lP is the coefficient of multiple determination. The 
latter quantity is interpreted by the ratio 

R2 = Variation of Xl5 explained by all predictors 
Total variation of XIS 

The authors stated that while both values of Rare 
significant at the 2.5 percent level, both equations have 
low predictive ability. They attribute this to the fact 
that all the predictor variables relate to the previously­
mined seam (PMS), and not to the current seam. (~1S) . 
This is about as far as the report has carried the statis­
tical calculations. The report does contain numerous 
additional regression equations for all three mines based 
on different choices of predictors. An elaboration of these 
alternatives would be tedious and would add little to the 
discussion which follows. Instead, at this point an attempt 
will bo made to interpret the results and to suqqcst some 
variations on the analysis which might prove more productive. 
It should be kept in mind that the work described by the 
authors was finished in 1976. Statistical data of the type 
gathered and analyzed had apparently never been collected 
before. With this background the chbice of principal 
components analysis followed by mUltiple regression is 
perfect~ly reasonable. In view of the number and variety of 
predictors actually included one would have been entitled 
to belleve that excellent predictions could be achieved. 
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The HRB-Singer report states in several places that the 
results are mine specific. This is clearly true. Suppose a new 
mine is to be considered. One might be wiiling to ass'ume 
that the functional form of the prediction equation is 
appropriate with X37, X52, X60 and X61 as predictors. 
However, new data would have to be gatnered and new ~ and 
8 coefficients would have to be computed. For one thing 
the lithology will be different; this will surely -have an 
effect on the coefficients. Also, in UM (1) and the other 
mines studied only room-and-pillar extraction was used. 
If shortwall or longWall is used one would expect the 
prediction to change. Finally, it may be necessary to 
repeat the principal components analysis as well. For 
example variable X22 refers to roof problems in the currently­
mined seam (eMS). For mine UM (1), X22 was equal to zero for 
alISO problems. Thus X22 was never considered as a 
candidate predictor. However, in the new mine X22 could be 
highly relevant. 

One result that might have been useful, would have 
been if the variable XIS had been computed for all the 
remaining blocks in the mine. This could then be compared 
with the observed percent extraction for each block. Of 
the 287 blocks available only 31 or 50 were used. The exten­
tion to all of the blocks would have required an additional 
5 observations for the remaining blocks, and may have been 
beyond the scope of the study. This would have been a legiti­
mate use of the prediction equation. 

Another calculation that would have been of interest 
would be to provide interval estimates for the predicted 
quantities. The result might take the form: "We are 95% 
confident that X15 lies in the range 

Lower Limit < XIS ~Upper Limit." 

Here Lower Limit and Upper .Limit will vary from block to 
block, but they can be computed as a byproduct of the 
regression analysis. The output listing already contains the 
the standard error of estimate. Also, it would have been 
possible to provide an interval estimate for the average 
percent extraction in the entire currently-mined seam. The 
width of the interval estimate gives an indication of the 
accuracy achieved. 

Recall the objective of estimating the coal loss 
attributable solely to mining a second seam. The statistical 
portion of the current study, however, does not attempt to 
reconcile the multiple-seam case with the single-seam case. 
Here is an approach that might lead to the desired result. 
Select a number of multiple-seam mines. Divide each mine into 
square blocks and measure the percent extraction in each block. 
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For e:ach mine construct a frequency distribution. Do the 
same for a number of single-seam mines. A comparison of 
the dlistributions could then be made. It would be necessary 
to pa.ir multiple-seam mines and single-seam mines on the basis 
of other factors. These might include method of mining, seam 
thic)mess, depth of overburden, and sOlon. To gather the 
data would be tedious, but the analysis and interpretation 
are e:traight forward. 

Now consider the coefficients found for the prediction 
equations of mine UM(1). The results were 131 = + 0.2718 
(for m = 31) and 61 = + 0~2266 (for m = 50). The report tells 
us that both are statistically significant at the 5 percent 
level. For m = 31 ,this means that if X37 , the percent extraction 
in tIle previously mined seam, increases one percent then the 
extrslction in the current seam should increase by about 0.2718 
percEmt. At first glance this does not seem reasonable. To 
the E!:xtent that settling is a problem, recovery in the 
currEmt upper seam should decrease when more complete recovery 
had occurred in the lower seam. That is, 61 should be negative. 
TherE!! may be however, other factors in some blocks, which permit 
highE!!r recov~ry in the first seam, and are still present to 
permit higher recovery in the later vertically adjacent block. 
If those '*:actors could be isolated they might make better 
predictions than X37. 

Next consider 82. This coefficient is attached to X 2 
whicll is the vertical distance between seams, i. e., parti~g 
thickness. For m = 31 the result was 13 2 = 0.2562, while, for 
m = ,~i,O, the result was 82 = - 0.1583. The authors claim both 
results are significant at varying levels. This is disturb­
ing. How can the quantity be significant when it is positive, 
and t:~hen still be significant when it is negative. A positive 
coefficient seems reasonable; it is not clear why the negative 
result occurred. 

The las~ term in the prediction equation was 64 log X
61 Here X61 is the elapsed time between mining. B4 was about • 

-105 and is significant at the 2.5 percent level. The negative 
sign is troublesome again. One would think that an extended 
delay in mining would lead to a more stable floor and roof in 
the c::urrent seam and therefore greater recovery. In fact, in 
many multiple-seam mines it is standard practice to mine an 
adjac::ent seam 8-10 years after the first seam, so that the 
stra11:a have settled. Also, with a greater time elaspe there 
migh11: be better technology' producing higher recovery. Finally, 
however, there may be more stringent safety requirements in 
effect for the later seam which would tend to reduce recovery 
percl:mtages. 

The last topic in the discussion of the statistical 
approach concerns the choice of predictors. It was noted 
that the regression equation does not have predictors 
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relating to the currently-mined seam (eMS). This is an 
advantage if mining has not yet begun in the new seam. A 
number of possible predictors based on the current seam 
were tested but, as described above, were not included in 
the prediction equation. In an extended investigation such 
as this, one often wonders whether there is a superior 
predictor that was gathered. For example, no economic 
factors were included. Finally, something should be said 
about the nature of the predictors that were incorporated 
in the prediction equation. All of them are of quantitative 
or interval type. This means that they vary continuously 
and that it is legitimate to compute means and standard 
deviations for them, and to compute correlations among them. 
To take one case consider variable X21' which refers to roof 
problems in the eMS. This is a nominal or categorical 
variable and is coded zero if there are no problems and 
coded one otherwise. This variable appears not to have 
been included in the principal components analysis. Had 
it been selected for a predictor, however, multiple 
regression might be inappropriate. Analysis of covari-
ance would probably be the choice. 

2.1.4 Engineering Model 

The second approach to computing the expected coal loss 
was the engineering model. This was based on theories of 
rock mechanics, subsidence, seam interaction, and working 
rules were adopted for the calculation and prediction of 
specific reactions, ratios, and limiting values. These 
were determined from a review of the literature and defini­
tions of critical parameters, and were modified to meet speci­
fic conditions as required. The model considered two major 
effects of seam interaction: 

1. Subsidence due to undermining 

2. High stresses due to remnant pillars. 

Engineering judgement was used in the absence of specific 
supporting data. A set of engineering relationships were 
established based on some assumptions, so as to estimate the 
coal loss. The process may be described simply: 

1. Determine if subsidence will occur. If it 
does, calculate the maximum 'subsidence and 
percent subsidence. A percent coal loss 
is then assigned. This step is omitted if 
the currently-mined seam (eMS) isunderlying 

2. Determine if high stress-zone effects will 
occur. If they do, assign a coal loss 
percentage based on the geometry and on the 
strength of the roof and floor in the 
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current seam. The coal-loss percentage is 
then adjusted according to the pillar 
pattern, the pillar alignment and the depth 
of the previously mined seam (PMS). 

3. The actual coal-loss percentage is then 
reported as the larger of the percentages 
found in steps one and two. 

As in the case of the statistical model the seams are 
divided into 4-acre or 16-acre blocks. The 3 steps above 
are executed for each block in the sample and the results are 
averaged. 

The engineering model requires 12 input quantities for each 
block, compared to 4 used in the statistical model. These quan­
tities were listed earlier but may be repeated here: 

1. Percent extraction in PMS 
2. Distance between seams 
3. Seam thickness or pill~r height in PMS 
4. Span in PMS 
5. Depth of overburden for PMS 
6. Strength of roof in PMS 
7. Strength of roof in CMS 
8. Strength of floor in PMS 
9. Strength of floor in CMS 

10. Minimum pillar width in PMS 
11. Elapsed time since previous mining 
12. Multiplier describing shape and distribution 

of remaining pillars. 

Clearly a model based on more input data has the potential 
for better accuracy than a model based on less. It is not 
clear, however, if the desired accuracy has been achieved in 
the engineering model. 

Consider the coal losses computed in step one. These 
are restricted to lie between zero percent and an arbitary 
upper limit of 30 percent. For moderate subsidence an 
assignment of j'coal loss is then made between these limits 
but this is also arbi trary. Similar remarks apply for step 
two. Finally, in step three, it is not certain that this is 
the most appropriate way to combine the coal losses. 

Related to this model it should be noted that some of the 
coefficients seem to be rather elastic. That is, they may 
have to be adjusted for the mine, or at least for the region. 
This occur~ for instance, on page 102 of the HRB-Singer report 
in connection with the formula for maximum subsidence. 
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Similarily, the choice of the last input item, the multi­
plier describing pillar geometry, is necessarily subjective. 
The model does provide a percentage coal loss for each block. 
Suppose a IS-percent loss is computed for a given block. 
The model does not tell whether expected recovery is reduced 
from 80 percent to 65 percent or whether it is reduced from 
50 percent to 35 percent. This is in contrast to the 
statistical model. There, one might learn that expected 
recovery is 60 percent, but the model does not provide an 
estimate of what the recovery would have been if there were 
no previously-mined seam. 

It should not be concluded that the model is not 
appropriate. On the face of it the assumptions seem 
as reasonable as any that might have been made. 
However, analysis by itself is unable to provide a justi­
fication of the model. That requires a full scale validation 
based on field data. 

The authors do offer some data attempting to validate 
the model. Apparently in each of the 4 mines there were 
a few blocks in the currently-mined seam which had not been 
previously undermined or overmined. However, the number of 
these blocks available were too small to provide an adequate 
validation. The numbers of single-seam blocks available 
were 2, 3, 20 and 7 for the mines UM (1), OM (1), OM (2) and 
OM (2) respectively. Also, for the first three mines, the 
double-seam blocks were chosen deliberately from those where 
coal loss was being experienced. " 

A field validation requires larger samples as well 
as a random selection of blocks. Ideally mines could be 
found where the currently mined seam has, say, 30 or more 
single-seam blocks, and another 30 or more double--seam 
blocks. A statistical test of a simple type would then 
confirm or reject the validity of the model. It may be that 
the needed data already exist. The engineering model has 
been available for distribution as a computer program. 
A survey of the program users might produce some sample 
mines for the validation effort. However, it appears to the 
reviewers that the program has never been used by any mines 
since it was developed. 

2.1. 5 Comments 

The HRB-Singer report presents a gen"eralized overview 
of the problems associated with undermining and overmining, 
with specific examples as to problems that are encountered. 

24 ENGINEERS INTERNATIONAL. lNC. 



'r'he primary objective of the study was to estimate 
the effect of undermining or overmining on the expected coal 
recovery in the second seam. Two models were developed to 
accomplish this. In the statistical model for the under­
mining' situation, a regression equation was developed with 
a predictive ability of only 25% (at the 95% confidence level) 
and restricted in use to specific mines. 

The report states: 

"Results obtained from this analysis must be 
used with caution. The data used are mine 
specific, and hence, the results apply to mine 
specific situations." 

It appears that the model derived from mine UM (1) data 
could not be applied to mine UM (2). 

In case of overmining situations, the study does not 
provide any equation or model. 

'rhe report reads: 

"The statistical analysis was extremely useful 
in that it aided in the'selection of the 
significant variables that should be used 
in the engineering assessment model and 
provided estimates of the total coal loss to be 
expected in current-mining practices in areas 
where multiple-seam mining has occurred." 

The engineering model is based on empirical constants 
and co,efficients, Which need to be determined for each mine, 
and eV'en within a mine. This limits the value of the model. 
Quoting the report on the utility of the coal- loss model: 

"It is therefore specific in the prediction of 
coal loss in the reserve seam as a result of 
conditions caused by factors originating in a 
specified previously-mined seam. The CLCM may 
theroretically be extended to predict the 
general effects on the same reserve seam by the 
same previously-mined seam within the county 
supplying the original mine prediction data. 
It may be difficult to project, for a given 
county, exactly how much of each type of mining 
has or will occur and what the combined effect 
will be on the reserve seam. The CLCM, however, 
can be used to provide maximum or worst--case effects 
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of each type of mining on the coal reserve 
tonnages. The possibilities for handling 
the data are many. 

Specific mine data should be used to 
characterize each natural subregion. 
Extending predicted coal losses from one 
subregion to another, even though the 
identical seams are represented, would be 
stretching the acceptability of the model 
beyond researched results. Theoretically, 
this can be done by applying a regional 
multiplier based on the expected reaction 
of the varying lithologic and tectonic 
parameters from one subregion to another, 
provided, again that the two identical 
coal seams being considered are present 
and that basic input parameters are rela­
tively the same. Since this is highly 
unlikely between certain subregions and 
even within certain subregions, the uncer­
tainties involved outweigh ~he probabili­
ties for successful predictions. 

HRB-Singer's position is that specific mine 
data should be used to characterize each of 
the twenty subregions in the eastern bitu­
minous underground coal reserve base, and 
that, where possible, this should be done 
county by county." 

The reviewers believe that the results obtained by the 
investigators were quite adequate, considering the scope of 
the study. It is difficult to isolate a few governing 
parameters in multiple-seam mining, which would be applica­
ble over the wide range of geologic, economic, and technical 
conditions that exist throughout the country, or even within 
a single coal province - such as the Eastern region. 
Besides, the duration of mining extends over a period of 20 
to 50 years or more. During such an extended period factors 
such as market conditions, technologic advances, management 
techniques, federal and state laws, workers' attitudes, and 
physical and environmental working conditions may have much 
greater effects on the percentage coal recovery from a seam 
than those due to seam interaction. E"len with simul taneous 
mining, had such data been obtainable, this is a task of 
considerable complexity, not amenable to ready resolution. 
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2.2 A Study of Problems Encountered in Multiple-Seam 
Coal Mining in the Eastern United States. 

(VPI Bulletin prepared by Mr. David T. Stemple). 

2.2.1 Introduction 

Even as far back as a quarter. of a century ago there 
was concern over the rapid depletion of premimum coal seams 
in the Eastern Coal Province of the United States. This 
led Lo a study of the effects of mining a seam on the over­
lying and underlying beds which was intended to address the 
following parameters related to the disturbances that may be 
ca uSE:d thereby: 

• amount of damage 

• manifestations of disturbance 

• coal losses incurred 

• areal extent 

• method of minimizing. 

The study was conducted by Mr. David T. Stemple as a 
part of his thesis for a master's degree and was published 
as Bulletin no. 107 by the Virginia Polytechnic Institute 
Engineering Experimentation Station. The results reported 
are partially based on a review of the existing literature 
and partially on the results of information collected from 
coal companies, primarily located in Pennsylvania and West 
Virginia. 

2.2.2 Subsidence 

Subsidence is of major concern to the mining of multiple 
seams, and this subject is discussed at some length in the 
bulletin. Various references that were current at the time 
are mentioned. However, considerable research has been done 
on subsidence in the past 25 years in both Europe and the 
United States, so some of the facts in the report are some­
what outdated. 

The bulletin quotes British experience where the 
amplitude of subsidence decreases with depth, from 75 percent 
to 1~, percent. Similar observations were noted in the U. S. 
(Eastern Province). In Belgium the amplitude of subsidence 

was noted to be 30 percent, irrespective of depth. Now, in 
Britain the maximum subsidence is generally taken to be 90% 
of seam height, although it could be a little lower (75%) 
for shallow beds (NCB, 1975). In the U. S. subsidence has 

27 ENGINEERS INTERNATIONAL. INC. 



been quoted to extend from 6 months to as much as 
50 years. The depth of overburden, nature of the strata, 
seam thickness, and mining method are governing factors. 
A wide range of this type is not very helpful to industry. 
It would be well to note that in theU. S. most of the 
subsidence occurs within weeks, and it essentially ceases 
wi thin about: 6 I7'.onths with full mining. (Adamek, 1981, Abel, J. Q8l). 

The Stemple report finds that in the U. S. (Eastern 
coalfield) the angle of draw ranges-from 0 to 20 degrees. 
In Limburg (Belgium) angles of up to 45 degrees have been 
noted. The NCB now suggests 35 degrees as the angle of 
draw and this figure has been commonly used in this country 
for design or legal purposes (e.g. Pennsylvania). In the 
Midwest angles of draw ranging between 14 degrees and 30 
degrees have been noted (Wade & Conroy, 1977). In the 
Rocky Mountain area, and angle of draw of about 15.5 degrees 
has been observed (Gentry & Abel, 1977). 

The method of mining, i.e. room-and-pillar or longwall 
affects both the nature and extent of subsidence. If pillars 
are left in place, they deteriorate over time and crush. 
This makes the time of subsidence uncertain. The report 
discusses the mechanism of subsidence and the theories invogue 
at the time. However it fails to mention "piping" type of 
subsidence (i.e. gradual collapse of a pipe of strata until 
it manifests itself at the surface) which causes "potholes", 
a feature not uncommon in the Pennsylvania - TTest Virc:inia 
area, where the study was conducted: . 

The author appears to promote the concept that below 
a certain depth, the pressure arch will help support the 
overburden, and subsidence will not propa~ate to the surface. 
This is contradictory to the evidence of European mines, 
which are all considerably deeper than most U. S. mines. 
The width (W) of the pressure arch in feet was given by 

W = ~2ij + 20) 

and D is the depth in feet. This relation is still used in 
:naking estimates of the pressure arch width (SME Mining Eng. 
Hdbk, 1973). . 

Geological. structure affects subsidence, ~nd this is 
recognized. From this is derived the conclusion that there 
is a "possibility of subsidence affecting a subjacent seam, 
provided that it was not too far below the one being mined." 
Consideration of the pressure arch, however, leads to the 
conclusion that subjacent seams are influenced by mining as 
much as 200 feet above. An aspect of the effect of geological 
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conditions that is not mentioned in the report is that 
European conclusions on multiple-seam mining cannot be 
embraced for U. S. conditions without careful study and, 
perhaps, modification. 

2.2.3 Support 

The bulletin states that leaving 50 to 60 percent of 
the coal seam does not allow any subsidence to take place 
either in the seams above or at the surface, provided the 
pillars are uniform and of regular size, the roadways 
between the pillars are not unduly wide, and the floor 
and roof strata are sufficiently competent. By leavinq 
this coal behind, however, there is an economic loss in the 
value of the commodity being produced. The size of pillars 
that needs to be left in-place increases with depth; hence 
the percentage extraction decreases. An alternative method 
of providing the same support is by backfilling. 

The amount of coal that needs to be left in place for 
support: depends upon the depth of the coalbed, the strength 
of the coal in the pillars, and the nature of the overlying 
and underlying strata. The extent of overburden determines 
the ultimate weight which needs to be borne by the remaining 
pillars. The strength of coal has been determined in the 
laboratory, but its strength in pillars is still open to conjec-
ture, although some investigations to this end have been 
made recently (Bieniawski 1969, Wilson and Ashwin, 1972, 
Panek 1979). Furthe~ the report suggests that pillars 
left behind should be uniform both as to size and shape, 
but that the exact size remains to be determined. If the 
overlying strata is strong then it has a beam-type action, 
and it tends to fill the voids when it breaks. If the bottom 
is soft shale then it tends to flow under the weight above, 
because of its plasticity. 

Of all the mines studied by Stemple, in no case where 
50% or more coal was left in place was any surface 
subsidence observed. In two instances where 50% of the 
coal was mined, there was some subsidence under 200 ft to 
350 ft of cover. It was reasoned that this may have been 
due to shifting of the overburden, and because the over­
burden was not thick enough to provide a strong beam. It 
is claimed that if the beam had been thicker or had stronger 
rock layers in it then such subsidence would not have 
occurred. In another case where only 40 to 45% of the coal 
had been left behind the surface was undisturbed, but stress 
concentrations were noted in the seam below. It was con­
cluded that this would have caused problems had multiple­
seam mining been undertaken. Even in cases where 40% of 
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the coal was left in place, there was no subsidence under 
overburdens uptc 300 ft thick. In those cases where sub­
sidence did occur this was because the floor strata were 
soft and heaved, not because of pillar failure. 

In the anthracite region, it is suggested that if 
surface protection is desired about 40% of the coal needs 
to be left in the upper veins and about 60% in the lower veins. 
This has been proven inadequate, however, as evidenced by 
the number of subsidence incidents observed in the area 
during the last two decades. 

Based on these observations a guideline is provided, 
which states that ,for bituminous coalbeds not exceeding 
6 ft to 7 ft in thickness, the amount of coal left in pillars 
is dependent upon overburden thickness as follows: 

Overburden 

upto 250 ft 

250 ft to 500 ft 

over 500 ft 

Coal in Pillars 

40% 

50% 

60% 

An additional caveat is that there should not be too many 
clay minerals, such as montmorillonite, in the floor. The 
amount of clays that can be tolerated is not specified. 
The long-term effects of water collec·ting in abandoned 
mines is evidently not consirlered. 

If two seams are close to one another superpositioning 
of layouts should be practiced, i.e. pillars should be 
located above pillars and entries above entries. This is 
especially desirable if the intervening strata are weak 
shales. If the intervening strata are strong, they tend 
to bridge between the pillars and superpositioning is not 
as necessary. In the latter case, it may be preferable to 
have staggered pillars, since these may provide more rigid 
support for the surface. It should be pointed out, however, 
that in accord with the pressure arch theory, staggered ~illars 
result in an increase in the effective width of the openings. 

If the roof or floor of the seams being mined are soft 
and plastic there may be some sag or heave in these members, 
which accentuates the surface subsidence. 
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2.2.4 Multiple-Seam Mining 

Tl"I.e problems encountered in multiple-seam mining are 
not as bad as are generally imagined. The damage done to 
an UppE!r seam by previously working a lower seam depends 
on the thickness of the lower seam, the method of working, 
and the thickness of the parting between the beds. It may 
be pointed out that under favorable circumstances the upper 
seam mciY show very little disturbance because of the prior 
workin<;l of a lower seam. In fact, shearing of the upper 
seam occurs and this may facilitate the extraction of that 
seam. 

If an upper seam has been developed before a lower 
seam is mined, then considerable amount of breakage can 
occur in the upper seam. However, if the lower seam is 
mined completely prior to mining the upper seam the daI!lage 
may not be excessively deleterious, since DO remnant p1llars 
exist. This becomes more significant with lapse of time. 

2.2.4.1 Lower Seam Mined First 

The investigation showed that the most common 
phenomenon observed was that cracking or horizontal parting 
of the overlying strata occurred. This was most noticeable 
in the roof of the upper seam because the cracks in the 
floor of this seam became filled with silt and other material. 
This cracking did not cause any problems as far as the recovery 
of the upper seam was concerned, except in necessitating a 
small clmount of additional support. If the cracks between the 
seams remained open, any water that collected in the upper 
seam drained to the lower bed facilitating pumping. Cracks of 
this sort disrupted ventilation in that, either unwanted air 
was drclWn in or shortcircuiting of the ventilation network 
occurred. 

Oiten the upper seam was displaced vertically, from a 
fraction of an inch to as much as a few feet depending upon 
the thickness of the lower seam that was mined. If displace­
ment was a gradual bending of the strata, it was accompanied 
by a series of cracks similar to fracture cleavage associated 
with natural faulting. On the other hand, if the displace­
ment was abrupt, poor roof conditions were found in its 
vicinity and could extend as far as a few hundred feet from 
the discontinuity. Occasionally, separation of the strata 
occurred. This implied that either the floor dropped away 
from the coal (if the cohesion of th~ coal to the roof was 
strong) or the coal separated from the roof. This type of 
disturbance did not necessarily present any difficulty in 
mining. In the early days of mining it was helpful if the 
coal remained with the roof, because undercutting was 
eliminated. But, it did introduce problems in ventilation. 
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Other disturbances noted were roof falls, floor heaves, 
and pillar crushing or squeezing. This is due to excess 
weight on pillars, and may even be observed with single-seam 
mining, but multiple-seam mining may aggravate the situation. 
Existence of a poor roof causes the most problems in mining 
an upper seam below which the lower seam has already been 
extracted. Support costs may be increased significantly 
and occasionally some of the coal cannot be recovered and 
may be abandoned. Maximum disturbance in the upper seam was 
generally observed when isolated pillars, groups of pillars, 
or solid coal (barrier pillars,-chain pillars) were left in 
the lower sea~. This caused the upper seam to shear along 
the coal line in the lower seam. The maximum damage area, 
however, often did not lie immediately over the edge of 
the coal but at a distance of between 100 and 300 ft from 
it, on the gob side. This may be explained by the cantilever 
action of the parting strata; the zone of maximum tension 
occurs some distance away from the supported end. In most 
cases, the angle of draw to the surface was noted to be either 
zero or very slightly positive. 

The report states that if the lower seam has been mined 
previously, the operator has no control over the damage that 
may occur to the upper seam, and can only plan for bad 
conditions over pillars left in the lower seam. Whenever 
possible an attempt should be made to get complete extraction 
in the lower seam, and pillars that cannot be recovered should 
be destroyed as to their strength by blasting, so that uniform 
subsidence occurs. An example is quoted where breaks were 
encountered in an upper seam which corresponded to pillar 
falls in the lower seam. It is noted that there was no 
difficulty in mining, not even requiring addition~l tim­
bering. 

Less disturbance is caused when the lower seam is thin 
rather than thick. The· nature of the strata between seams 
has an influence; if the roof of the lower seam is a shale 
followed by a sandstone the tendency is for the upper seam 
to bend rather than break, because the shale fills the voids 
and the sandstone lies on this debris. The longer the time 
lapse between the mining of the two seams, the more stable 
the strata; in general a period of 5 to 10 years is ample. 

2.2.4.2 Upper Seam Mined First 

If an upper seam is mined first, it is evident that 
the lower seam will be affected to a lesser extent. 
Generally lower seams are influenced when the intervening 
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strata are relatively weak. The disturbance to the lower 
seam is dependent upon the thickness of the parting and 
the overburden above the upper seam, since the damage is a 
function of the total stresses that are induced. 

The damage caused to the lower seam when the upper 
seam has been mined earlier, is of two types. If water has 
collected in the upper seam the cracks in the parting could 
precipitate an inrush. The weight of the overburden 
manifests itself by crushing or sloughing of coal, fracture 
of the roof, or bottom heave, and these may occur either 
singly or in combination. The nature of the immediate roof 
has considerable influence upon the nature of the damage. 
With a strong roof member, heaving of the bottom occurs. 
If the floor is strong and hard; this results in roof falls 
and crushing of the coal. 

As in tne case of the lower seam being mined first, 
stress concentrations are caused by the leaving of isolated# 
or groups of,pillars or solid coal. The weight of the 
overburden is borne by these pillars and is transmitted to 
the lower seam. If the intervening strata are thin or weak, 
the effects of this weight are much more than if the parting 
were stronger. It was observed that the maximum disturbance 
did n,::>t occur iIi:lmediately below the pillars in the upper 
seam, but 100 or 200 ft on either side. This was explained 
by th,e pressure arch theory, since the mr;tximum stress occurs 
at thle legs of the arch rather than at the pillars. If the 
inter'lTening strata are competent then the effect of pillars 
in the upper seam may be negligible. 

'rhe. effect of time when the upper seam is mined first 
is not as evident as when the lower seam is mined earlier. 
If thle upper seam has not been mined completely,' even a 
lapse of 30 years does not completely eliminate the effects 
of milling that seam. The factors that influence the mining 
of a lower seam when the upper seam has been mined, are the 
parting thickness, the amount of overburden, the nature of 
the strata, atid the method of mining. Difficulties are 
minimized if the upper seam is completely recovered. 
Alternatively~ if partial mining is conducted then sufficient 
coal i;hould be left in the upper seam to support the over­
burden and diffuse the pressure exerted on the lower seam. 
Instances are quoted where areas of coal could not be 
recov'l:!red in the lower seam, because ,of the mining of the 
upper seam. With partial mining of the upper seam there 
was v.,:!ry little effect if the lower seam was also partially 
mined. The benefits of columnization could not be clearly 
established. 
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2.2.4. 3 Simultaneous Minim) 

In simultaneous mining the problems that occurred 
were similar to those found with either the upper seam 
being mined first or the lower seam being mined first. 
The nature of the problems depended on which seam was 
mined ahead. If mining of the second coalbed was diffi­
cult, it was suggested that the strata would have stabi­
lized if more time had elapsed between the two minings 
thereby ameliorating the problems. Generally distur­
bances will be more marked in cases where there is a rela­
tively short interval between the two seams. 

Problems due to transmission of overburden weight show 
up when some coal is left unmined because of poor roof 
conditions or want areas. These manifest themselves as 
broken roof strata, crushed coal, and/or heaving floor. 
The weight problem may be observed directly adjacent to 
these pillar areas or as much as 300 ft on either side. 

One instance in which severe problems were noted 
was when the lower seam was partially mined and the upper 
seam, which was 55 ft to 75 ft above, was mined later. 
The upper seam was overlain by 2 ft or 3 ft of draw slate 
which, in turn, was overlain by 35 ft to 50 ft of strong, 
hard sandstone. The nature of the sandstone necessitated 
that a large area of coal be extracted before a fall oc­
curred. When these falls occurred they caused a notice­
able caving of the entries in the lower seam and exerted 
considerable pressure on the pillar lines in that coalbed. 
To minimize the effects, the distance between the face 
lines in the two seams had to be kept sufficiently apart. 

If the parting between the two seams is relatively 
thin, i.e. less than 100 ft, and consists primarily of 
weak shales, disturbances may occur in either one or both 
seams. Pillar recovery of the lower seam may cause settle­
ment of the upper coalbed floor and loosen timbers, which 
induces roof problems. Heavy falls in the upper bed may 
cause caving of rooms and entries in the lower seam. If 
pillars in the upper seam are extracted while the lower 
seam is just being developed, the floor in the lower bed 
may heave sufficiently to cause serious problems, and even 
abandonment of the work. Alternatively, if the lower seam 
pillars are extracted, the upper seam may encounter serious 
problems, or be abandoned, because heavy roof falls cannot 
be supported. 
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There were instances of simultaneous mining where 
little disturbance took place in either seam. In these 
cases it ~as difficult to clearly attribute any disturbance 
to 1:.he multiple-seam mining si tuation. 

The method of mining is of greater importance in the 
case of simultaneous mining of two contiguous seams than 
in the mining of these seams sequentially. In most cases 
the upper bed was mined ahead of the lower seam but either 
seam could be developed first. Generally the upper seam 
was kept about 100 ft to 150 ft in advance of the lower 
pillar line during pillar extraction. If the upper pillar 
line lagged behind, this was endangered because of subsid­
ence induced by the lower seam. If the upper bed progressed 
too far in advance, there was a possibility of closure of 
the lO'il'ler haulageways due to the impact of the falls in the 
upper bed. Correlation of these seams was achieved by 
supe~positioning of the main and cross entries. However . , 
not all mines pract1ce superpositioning or cDrrelation. 
Differences in the thickness of the parting, in the condi­
tions of the seams, types of equipment used, and systems 
of mining, may make this difficult. Superpositioning of 
entrie~:; and columnization of pillars could be carried to 
the eXI:rerne where every individual pillar and entry is super­
posed. Wider entries in the upper bed could cause squeez­
ing in the lower seam, so columnization could help in the 
mining of the lower seam. It should be remembered, however, 
that columnization involves a high degree of engineering and 
supervisory control, and even then its success cannot be 
guar anl:eed . 

Whenever complete extraction of either of the two seams 
is attempted, but a few pillars are left behind, stress 
concentrations will occur in the second seam causing diffi­
culties in mining. In many cases partial mining of both 
seams has been resorted to and found to be successful. 

2.2.4.4 Mining of More than Two Contiguolls Seams 

When more than two seams are inv()lved the problems 
encountered are similar to those experienced for mining of 
two seams. Complications may arise, however, depending on 
the order in which the various seams are mined. In most 
cases, disturbances and problems arise because of either the 
subsidence that occurs, or the transmission of weight from 
the overburden. 

Economic conditions dictate the sequence of mining of 
the va~ious seams. Hence, in the study it was difficult to 
predict what disturbances would occur and where these might 
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appear. It was also difficult to isolate their causes when 
they arose. Subsidence fractures were readily recognized 
as being due to a lower seam, but it was difficult to say 
which of the lower seams was liable. In most such· situations 
best results were obtained when the upper seams were mined 
first. If the intervals between seams ,were thin, it was sug­
qested that these be mined simultaneously, preferably with 
partial recovery and with pillar colurnnization. 

2.2.4.5 Conclusions of the Study 

The factors that influence the amount of disturbance in 
multiple-seam operations include: 

• Proximity of the seams 

• Method of mining 

• Amount of overburden above the upper bed 

• Nature of the strata between the beds 

• Thickness of the coalbeds 

• Lapse of time between mining the various seams 

• Dip of the beds 

• Percentage of coal extraction 

• Uniformity of coal extraction 

• Strength of the coal 

• Strength of the floor 

• Strength of the roof 

If a lower seam is mined first, then its effects 
can extend to almost any distance above it. If the thickness 
of the parting between the two seams is over 300 ft, the lower 
seam is not more than B ft high, and it has been mined carefully 
and completely, mining in the upper bed may not be affected. 
If the lower bed has not been mined properly then the upper 
seam will be affected, no matter how great the parting thick­
ness. Factors that govern the successful mining of an upper 
seam over a previously-mined lower bed include: 

• the thickness and marketability of upper seam 
• the economic situation of the coal industry 

during the time that the upper seam is being 
mined 

• the mined thickness of the lower seam 
• geologic and structural characteristics of the 

parting between the seams 
• time lapse since the mi,ning of the lower seam 
• the method and care used in mining the lqwer 

seam 
• the mining method used for the uppe~ seam 

For successful mining of an upper seam, after the lower 
seam has been mined, the following conditions should prevail: 

36 ENGINEERS INTERNATIONAL. lNC. 



• the interval between the two beds should be 
approximately 30 ft or more 

• the lower bed should be completely and 
systematically extracted 

• the elapsed time following the mining of the 
lower bed should not b~ less than 5 to 10 years 

• the lower bed should not be more than 5 or 6 ft 

The cost of mining the upper bed with this minimum parting 
interval is considerably greater than if the lower seam had 
not been mined. As the interval between the beds increases 
the c:osts drop; when the interval reaches about 300 ft the cost 
diffE!rential becomes negligible. If the mining in the lower 
bed bas been done poorly, this will reflect in an increased 
cost in the upper seam. If the mined thickness of the lower 
bed exceeds 5 ft to 6 ft, the thickness of the parting between 
the seams should also increase, otherwise the costs of mining 
the \.:Ipper seam will rise. 

Difficulties in mining multiple seams-simultaneously 
occur when the intervai between seams is less than 100 ft. 
It is: recommended that, if possible, consecutive mining be 
practiced. Should the interval between seams be less than 
30 ft-, simultaneous mining with the extraction of the upper 
seam slightly in advance of the lower bed offers the best 
chanC'es for maximum recovery. Columnization is imperative 
under such circumstances. To be successful, complete recov­
ery should be attempted in these cases. 

If the parting thickness between the seams is less than 
100 ft, it is best to mine with partial recovery. The quality 
of thl~ two seams may determine the best procedure. Stemple 
suggei;ts that if the interval between the beds is between 
30 ft and 100 ft, it is best to partially mine the bed of 
lower quality first and then try to recover as much as 
possible of the better quality seam. Another factor that 
governs the mining sequence and extent is the condition of 
the S'i~ams. If the interval between two seams is less than 
30 ft then the highest percentage of recovery may be ob­
tained by partial mining of both seams, utilizing simul­
taneous mining methods and co1umnization of pillars. 

No matter what method of recovery is chosen when mining 
contiguous seams the importance of careful planning cannot 
be overly emphasized. All of the factors that cause distur­
bance in multiple-seam mining need to be considered. A 
scheme that -is- best suited to the sItuation can then be 
devel,oped so as to minimi~e the dist urbance of the strata. 
Careful advance planning of the mining system tends to reduce 
difficulties in multiple-seam mining and to allow the most 
economic and maximum recovery of coal. 
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2.3 Comments 

It is evident from the above discussion that most of the 
results of the Stemple investigation are rational and logical. 
These are based on both theory and practice. The author is 
to be commended for the thoroughness and systematic approach 
of his study. Evidentl~ during the quarter century between 
the compilation of that report and the present considerable 
progress has been made in rock mechanics and strata control. 
These advances need to be incorporated in the present and 
future investigations of the subject. But the essential 
conclusions drawn in the VPI study will continue to hold valid. 
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3.0 COAL MINE COST ~ODELS 
The following three sections address the requirement 

in the contract that: 

"For representative type locales (i.e., locales 
where the economic performance could be used to 
extrapolate an estimate for the total reserve 
base) the Contractor shall perform a life cycle 
economic analysis of a single-seam an~ mUltiple­
seam mining situation. These analyses shall re­
flect accepted accounting and economic evalua­
tion procedures and shall produce a realistic 
measure of the economic benefits or disbenefits 
of multiple-seam mining. The term 'economic 
evaluation' shall be used in its broadest sense 
and shall include not only the direct economic 
benefits but also the esttmated relative mea­
sures of health and safety, resource recovery; 
and environmental protection consequences of 
both forms of mining." 

It was not within the scope of this contract to de­
velop a new life cycle economic analysis model which would 
make a direct comparison. Hence, existing models were re­
viewed and evaluated, and may be briefly discussed here. 

3.1 The Penn State Model 

This was developed under Grant No. G01ll808 and is 
entitled "A Master Environmental Control and Mine Systems 
Desiqn Simulator for Underground Coal Mining." This is a 
fairly comprehensive computer simulation model which can 
be used for planning, designing, and controlling either 
exis1::ing or new operations. The model is quite broad-based 
and considers the following parameters 

• geological conditions 
• support functions 
• materials handling operations 
• mining methods 
• environmental impact 
• market economics 

The model can accommodate simulation of an entire mine, 
using the time-in6rement method, and can be employed to 
study the effects of ~ine health and safety. 
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3.2 Bureau of Mines Circulars 

The U.S. Bureau of Mines has issued a number of Infor­
mation Circulars (including nos. 8682, 8689, 8715, 8716, 
8720, and 8757) which outline capital and operating costs 
for coal mines. These are primarily listings of typical 
costs for: 

• construction 
• equipment and working capital 
• manpower requirements 
• operating costs 
• federal and state taxes (inclu­

ding depletion and depreciation) 
• expendable supplies 

and other similar items. 

The capital charges are discounted by the present worth 
factor and then totaled to give the present worth of the 
total mine investment. If it is assumed that the mine pro­
duction is constant over the life of the mine, and the sales 
are steady, the cost of run-of-mine coal may be computed. 
Since these documents follow simple procedures, often used 
by small operators in industry, they are quite useful. 

3.3 Twin Cities Research Center Model 

This computer simulation model is qeneral enough to 
be used for the mining of minerals other than coal, and is 
based on elements common to all types of mining i.e., ac­
tivities or events, equipment, and inventories. Within 
certain geological constraints, it has been used to ascer­
tain the feasibility of both longwall and room-and-pillar 
methods of coal mining. 

3.4 VPI Model 

This model was initiated in 1962, under the sponsor­
ship of the Office of Coal Research, with the ob;ective of 
improving mine efficiency. The study resulted in two pro­
grams, each simulating a production section. One could ac­
commodate as many as 12 mining machines and 6 shuttle cars. 
The second was designed for use with one continuous miner 
and up to 3 shuttle cars. The programs are based on events 
in the mining cycle. 

3.5 NUS Model 

The NUS cost model was developed for EPRI (the Electric 
Power Research Institute), so that the costs of mining could 
be analyzed and minimum selling prices determined. Essen­
tially, this model performs the calculations done by the 
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Bureau of Mines by means of a computer. However, it is 
capable of relating section production to 

• seam thickness 
• seam pitch 
• overburden 
• roof and floor conditions 
• methane generation 

Labor, equipment, construction, and supply costs are stored 
in the computer for 1975 but may be updated by means of in­
flation factors through 2000. Section production is given 
by tables which compose empirical and simulation data, and 
considl:!r geological conditions. The model can accommodate 
a wide range of variables and hence is applicable to all 
types of mining situations in the United States. 

3.6 STRA~ Estimating Procedures 

Under a contract from the Bureau of Mines, (J0255926), 
STRAAM Engineers, Inc. prepared a manual for estimating 
costs for feasibility investigations, based on the use of 
equations, factors, and curves. Both capital and operating 
costs for mining and primary benefication in the United 
States and Canada may be obtained using the procedures out­
lined. This is applicable, however, to all types of miner­
als except fossil fuels. Hence it is not directly applic­
able to coal. The estimation system is essentially intended 
to make preliminary estimates with little hard data, in or­
der to ascertain if further, more detailed estimates are 
justified. The method was developed mainly to provide means 
for evaluating deposits in the Bureau of Mines' Mineral 
Availability System (MAS). 

3.7 Wierco Cost Procedures 

The Paul Wier Company has developed a method of eval­
uating coal mining properties using a compound discounted 
cash flow procedure. The method is applicable to even or 
uneven streams of income from the mining operation. The 
cash flow which is discounted is the annual net cash flow 
remaining from sales after deduction of all operating costs, 
paymen'l: of income taxes, provision for necessary future cap­
ital investments, replacements of short-life equipment and 
expenditures for extension of mine facilities. The proce­
dure is based on selecting an expected rate of return which 

. is related to the risk inherent in the mining venture. For 
this given rate of return, there is a relationship between 
the investment per annual ton of capacity for a given mine 
life and the unit amount of net cash flow per ton required 
on an annuity basis. This relationship is established and 
used to compute the desired cash flow per ton of coal after 
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necessary expenditures for replacements of short-life equip­
ment. The final actual rate of return is established by 
trial and error discounting at various rates and interpola­
tion. 

3.8 JPL Model 

This model relates the major technologic economic var­
iables which influence underground coal mining systems. An 
algebraic expression for the selling price of clean coal is 
presented, which is a function of labor and capital produc­
tivities, required return on investment, average wage rate, 
equipment availability, initial development cost, recovery 
factor, tonnage losses due to debris and washing, and other 
such gross technology descriptors. The model not only ac­
counts for the costs of physically extracting the coal, but 
also the intangible costs resulting from health and safety 
regulations, resource conservation measures, and environ­
mental improvements at both the working face and the surface. 
Although the model initially requires a fixed amount of 
equipment and personnel throughout the production period of 
the mine, an extension thereof permits the accommodation 
of varying annual production levels. The model is very sen­
sitive to required return on investment, productivity of 
capital and labor, tonnage lost in beneficiation, wages and 
salaries, and operating supplies. 
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4.0 MINE LIFE-CYCLE COSTS 
4.1 Components of Life-Cycle Model 

An algebraic model describing the life-cycle cost of 
an underground coal mine has been developed by the Jet 
Propulsion Laboratory (JPL) of the California Institute of 
Technology. In this model the annualized selling price of 
coal is based on the revenue required to cover all operatinq 
cosb:, amortized capital outlays, and yield a specified re­
turn on aqgreaate investment. 

Simply, the annual operating cost of the mine is 
given by the expression 

= _1_ {fpc. V
R 

(l-a
R

) (l-ap )) [1-1 (l-y) ] -yE
K 

+ D}_ . eq 1 
e l ) (l-T) ~ 

where e = annual operating cost p 

PC = selling price of coal 

VR = annual production capacity of raw coal 

CtR == fraction of raw coal that is rock, dirt, 
and other debris 

up = fraction of coal lost in the cleaning 
process 

T = federal income tax rate 

y =: capital recovery factor, f(r,T) 

r = discount rate 

T = projected mine life 

EK = present value of capital investment 

D =: annual depreciation charge 
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Generally in the Bureau of Mines studies, 

= = o 

T = 0.50 

and y = 0.10 

It should be noted that the model given above does 
not provide for inflation in capital costs or operating 
costs. This is a severe limitation considering that 
generally labor, equipment, and operating supplies escalate 
at somewhat different rates, or when the market conditions 
dictate a changing rate of return over the life of a mine. 
These must be regarded as important variables when 
planning a new mining venture. However, these are of 
secondary concern in the present analysis where only a 
comparison between single-and multiple-seam mining are being 
made. The introduction of the effects of inflation would 
merely complicate the analysis but not significantly alter 
the major conclusions drawn from this study. 

Another simplification in the model is the underlying 
assumption that annual sales and operatinq costs are 
constant and equal to their capacity values during the 
period which begins with all sections producing at full 
capacity and ends with mine deactivation. This, of course, 
is not realistic since the production varies considerably 
throughout the life of a mine. However, if the mine pro­
duction and cost are considered to be annualized (i.e. level 
values which are equivalent in present value impact to a time 
series that fluctuates over the years), this restriction 
does not appear to be so severe. 

The model is based on the time or1g1n (to) being 
when the mine attains full production. In other words, 
cash flows which are entailed with resource evaluation, 
acquisition of mineral rights, obtaining permits, con­
struction of the mine and its infrastructure, purchase of 
equipment, mine development, and so forth must be discounted 
forward to to. 

The present value of the capital investment, EK, in 
the model (eq I above) is given by 

= . • • . eq 2 

where = initial investment in plant and equipment 
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KEF = deferred investment in equipment 

= eost of acquiring rights to the land 

= net expenditures to obtain initial access 
to the seam and bring all sections up to full 
production. 

The circumflex is used to denote present value as of 
the be'ginning of the year to. 

Productivity of capital, p (i.e. present value of 
all Cal?ital investment less land a~d development costs) is 
defined by 

= . . . . . . . . . . . . . . . eq 3 

and is dependent upon a number of factors, such as equipment 
capability under ideal conditions, need for spares, 
scheduled downtime for maintenance, travel time to and from 
the face, lunch break, construction delays, unplanned work 
stoppa':~es due to bad mining conditions, equipment failures, 
time losses due to labor disputes, interest charges during 
construction and initial development, need to replace 
equipmfmt periodically, and others. 

The annual depreciation charge, D, depends upon a num­
ber of factors, including first costs, economic versus tax life­
times, salvage values, capitalized repairs, and the depre­
ciation procedure adopted. It should be remembered that 
in actual practice the treatment of depreciation for a 
new mining venture is very complex, and certainly cannot be 
depicted by a list such as presented. Current tax laws treat 
exploration, development, and production differently, with 
expensing of initial outlays permitted in some cases (Mike­
lonis, 1976). However, simply, D is given by 

D = 

where-

~D c + K Q (KEO(l-W) ) 
(l-aA) (I-aU) D . . . . . • . eq 4 

= ratio between the computed annual charge 
and total ,first cost 

= effective first cost of plant and equip­
ment considering all work stoppages 
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w c 

= amount which must be invested under 
ideal conditions (i.e. no spares, 
predicted costs, no system downtime) . 
This is historical cost, exclusive of 
interest charges 

= fraction of capital productivity lost due 
to anticipated and unanticipated system 
downtime, respectively 

= fraction of initial capital investment 
expended on working capital 

= aggregate historical expenditures on 
initial mine development, net of any 
coal sold. 

The total annual operating cost C , is given by p 

C 
p 

a L 

CO/ H 

= 

= 

= 

aLCL + as Cs + Cu + Cw + CrNS + CT + CR + D eq. 5 

constant mUltiplier which adjusts total 
labor cost to reflect CO/ H and Cr. 

payroll overhead (i.e. social security, 
unemployment compensation, and various 
fringe benefits) 

= indirect cost, assumed to be directly 
proportional to the sum of total labor 
cost and cost of operating supplies 

= total labor costs, both hourly and salaried 

= constant multiplier which increments the 
outlay on operating supplies to account 
for indirect cost (C r ) 

= outlays on operating supplies (e.g. roof 
bolts, rock dust, replacement parts, etc.), 
assumed to vary directly with raw coal 
tonnage for a seam of constant thickness 

= cost of power and water, assumed to be 
proportional to raw coal tonnage 

= union welfare payments, which are a 
function of both raw coal tonnage and the 
hours wo~ked by those under the union 
contract 

= cost of insurance, computed as a percentage 
of initial capital investment, excluding 
all interest charges 
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D 

In 

a L 

as 

CO/ H 

= local taxes, expressed as a percentage of 
sales, in accord with typical local tax 
laws 

= royalty payments, expressed as a percentage 
of annual sales 

= annual depreciation charg,e. 

the Bureau of Mines models, generally 

= 1.55 

= 1.15 

= 40 percent of total labor cost 

= 15 percent of total labor cost and cost 
of operating supplies. 

4.2 Price Sensitivity 

The sensitivity of a variable to changes in price 
may be obtained by obtaining the partial derivative of 
price with respect to that variable. A listing of these 
variables is provided by Lavin et al (1978), and is repro­
duced in Table 3. 

It should be noted that two important sensitivities 
are not included in Table 3. These are price sensitivity 
to mine life and rate of return. These are difficult to 
compute because their relationships to price are very complex, 
and often involve considerations other than economic. 

Sometimes it is difficult to compare rates of 
change of variables when they differ in scale by orders of 
magnitude by using partial derivatives. In such cases it 
may be convenient to measure sensitivity in terms of partial 
elasticity, which calculates the percentage change in price 
due to a one percent change in a particular variable. To 
obtain a partial price elasticity for a variable, its 
partial derivative is divided by the ratio of the nominal 
value of the variable to' the nominal price, i.e., 

. . . . . . . • eq 6 
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Those symbols not defined on pages 46 to 49 are listed below: 

Ep 'i" partial elasticity of selling price, Pc 
c 

x = variable 

Sp = partial derivative of selling price, Pc 
c 

Al = F [aL WT + c WH hs (MH/MT) ] 

B = (l-a
R

) ( 1-a
p

) 

AE F [<I 
1 ) (c INS -

TSD (1 - W~) r t] = J+ 1 + "EO + SE 1 - t -

Ag = ~' [asc s + C u - c
WT 

B _ T P'D k + Y (PAT 
+ kDtl -- D < 1 + n) 1 - t 1 - T vs 

F 
1 - T = 1 - l (1 - 6) - (1 - t) (0 + 11) 

n = initial development period 

dINT = differential of interest rate 
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A closer look at the price sensitivities of the vari­
ables involved in the cost model (Table 3 ) shows that 
labor productivity, capital productivity, unanticipated work 
stoppilges, acreage cost, seam density, recovery ratio, and 
~evelopment cost per ton are affected by mult.iple-seam min-
7ng : Bu~, although these variables are affected, from eq. 1 
1t 1S eV1dent the price per ton of coal is not changed 
dramal~ica~ly. Variables that remain unchanged include debris 
fractlon 1n raw coal, preparation losses, average daily 
wage, ,welfare payments, ,hours worked per shift, hourly employee 
fract1on, royalty fract10n of sales, local tax fraction of 
~ales, cost of ~perating supplies, water and power cost, 
1nsurance fract10n of capital cost, depreciation factor 
deferr~d investment as a fraction of total capital inve~t­
ment , 1nterest during construction, anticipated work stop­
pages~ and capital recovery factor. 

4.3 Major Factors Affectinq Mine Life-Cycle Costs 

This discussion is based on the model presented above, 
but iE: not intended to be a complete or elaborate descrip­
tion of all the variables that must be considered in plan­
ning a mine. The thrust of this study is primarily to 
highlight the effects of multiple-seam mining on the mine­
mouth costs of producing clean, saleable coal. Hence only 
those factors that are significant or pertinent to multiple­
seam wining are presented here. 

4 .. 3.1 Labor Productivity 

This is the total of raw coal produced divided by all 
of the mine personnel i.e., underground and surface. This 
helps to provide the labor component of the total cost of 
the coal, and is given by the tons of raw coal/person-shift. 

The labor productivity of a multiple-seam mining opera­
tion \<I,'ould vary significantly from that of a single--seam 
operation, only if either the total tonnaae of r8W coal 
produced in a mine is changed or the labor requirements 
are altered. Obviously, in making the comparison, the total 
coal that may be recovered from multiple-seam operations 
must be taken to be the sum of the coal that may be recov­
ered from each of the seams, if they were to be mined indi­
vidually. There are no definitive data to indicate that the 
overall labor productivity is always lower, although it may 
be expected to be so. In the United States there are few 
historical data available on multiple-seam mining. Besides, 
methocls of mining have changed so radically during the past 
20 to 30 years that even if reliable data were available, 
their applicability would be seriously questioned. 
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EI visited 37 mines located in Alabama, Illinois, 
Kentucky, Ohio, Pennsylvania, Tennessee, Utah, Virginia, 
West Virginia, and Wyoming during this study, and found 
that the maximum productivity loss was of the order of 10 
percent. It was, however, not possible to attribute this 
entire change to multiple-seam mining. Local changes in 
geology and environmental conditions could not be differ­
entiated. Many operations reported no chanqe in produc­
tivity. 

None of the literature reviewed, which included over 
300 domestic and foreign papers and articles, provided 
information on how much more labor was required for 
multiple-seam mining. 

Overhead costs may be considered to be proportional to 
the combined costs of labor and operating supplies, but 
since the labor component is generally larger these could be 
combined with labor costs. 

4.3.2 Productivity of Capital 

This provides a measure of the capital intensiveness of 
a mining system. Capital may be defined as the present 
value of initial and deferred investments in construction 
and equipment. Capital productivity is given by tons of 
coal produced/year/dollars invested. 

It would appear that for a given mine capacity rela­
tively little extra capital is required for multiple-seam 
mining than for single-seam mining. Very seldom is the 
quality of coal of the various seams sufficiently different 
to necessitate the construction of a new preparation plant. 
Even if minor modifications are required, the overall coal 
production over which it can be depreciated is increased 
considerably. This may actually lower the production 
cost of clean coal. 

Similar reasoning may be presented for the other sur­
face facilities -- offices, workshops, coal loading and 
unloading facilities, refuse disposal or trea~ment plants, 
hoisting equipment, and so forth. In some areas, each seam 
is worked through a separate access - shaft or slope - so 
that this is considered another mine. This permits one seam 
to remain in operation, should the other be closed by a 
wildcat strike. Even in such a case, however, many of the 
other facilities are common to the mines. 

Only in a few instances, where two or more superposed 
seams are being worked by different operators, is there a 
complete duplication of facilities. This type of arrange­
ment is not only inefficient because it uses more capital, 
albeit belonging to different companies, but also because 
there is generally poor coordination between the mine opera­
tors, which results in considerable coal losses. 
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The only capital investment which may be dictated by 
multiple-seam operations is perhaps the purchase of extra 
roof bolting machines or other roof support equipment. 
However, the cost of a typical roof bolter is about 
$100,000 whereas that of the overall mine capital invest­
ment, including a preparation plant, may be of the order of 
$70,000,000. 

A complexity is introduced by the fact that the tax 
life of a piece of equipment is often different from its 
economic life. Besides, each company depreciates its equip­
ment in a somewhat different manner. It may be, of course, 
assumed that the same procedure will be used for mining 
single or multiple coalbeds. 

Insurance costs can vary but may be taken as a fixed 
p~rccntage of the total capital investment, for the sake of 
simplicity. 

The consumption of supplies, water, and power depend 
largely upon the annual volume of raw coal produced, 
although these are greatly influenced by seam geometry and 
mining conditions. The costs for these are not dependent on 
whether multiple or single seams are mined. 

4.3.3 Number of Mine Personnel 

Evidently the number of personnel employed by the mine 
and preparation plant is dependent upon the overall produc­
tion expected, but not on whether the coal is being produced 
from a single seam or more than one seam. It is recognized 
that the number of personnel required at the surface is 
somewhat more inelastic. 

If it is decided to operate the various seams as separ­
ate mines (to minimize the effects of walkouts), there may 
be a few persons that might duplicate the work done by 
others. However, if these operations are profitable as 
individual mines, probably a few extra personnel would be 
required anyway, to efficiently handle the production. 

Multiple-seam operations may have some problems associ­
ated with roof suppor~water influx, gas emissions, or 
haulage. It is not anticipated that either the water or 
ventilation aspects of multiple bed mining will require 
extra manpower. Strata control and haulage may necessitate 
using more personnel, thereby decreasing productivity. 
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4.3.4 Average Wage Rate 

The average wage rate is primarily determined by the 
union contract and by the market conditions. There is no 
difference in these whether there is a single-or mUltiple­
seam operation. 

The fringe benefits may be taken to be proportional 
to the average rate. These obviously vary with geographic 
location and past history, but are generally fairly 
constant for a given mine. These benefits include the 
union welfare payments, which in many areas are dictated 
by the Bituminous Wage Agreement. Strictly, these charges 
are partly proportional to tonnage and partly to the number 
of hours worked. However, assuming them to be a proportion 
of the average wages is sufficiently accurate for most 
planning purposes, or for the comparisons made during this 
study. 

4.3.5 Acquisition Price for Mineral Rights 

This is the price paid either for the purchase of the 
land, including the mineral rights, or for the option to 
mine. The overall effect of this cost component is signifi­
cant. 

If the land is purchased with all mineral rights 
associated therewith, the cost advantages may be consider­
able. Often the purchase price is depreciated over coal 
produced from the first seam that is mined, and it may well 
be over only a fraction of the coal mined from that bed. 
Also, if the property was purchased a decade or more back, 
as is the case with many of the older coal companies, the 
price that may have been paid would be quite low compared 
to current values. 

If the operator only holds an option to mine, then a 
certain amount of money may be paid per acre of land, in 
addition to a royalty per ton of coal produced. If more 
than one seam is mined the cost per acre is distributed over 
the total coal production, and hence this component becomes 
smaller. However, the royalty (i.e. cost/ton) is dependent 
upon whether the royalty is a fixed amount per ton of coal 
(as was common until a few years ago, e.g., $O.10/ton), or 
a percentage of the price of coal (as is becoming more 
popular with the steep rise in the price of coal in the 
past 5 years, e.g., 5 percent of the sale price). In either 
of these two cases, there is no effect on whether the coal 
is mined from a single or from multiple beds. 
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4.3.6 Resource Recovery Factor 

'rhis is the fraction of raw coal extracted as a pro­
portion of the in-place coal in the seam. 

Por single-seam mining, the recovery factor depends 
upon the method of mining. With room-and-pillar mining, 
without pillar extraction, this figure may be about 50 
percent. With pulling pillars on retreat this figure would 
rise to about 85 to 90 percent. With longwall mining the 
recovery factor may run about 90 to 95 percent. 

With multiple-seam mining the coal recovery may vary 
considerably. If the coal is mined indiscriminately, the 
overall resource recovery may be expected to be considerabN 
lower than for single beds since large tracts of coal may 
need to be abandoned. With planned mining, however, the 
overall extraction ratio may well be expected to be the same 
as for single seams. Certainly the differences are under 10 
percent, and several instances are identified where the 
overall coal recovery in the second seam was higher than in 
the 1irst seam (e.g. Peabody's Camp No. II, Republic Steel 
Mine No.4, Island Creek's Fies Nos. 9 and 11). 

It is fallacious to attribute the entire change in 
recovery factor to multiple-seam mining. Geological condi­
tions, e.g., nature of roof and floor, water influx, gas 
emisl:;ions, play an important role. Since the local geology 
often varies markedly it is difficult to extrapol~te 
results, even if the recovery ratio for a given coal bed is 
known in a nearby area where there is a single-seam opera­
tion" 

The overall coal recovery from a seam has significant 
impact upon the cost/ton. However, both the literature and 
mine data collected by EI visits indicated that there is no 
general pattern by locale, i.e., either by geographical area 
(Appalachia, Interior, or Rocky Mountain), or mode of mining 
(ove:c, under, or simultaneous), by which recovery varies. 
Rather this is site specific and depends strongly on the 
planning and coordination between the mining operations of 
thel:wo seams. 

It would, therefore, be inappropriate to assign certain 
extra costs to coal recovery with multiple seams as compared 
with the mining of single coalbeds. 
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4.3.7 Mineable Coal Density 

This term refers to the tons of coal/acre that are 
amenable to being mined. It combines the effects of coal­
bed thicknesses, pitch, nature and thickness of partings, 
occurrence of faults, rolls, washouts, and other geological 
features. 

This term is not affectd by whether coal is mined by 
single-seam operations or multiple-bed mining. In fact, if 
this term considers more than one seam at all, it assumes 
multiple.seam mining is to be conducted. 

If the partings are thin, there may be considerable 
interaction between the seams. This may affect overall coal 
recovery. However, if the parting is about 40 times the 
seam thickness, there is no noticeable impact. 

4.3.8 Coal Benefication Losses 

Losses occur during the preparation or washing of the 
coal. This is a measure of the quality of the coal. If the 
term also includes the dirt or debris mined with the coal, 
as it does here, it also reflects the effect of local 
geology and the skill of the mining crew. These losses may 
be expressed as the fraction of raw coal which is lost in 
washing or other beneficiation processes. 

The quality of the coal does not, of course, change 
whether it is mined by single-or multiple-seam methods. The 
amount of dirt mined along with the coal may be expected to 
increase with multiple-seam mining. However, none of the 
data collected by EI indicate that this is the case. Again 
geological conditions, the mining equipment used, operator 
skill, and other factors tend to make it difficult to 
isolate the effect of multiple-seam mining. Should the 
amount of dirt mined be increased signficantly, however, its 
affect on mining costs can be signficant. 

4.3.9 Downtime 

(1) Anticipated: Mining equipment cannot be operational 
all of the time. There are obviously scheduled times during 
which maintenance occurs, or when workers are non-productive 
e.g., during off-shifts, lunch-time, transportation to and 
from the portal. This may be readily expressed as a frac­
tional reduction in capital productivity. 

Multiple-seam mining does not affect anticipated down­
time in anyway. Hence no changes in cost may be attributed 
to this cause. 
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(2) Unanticipated: Often slowdowns in coal production 
occur-because qf unscheduled maintenance, difficult geologi­
cal conditions, work stoppages, and so forth. These consti­
tute unanticipated downtime, and this also tends to reduce 
capital productivity. 

Some unanticipated downtime may be expected with 
multiple-seam mining. This may occur because of delays 
caused by poor roof or floor conditions or because of exces­
sive h,aulage maintenance. Although the incremental costs in 
each of these items may be significant, their effect on 
overall capital productivity is small. 

4.3.10 Rate of Return 

The rate of return is determined by the mining company, 
and is governed by the market conditions and the cost of 
money. Mathematically, it is the discount rate which 
yields an aggregate net present worth of zero when applied 
to all cash flows resulting from both investment and opera­
tions. 

Although the rate of return has a considerable impact 
upon tl:le cost/ton of the coal mined, it is not affected in 
any wa:{ by whether the product is obtained by single- or 
multiple-coalbed mininq. 

4.3.11 Annualized Price of Coal 

This is the price of coal in constant dollars at the 
mine mouth which covers all costs incurred in its production 
plus tl:le desired rate of return. This is expressed in 
dollars/ton and is not directly affected by whether the coal 
is minl~d from a single seam or from multiple beds. However 
it reflects all costs, including those influenced by other 
parameters as discussed above. 

This price should include all mine closing costs, but 
these are generally small and occur far in the future. 
Hence their effect is negligible. Closing costs are not 
changed appreciably because of multiple-seam operations. 

The costs of surface subsidence and other consequences 
of mining are included in the annualized price. These costs 
could be significant, depending on the surface conditions, 
e.g., if structural damage occurs to important buildings or 
pr1me farmland is destroyed. If there are major structures 
on the surface, e.g., dams, railroads, reservoirs, then coal 
barriers may need to be left in place which affects recovery. 
However, under most circumstances the influence of rnultip1e­
seam mining is not much different from that of single-bed 
operations. The extent of subsidence may be greater with 
multiple-seam operation, but the surface is damaged even 
with tl:le extraction of a single coalbed_ 
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4.3.12 Market Conditions 

The effect of the market probably governs the annu­
alized price of coal more significantly than any of the 
other factors discussed above. However, these changes are 
most difficult to predict or account for and most of the 
cost models that are currently used do not take this into 
consideration. They are essentially static models that do 
not reflect changes in the market price of coal or the 
impact of altered labor or capital productivity. Hence it 
is infeasible to ascertain the effect of market conditions 
on multiple-seam mining. This is why it is not very mean­
ingful to make direct cost comparisons for periods of time 
with considerable time lapses, even if the costs are com­
puted in constant dollars and adjusted for inflation. It is 
also intractable to account for the technological changes 
that occur over long time periods. 
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5.0 RELATIVE COSTS OF MULTIPLE SEAM MINING 
5.1 Basis for Analysis 

In the previous section, costs have been compared 
for single and multiple seams in a generalized manner. 
It is worth while to be more specific so that these costs 
may ~! placed in perspective. It is abundantly clear 
that ~hese costs are highly site specific. Hence no set 
of fiqures that may be compiled will be adequate for even 
an ad:ioining mine, let alone a region or the nation. 
Unfor1:unately, from the mines that EI visited, it was not 
possible to get a complete set of cost figures for a 
single mine. This may be expected, since such data are 
considered proprietary and confidential by most mines. 
These not only have impact on taxes and earnings, but also 
on labor negotiations and operating policies. Besides, 
most laines do not have cost data in a form that may be 
useable for an analysis of this type. Further, comparing 
costs of mining multiple seams to the costs if each of 
these seams is mined singly is an inexact exercise. How­
ever, sufficient information was collected to form a 
compo '3i te which would be realistic. Most of these cost 
data '",ere obtained from mines in Appalachia. Hence this 
region was chosen for analysis in this task. The dis­
counb~d cash flow technique was used to estimate the 
selli~g price per ton of coal at a 20 percent discount 
rate. The analysis was conducted assuming the mines are 
operating at their full target capacity. Capital and 
operating costs were determined for mines using the room­
and -pillar system of mining and producing about 1.0, 1.5, 
and 2.0 million tons per year raw coal. In addition, 
longw3.lling costs are also provided for mines producing 
0.9 and 1.7 million tons of coal per year. 

ri~he single:"-seam mining costs, which are the basis for 
generating cost benefits for mUltiple-seam mining, are 
descr :'.bed in the following, (for room-and-pillar mining) : 

1. Underground labor costs are calculated 
on the basis of $90.00 per person-shift 
with an average of 25 persons per con­
tinuous miner (divided nearly equally 
between the working section and outby). 
Total labor cost is divided by the pro­
ductivity to obtain the labor cost per 
ton. 

2. Supplies include all mine repair and 
provisioning items. Supply costs are 
estimated on the basis of $3.25 per ton 
variable plus $285.00 per shift fixed. 
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3. Power costs are calculated at $0.20 per ton 
variable plus $90.00 per shift fixed. 

4. Health and union welfare costs are calculated 
on the basis of $12.77 per man per shift. 
Total health and welfare costs are divided 
by the tons per shift to obtain per ton value. 

5. Compensation and black lung are calculated 
on the basis of $18.00 per man per shift. 

6. Administrative ~osts are $255.00 per shift 
and are assumed to be constant and indepen­
dent of tons produced and not affected by 
any changes in manpower. 

7. Insurance and taxes are also assumed to 
be fixed at $120.00 per shift. 

8. Depreciation costs are calculated from 
the total investment costs and dividing 
this by the total tons extracted during 
the I5-year production period. Table 4 
provides the approximate capital cost 
summary based on capital expenditure 
required at the various portions of the 
mine. Table 5 provides the specific 
items and costs as summarized in the 
individual categories in Table 4. Total 
capital costs for mines of varying 
capacities are estimated from the total 
number of operating sections needed to 
achieve the annual production and the 
outby' section capital costs. The 
capital expenditures for spare contin­
uous miner units are determined on the 
basis of 80% equipment availability. 

5.2 Single-Seam R~om-and-Pi~lar Mining 

Table 6 provides a 3u&"Thilary of operating data for single 
seam room~and-pillar mining planned to produce 1.0, 1.5 and 
2.0 million tons per year and longwall mining producing 
0.86 and 1.7 million tons per year. Assuming each continous 
miner section produces 300 tons per s.hift and operates 2 
shifts a day for 220 operating days per year, a total of 8 
continous-miner units are required to achieve a million tons 
of coal per year. The corresponding total labor force, union 
and supervisory, reguired per day is shown on the lower por­
tion of the table. Productivity (tons per man-day) can be 
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TABLE 4 - Capital Cost Summary 
(Thousands of Dollars) 

Section Related Capital Costs (Per Section) 

Face 

Haulage 

Other 

Electrical 

General Inside 

Equipment 

Other 

1,349 
797 

35 

93 

926 

316 

Bottom Area, Shafts, Slope 4,766 

Shop and MobilE! Equipment 595 

Top Area 15,602 

Initial Capital 8,492 

~2,274 

1,242 
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TABLE 5 

Section EguiEment (Face) 

Continuous Miner 

Shuttle Cars (2) 

Roof Bolters (2) 

Feeder Breaker 

Scoop with Battery 

Rock Duster 

Spare Parts @ 10% 

Section Haulage 

Belt (3000 x 36") 

- Capital Cost Detail 

(Thousands of Dollars) 

700 

220 

180 

90 

64 

4 

91 

220 

1,349 

Rail (60lbs. x 3000') 180 

Parts Car 

Trolley and Feeder 

Supply Cars (3) 

Portal Bus 

Supply Loco 

Spare Parts 

Section - Other 

Face Pumps 

3000' Pipe 

Auxiliary Fan 

Welder and Tools 

Wire 

15 

5 

22 

29 

70 

42 

5 

15 

10 

5 

583 

35 
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Capital Cost Detail (Cont'd) 

Top Arecl 

Temporary Power 

Main Power Line 

Surface Substation 

Site Preparation 

Coal Silos 

Preparation Plant 

Fresh Water Supply 

Ra i.l Extens ions 

Refuse Ponds 

Refuse Bins 

Refuse Truck 

Refuse Site 

Refuse Dozer 

Supply Loco 

Storage Yard 

Pmrder Magazine 

Office & Bathhouse 

Warehouse & Shop 

Training Site 

Roads 

Fan & Housing 
Office Equipment & Furniture 

Temporary Office & Bathhouse 

• 

183 

732 

146 

293 

1,098 

10,248 

146 

366 

146 

146 

146 

110 

146 

70 

73 

15 

440 

440 

220 

146 

204 
44 

44 

15,602 
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Capital Cost Detail (Cont'd) 

Section - Electrical 

Power Center 

High Voltage Cable (3000') 

Belt Transformer 

Trailing Cables 

Section Haulage (1500') 

60 1b Rail (1500') 

Sectionalizing Switch 

Rectifier 

Belt Conveyor (1500' x 48") 

Gathering Pump 

Steel Pipe (6" x 1500') 

PVC Pipe (6" x 1500') 

General Inside - Mobile Equipment 

Cutting Machine 

Loading Machine 

Drill 

Track - Roof Bolter 

Compressor 

Rock Dust Loco 

Bulk Rock Duster & Tank Car 

Supply Cars (10) 

Stoper 

Service Loco & Oil & Grease Cars 

Personnel Jeeps 

37 

26 

15 

15 

90 

10 

37 

49 

9 

12 

7 

176 

132 

110 

81 

41 

37 

59 

73 

3 

51 

117 

93 

214 
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Capital Cost Detail (Cont'd) 

General Inside - Mobile Equipment (cont'd) 

Ballast Car 16 

Flat Car 12 

Main Pump 12 

Powder Car 6 

General Inside - Other 

Shop Tools 

Belt Splicing Kit 

Fire Cars 

GillS, Dust, Noise Detectors 

First Aid & Mine Rescue 

Miscellaneous & Training 

Mine & Trolley Phones & Wire 

Bottom Area & Shaft, Slope 

Site Preparation for Shafts 

Slope Bottom Preparation 

Shaft Bottom Preparation 

Slope ($3000/vertical ft) 

Shaft ($2500/vertical ft) 

Ventilation Shaft ($1500/vertical ft) 

Emergency Hoist 

Slope Belt Terminal 

59 

44 

29 

37 

37 

37 

73 

146 

73 

146 

22 

59 

926 

316 

446 
+ 7.2 x vert. ft 
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Capital Cost Detail (Cont'd) 

Shop & Mobile Equipment 

Shop Tools 

Front End Loader 

Crane 

Trucks (2) 

Auto & Jeep 

Pick-up Trucks 

Fencing, Shrubs 

Initial 

Drilling 

Mapping 

Study 

Development Losses 

146 

113 

106 

113 

22 

22 

73 

732 

293 

146 

7,321 
8,492 
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estimated by dividing the total tons produced per day by 
the total number of men employed per day, e.g. for the 
1 million-ton-per-year mine productivity is estimated as: 

3004~316 = 10.15 tons per man-day 

Yearly capital expenditures for coal lands and surface 
are shown on Table 7. The sum total of these expenditures 
divided by the total tons extracted provides the depletion 
cost per ton which is computed to be 4 cents per ton. 
Since the surface area affected will be proportional to 
the tons extracted for a fixed seam height, this depletion 
cost will remain fairly co~stant throughout this analysis. 

Table 8 proviaes the total capital exp~nditures for 
the mines producing about 1.0, 1.5 and 2.0 million tons 
per year. This capital expenditure forms the basis for 
determining the depreciation cost per ton, which, as shown 
in Table 8, is' $4.22 per ton for the 1 million-toh-per 
year mine. 

The computations leading to the total cost of produc­
tion per ton is shown in Table 9. The labor, supply, 
power and the other costs leading to the total cash cost of 
production per ton is estimated using the cost basis outlined 
in the beginning of this section. The total cost of produc­
tion is $22.66, 522.25 and S2l.76 for the 1.0, 1.5 and 2.0 
million-tons-per-year production levels, respectively. 

The cash flow analysis is conducted on the basis of a 
is-year peak production period. If the selling price at a 
20-percent discount rate is assumed to be $X per ton, the 
net income per ton before Federal income tax is X - 22.66 
for the 1 million ton per year mine. The federal income 
tax can be estimated by considering the cost of production 
before cost depletion, which for the 1 million ton per year 
mine is $22.62. The net income for depletion would therefore 
be $(X - 22.62). Using 50% of net income as the percentage 
depletion allowance the taxable income after considering 
depletion would be $0.5 (X - 22.62). Estimating income tax 
at the rate of 48 percent would provide us the income tax 
value per ton which in this case is 0.24 (X - 22.62). These 
computations for income tax determination are shown in 
'rable 10. The projection of net cash flow for each of the 
15 years is shown in Table 11. The capital requirements are 
uniformly spread over the IS-year period. The assumed cost 
of working capital is determined on the basis of 1.5 percent 
of the gross sales. The net cash flow for each of the 15 
years can therefore be estimated. Using the present value 
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'fABLE 7 _ Capital Expenditure for Lands & Surface 

Coal Lands $ 30.000 

Surfac·l! 75.000 

Continl~encies 20,000 

Book V,due - Coal Lands 500.000 

$625.000 

Deplet:lon Cost for 1.056 MTPY Mine = 625.000 = - $0.40/ton 
1.056.000 

TABLE _8 - Capital Expenditures for Equipment and Depreciation 

Mine C,llpaci ty Capital Cost Depreciation. 

1.056 MTPY 53,437,000 4.22 

1.584 MTPY 64,807.000 3.41 

2.112 MTPY 76,177 .000 3.01 

$/ton 
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TABLE 9 - Cost of Production for Single-Seam Mining 
(Room-and-Pillar and Longwalls) 

Room-and-Pillar I r- Longwall 

Annual Production 1,056,000 1,584,000 2,112,000 858,000 1,720,000 

Productivity 10.15 10.28 10.39 24.38 25.33 

Labor Cost 8.87 8.75 8.66 3.69 3.55 

Supplies and Power 4.60 4.70 4.70 9.64 9.64 

UMWA Welfare 1.80 1. 70 1. 70 0.52 0.52 

Black Lung Compensation 1. 78 2.40 2.40 0.73 0.73 

Administration 0.50 0.40 0.40 0.20 0.20 

Insurance 0.85 0.85 0.85 0.09 0.09 

"" Depreciation 4.22 3.41 3.01 3.71 2.21 
Depletion 0.04 0.04 0.04 0.04 0.04 

Total Cost of Production 22.66 22.25 21. 76 17.77 16.98 
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TABLE 10 - Computation for Federal Income Tax 

Net Selling Price 

Total Cost of Production 
before Cost Depletion 

Taxable Income before Depletion 

Percentage Depletion Allowable 
(50% of Net Income) 

Taxable Income 

Income Tax at 48 Percent 

Room - and - Pillar 
1.0 MTPY 1.5 MTPY 2.0 MTPY 

X X X 

22.6 22.21 21. n 

(x- 22.6 2) (x-22.21) (x- 2l. n) 

0.5 (x-22.62) 0.5(x-22.21) 0.5(x-21.72) 

0.5 (x-22.62> O. 5 (x- 22. 21) 0.5(x-21. 72) 

0.24 (x-22. 62) O.24(x-22.21) O.24(x-Ll.72) 
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facto:l:'s at 20-percent discount rate over the 15-year period, 
the sum of the cash flows over the IS-year period can be 
determined. Equating this to zero and solving for X would 
provide the selling price necessary for a 20-percent dis­
count rate. 

'~he above procedure was used to compute the selling 
price per ton of coal at the 20-percent discount rate. 
The calculated selling prices were 27.13, 25.87 and 24.96 
dollars for the 1.0, 1.5 and 2.0 million tons per year mine, 
respectively. The corresponding production costs were 
22.6h, 22.25 and 21.76. 

5.3 Multiple-Seam Room-and-Pillar Mining 

'Phe economic analysis for the multiple-seam mining 
situation followed the same procedure as described in the 
preceeding section. However, in this case, productivity 
was d,~creased by 10 percent to reflect the maximum adverse 
mining conditions, mainly due to roof and roadway deteriora­
tion. This was considered to be equal for either overmining 
or undermining. In addition supply costs were increased by 
2%. '~he economic analysis was conducted for two cases. In 

the first case, it was assumed that separate surface structures 
such as shafts, slopes, hoisting system, etc.were required 
to mine the adjacent seam. The second case considered only 
the deepening of the existing shafts, slopes, etc. and utilized 
the same surface infrastructure as previously used for mining 
the first seam. The capital and operating cost details for 
these two situations are shown in Tables 12 a~d 13. The 
compu"l:ed selling prices at 20-percent discount rate are 27.17, 
25.92 and 25.02 dollars per ton for the 1.0, 1.5 and 2.0 MTPY 
mines respectively when new facilities were required. In the 
case where the existing facilities were used, the selling 
prices were 26.98, 25.79 and 24.92. dollars per ton respec­
tively_ 

Table 14 provides a summary of the production cost and 
selling prices for the single-seam and multiple-seam situa­
tions. Figures 3 and 4 were constructed utilizing the data 
in Table 14, which show the cost of production and sellino 
prices for the single-seam and multiple-seam situations. -

It is evide~t that the production costs are somewhat 
higher for multiple-seam mining but not significant enough to 
make the mining of the coal uncompetitive. Specific instances 
of single-seam mining may sometimes show larger variations in 
costs, It should also be borne in mind that these costs were 
comput:ed assuming the maximum adverse mining conditions. In 
most instances these cost differentials may be less marked. 

It is recognized that the above analysis does not 
accoullt for decreased coal recovery. This is because with 
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good planning and modern mining techniques, the recovery 
of mult:.iple seams is not affected. In specific instances, 
when working over or under old mine workings some coal may 
have to be left behind. This can only be analyzed on a 
site specific basis. 

5.4 Longwall Mining 

Evaluation of the longwall system shows that single­
seam production costs are $17.77/ton and $l6.98/ton for a 
0.9 and 1.7 million ton per year mine, respectively. The 
corresponding selling prices were $21.71/ton and $19.34/ton. 
With multiple-seam mining the roof and floor conditions do 
not plcLY a major role, except in the gate roads. Hence 
productivity is not affected to any significant extent. 
Besidefl, the costs of maintaining gate roads is generally 
considerably higher than those for room-and-pillar opera­
tions. Thus any increases in these costs due to multiple­
seam operations has relatively less impact. Hence produc­
tion and selling costs remain essentially unchanged. 

5.5 Mine Startup and Deactivation Costs 

The analysis presented above covers the mine-life 
cycle during its full capacity production period. The costs 
incurred for starting up a new coal mine or closing it down 
vary considerably depending upon the specific situation. 
Reliable figures for these could not be obtained during the 
EI visits to the mines However, should these be available, 
these can be readily "annualized" and incorporated into the 
analysis, as discussed in the last chapter (Section 4.1) of 
this task. The overall results will be increased only 
sliyhtly. The startup and deactivation costs for multiple­
seam mining are not materially different from those for 
single-seam operations. 

5.6 Comments 

As may be expected, the mining conditions do introduce 
cost differentials between single-and multiple-seam mining. 
However, the precise amount of differences can vary markedly 
from mine to mine. Hence it is difficult to generalize cost 
comparisons. 

Although the cost examples presented above are for 
Appalachian mines, similar analyses may be presented for the 
other geographic regions of the country. These would naturally 
change the base costs and the precise figures entailed. How­
ever, the overall results may be expected to be very similar 
in natu.re. 
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6.0 CLOSURE 

Based on this investigation, there are nearly 156 
billion tons of coal which may be subject.ed to underground 
multiple-seam mining. This is over 68% of the total esti­
mated reserve base (estimated at 229 billion tons). It is, 
therefore, in the nation's interest that considerable 
attention be devoted to multiple-seam mining problems. 
Prior studies (e.g. Stemple, 1956) have clearly indicated 
that in the past indiscriminate mining practices have ster­
ilized many areas of valuable coal lands. Under current 
conditions, with energy shortages and consequent enhanced 
coal prices, this is wasteful and costly. Coal that could be 
mined by underground methods from multiple seams lies primarily 
in 8 states--3 in the East (Ohio, Pennsylvania, and West 
Virginia), 2 in the Midwest (Illinois and Kentucky). and 3 in 
the West (Colorado, Utah, and Wyoming). Hence any further 
studies should preferably be conducted in these regions. 

Only two major studies related to this subject have 
been performed. Stemple's (1956) work presents an excel­
lent grasp of the problems involved, but is somewhat out­
dated. The aRB-Singer Study (1976) was quite restrictive 
in scope and attempted to attack the problem statistically 
with a very limited data base. It is evident that more 
intensive investigations, perhaps under somewhat more 
controlled, but commercial, conditions are required. 

Mine life-cycle costs for multiple-seam operations 
have not been developed to date. It would be worth while 
to develop economic models for this situation, especially 
in light of the vast amounts of coal to be mined under 
these conditions in the Unites States. 

In general, the accounting practice of most mine 
operators do not provide sufficiently detailed cost 
data so as to permit a direct comparison b0tween various 
unit operations (c.g. roof supports, ventilation, haulage, 
pumping) for single- and multiple-seam operations. Study 
of costs at several mines did, however, provide ranges 
in which these costs may vary. Unfortunately, site­
specific conditions (such as local geology) make it 
difficult to generalize costs. For a given set of conditions, 
however, comparisons can be made. 

Based on the cost data obtained from the various mines 
a composite of typical mine costs was established. Since most 
of the input data were from Appalachia, cost analysis was con­
ducted for this region. It was found that the overall mine 
life-cycle costs for single- and mUltiple-seam mining were very 
close to each other. For the case studied, these varied by 
well-below 5 percent of the costs per ton of coal for room-and-
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pillar m1n1ng and were equivalent with longwall mining. 
Since geological and operating conditions may cause cost 
changos of that order, it cannot be categorically stated 
that Bingle-seam mining is necessarily less expensive than 
multiple-seam operations' or vice. versa. It should be borne 
in mind that these costs are developed using the best 
available technology. If poor mining practices are adopted, 
however, considerable coal reserves may be lost with multiple­
seam mining and the overall costs may be significantly higher. 

Although the example presented in this task was for 
a minE:! in the Appalachian region, the same methodology may 
be used for other parts of the country. The specific land 
acquisition expenses, capital and labor costs, and mine 
productivity, will vary with the location; hence the total 
costs computed will differ. However, it does not appear 
likely that the overall conclusions will be markedly 
different. 

'l'he study highlights the signif icance of resource 
aquisition costs and labor productivity, which may vary 
considerably between mines --even if the geological 
conditions are similar. This emphasizes the need to make 
site-s:pecific analyses based on the exper iEmce of each 
comparlY' s management, when making decisions as to the 
relative costs of single- or multiple-seam mining. 
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7.0 SUMMARY OF DATA FRor~ NULTIPLE-SEA~' r~INES 
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overmining, undermining, and simultaneous mining. This 
gave a total of 15 locales. However, during the study it 
was recognized that the seam interactions and technologic 
probl,=ms resulting therefrom, were very similar in all 
of the geographic regions. Besides, very little multiple­
seam luining data exist for the Interior and Rocky Mountain 
Coal :?rovinces. Hence only very general type comments 
could be made. Since these were often repetitive of those 
for Appalachia, for which region there was more definitive 
information, it was decided to discuss the technologic pro­
blems as these relate to that region. Much of the data for 
this portion of the study came from the Central Appalachia 
area (Southwestern Virginia, Southwestern West Virginia, 
and Eastern Kentucky), but the information from mines in 
North:~rn Appalachia (Southwestern Pennsylvania, Northeast­
ern W(~st Virqinia, and Ohio) and Southern Appalachia (Tennes-
see and Alabama) was very similar. This was also true of the 
mines visited in Western Kentucky, which is part of the 
Interior Basin. This report treats all of Appalachia and 
Western Kentucky as one region. 

Hence the operational mine plans presented in the 
report are primarily based on the characteristics of the 
coal-bearing strata within Appalachia. However, we feel 
that 1::hese provide adequate insight to the problems of 
multiple-seam mining elsewhere in the country. Particu­
lar attention has been given to the following factors: 

e Strata control 

• Roof, floor cracks, and heaves 

• Entry support 

• Water percolation 

G Influx of gas 

e Loss of ventilating air 

• Spontaneous heating 

Foreign experience is also discussed briefly, since 
severeLI European countries have used multiple-seam mining 
techniques for some time, and consequently have gained 
valuable experience. Although this experience is primarily 
relatE~d to longwall mining, it is useful in that this 
method of coal extraction is becoming more widespread in 
the United States. 
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2.0 STRATA REACTION TO MULTIPLE-SEAM MINING 

Past experience has clearly demonstrated that mining over 
or under isolated pillars, or small groups of pillars, left 
in a coal seam are the primary causes of distl1!'bance in the 
coal seam being mined. Thus, if such areas of disturbance 
can be anticipated, because of prior knowledge of existing 
conditions, appropriate precautions can be taken to avert 
difficulties. 

Strata behavior is affected also by the method of 
mining. Essentially, two types of rock failure occur as 
a result of stress relief, related to the mining method. 
In longwall mining, large areas are mined and the sub­
sequent caving is accompanied by progressive subsidence 
which extends upward towards the surface, thus disturbing 
all the beds overlying the seam. In room-and-pillar min­
ing, breaks in the overlying strata occur with difficulty 
and such failures, caused by stress concentrations, are 
localized near the pillar line. Pillar-line stresses 
can be transmitted to both under- and overlying strata, 
due to the pressure ellipse formed. This is discussed 
later in this section. 

2.1 Working Above A Mined Seam 

While developing workings above a seam that has 
been previously mined, the strata that have settled on 
either side of the workings will induce cracks in the 
roof beds over the new entries in the upper seam. These 
are caused by pillars left in the lower·seam, either 
within the workings or at the property lines. Figure 5 
shows some examples of where stress cracks are likely 
to develop. 

The most severe fracturing could occur about 100 
to 300 feet beyond the isolated pillar left in the lower 
seam, since the strata acts as an unsupported canti­
lever beam and can bend 100 to 300 feet before fractur­
ing. The severity of disturbance is dependent upon the 
nature and thickness upon of the strata and the thick­
ness of coal, e.g~ extraction of a thicker lower seam 
will create more disturbance. Figure 6 schematically 
illustrates such cantilever behavior of strata during 
subsidence. 

The behavior of subsidence is dependent on the 
nature of rock which fills the goaf area. For example, 
strength of sandstone is higher, so it reduces the a­
mount of total subsidence. Also because of its slow rate 
of compaction final subsidence occurs after an extended 
period. Shale however, has a faster compaction 
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rate and due to its lower strength subsidence will be more 
rapid and more severe than with sandstone. A measure of 
comp,:tction may be obtained from the swell factor, which is 
a ratio of the loose weight of rock excavated or caved to 
that of the weight of rock in place. The reciprocal of this 
ratio is the percent swell. The swell of sandstone is 40 
to 6D percent compared to about 33 percent for shale. This 
indicates that the initial subsidence with sandstone rock is 
less. It is also evident that sandstone deteriorates less 
rapidly than shale, which disintegrates quickly when exposed 
to groundwater. 

When mining above a worked-out seam, the influence of 
the parting of the superjacent seam is important in defining 
conditions that may exist during mining (from Mining Hand­
book, 1975). Figure 7 shows the likelihood of influence on 
the upper seam based on the deformation of the rock mass above 
the lower seam previously mined, where d is the vertical dis­
tance and m is the seam thickness. Obviously as the vertical 
distance increases, the likelihood of influence decreases, 
and the strongest influence is when the vertical distance is 
less than 5 times the seam thickness. 

2.2 Working Below A Mined Seam 

Mining below a worked-out area presents problems of 
indul::ed stresses due to remnant pillars similar to those 
when mining above, but to a lesser degree. One major dif­
ferellce is that mining below is more affected by increased 
stresses from overburden thickness. When mining under 
existing remnant pillars, where overburden is significant 
(abo~t 450 feet), disturbance due to the weight of the 
overburden may be anticipated. Assuming rock in place 
weighs 160 1b/ft 3

, 450 feet is equivalent to 500 psi. 
This force approaches the compressive strength of the coal 
mass (600 to 1,200 psi, see Singh, 1981). Thus causing 
deformations in the coal seam. Figure 8 shows coal work­
ings where squeezing of pillars has taken place in the lower 
seam. This creates difficulties in keeping haulageways 
open (Zachar, 1952). Fracturing in the roof occurs when 
the floor is strong, and floor heave will occur if the roof 
strata are strong. These conditions occur when remnant 
pillars in the upper seam transmit excessive forces from 
overburden weight vertically downward, and result in 
stress conrentrations and consequpnt ruptures in the 
workings of the lower coalbed. Figure 9 illustrates 
the arch stresses that can develop in undermining. The 
intention here is to examine mining conditions in view 
of the pressure arch theory. When excavation occurs the 
overlying strata distribute the weight to either side of 
the open space thus forming an arching line of stress which 
is the resultant of forces in equilibrium. The arch defines 
the :3upported material above it and allows the easy removal 
of material below it. Characteristics of overlying strata 
affeGt the shape of the arch necessary to maint.ain equili­
brium. A large span indicates the occurrence of excessive 
weigllt at the limits of the excavation, so that crushing may 

ENGINEERS INTERNATIONAL, INC. 
109 



f-
' 
~
 

0 

10
0 
~
 

t- Z
 

U
J ~
8
0
 

U
J 

Q
.. 

\"
 

\ 
'" 

. 
U

J ~6
0 

U
J 

::
J 

-J
 

\ 
" ~

 
PI\

. 
N

O
 

IN
FL

U
EN

C
E 

~
 

'" 
, 

~
 

~
 

~
4
0
 

§ ~ a
2

0
 

~
 
~
 

'" 
~
 t.... 

! 

.....
.....

. ~
 MO

O
 ~A

TE
 I

N
FL

U
E

N
ct

--
- ~
 

I , 

~
 

ST
R

I 
NG

 
IN

FL
I 

EN
C

E 
.....

.....
.. I'-

--
.-

r--
---

.: i
-
-
. 

-J
 

0
0 

5 
10

 
15

 
20

 
25

 
d 

K
=

-m
 --- 3

0
 

35
 

-
4

0
 

4
5

 
5

0
 

d 
=

 pa
rt

in
o

 
th

ic
kn

es
s 

C
ft)

 
m

 =
 co

al
 

se
am

 
th

ic
kn

es
s 

crt
> 

F
ig

u
re

 
7 

-
L

ik
e
li

h
o

o
d

 
o

f 
S

ea
m

 
In

fl
u

e
n

c
e
 

(a
ft

e
r 

M
in

in
g

 
H

an
d

b
o

o
k

, 
1

9
7

5
).

 



-.- LONER SEAM 

-------- UPPER SEAM 

, , , 
) , 

n - DENOTES SQUEEZING 
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~igure 8 - Squeezing From Remnant Pillars in the 
Upper Seam. 
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occur in this area. Conversely, material falling above into 
the excavated area may fill the space so that one side of 
the arch will find extra support for stress forces and there­
by create a narrower arch. The height of the arch is 
estimated to be twice its width for depths between 400 and 
2,000 feet. The span (L) can be calculated by the following 
expression: 

L 0.150+60 

where 0 is the depth of working below the surface, in feet. 

It is important to note that the pressure arch ex­
tend~:; above as well as below a coal seam. Figure 10 is pre­
sented to show that the pressure arches formed in two coal 
seams indicate stresses that become additive and, therefore, 
create areas of excessive pressure. 

In developing workings as in Figure 9 the stress areas 
in the lower seam may exist over the entries and haulageways 
where' effects on mining are more severe. Consequently the 
placing of entries in destressed zones requires careful 
planning. 

2.3 Simultaneous Mining 

With simultaneous mining, one seam is mined slightly 
ahead of the other creating either an overmining or under­
mining condition. The only difference characterizing 
simultaneous mining is the time lapse between mining of the 
Sea!ll$. Hence problems encountered are a combination of 
what has been previously discussed. When the lower bed 
was mined first, bumps in the floor, weighting of pillars, 
and fractures in the upper strata occurred over remnant 
pillars. with ample time allowed for stability of strata 
littl.e difficulty was encountered. When the upper seam was 
minec. first no deleterious effects existed except where part­
ing thickness was 40 to 50 feet whereupon high pressure 
areas existed under large remnant pillars. Generally results 
of past experience have not been favorable for parting thick­
ness less than 165 feet. 

The mining of one seam will have strong influence on the 
other when simultaneous mining is practiced. Figurell shows 
the zone of influence from the upper seam upon the seam below. 
The zone extends downward from the mining face at an angle of 
45° to a limit (z) equal to Unrug,1980): 

where Ge = mean stress in the zune 
S - width of the mined zone in the upper seam 

PI = primary overburden stress. 
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ISOLA TED PILLAR 
IN ROBBED AREA 

POINT OF ANTICIPATED 
PRESSURE 

Figure 10 - Cumulative 

POINT OF 
EXCESSIVE PRESSURE 

f·;rfect of !-;tress. 

(modified from Stemple, 1956). 
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Hence, if the parting is thick enough, then the influence 
limit may not reach the lower seam. However, the distance D 
is the minimum di.stance the lower seam should be behind the 
upper seam advance. If the parting is less than the influence 
limit, then pressures will cause poor roof conditions. Fig­
ure 11 also illustrates a series of zones Ll to Ls defined as: 

Ls: 

zone of the seam not influenced by mining as it 
is located ahead of mining and stresses h~re are 
equal to the primary overburden stresses 

disturbed zone along the mining front,where exploi­
tation pressures (G ) due to excavation are en-
countered e 

zone of exposed roo~ whose distance is determined 
by backfill or caving methods and the support 
system applied 

zone of gradually compacting gob or backfil~ where 
roof support is not yet complete because the gob 
material reaction is less than the primary stress 
which will later grow from Po (point of lowest 
stress) to PI 

zone of compacted material where full support exists , . . 
similar to that as before mlnlng. 

Whenever the roof is weak, the lengths of zones L3 and L~ 
~re relatively small due to immediate caving and quick second­
ary compaction, consequently the exploitation pressure Ge is 
moderate. In competent rock zones L3 and L~ are large in 
that caving is slower, leading to slower primary compaction 
and higher stresses. Generally when two adjacent seams are 
mined with an adequate advance of one beyond the other so as 
to avoid mutual influence of the mining faces, then the 
advanced mining face will have normal conditions and the lag­
ging face will have lower exploitation pressure regardless of 
the relative positions of the seams. 

2.4 Multiple-Seam Subsidence Effects 

Subsidence is always of concern when mining, and the sub­
ject becomes of greater concern when mining multiple seams in 
that the additive subsidence effects must be considered. Re­
search in the ar~a of subsidence history and prediction has 
been somewhat limited in the United States but extensively con-

.ducted in Europe (Great Britain, West Germany, Belgium) where 
subsidence experience is almost entirely the result of mul-
tiple seams. The degree of subsidence is dependent upon the 
mining method used. For example, complete extraction by long­
wall methods removes the problem of continued subsidence and a 
degree of uncertainty as to the extent which exists with room-and-
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pilla::~ mining due to its slow yielding pillars (Bise, 1980). 

Nhen discussing subsidence effects, there are several 
basic areas of concern: 

• Lost property value due to uncertain 
stability 

• Damage to buildings 

• Surface damage to farmland from ground 
movement 

• Coal lost in place so as to prevent 
subsidence. 

The lost coal is not usually emphasized, but the coal com­
pany can suffer damage by having to leave coal and thereby 
loose money (Bise, 1980). Coal may also need to be left 
if prime farmland, gas wells, or aquifers are present. 

Subsidence, or surface collapse, is caused by e~cavation 
of minerals by underground mining methods, and this activity 
forms a "trough" or depression. The extent of surface sub­
sidence depends on the extent of mining and on the thickness 
of the coal seam. Maximum subsidence occurs when a mini-
mum width of seam has been removed. This is called the crit­
ical \lddth. Larger extractions are called supercritical, 
while smaller widths are termed subcritical. The terminology 
is illustrated in Figure 12. The surface area affected by 
excavation is usually larger than the seam area excavated as 
shown by the line extending from the edge of excavation to the 
surface point of zero vertical displacement, thus defining 
the angle of draw. This line is a function of the geologic 
strata and fracturing. 

Experience in Great Britain where 9p percent of coal 
production is the result of longwall mining and where multiple­
seam operations are common, has shown subsidence to be 45 per­
cent of the coal seam height with partial packing and 
about 90 percent of the coal seam height when caving is 
practi<::ed. The relationship of calculated subsidence for 
a given coal thickness is proportional to the extraction 
width and depth of the coal seam, as shown in the following 
equation for longwall conditions, when extraction is below 
the critical width, and where maximum subsidence is expected 
to OCC 1.lr. 

S f (~) M = H 
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S = Calculated subsidence 

M = Coal seam thickness 

w ~ Extraction width 

H = Depth to coal seam 

Obviously maximum subsidence can only equal the coal 
seam thickness. Excavation beyond the critical width w111 
always create maximum subsidence and the above relationship 
does not apply. 

According to Kohli and Peng (1980) subsidence observed 
in the Appalachian region is somewhat less than that pre­
dicted by British estimation methods. They feel the dif­
ference lies in the longwall panel layouts and in geologi9 
conditions. 

Another way to cope with subsidence is as in West 
Germany's Sophia Jacoba mine where subsidence compensation 
to property owners amounts to over 5 million dollars per 
year, Mining is under densely populated areas and a bonus 
plan is being implemented by paying individuals who will in­
corporate special steel foundation reinforcement in new con­
struction (Harrold, 1979). 

Foundations for new construction can be designed to be 
either flexible or rigid in order to reduce distortion caused 
by ground movement. The foundation is kept in contact with 
the ground as subsidence progresses. Usually a 6-in. lay-
er of compacted sand is laid on the bedrock and covered by 
building :paper to separate the sand from the reinforced 
concrete slab poured on top. The finished foundation is 
level with the ground surface. The sand layer minimizes 
the ::;,;train transmitted from the ground to the concrete slab 
and the sand takes the shape of the deformed ground. The 
structure above ground should be very light so as to deflect 
and follow vertical ground movement. 

Rigid structures permit the structure to span the sub­
sidence area by using heavy structural elements that sustain 
high shear forces and moments. Releveling jacks are installed 
at critical points in the foundation so as to keep the struc­
ture horizontal. Long buildings may be separated into smaller 
units by a 2-inch gap extending into the foundation so as to 
reduce strain on the overall structure. Generally the long 
axis of the building should parallel the subsidence contour 
lines so as to induce uniform strain on the structure (Singh, 
1978). 
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Because of the relatively recent introduction of 
multiple-seam mining in the united States little subsi­
dence history exists for such cases. Our experience may 
differ somewhat from foreign experience in that our min­
ing methods and geology differ. In this country, the 
economics of mining certain properties or sections over 
others dominates other considerations because of our 
private enterprise system. Further, if the coal seams 
which lie above or below a seam being worked are operated by 
different companies, complications may arise in the coor­
dination of the work in the various s~ams. 
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3.0 MINING ABOVE A PREVIOUSLY - WORKED SEAM 
(OVERr~INING) 

3.1 Overburden 

For this overmining investigation the mines visited 
included Peabody's Camp No. 11, Camp No.2, and Republic 
Steel's No.4 mine among others. The data for this part 
of the study carne from 21 mines. Here, overburden averages 
about 500 feet in depth and is composed of alluvium, sand­
stone, shale and limestone. Coal thickness generally 
range:; between 36 and 60 inches and the seams are essential­
ly flat lying. Often the coal is overlain by prime farm­
land, or an aquifer, or is intersected by oil or gas wells, 
and special care is needed so as not to disturb the surface. 

3.2 Roof, Floor, and Parting 

Roof layers can be shale, sandstone combined with 
jointed limestone, or occasionally draw slate. The floor 
can be composed of sandstones, slate or hard shi'lles. 
Fireclay is also common, and is stabie until wet, tnen it 
deteriorates. These same rocks compose the partings 
between coal seams, with partings ranging from ten to several 
hundreds of feet in thickness. 

The study of mining problems associated with parting 
thickness shows that they are similar for thicknesses less 
than 180 feet. Partings greater than this will have little 
influence on the mining of multiple seams (Stemple, 1956). 
A generalized stratigraphic section is presented in Figure 13. 

3.3 Mining 

'l'he decision to mine above a worked-out area may fre­
quently be due to the location of the best quality ur the 
thickest coal seam as the lower seam. Mining is predomi­
nantly room-and-pillar with 4 to 7 main entries, generally 
18 ft in width and on 60-ft centers; and 3 to 5 panel entries 
up to 25 ft wide on 80-ft centers, and upto 2,500 ft long. 
Columnization of pillars in successive coal seams is not 
alway~: practiced, although full s\1perposition of entries 
and columnization of pillars is common. 

Time lapse from the extraction of the bottom seam to the 
start of mining the top seam may vary from 2 to 30 years 
depen~ing on market demand. A typical mining plan appears 
in Figure 14. Mines can be either shaft or slope entry, 
depending on the depth of overburden. 

Extraction varies from 45 to 90 percent depending on 
the degree of subsidence prevention neccesary. Wider pillars 
are needed to prevent damage if the surface is prime farmland, 
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or if a gas-field exists in the area. An aquifer present 
in the rock strata above also dictates that extra care be 
taken to prevent subsidence. 

Longwall methods will be discussed in a later section. 
For conventional room-and~pillar mining, however, many 
techniques have been tried both intentionally and uninten­
tionally with varying success. Overmining operations can 
include the following options: 

• Develop the lower seam first 

• Develop and pillar the lower seam completely 

• Develop and columnize the pillars in each 
seam 

• Completely mine the lower seam and then 
the upper seam after allowing time for 
subsidence 

3.4 Problems 

Data from numerous overmining operations have been 
examined, and associated problems have been recognized in 
order to determine if any given set of problems can be linked 
to particular sets of conditions. This examination showed 
that the same problems exist but vary in degree, depending 
upon the parting thickness between coal seams. From a know­
ledge of past experience, successful operations are possible even 
with narrow partings of 10 feet if conditons permit. Un­
fortunately, incorrect techniques were often employed re-
sulting in the sterilization of considerable quantities of 
coal. Parting thicknesses greater than 180 ft did not 
usually interfere with the mining of the upper seam if prior 
mining of the lower seam was done with care. Also 25 ft 
will permit mining the upper ·seam provided the lower bed 
is less than 8-ft thick (Holland, 1951). In Appalachia, 
the Redstone coal seam has been successfully mined over 
the Pittsburgh seam with parting thicknesses of 19 ft. 
The parting is composed of competent limestone and super­
position of entries was practiced (Eavenson, 1923). 

3.4.1 Geologic Problems 

If the lower seam is developed but pillars are left 
to support the upper seam, then the lower seam workings 
which remain idle and open for long periods will be subject 
to roof falls and caving. In addition, these pillars induce 
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stresses through the parting to the seam above and 
have some effect on conditions even if the parting is 
200 ft or more. The top seam reacts to these stresses 
resulting in cracking of the roof and floor. The 
upper seam excavation directly above the lower seam pillars 
will most likely squeeze, and bumps can occur in the floor. 
Thes(~ conditions have forced the abandonment of mining in 
these areas. If, on the other hand, pillars in the lower 
seam have uet::!n extracted below workin9s in the upper seam, 
excessive roof falls can occur, especlally near rolls in 
the upper seam (Stemple, 1956). 

Successful operations have completely mined the bottom 
seam and waited for periods varying from months to many years 
before mining the upper seam. During this time, which is 
dependent on the nature of the parting, the ground shOuld 
settle toward stability. The upper seam may become slightly 
fractured, but extraction has not been difficult. Optimum 
lag time is learned by experience, however two years in 
most cases has proved adequate. Occasionally a time lapse of 
15 to 20 years was practiced, but this was due to market and 
capital cost problems rather than strata instability. 

3.4.2 Hydrologic Problems 

The presence of water in a mine can have a significant 
effect on mining necessitating water control systems and 
equipment that can operate in wet floor conditions. The 
absence of water can indicate that heavy fracturing has taken 
place in both the coal seam and the rock strata beneath 
facilitating the drainage of water. Cracks up tc 3 in. 
wide have been reported, and sometimes they can be readily 
fill(~d with pulverized rock during mining. If wa-cer can-
not be drained off, it can have a detrimental impact, creat­
ing d muddy floor and adversely affecting haulage. 

Most often the floor material is fireclay or slate 
which may be firm when dry but deteriorates quickly when 
exposed to water. Wet floor ca~ cause sinking of pillars 
and promote crushing, spalling, and floor heave. In 
overmining, water percolating through cracks in the upper-
seam can have these effects on the lower seam and thus further 
causing peor mining conditions in the upper seam. This then 
reinforces the need for pillaring the lower seam first so that 
water will not create additional problems. 

3.4.3 Roof Support 

Roof support is another area that is highly dependent on 
planning and foresight when mining multiple coal seams. 
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Because of the high probability of roof fracturing, roof 
bolting or other support will be more extensive in the 
upper seam even if pillaring of the lower seam was done 
systematically, so as to achieve uniform subsidence. 
Columnizatioll of pillars in the main entries aids roof 
support although this is difficult to achieve and cannot 
always be accomplished if equipment for mining each seam 
is of different size. If pillars are not completely under 
each other, the existing over- or underhang promotes 
shearing of the pillars which reduces their effectiveness. 
The advantage of columnization is that it helps to keep the 
main haulageways open. The thicker the underlying coal 
seam, the more severe may be the rock behavior upon extrac­
tion because of higher extraction pressure and cantilever 
action. Areas of disturbance occur where coal may be left, 
such as at the property line. A shear zone is then created 
from this point and angles upward to the superjacent seam. 
Disturbance is then caused by the overlying strata being 
supported by the remaining lower coal, but being allowed to 
collapst nver the gob. 

To aid the stability of thin partings (Le. < 8 ft.), 
only the best quality coal is mined (Stemple, 1956). 

3.4.4 Impact on Future Mining 

The handling and occurrence of many of the problems 
discussed can have a strong impact on future mining possi­
bilities ranging from no effect to that of possibly losing 
the entire coal seam in the area. It should be noted that 
in many cases where problems were severe, it was because 
several operating companies were involved,each mining a 
different seam. Usually, there was no coordination or 
cooperation between the companies which often led to 
a permanent injunction against mining, leading to the 
abandonment of many acres of coal. 

As discussed earlier, fracturing of the parting and 
upper coal seams is common and of varying degree. Cracks 
leading to the surface can permit the entrance of surface 
water causing inrushes that can affect rock stability and 
mining performance. Another prevalent characteristic 
resulting from overmining is the time lag necessary for 
rock settlement. This is the time period between the pillar­
ing of the lower seam to when development begins in the upper 
seam. This time can vary from as little as 3 months to as 
much as 15 years; but 2 years is common. The optimum time 
lag is dependent upon the nature of rock strata. 
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Future mining of the uppermost seam will result in 
less recovery if prime farmland, gas we~ls, or inhabited 
structures exist in the area. In these and similar instances, 
subsidence cannot be permitted to occur, so larger pillars 
need to be left in place. This restriction, however, would 
also apply in the case of single-seam mining. 
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lLO MINING BELo\~ A PREVIOUSLY-HORKED SEAr1 
(UNDERrlI N I NG) 

4.1 Overburden 

In Appalachia, typically, overburden thickness for 
undermining conditions ranges from 300 to 2,300 feet. The 
material is predominantly shale with inter lying sandstone 
beds and some sandy shales and fireclays. Coal thickness 
generally ranges from 48 to 61 inches and the seams are gen­
erally flat lying. Judging from the amount of overburden it 
becomes obvious that undermining is practiced because the 
top seam is more readily minable or of better coal quality. 
Mines from which data were collected included Island Creek's 
Fies No.9 and 11 mines, Hamilton 1 and 2 mines, Bishop Coal 
Company's Bishop Mine, and Consolidated Coal Company's 
Jenkinjones mine. In all, 23 mines were studied for this sec­
tion. 

4.2 Roof, Floor, and Partings 

The immediate roof is generally composed of slate 
having varying degrees of strength, with sandstones and sandy 
shale and occasionally jointed limestone or stronq shale. 
The immediate floor is mostly soft to firm shale with some 
fireclay and sandstone. Partings are composed of this same 
material in varying degrees of thickness from as little as 
20 feet to as much as 350 feet. Mining problems are basical­
ly the same for any thickness less than 150 feet (Stemple, 
1956). Parting thickness in undermining conditions, however, 
is not as much related to problems encountered as is the total 
thickness of overburden." Narrow partings and large over­
burden can cause a limited extraction ratio to be achieved 
because of the greater stresses imposed by the overburden 
weight. A generalized stratigraphic section is presented 
in Figure 15. 

4.3 Mining 

Undermining is generally practiced when the top coal 
seam is thicker, of better quality, or has easier access. 
Mining is predominantly room-and-pillar with 6 to 10 main 
entries, 16- to 30-feet wide and on 50- to 70-foot centers. 
Panel entries number up to 6, with rooms up to 72 feet on cen­
ter and 36 feet wide. Main barrier pillars range from 120 
to 200 feet in thickness and are frequently superposed. 
Time lapse from the extraction of the top seam to the start 
of mining of the bottom seam may vary considerably, hut the 
passage of time has not shown to minimize the disturbance 
of strata and, therefore, presents little advantaqe. As with 
overmining methods, access can be by either slope Or shaft, 
depending on overburden depth. With undermining, the means 
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of access must be extended to the bottom seam. The 
typical plan view would be similar to Figure 14 • 

Extraction ratio varies from 60 to 90 percent depend­
ing on strata and mining operations. For coventional room­
and-pillar mining, many variations in operation exist. 
Mining below a worked-out seam provides the following 
options: 

• Develop the top seam first, then the 
lower 

• Both develop and mine pillars in the 
top seam first 

• Develop and columnize the pillars in 
each seam 

• Develop and partially recover the top 
seam, leaving enough coal to support 
overburden; then develop and mine pillars 
in the lower seam. 

From the available mine data it appears that under­
mining,operations are generally larger than the overmining 
operat1~ns. There are more work entries and panel entries 
for more crews and 'possibly for the dilution of larger amounts 
of gas released. Working below a prior-mined seam permits 
the gas to migrate into the void above. 

4.4 Problems 

Data from several undermining operations have been 
examined and associated problems have been recognized in 
order to determine if any given set of problems can be linked 
to different sets of conditions. Problems in undermining 
operations depend upon the amount of overburden, the nature 
of the strata, and the parting thickness. Other problems 
may be dependent upon haphazard removal of coal by randomly 
leaving remnant pillars in the upper seam. Successful oper­
ations have dealt with partings as thin as 20 feet. Partings 
greater than 150 feet generally have less effect on mining 
conditions unless the overburden is considerable. Overall, 
however, with the top seam mined first the threat of inun­
dation is great, a condition that is ever present in under­
mining situations. 

4.4.1 Geologic Problems 

The geologic .problems are dependent on the nature of 
the partings, roof, and floor of the lower sea~. The 
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severity of the resultant condition is dependent upon how 
the mining of the upper seam was done. For example, if 
pillars are left in the upper seam, stresses are trans­
mitted through the strata to the subjacent seam. If the 
top strata fracture to the degree where they cannot support 
themselves, the stress imposed by them is increased accord­
ingly" 

As previously mentioned, the nature of the roof and floor 
greatly influence the kinds of problems that result from 
undermining. A hard roof and soft floor in the upper seam 
coupled with a strong floor in the lower seam will create 
complete roof failure and pillar squeezing in the bottom 
seam. If pillars are left in the top seam, overburden 
pressure may be transmitted by the roof onto pillars which 
would not fail due to the heaving of the soft floor. The 
pressure can only be relieved by the failure of the lower 
~oal seam and roof, since the strong floor is not likely 
to heave. This problem is compounded with an overburden 
greater than 300 feet. On the other hand, if the bottom 
seam floor is soft, heaving will result but will not greatly 
affect coal recovery (Zachar, 1952). Experience in these 
conditions was obtained by mining the Pittsburgh seam under 
the mined Sewickley seam in West Virginia. ~1ost often dam­
age has occurred in parting intervals of 20 to 110 feet, 
and failure occurred in the roof or floor depending on 
which was weaker. In some instances coal may h~ve to be 
abandoned or require extensive roof support for recovery. 
Oddly '~nough, time allowed between the mining of seams for 
strata stabilization has little influence, probably due to 
the combined effects of overburden and parting. 

4.4.2 Hydrologic Problems 

Water build up in the superjacent coal seam is always 
a potential hazard with undermining conditions. Water can 
either percolate continually through the intervening strata 
to the bottom seam or it can collect in the worked out top 
seam and then inundate the bottom seam with disastrous re­
sults. As noted for overmining conditions water will perco­
late to the bottom seam creating dry conditions in the upper 
seam aJl.beit possibly worsening conditions below. With under­
mining" water will continually be a problem unless the part­
ing is several hundred feet thick, where operations under 
these conditions seldom have had water problems. In any 
type of coal mining, wet roof or floor will cause structural 
difficulties. A clay floor when wet can expand and create 
heaves which can impair haulageways. One operation when 
threatE!Ded with inundation, drilled a hole into the seam 
above \IThich allowed water to be draiped at a controlled 
rate ahead of pillaring. 
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4.4.3 Roof Support 

Many of the techniques desirable for better roof sup­
port in overmining conditions apply equally well to under­
mining. Mining history has shown columnization attempted in 
varying degrees but mostly with partings of 35 to 90 feet. 
Superimposing main ent,ries is more common. However it can­
not be ascertained how well columnization was practiced be­
cause it is difficult to accurately determine pillar place­
ment, and if not done correctly, can be of no help. Gener­
ally, columnization has been helpful although the extraction 
ratio has not been higher as a consequence. In one instance 
a room in the lower seam was driven under every other room 
in the upper seam in order to achieve better roof support. 
As much as 40 percent of lower seam coal has been left in 
place to prevent strata breakage and possible flooding (Stem­
ple, 1956). It appears that fracturing of coal and parting 
is more likely with undermining because stress release oc­
curs in the form of strata fracturing, pillar squeezing, or 
floor heaving. This then leads one to expect that if coal 
is obtainable, roof support will most likely be more exten­
sive than with overmining. This may be necessary to combat 
the same problems that affect overmining, but the problems 
can become more severe if not dealt with in an adequate 
manner. The problems of operation are definitely compounded 
with water inflow and increased depth, when mining the bot­
tom seam. 

4.4.4 Impact on Future Mining 

It has been shown that severe stresses exist close to 
pillar lines and can be transmitted to underlying strata 
through standing pillars. The amount of fracturing is 
dependent upon overburden strata thickness; if too thick, 
this can cause the sterilization of large amounts of coal. 
Roof control is a major obstacle to mining the bot-
tom seam. This is again dependent upon parting thickness 
and nature of rock. Columnization can help extraction 
and if cognizance of the potential problems is realized, 
undermining can be successful. The problems outlined are 
more severe with less than 50 feet of parting, and gradually 
decreased with increased parting thickness up to 150 feet. 
Beyond this thickness few problems exist unless circum­
stances are unique. And unlike overmining, time delay be­
tween mining coal seams is of little advantage, which 
indicates that coal recovery in the lower seam can take 
place more readily after upper-seam mining is complete. 
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5.0 SIMULTANEOUS MINING 
5.1 Overburden 

Simu1tanous mining operations in the Appalachian 
region generally have overburden thicknesses between 75 
feet and 1,000 feet. Occasionally the thickness will 
vary by this amount at a single operation. The overburden 
is composed predominantly of sandstones shales and fire­
clay. Coal thickness is between 30 and 73 inches and the 
seams are generally flat lying. Access to coal seams can 
be either by shaft or slope, with the seams most often 
numbering two to three. This part ~~ the study included 
10 mining operations. 

5.2 Roof, Floor, and Parting 

Roof layers are usually shale, draw slate, or sand­
stone that can be strong or fractured. Floor is generally 
composl~d of shale or sandy shale, and fireclay. These 
rocks also composed the parting material which can be 
from 60 to over 300 feet in thickness. The parting thick­
ness has a considerable bearing on problems at thicknesses 
below 165 feet (Hasler, 1951). Larger partings are associated 
wi th f(~wer problems because seam interaction is reduced, but 
for Simultaneous mining many factors need to be considered 
in tha~:: simultaneous mining can take one of two forms. 
Simultaneous mining can be either in an overmining mode or 
an undermining mode, and the problems associated with 
each are different. Simultaneous mining in the undermining 
mode rnfers to the top seam advancing ahead of the bottom 
seam, \IThile the overmining mode implies that the lower seam 
is advanced ahead of the upper seam. A generalized strati­
graphic section appears in Figure 16. 

Simultaneous mining has several inherent advantages 
from t::le outset. The biggest advantage is that it per-
mits the mining of a marginal-quality coal seam by blending 
it with a high quality seam above or below. Common practice 
for operation is room-and-pillar with each seam being 
treated as a separate mine, that isteach seam has its own 
ventilation, pumping system, and production facill~les, but 
may ha'ile a common slope or shaft. Surface facilities could 
also be common to both seams. The mine layout has 5 to 7 
main entries at 50-foot centers and 20 feet in width. Rooms 
are 20 feet in width with pillars of 70 x 70 feet. Columniza­
tion may be practiced in varying degrees, or not at all. For 
examplH, main entries and T);:mel ljilrders r:"ay be 
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columnized but this is not.always successful with narrow 
partings, and close proximity of mining faces. Operatiohs 
not columnizing pillars can still be successful. The time 
lapse of extracting one seam after another ranged from 6 
month::; to several years. Differences of seam advance are 
usually 100 to 150 feet and is governed by economics and 
marke1:: demand (Stemple, 1956). As previously discussed, 
the a~~unt of advance should be equal to, or exceed, the 
depth of influence between coal seams. In most instances 
of simultaneous mining the upper seam was kept in advance. 
There are no cases where several seams are advanced at the 
same rate. 

The extraction ratio varied from 60 to 90 percent for 
all sequence of seams mined, and remained nearly uniform 
for all seams mined on a given property. Average extrac­
tion was about 77 percent. 

11.s mentioned, room-and-pillar mining for simultaneous 
opera'Lions can be undermined or overmined. Overlying seams 
ha,ve.not been mined directly over each other, but are pre­
ceded by a time lapse. 

~Ihe rates of mining coal seams simultaneously is 
highly dependent upon coal quality for mixing and on market 
c~nditions. From the data gathered it appears that the 
undermining mode of simultaneous mining is most common. 
This may be due to the fact that the upper seam is thicker 
or of better quality coal and therefore, is advanced firs~. 
AcceSE: and investment recovery is quicker because coal is 
closer to the surface. 

5.4 Problems 

Due to the variety of geologic conditions and mining 
techniques it is difficult to c~r:elate prob~e~s an~ suc: 
cesses since they are site spec1f1c. Each m1n1ng s1tuat1on 
is unique; a successful method at one mine may,p:ove in­
efficient at another. As for other modes of ~1n1ng, part­
ing and overburden thickness, and nature of strata influ­
ence the success of the mining operation. It is safe to say 
that problems for simultaneous mining are similar to those 
for overmining and undermining, but may be comI;>0unded when 
these methods are practiced at the same operat1on. 

5.4.1 Geologic Problems 

Geologic problems are site specific in that strata 
can range from laminated shale to thick,competent sands~one. 
Problems are compounded when overburden thickness is 
substantial. Lag time between the mining of two seams 
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is critical from two viewpoints: coal mixing and rock 
stability. The time may need to be lengthened in order to 
allow for strata settlement, but this may not be possible 
due to coal quality demands. One cause of interference 
with production is the existence of want areas, which are 
local disturbances where coal is not present due to wash­
outs, squeezes, or rolls. These areas may be geologically 
replaced by sand or clay, neither of which offer much sup­
port. If the strata are competent enough no interaction 
should occur between seams, but case studies substantiating 
this are rare. As a rule extraction of pillars in the 
lower bed can cause damage in the upper bed if parting 
thickness is less than 165 feet. Pillaring in the upper 
bed can cause floor heave in the lower seam if parting 
thickness is less than 45 feet (Hasler, 1951). The damage 
may be in the form of coal squeezing or bumping, which can 
lead to abandoning the coal. Remedying this condition im-

plies leaving more coal for support. Since the problems are 
complex, extra care is needed in the mine planning stage; 
consideration should give to geologic conditons. There are 
several instances where simultaneous mining was halted in 
favor of overmining due to severe interreaction of coal seams. 

5.4.2 Hydrologic Problems 

Because of the increased potential of strata subsidence 
and cracking from simultaneous mining the danger of water 
inflow to the bottom seam may be a hazard. However, water 
buildup in the upper seam should not occur as in under­
mining, since the water percolates to the bottom seam rather 
than be impounded. At worst, the pumping system for the 
lower seam needs to be of larger capacity. On the other 
hand, the top seam could remain relatively dry so that 
equipment could operate better and the floor could remain 
more stable. Case studies do not indicate that water is 
a problem. 

5.4.3 Roof Support 

Roof control problems can become complicated with 
simultaneous mining. Pillar recovery in the lower seam can 
cause settlement in the floor of the upper seam and loosen 
timbers (Stemple, 1956). Caving may be postponed by using 
roof bolts, at added expense. Extra stress could be induced 
in roof bolts, causing them to fail, if their spacing is 
too wide. Depth of coal is critical; excessive rock pressures 
can prevent successful roof bolting. This would be an im­
portant factor in future mine operations, when mining at 
greater depths will be more common. Columnization has been 
tried with varying success. It is used more extensively 
in simultaneous mining than in over- or undermining. 
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Depending on conditions, main entries, submains, and 
panels may be superposed. Panel barriers may also be 
columnized. Columnization and superposition of workings 
is best when parting thickness is relatively small 
(Stemple, 1956). 

In the past the mining industry believed that sub­
sidence could be entirely avoided if large pillars of 
coal were left in place. Passage of time, however, has 
proved that pot-holes develop on the surface above the 
areas excavated between pillars. Now the occurrence of 
subsidence has become accepted and it is realized that 
uniform subsidence will do less damage and is more 
desirable. Studies of subsidence from old mines have 
shown that sinkholes occur with diameters up to three­
quarters of the width of the entrieS below. One study 
of sinkholes resulting from mining of the Pittsburgh seam 
in West Virginia states that they are caused by weak remnant 
pillars, surrounded by stronger pillars, which crush 
under the overburden loads after long periods of time; 
or they can be caused by strata falling out and filling 
the excavated area between pillars. Sinkholes can occur 
even where the overburden is greater than several hundred 
feet (Gray, 1977). 

5.4.4 Impact on Future Mining 

Simultaneous mining/by its very nature, tends to take 
advantage of many coal seams in the area. Resource recovery 
is mon:! efficient, since poor quality seams that would not 
otherwise be mined can be mixed with a good quality seam and 
still llleet market demands. However, mining must be done with 
care or else large amounts of coal will have to be abandoned 
due to resulting problems. Overall, recovery ap~ears to be 
slightly higher than with undermining or overminlng. The 
economic conditions, however, are examined later, in Section 
8 of this task. The effects of simultaneous mining are 
dependent upon the degree of cooperation between mlning 
companies; if several are active in the same area. With 
no cooperation it is certain that large amounts of coal will 
be lost, possibly along with considerable subsidence. 
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6.0 FOREIGN EXPERIENCE 

Europe has been mining coal longer than the United 
States, and has less coal resources. As a result, the 
more readily minable seams in Europe have been depleted 
causing present mining to take place under much more 
overburden than that occurring in the United States. 
Because of the past extent of mining, the interaction of 
new and old workings is practically unavoidable, and every 
coal face may be expected to intera~t with another seam 
at least once during its working life (King, 1972). Con­
sequently European experience in dealing with mul tiple-

, seam mining is extensive. However, this experience in tl.e U. S. is 
complicated by a legacy of indiscriminate extraction, that has 
been left for present and future operators to contend with, and 
which hinders efforts to optimize mine layouts and 
efficiency (Spedding, 1976). The bulk of available litera-
ture in English deals with operations in the United Kingdom 
and west Germany. Considerable experience exists in both 
these countries. Poland also has resulted in much multiple-
seam experience, although there is little information in 
English. Although multiple-seam mining is conducted in 
France, Belgiu~ Holland, India, USSR, China, and other 
countries, the experience is similar to that for United 
Kingdom, West Germany and Poland. Hence only these arE, 
discussed here. 

6.1 U~ited Kingdom 

In the United Kingdom, conditions are favorable for 
longwall mining in that roof and floor strata are not 
strong, and depth generally exceeds 900 feet and can reach 
3,800 feet. Generally conditions consist of a moderately 
strong mudstone roof underlain by a stronger coal seam 
which, in turn, is underlain by a weak mudstone. The re­
sult is that the strata pressure is high very close to 
the' longwall face line. These pressures have been mea­
sured and lie 3 to 6 feet ahead of the face. As a conse­
quence shearing machines are used rather than plows, and 
mining performance is slightly hindered as a result 
(Whittaker and Pye, 1975). 

A British longwall face may be between 165 to 1,000 feet 
long, and travels 2,400 to 3,000 feet during its life 
(Whittaker and pye, 1975). The extracted region behind, the 
longwa11 is allowed to dave; stowing is rarely done. For 
multiple seams roadways are driven under gobs where a 
destressed zone exists. It is believed that vertical 
pressure on an extracted region can return-to cover load 
pressure only if the width of the extraction to height of 
strata (overburden) ratio if greater than 1.2 to 1.4. 
Consequently completely destressed areas are only achieved 
with this ratio. Figure 17 shows the effect of the ~ddth­
to-height ratio on the pressure arch. 
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conventional development methods for longwall extraction 
are to drive two or more entries, whereupon flank faces are 
taken as shown in Figure 18. These methods have proven 
successful for providing stability in entries in shallow 
to moderately deep conditions of less than 1500 feet. 
However, in deep mines the method is wasteful of reserves 
in that substantial pillar widths are needed between the 
entries and flank faces. Also, high stresses occur in the 
isolated pillars created for service roadways, causing 
interaction problems and entry instability in the areas 
the pillars are supposed to protect. 

British experience with the advancing longwall method 
is extensive, since high pressures because of depth prohibit 
retreating techniques. The development entries necessary 
cannot be kept open for the time interval needed to mine 
the panel, since they are driven first along the entire 
length of the panel. 

Additionally, the advancing method is versatile enough 
to be successful under a variety of geologic conditions. 
Several methods are used for developing panels for lonqwall 
faces, which are illustrated in Figure 19. Figure 19a is 
limited to shallow workings of less than 1,000 feet or where 
coal thickness is less than 38 inches. In deep workings, 
gate problems occur because of roof deterioration from rib 
shear fracturing and floor heave due to pillar loads on the 
floor shale. To reduce rib fracturing the gate ent~ies can 
be offset by 6 feet towards the waste as in Figure 19b, where 
packwalls are built for added support. This creates even 
floor lift which does not greatly hinder mining efficiency 
but the method is labor intensive. Figurp 19c permits maxi­
mum rates of advance, while separate roof drivages give long­
term stability to roadways. Gate roadways are driven ahead 
of the coal face and yieldable arches are erected behind the 
face in the gob area before complete caving is allowed. For 
maximum stability these drivages should be 180 feet behind 
the face and 60 feet inside of the gate roadways/based on 
past experience. This method is used when long-term stabiljty 
is needed and where high strata pressures in weak strata 
formations have a dererimentol e~fect on roadways (Whitt2ke~ 
and Pye, 1975). 

Conventional advancing longwall is illustrated in panels 
in Figure 20. Experience indicates that in order to protect 
gate roadways against deformation, the distance between 
panels should be the length of the panel divided by 10. If 
simultaneous working of panels is practiced this rule is only 
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Figure 19 - Longwa 11 Deyelopment Pane is 
(after Whittaker and Pye, lq75). 

142 



MINED OUT PANEL 

PANEL ADVANCE T 

X=L/IO 

Figure 20 - . ..::onventional A.dvancing LonCT\'la11 
(After Whittaker and Pye, 1975). 

143 

L 



valid for lengths up to 1800 feet. Roadway closure occurs 
due to the yielding of rib pillars if the dist~nce 
between panels is 10 to 65 feet (Whittaker and pye, 1975). 

The multiple-seam interaction discussed is evident in 
partings up to 450 feet and can be classified into three types: 

1. Stress fields due to old or current workings 

2. Active strata displacement in workings from 
other current workings 

3. Changes produced by current workings upon old 
workings. 

To help eliminate these interactions, often pillars in 
successively descending seams are increased in size to ensure 
that roadways are below gob areas (Dunham, 1978). In order 
to plan for multiple-seam interaction it is beneficial to 
have mine maps of old workings available for study. Mine 
plans have been a requirement in the Un1ted Kingdom since 
1911, thus enabling present mine operators to have fairly 
accurate knowledge of old workings that can affect mines 
today. Principal maps required are a five-year development 
plan, a layout plan, and a working-face development plan, as 
shown in Figure 21. The five-year plan outlines mining 
strategy that is the most effective and efficient. The plan 
takes into account known restraints and obstacles such -
as mine boundaries and geologic conditions. The layout plan 
outlines the best means of achieving good operational results, 
and is basically a document of instruction that follows 
statutory requirements and company policy. The working-face 
development plan details the requirements for mining a face. 
This plan includes a detailed method of working, equipment 
to be used, roof support, etc. 

All these plans are the result of collective 
discussions between management and engineers. Any future 
addition or corrections must be approved by designated 
people in charge, and these changes are made known 
throughout management. Assigned areas of responsibility and 
system of required discussion and approval help to avoid 
judgment error and assure s'uccessful control over mining as 
well as problems that may arise. New face-end systems are 
being developed to increase longwall production and improve 
safety (Fennelly, 1980). 

6.2 West Germany 

The Ruhr, Saar and Aachen coalfields of west Germany are 
relatively more complex than those in the United States. 
In some areas 60 to 80 minable seams exist, the minin~ 
sequence being determined by strata control problems. 
Working conditions are complex becuase of changing dip, 
excessive faultinq, and changing coal quality. The surface 
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is often heavily populated and uniform, and controlled sub­
sidence is demanded, hence the leaving of pillars is avoided. 
To produce these conditions high productivity is needed. All 
underground production is the result of longwal1 operations. 
Average mining depth is about 2,600 feet, and panels are of 
short length due to the frequency of fault zones and the 
difficulty of maintaining long entries because of excessive 
pressures (K1aer, 1972). 

When compared to conditions in the United Kingdom, 
coal in West Germany is softer and is bounded by a hard roof 
and floor, creating stress areas up to 30 feet behind the face. 
As a result a plow system is used which produces better coal 
sizes upon cutting. 

Generally an advance system of mining is used because of 
increased productivity although a retreat system is used when 
possible due to a faster face advance results in saving two 
weeks over the life of the panel. Thus overall costs are 
reduced by about 10 ~ercent. In order to achieve success 
good roadways are important. These are mostly supported by 
arches, with timber accounting for 20 percent of the support. 
Roadways are arched whenever the following conditions exist 
(Sch1iesing, 1974): 

• Seam thickness is less than .4 feet 

• Where roof falls occur during drivage 

• Where the floor is soft and base plates 
find no resistance 

• Where there is a lack of plain partings in 
the roof. 

Figure 22 illustrates the conventional longwa11 retreat 
method. Experience has demonstrated that between panels a 
12-foot barrier is necessary to be stable, although its 
thickness does not greatly affect roadway conditions on the 
right-hand side of the advancing face 2 provided an arched 
profile is used. The left-hand gate, lookinq at the face, is 
not affected by strata pressure interacting with the working 
of face 1 (Whittaker and Pyc, 1975). 

Single-entry longwall systems are being developed in 
Europe based on the success of the double-entry system in 
order to improve ground control, ventilation, resource 
recovery, and development. cost savings. However, because of 
regulations, the system is only being tried in the United 
States on an experimental basis 

Over the years a Strata Control System (Jacobi, 1980) has 
been developed in West Germany. This system helps ~o.predict. 
strata behavior at greater depth and under new cond~t~ons, th~s 
was not possible hithertofore. Considerable new face technology 
has also been developed lately (Kundel, 1980; Benthaus and 
Schuesmann, 1980). 
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6.3 Poland 

European experience also includes backfilling of the 
gob in order to aid in subsidence control by decreasing its 
severity. Hydraulic backfilling, effected by pumping sand 
slurry in the gob areas after mining, is practiced in about 
30 percent of the underground coal mines in Poland. The 
technique is used if the surface must be protected and if 
sufficient sand deposits exist nearby. Coal mines in 
Poland average 10,000 tons per day at an average depth of 650 m 
Coal is a major export of Poland and high recover is 
stressed, consequently the upper coal seams with quicker 
access are exploited first. Often neighboring mines will 
share an access shaft to decrease development work by 
40 percent. Simultaneous mining is commonly practiced with 
production obtained from the upper seam as the lower seam is 
being developed. Where partings are less than 300 feet 
strict survey control is employed to achieve columnization 
for both advancing and retreating longwall systems. 

To avoid future problems brought about by remnant 
pillars, a single-entry system is used which reduces the 
number of pillars. The single entry is shared for two 
adjoining panels thus increasing mining efficiency and 
enabling close to 100 percent extraction which can lower 
the possibility for unwanted differential subsidence 
(von Schonfeldt, 1980). 

The industrial philosophy in Poland is different than 
in western countries in that Polish mines are more labor 
intensive. Longwall faces average 2000 tons per day and 
3.2 tons per man-shift. Where hydraulic backfilling is 
practiced, 30 percent less output per man-shift can be 
expected. 

Backfill packs up to 70 percent of the seam 
thickness. For best results, the following grain size mix 
is recommended: 

10% less than 0.1 rom 

90% between 0.1 to 2 mm 

0-10% between 2 to 40 rom 

The sandfill process starts at the surface where sand is 
dumped into a hopper. It is then mixed with water to 
form a slurry which enters a basalt-lined pipe to the shaft. 
Coal refuse from the preparation plant is also incorporated in 
the sand mix. The slurry is transported to a series of nozzles 
at each longwall panel, as shown in Figure 23, where it is 
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sprayed in the gob area just behind the working face. Posts 
and screens are used to contain the sand. The water flows 
out of the area as shown in Figure 24. The water then travels 
in a series of ditches and is brought to settling areas 
developed for this purpose in rock. After primary settle­
ment, the water is pumped to the surface where it can be 
recycled. Provisions for the underground settling chambers 
are made to facilitate cleaning of sediment and to accomodate 
any possible inrushes of groundwater. The hydraulic sand­
stowing process is very expensive even when sand is 
immediately available in the area. For these reasons its 
applicability in United States coal mines is doubtful. 

The sand-stowing technique is primarily used to slow 
the rate of subsidence that occurs after mining. The sand 
fill gradually compacts from pressure buildup of overburden 
trying to fill the void created by mining. With 70 percent 
of the excavation backfilled subsidence cannot approach the 
total seam thickness. The presence of fill material prevents 
major strata falls and immediate subsidence. with longwall 
mining, subsidence occurs but is uniform throughout the large 
areas of extraction, as discussed earlier. 

The advantages of backfilling are evident for multiple 
seams where subsidence from each seam is additive, provided 
that parting thickness is not too great. It is clear·that 
if subsidence is reduced by half when backfilling is 
used, then twice as much seam height can be mined before total 
subsidence will equal that when backfilling is not practiced. 
Ventilation efficiency can also improve when backfilling is 
practiced. The compacted backfill in the gob areas will 
prevent air circulation there and thus keep fresh air 
coarsing through the face areas as intended, so that gas and 
dust can be diluted and carried out of the mining area 
faster. This also reduces ventilation costs. 
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7.0 LONGWALL MINING SUMMARY 
Longwall mining in the United States is not widespread 

and few operations are conducted in multiple-seam conditions. 
In Appalachia, one large operation was studied, this 
being consolidation Coal Company's Ireland Mine. It had one 
retreating longwall face with plans for further expansion. 
Current mining is over worked-out areas. Figure 25 
illustrates a typical longwall retreat system as practiced 
in the United States. In the last 10 years longwall min­
ing has grown from 13 faces to nearly 100 faces. A major 
advantage of the system is its high extraction ratio, even 
at great depths. 

7.1 Geology 

The coal seams average 5 to 6 feet thick and occur in 
multiple - bedded strata having bands of: soft slate and hard 
veins of clay and shale. Overburden varies from 400 to BOO 
feet in thickness consisting of draw slate overlain by massive 
strong limestone. The floor consists of clay rock underlain 
by strong fireclay. The coal seamS are level with occasional 
undulations. 

7.2 Mining 

The typical mine layout utilizes 10 main entries and 
6 submain entries 16 feet wide and BO-foot centers. Butt 
panel entries are 90 degrees off the submain , using 4 
entries on 120-foot centers for the headgate entry, BO-foot 
centers for the middle block, and 66-foot centers for the tail­
gate entry_ Panels are 5400 feet deep with a face 440 feet 
long. Other systems used in the U. S. have variations in 
the size and number of panel entries. 

7.3 Problems 

The most urgent problem with lonqwall mining is the larqe 
amount of respirable dust generated by the shearing machines. 
The high production rates possible with longwall methods may 
also liberate large quantities of methane, which requires in­
creased ventilation. This may necessitate more shafts to 
accomodate the air. The firm fireclay floor remains dry and 
permits excellent haulage. However the drawslate in the roof 
cannot be supported and therefore is mined during entry drivage. 
This drawslate band is not mined in longwalling and therefore 
rejects are reduced from 20 to 10 percent. Since the main­
line haulage entries will be standing for 30 years, resin 
bolts are used for long-life roof support (Mason, 1979). 
Abandoned old workings below have had little influence on 
present mining and it does not appear that old workings are 
a major consideration for mine planning. 
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Subsidence resulting from !ongwall mining occurs over 
a short time span, since there are no pillars which 
deteriorate over several years before subsidence is realized 
as with room-and-pillar methods. 

For reasons of ventilation and means of escape, single­
entry systems as practiced in Europe are not permitted under 
U. S. regulations. As discussed earlier, the remaining 
pillars needed for entry drivages can have a detrimental 
influence on future undermining, creating problems similar 
to those encountered in room-and-pillar operations. 

Single-entry longwall is being tried at Kaiser's Sunny­
side, UT, mine. A design for a single-entry is being prepared 
for a Jim Walter's mine in Alabama under a Bureau of Mines 
Contract (No. H0292015). Mid-Continent Resources has worked 
two panels using advancing longwalls with two entries on the 
headgate side and one on the tailgate end. 
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8.0 PRODUCTION PERFORMANCE 

Based on the data collected during the mine visits 
and the literature review, it was possible to generalize 
many of the factors that measure the performance of mining 
multiple seams. Extraction ratios and output per man-shift 
are important measures of performance since they are greatly 
affected by mining conditions. Coal left in place for added 
roof support is reflected in a lower extraction ratio. Out­
put per man-shift is an indicator of how difficult the condi­
tions are when mining coal. Extra miners, needed for exten­
sive roof support or roadway grading when bumps occur, lower 
the output per man-shift. 

The data collected are presented in a series of graphs 
comparing the mining of both the top and bottom seams. Data 
from each mining operation are plotted and the data points 
are connected vertically to aid interpretation. In some 
instances the data points for both seams are coincident. 
Most graphs form a pigtail which reflects upon the nature of 
the parting, a significant factor in multiple-seam mining. 

8.1 Extraction Ratio 

8.1.1 Mining Above a Worked-Out Seam 

Figure 26 illustrates in a general sense the relation­
ship of percent extraction against parting thicknesses common 
in Appalachia which vary from a few feet to nearly 300 feet. 
Specific attention was given to the extraction in each of two 
individual seams; a situation that was most common in the 
study. As discussed, parting thickness is the common denomina­
tor for creating many of the structural problems that may be 
associated with mining above a worked zone. Generally, 
extraction is slightly greater in the lower seam which is 
taken first. As can be expected, the extraction ratio falls 
off as the parting is less or if.the nature of the parting 
is weak. Obviously the nature of the rock is of more signifi­
cance when the parting is thin than when it is over 200 feet, 
as seen in the graph. 

One reason why extraction is less in the upper seam 
is that wider pillars will be needed to prevent subsidence 
if valuable land exists on the surface. Other causes for 
lower extraction are the fracturing of the upper seam and 
bumps created by pillars left in the lower seam. Intense 
fracturing can inhibit productivity and may lead to abandon­
ment of an area if the conditions are too severe. 
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8.1.2 Mining Below A Worked-Out Seam 

Figure 27 depicts the effect of parting thickness on 
extraction ratio based upon past experience when mining below 
a worked area. The graph develops a pigtail which separates 
because of the influence of the nature of parting, i.e. hard 
and soft strata. Extraction is slightly higher in the lower 
seam which in this instance is mined second. Optimum extrac­
tio~ in hard strata occurs with partings of 50 to 200 feet. 
Beyond that the extra thickness adds greatly to the need for 
support due to added weight. Top seam extraction is lower 
because generally large parting thicknesses occur where heavy 
overburden exists and, as mentioned, the preservation of the 
surface is important when farmland, aquifers, or gas wells 
are present. Not only the parting, but the combination of 
parting and overburden are the primary concerns. If the 
overburden is thin and substantial pillars must be left, 
the stresses are transmitted to the bottom seam which 
adversely affect extraction. If more data were available 
they might indicate that the extraction ratio for larger 
partings may level off. 

8.1.3 Simultaneous Mining 

Simultaneous mining in either the overmining or under­
mining mode is practiced by keeping the faces within several 
hundred feet of each other. The parting thickness is an 
important parameter in that stress conditions will seldom 
be relieved due to strata settlement if mining faces are 
too close. Figure 28 shows how extraction relates to part­
ing thickness for simultaneous mining. Unfortunately data 
for simultaneous mining do not exist for as many cases as 
for the overmining and undermining methods, but the data 
available clearly illustrate that with soft strata extrac­
tion in both top and bottom seams is relatively low. The 
extraction is affected nearly equally in both the seams, as 
demonstrated by the existence of a single set of curves. 

It should be pointed out that simultaneous mininq 
operations are conducted for the most part so as to enable 
blendin_q of the coal to obtain a final desirable coal 
quality. Hence the extraction ratio is not only reduced due to 
reasons of roof support but is also affected by economic 
reasons--to achieve the coal mixing ratio desired. If a 
planned ratio of seam excavation is to be achieved, the 
extraction of two seams will reflect this goal. The advance 
of one seam cannot be permitted to get too far ahead of the 
other. For example, with two seams of equal thickness, each 
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seam must be advanced in proportion to the mixing ratio 
for the desired product. Obviously, faults and want areas 
will affect this production plan. 

8.2 Output per Man - Shift 

Figure 29 is an attempt to illustrate coal production 
in terms of output per man-shift (for underground workers 
only) for different methods of multiple-seam mining. The 
majority of data shown were obtained from field visits 
since this type of information was rarely discussed in the 
literature. The graph is essentially a frequency diagram 
showing the to~s per man-shift as a percentage of the 
available data for each mode of mining. Each mining method 
has a range of output per man-shift, hence some overlapping 
may be expected. Although the graph shows the highest out­
put is obtained when mining below a worked seam, and the 
lowest with when mining above a worked area, in general, 
the two methods are nearly equal with an expected output 
to be around 14 to 15 tons per man-shift. This is based 
on the available information only from Appalachia. The 
analysis could change if more information were available, 
es?ecially in the case of simultaneous mining (where data 
were severely limited). 

8.3 2,£erating Costs 

In addition to extraction ratio and output per man­
shift, production performance needs to be measured in 
several individual phases of the mining operations. Because 
of the many variables that can influence mining operations, 
differences between them are difficult to quantify. However, 
sufficient information was obtained to examine the operating 
costs of ventilation, pumping, roof support, and coal haulage, 
and to see how these costs change with mode of mining, coal 
seam thickness, and production rate. 

8.3.1 Ventilation Costs 

Ventilation cost can increase significantly with the 
presence of leaks due to cracks in the rock strata. These 
cracks can be induced by the mining operation. Poor roof 
conditions may require steel beam supports which add 
resistance to the airways. This must be compensated by extra 
horsepower at the main mine fan or by the addition of 
auxiliary fans. Costs were first examined on a cost-per-ton 
basis for several coal seam thicknesses and production rates. 
These costs were then plotted in relation to each different 
form of multiple-seam mining and the results are shown in 

160 ENGINEERS INTERNATIONAL, INC. 



1
1

'\
1

'\
 L

 ---
--, 

___ 
C

lI
U

II
I 

T
A

r.
Jl

:'
n

Il
C

l 
_J 

i
-
"
';

.
 
i 

i _
___

_ 
j 

=
7
-
·
~
:
-
;
-
;
"
"
;
.
-
-
-
:
:
~
-
;
:
:
:
:
"
-
;
"
-
-
_
-
~
 

-

M
IN

IN
G

 

8
0

 

i!
 

~ 
~
 

6
0

 
0'

1 
t-

-S
IN

G
L

E
-

S
E

A
M

--
--

j 
~
 

~
 

I 
M

IN
IN

G
 

I 
o t-

M
IN

IN
G

 
I 

z 
B

EL
O

W
 A

 
I 

~
 

W
O

R
K

E
D

 S
E

A
M

 
I 

ff
i 

4
0

 
I 

~
 

I I 

"
'
N
'
"
G
~
~
 

II 
A

B
O

V
E

 A
 

2 
0 

t-
W

O
R

K
E

D
 

I 
S

E
A

M
 

i I I I 
o 

I 
I 

II 
"\

 
"\

b
1

1
 X

 I
 / 

I 
I 

I 
o 

5 
10

 
15

 
2

0
 

25
 

TO
N

S
 

P
E

R
 

M
A

N
 -

S
H

IF
T

 

P
iq

u
re

 
29

 
-

U
n

d
e
rq

ro
u

n
d

 
O

u
tp

u
t 

p
e
r 

M
a
n

-S
h

if
t 

fo
r 

V
a
ri

o
u

s
 

M
in

in
g

 
M

e
th

o
d

s.
 



Figur~ 30. Overmining and undermining both increase ventila­
tion cost by about 12 percent in that both mining. systems 
cause fracturing in rock strata because of remnant pillars 
and strata settlement. Air leakage can occur in an upward 
or downward direction, because leakage is created by the 
higher-pressure air in the ventilated seam escaping to a 
lower-pressure nonventilated seam whether it be above or 
below. Consequently the losses for each of the mining 
methods are nearly equal. 

The ventilation system for simultaneous mining is some­
what different. Generally each coal seam is ventilated 
independently so if any ventilation shut down were to occur 
due to a major roof fall or market slow-down. both seams 
would not be affected. Even if the strata Are fractured the 
pressure difference between seams would not be as great as 
with overmining or undermining so the extent of air migra­
tion would be considerably less. The ventilation cost with 
simultaneous mining closely parallels that of single-seam 
mining, since each seam is ventilated independently. 

8.3.2 Pumping Costs 

Studies show that the pumping cost per ton varies 
with total coal production, but is not directly dependent upon 
coal seam thickness, as shown in Figure 31. Each multiple-
seam mining method, however, has significantly different 
associated pumping cost. Overmining pumping cost is minimal 
since the mined-out lower seam accepts water flow from 
above creating a dry floor in the top seam. Thus little 
need exists for a pumping system in the upper seam. Under­
mining however, has the inherent danger of sudden inundation 
from possible water buildup in the upper coal seam. A larger 
capacity pumping system needs to be employed to offset the danger, 
and drill holes may be used to let accumulated water above 
drain into the lower seam at a controlled rate. Generally 
water handling will be significantly qreater with 
undermining conditions. Simultaneous mining can take 
advantage of water handling only on one level if an overmining 
mode is followed. Several seams can be mined while dry, and 
only one pumping system will be needed in the lowest seam. 
This reduces equipment, maintenance, and labor costs, even 
if power costs remain unaltered. The pumping cost may be 
spread over the combined coal production of several seams, thus 
lowering the overall pumping cost per ton. Under-and overmining 
pumping costs are shown to be linear with respect to coal 
production but this may be due to the lack of detailed cost 
histories. 
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8.3.3 Roof Support 

Roof support costs are difficult to quantify and 
hence fie~.d data are not readily obtained. For preparing 
Figure 32 it was assumed that the costs involved would be 
directly proportional to the roof-bolt machine costs. 
There are of course other factors such as injuries from rock 
falls, lost production, and equipment damage which are 
difficult to assess on a general basis. Studies have shown 
that in general, roof support costs are higher for multiple­
seam mining operations. Each operation has its own 
set of problems to contend with based on the local geology. 
The mine operators generally report either no difference 
in cost or between 10 and 20 percent increase in roof 
control cost while mining multiple seams. Because data are 
limited and complicated by other factors, all multiple-seam 
mining techniques were lumped together and therefore reflect 
the general higher cost per ton over that of single-seam 
mining. The mining technique, nature of parting, time 
lapse between mining, and other parameters all have an 
effect upon roof support costs. As noted e~rlier in this 
report, the nature of the floor, its susceptability to 
squeez(~s, bumps, and deterioration when exposed to water, 
are also critical factors. 

8.3.4 Coal Haulage 

Coal haulage is greatly influenced by poor roof 
conditions which may result in rock falls in haulageways, 
and the presence of water which may swell a shale floor or 
cause slippery conditions that may be difficult' to negotiate 
with rubber-tired equipment. Hence coal haulage costs 
for multiple-seam mining can differ from single-seam mining. 
The benefits of multiple-seam mining however include a common 
haulagE! shaft or slope which can be depreciated against more 
coal in the case of multiple seams, especially if parting 
thicknesses are not great. In single-seam mining coal 
haulage cost decreases with coal thickness ~nd increases with 
production, as is reflected in Figure 33. Industry figures 
are not definitive, especially since there are many systems 
or combinations of haulage systems used in coal handling. 
Generally materials handling costs of multiple-seam systems 
should be about equal to those of single-seam mining. 

The savings of extending an existing shaft or slope for an 
increaned amount of total coal production can be offset by 
haulage inefficiencies due to worse roof cond it ions or tht" 
presence of water. Simultaneous-mining operdtions do not 
generally have these severe problems. The cost curve for 
simultaneous mining is likely to be less than overmininq or 
undermining by the extent of savings effected by improved 
roof and water control. 
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8.4 Spontaneous Heating 

Most coals in the United States are not conducive 
to spontaneous combustion. Hence, this is not a serious 
problem, especially in the Appalachian or Interior coal 
fields. Some coals in the West, however, do experience 
this problem. 

All precautions that need to be taken when mining 
single seams of coal liable to spontaneous heating also 
should be observed when mining ~ultiple seams. This 
includes sizing panels so that these can be mined within 
the incubation period of the coals, leaving adequate bar­
rier pillars around the panels, completely sealing off 
the panels after they have been mined, keeping access 
open to the panels at all times, regularly monitoring 
the atmosphere within the sealed panels, and providing 
adequate ventilation while mining to absorb heat generated 
by the exposed coal. In addition, with multiple-seam min­
ing care needs to be exercised that air is not introduced 
into sealed, worked-out panels through cracks in the 
strata. Hence close control is required over the ventila­
tion air in the second seam to be mined. Leakage out of 
this seam needs to be stopped immediately. The need to 
leave pillars does introduce stress problems in multiple­
seam mining as discussed earlier, but these can be dealt 
with in the same manner as barrier and other pillars. 

8.5 Methane Control 

Methods used for methane control in multiple-se~m 
operations are similar to those for single-seam mining. 
Adequate ventilation is necessary. Care needs to be taken 
that gas pockets do not form, especially in the upper 
seam. This situation is likely to develop when the upper 
seam has been previously mined and is no longer being 
worked. Unless the old workings are regularly checked, 
gas accumulations may go undetected. 

Gas emissions, in general, may be expected to 
increase in deeper coal seams. Also rapid rates of advance 
will release larger quantities of gas. These situations, 
however, also occur with single seams. 

The occurrence of bumps in multiple-seam mining may 
be expected, especially if isolated pillars are left in 
the scams. Bumps occur when these pillars get overloaded 
and fail suddenly. The subject of bumps has already been 
discussed in various sections of this report, under strata 
control, but is worthy of special mention here because of 
the safety hazard they pose during mininq. Elimination 
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of pillars, of course, eradicates bumps, but this is not 
always feasible. Hence when pillars need to left, these 
should be of adequate size to withstand the loads to 
which they may be sUbjected in the future. It should be 
borne in mine that pillars will deteriorate with time, 
and may be subjected to increased loads with the mining 
of subsequent seams. 
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9.0 OPERATIONAL PLANS FOR IMPROVED PERFORMANCE 

Detailed examination of the operational plans used 
in multiple-seam mining has led to this summary of suc­
cessful techniques used to deal with the problems 
encountered. Some of the factors associated with improved 
performance include enhanced productivity, higher resource 
recovery, and reduced detrimental effects of future mining. 
The improved methods are discussed separately for room-and­
pillar and longwall mining, with some procedures being 
applicable to both methods. 

9.1 General Considerations for Improyed Performance 

There are many successful techniques that apply to any 
type of multiple-seam mining whether it be overmining, 
undermining, or simultaneous mining and which can be used for 
both the room-and-pillar or longwall methods. 

A time lapse between mining of successive seams is 
necessary to relieve stress buildup in rock strata and to 
allow time for settlement. This time is more beneficial 
to mining above a worked seam and simultaneous mining and 
may vary from as little as 6 months to as much as 2 years 
or more, depending on conditions. Time lapse for mining 
below a worked seam has not proved as advantageous. The 
duration is greatly reduced with simultaneous mining, with 
a distance between the advancing faces in the two coal seams 
at least equal to the parting thickness, so as to prevent 
interaction of the stress concentrations around the faces. 
Roadways driven under or over destressed areas in a seam 
stand longer and require less roof maintenance. One method 
to assure this is to widen pillars with increased depth of 
mining, to assure that drivages are over or under gob areas. 
This practice is best suited for moderate parting thicknesses, 
of 100 to 200 feet, where seam interaction does exist. With 
thicker partings the advantage of this technique is less 
noticeable. When parting thickness is thin it is best to 
employ superposed roadways over roadways and pillars over 
pillars i.e. columnize. Columnization has proved successful 
and is necessary, when parting thickness is less than 50 feet. 
Although superposition of main haulageways is desirable, it 
may not be feasible to achieve complete columnization in 
that pillars in different seams may be in line but not 
directly underneath each other, especially if the seams 
are not exactly horizontal. 

. ~~cte~~9t:.s should be made to attain complete extraction. 
Remnant plllars left in either sub- or superjacent seams 
can greatly interfere with mining by creating fractures, 
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heaves and squeezes. There are a few case histories 
where pillars that cannot be safely mined were blasted so 
that they will have no interaction with m~ning above or 
belo\1l'. This practice of pillar blasting, however may 
be extreme. Complete extraction creates rapid, uniform 
subsidence which is more desirable than that caused by 
deteriorating pillars. 

:~or successful simultaneous mining a parting thickness 
of at least 165 feet is necessary. In the past, lack of 
cooperation and coordination between mining companies, each 
minin9 different seams in the same property, has led to the 
abandonment of extensive reserves. To avoid such losses 
minin9 of the property can be coordinated among the com­
panies by mining only one seam first, and then mining 
subsequent seams sequentially. If the parting thickness 
is thin and not conducive to simultaneous mining, the coal 
seams may be developed on opposite sides of a property 1n 
order to prevent interaction between seams. Later this 
creab~s overmining and undermining conditions. This method 
of operation may necessitate extra portals and surface equip­
ment lout provides the opportunity for complete extraction 
of reserves. 

Often, in Europe sand-stowing is practiced in order 
to gain added pillar support when mining deep seams. How­
ever this practice is labor intensive and not economically 
sound for use in the United States (Singh and Courtney, 1972). 

In Poland improved shaft design permits mining of 
coal closer to the shaft, thereby allowing greater resource 
recovl~ry and faster return on capital. Figure 34 shows 
a shaft profile with 60-degree influence lines defining 
where coal should be left in order to preserve shaft stability. 
Thus, for a shaft depth of 600 feet coal recovery is reduced 
in an area around the shaft with a radius of about 350 feet. 
Extensive coal recovery in this area may cause fracturing 
in th:~ water-bearing strata above the shaft lining thereby 
flooding the mine. To prevent such an occurrence, a 
shaft lininq has been developed that pluqs inrushes from 
water-bearing strata. A cross section of this type of lining 
desig~ is shown in Figure 35. Since this type of lining is 
expensive it is extended only to the first dry strata below 
the aquifer. Basically the lining is a series of concrete 
and, thin steel walls that sandwich a bituminous seal 
formulated from asphalt and limestone fines so as to achieve 
a specific gravity of 1.3. If fracturing occurs at the 
lininl~-rock interface, the bituminous mixture flows into the 
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cracks and seals them against flow of water. Such flowing 
action can be quite rapid, since even in the steady state 
the sealant is under relatively high pressures 
because of the weight of the sealant column above it. 

The advantage of this shaft lining design is that 
mining can take place within 100 feet of the shaft at a 
depth of 600 feet. This is further aided by the fact that 
backfilling is practiced during mining. The application 
of this technique makes considerably more coal available 
than conventional shaft linings in a property where multiple 
seams occur. 

9.2 Room-and-Pillar Methods 

In addition to the general techniques discussed above, 
some techniques can specifically improve efficiency in room­
and-pillar mining methods. Forming of long straight pillar 
lines helps to reduce shearing of overlying strata at barrier 
pillar edges and helps promote subsidence by roof bending 
rather than by shearing, thus reducing seam interaction. 

Columnization of pillars and superposition of road­
ways are beneficial. Complete coal extraction is necessary 
to form destressed zones that have little interaction effect 
on sub- or superjacent seams. 

Partial coal recovery has been successful in the past. 
This method involves the development of the top seam while 
leaving a regular pattern of unpillared coal to support the 
overburden. The technique diffuses the pressure applied to 
the lower bed so that the lower seam can be ~xtracted with 
less difficulty. Case histories have shown that overdll 
extraction is not reduced significantly and recovery may be 
increased since coal is not abandoned. Because of less 
seam interaction mining costs may be expected to improve. 

Experience in Europe has led to the development of long 
narrow, parallel panels separated by permanent pillars. 
The width of panels and pillars is about 20 to 30 percent of 
the depth of mining. Extraction ranges from 40 to 70 per­
cent. The resulting subsidence is 3 to 20 percent of the 
coal seam thickness (Brauner, 1973). 

9.3 Longwall Methed~ 

Much of the current longwall experience has come from 
European countries, but procedures and techniques that have 
been successful there may not be directly applicable to 
conditions in the United States. Nevertheless much can be 
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learned from European mine planning procedures. Table 20 
listB factors that should be examined when laying out a 
panel in longwall operations. The table is essentially a 
summary of causes and effects of the following parameters 
on mine design: 

• Reserves 

• Depth 

• Local geology 

• Seam thickness 

• Seam and panel interaction 

• Working environment 

• Surface subsidence 

Consideration of the factors presented in Table 20 should 
be of some benefit to mine operators contemplating multiple­
seam longwall operations. 

Many of the adverse conditions created by the 
interaction of multiple coal seams can be successfully dealt 
with by longwall methods. Excavations with a width-to-depth 
ratio less than 1.2 to 1.4 induce low stresses and prevent the 
builcl.up of vertical pressure. Remnant pillars from previous 
mining, above or below, should be located such that the 
central axis of the pillars bisect the longwall face, as 
illustrated in Figure 36. The pillar inte~action occurs in 
the ~I'ob areas and drivages are situated in the des tressed 
zone~ on either side of the pillars. Thus a more even 
subsidence profile is produced on the surface (Whittaker 
and :Pye, 1975). 

An improved longwall method shown in Figure 37, extracts 
alternate panels. This permits maximum recovery of reserves. 
The gate roads for faces 1 and 2 may be reused for face 3 if 
they were designed for achieving maximum stability by remain­
ing apen for the longer time period (Whittaker and Pye, 1975). 

A brief explanation of stress zones was presented 
earlier in this report, along with a discussion of advancing 
simultaneous mining fronts using the longwall method. To 
some degree subsidence is always to pe expected, but harmonic 
extraction methods may be utilized to reduce surf~ce strains. 
Figure 38 illustrates two seams of nearly equal thickness 
being mined, and the angle of break along which the overlying 
strata is ruptured. If this angle is known, the position of 
maximum tensile and compressive forces at the surface can be 
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TABLE 20 - Factors fat Pti~elLayout 

Layout Factor 

Reserves 

Depth 

Information ConLribution 

Virgin areas 
Value of reserves 
Location of reServes 
Quality and working 

conditions 

Roadway atability at 
depth 

Roadway shape at depth 

Shallow depth 

Local Rock type and conditiona 
geology 

Gradient 
Disturbed ground, 

e.g. faulting 

Seam Thick 
thickness 

Thin 

Sea. and panel 
interaction Old workings 

Working 
envlronaent 

Surface 
subsidence 

Old goba 
Rib edge. and relll\ant 

pillars 

Gas .. baion 
Spontaneous eoabu8tion 
Water in neighboring 

squifer 
Water 

Shallow worltings 

Industrialized area 
Spedal Burface 

structures 
Low hinll topollraphy 

Effect on Plan 

Sequence of extraction 
Percentage extraction 
Access cost; available working time 
Hay requIre exploratory work 

Solid drivages may not stand 
Retreat work may be ruled out because of floor lift 
Development time increased because of need for the more 

stable arched profile or for more Rupports 
Rectangular profiles usually successful - always used in U. S. 

Type and amount of support 
Virgin areas may require special precautions because of 

rock pressure problems 
Direction of working 
Hay limit face length or require exploratory work or 

sper.ial support 

Mechanization more successful 
Increased convergence; more difficult roof couLeol 
Panel width possibly reduced 
Strata control on face usually no problem 
Less interaction effect on neighbo~ing seams 
Roadway. can be smaller 
Face ends; special support measures 

Require knowledge of all previous surrounding workings 
and their relative location 

Gives maximum protection to both r,ceB and roadways 
Difficult strata conditions met by faces crossing old 

rib edges 
Roadway deformation increased In neighborhood of remnants 

Special measures may be required 
Influences method of working and percentage extraction 
Direction and limit of working; goaf support measures may 

be required; percentage extraction affected 
Working condItions made more difficult. pumping arrangements 

Locali&ation of strain and tilt, possible opening of 
fissures and surface cracks 

Partial extraction may be required 
Protection pillars.may be necessary (size 0.3 to 1.0 x 

depth) 
Partial extraction can control surface subsidence 
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UNMINED PILLARS IN; \ 
UPPER/LOWER SEAM 
(PREVIOUBL Y MINED) 

LONGWALL FACE 

--, 
I 
t 

_--1 

-H-t--- LONGWALl PANEL 
ADJACENT TO THE 
SEAM ALREADY MINED 

~-- GATE ROAD 

Fiqure 36 - Longwa!l Face Orientation with Respect to 
Piliar Line 
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Figure 37 - Longwall Extraction of Alternate Panels 
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located. The horizontal distance between mining fronts, 
given by (h 1 +h 2 ) cot S, results in the maximum extension of 
the surface due to one working face and the maximum compression 
from the other face coinciding. These strains nullify each 
other resulting in minimal traveling surface strains in that 
area. In practice such reduced strain areas are difficult 
to achieve because geologic irregularities make the predic­
tion of the angle of break difficult. However in areas 
where larqe surface strains cannot be tolerated '(because of 
the existence of critical structures), use of the method may 
prove worth while. It will, of course, take time to gain 
sufficient experience with the local rock conditions before 
a successful application can be expected. With single-seam 
mining under a structure which needs to be protected from 
damage due to expected subsidence, longwall panels may be 
staggered with one face ahead of the other by one-fourth of 
the critical width (i.e. width of extraction causing maximum 
subsidence). In such a case, the adjacent panels need to 
border each other without any pillars, directly under the 
surface structure to be protected, as shown in Figure 39 
The tensile strain over the right panel is small at the 
edge of the panel, and the compressive strain behind the 
face is offset partially by the tensile strain from the left 
panel. Strain under the structure will then be kept to a 
minimlli~ (Peng, 1978). The location of pillars beneath the 
structure, as mandated by the three-entry system used in 
U. S. longwalls, does not permit the use of such a scheme. 
In fact, the existence of pillars intensifies the tensile 
strains and would tend to amplify the damage that may 
occur. 
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10.0 CLOSURE 

It is evident from the preceding discussion that the 
nature and extent of any problems encountered in multiple-
seam mining are site specific. It is difficult to predict 
the conditions that will exist at a site, but it is possible 
to hypothesize the nature of the circumstances that are likely 
to exist. The degree of aifficulty is dependent upon over­
burden thickness, nature and thickness of the parting, thick­
ness of coal seams, and time lapse between mining of the seams. 
Problems most associated with mUltiple-seam mining are roof 
fracturing and bumps resulting from high stresses, haulage 
inefficiencies due to floor heaves, water inundations from 
accumulations in an abandoned upper seam, gas pockets, ventila­
tion losses due to leaks, and disruptions. Spontaneous heat­
ing is not a major problem in the Appalachian and Illinois 
coaifields, but is a matter of concern in the western regions. 

When mining above a worked-out seam (overmining) subsi­
dence begins in the lower coalbed and works up to the surface, 
although this will not always affect the upper bed. Generally 
no significant effects related to productivity and overall 
extraction will be noted if the parting thickness is greater 
than 180 feet, proVided the lower seam is less that 8 feet 
thick (Stemple, 1956). However, success in mining can only 
be assured if extraction in the lower seam is complete, 
otherwise the parting thicknesses of 30 feet and seams less 
than 8 feet thick, with careful planning which included 
columnization. of pillars, and long straight pillar lines. A 
time lapse after lower seam mining tends to stabilize the 
upper beds and facilitate later mining. When compared to 
single-seam operations mining costs may be expected to be 
higher for thin partings and gradually decrease with increas­
ing parting thickness set after which costs stabilize and may 
be only insignificantly different. This rate of change is 
illustrated in Figure 40. 

When mining below a worked-out seam (undermining), seam 
disturbance may be expected when parting thickness is less 
than 100 feet, and is almost certain when the thickness is 
less than 65 feet. The limits of disturbance are influenced 
by overburden depth and nature of strata; time lapse between 
mining has little advantage. Possibly the ratio of over­
burden thickness to parting thickness is proportional to the 
likelihood of disturbance. 

Difficulties are likely to develop with simultaneous 
mining if the parting is less than 165 feet. For narrower 
partings, the upper seam should be advanced 100 to 150 feet 
ahead of the lower seam and columnization of pillars is 
advisable. Partial mining of the poorer quality seam first 
and maximizing recovery in the high quality coalbed can lead 
to good recovery with reduced problems. 
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European experience demonstrates how difficult 
mining conditions may be addressed, and provides some 
techniques for dealing with problems related to longwall 
mining and increased depth. Drivages in destressed zones 
are imperative for good roof control. Toward the same 
goal, longwall faces should be oriented to advance per­
pendicular to the pillar lines that may exist in seams 
either above or below. Complete extraction is important 
not only to achieve maximum resource recovery but also to 
help reduce seam interaction. 

Figure 41 summarizes the potential problem 
severity for the three modes of multiple-seam mining for 
parting thickness-to-coal ratios ranging from 5 to 40. The 
graph shows that for overmining conditions, success can be 
realized with small parting ratios even though greater 
potential for problems exists. The parting ratio is almost 
doubled before the same success may be expected for undermining 
conditions. However, the problem potential decreases faster 
than that for overmining as the parting ratio increases. 
Simultaneous mining requires the highest parting thickness­
to-coal ratio before mining success may be expected. In all 
of these modes of multiple-seam mining the problem of inter­
action is greatly reduced when the parting thickness-to-coal 
ratio exceeds about 40. 

It was noted during this investigation that extraction 
ratio, which serves as a measure of mine performance, varies 
with the thickness and nature of parting. This ratio also 
varies somewhat with the mode of multiple-seam mining 
practiced, but is not significantly different for any 
particular mode of operation. It was also observed that the 
output per man-shift (OMS) for underground workers is rela~ively 
close when comparing overmining, undermining and simultaneous 
mining, and that this output is only slightly less than for 
single-seam mining. It may be concluded that even though 
certain phases of mining are affected by multiple-seam 
conditions, the additional costs incurred to cope with the 
problems resulting therefrom do not siqnificdotly add to thlc, 
selling price of coal. 
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TASK 3 

EVALUATION OF REGULA TORY AND 

OTHER INSTITUTIONAL CONSTRAINTS 
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1.0 INTRODUCTION 
The United States has four to five times as much 

ener~IY reserves in its coal resources, than it has in all 
othel' resources combined. With prospective energy needs, 
Govel'nment experts and private economists declare that the 
nation will have to double its coal production within a 
decade. Consequently, it is ~nticipated that multiple 
seam mining, which has been practiced to a limited extent 
in tl"le United States for over 100 years, will increase 
rapiclly. 

Multiple-seam mining can present problems and can 
affect the coal recovery of overlying or underlying seams. 
The maximization of coal recovery has become based on a 
composite plan for the mining of all existing minable 
seam~ on a property while using the best available 
techrlology. This is becoming an important factor which 
is rE! flected in the requirements of prior approach for 
mining plans which are then examined by federal and 
various state government agencies for maximum recovery 
with a minimum of environmental damage. Only if these 
criteria are met will a lease or permit be awarded. 

The purpose of this investigation is to identify the 
problems posed by mining regulations, and by other indirect 
sources such as organized labor; which are applicable to 
underground multiple-seam coal mining, taking into account 
existing technology as practiced in the United States and 
Europe. This technology can include shortwall: advancing 
or retreatinglongwall: superposition of entries: driving 
of roadways under old gobs in order to achieve drivage 
through d~stressed areas: or the use of harmonic extraction 
of bi'O or more seams. 

Multiple-seam underground m1n1ng of coal can be 
affected by several state and federal agencies in the areas 
of 

• Resource Recovery 
• Leasing 
• Environment 
• Health and Safety 
• Mining Operations 
• Organized Labor 

but 'jt appears the Department of Energy itself has no 
direct role in regulatory effects in this area. 

Regulations and restraints applicable to auger mining 
have not been included in this work, as auger mining is 
not ~I'enerally considered underground mining, but an 
extension of surface mining. 
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Specific pertinent regulations and proposed 
regulations have been cited in their entirety to fully 
indicate their context. 
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2.0 INDUSTRY REACTIONS 
Along with the procurement and study of federal and 

state regulations, a search was undertaken of all recent 
U. s. mining journals, trade magazine~ conference proceedings, 
and so on, to try to find the overall industry reaction to 
coal mining regulations as they apply to multiple seams. 
Sources were examined from 1970 to date. 

Nearly all of the industry reactions referred to so­
called over-regulation of the coal mining industry with 
extJ:~eme federal and state involvement, too many investiga­
tions for grant of mining permits, too many departments and 
agencies required to be contacted for approval, and too 
many permits required annually. Prolonged and costly delays 
in obtaining permits as well as the heavy cost of implemen­
tation were also cited. 

It becomes clear that the industry was particularly 
concerned with the suspension of federal leasing, emer­
gency leasing of federal lands, and the delay in the 
formulation of policies with respect to long-term leasing. 
Several articles also were concerned about wildcat strikes, 
esp;:~cially in mines controlled by the UMWA. The complaints 
and fears of operators apply to coal mining in general and 
not specifically to multiple-seam mining. 

However, in none of these articles are the authors 
speGific about how the regulations that might affect multiple­
seam mining affected them. In general, specific regulations 
have been met or variances obtained, at increased overall 
cost. 
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3.0 RESOURCE RECOVERY REGULATIONS 
3.1 General 

The responsibility of assuring maximum resource recovery 
has been left to the United States Geological Survey (USGS) 
of the Department of the Interior. Before a mining permit 
for the mining of coal by underground methods is granted, 
the Lessee is required to submit a detailed application to 
the USGS Mining Supervisor, showing the location, method, 
and extent of mining operations, including related activ­
ities necessary and incidental to the ,mining operations, 
along with steps to be taken to reclaim disturbed areas, 
to mitigate adverse impacts, and to meet necessary perfor­
mance standards and requirements. 

These applications are required to be examined by the 
Mining Supervisor, with a view to assure the extraction of 
the coal resource to the maximum extent possible, taking 
into account existing technology, commercially available 
equipment, the cost of production, the quality and quantity 
of the coal resource, minimization of waste of the coal 
resource and damage to any remaining coal formation and 
other mineral resources. 

3.2 Maps and Plans 

In order to assure maximum resource recovery certain 
input information is required by the Mining Supervisor 
and Title 30, Chapter II, § 211.10 Exploration and § 211.12 
Mine Maps, and Mining Plans, outline the general and 
specific requirements. 

3.2.1 Exploration and Mining Plans 

The regulations which affect multiple-seam underground 
coal mining are: 

§ 211.10 (7) Suitable topographic maps or aerial 
photographs showing: 

(iii) Cross sections and plan views of the land 
to be affected, including the actual area to be 
mined, showing elevation and location of drill 
holes and depicting the following information: 
the nature and depth of the various strata of 
overburden; the nature' and thickness and extent 
of any coal, or if rider seams above the specific 
coal proposed to be mined; the nature of the strata 
beneath the coal to be mined for a vertical distance 
of at lea~t 20 meters beneath the base of the coal 
seam; the location of the next known deeper coal 
seam below the deepest seam to be mined and 
representative characteristics thereof; the 
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location of any other mineral values encountered; 
hydrologic data and other information relevant to 
the mining plan; all mineral crop lines and the 
strike and dip of the coal to be mined within the 
area of land to be affected; location and extent 
of known surface and underground mine workings, 
oil orgas wells, and water wells within ~ mile 
of the affected lands, the location of aquifers; 
the estimated elevation of the water table, and 
potentiometric surface; the location of spoil, 
waste, or refuse areas, and sequence of place­
ment and topsoil preservation- area; the location 
of all impoundments of water treatment facilities; 
constructed or natural drainways and the location 
of any discharges to any surface body of water on 
the area of land to be affected or adjacent there­
to; and cross sections of the anticipated final 
surface configuration that will be achieved 
pursuant to the operator's proposed reclamation 
activities. 

3.2.2 Mine Maps 

The regulation which affects multiple-seam underground 
coal mining is § 211.12 (a) and § 211.12 (b). 

§ 211.12 Mine maps. 
(a) General requirements. The operator shall 

maintain accurate and up-to-date maps of the mine, 
drawn to scales acceptable to the Mining Supervisor. 
All maps shall be appropriately marked with refer­
ence to government lan~m~rkq or lines and elevations 
with reference to sea level. Before a mine, or 
section of a mine, is abandoned, closed, or made 
inaccessible, a survey of such mine or section 
shall be made and recorded on such maps and a copy 
shall be furnished to the Mining Supervisor. All 
excavations in each separate bed shall be shown in 
such a manner that the production of coal for any 
royalty period can be accurately ascertained. 
Additionally, the maps shall show the name of the 
mine; the name of the lessee; the lease, permit, 
or license serial number; the lease boundary lines; 
surface buildinqs; dip of the bed; true north; map 
scale and explanatory legend; location surface 
elevation, depth and thicknes~ of the coal, and 
total depth of each borehole; auger holes; improve­
ments; reclamation completed; topography, including 
subsidence resulting from mining; and the geologic 
and hydrologic conditions as determined from out­
crops, drill holes exploration or mining; water 
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monitoring stations and such other information 
as the Mining Supervisor may request. Copies of 
such maps shall be properly posted to date and 
furnished, in duplicate, to the Mining Supervisor 
annually, or at such other times as he may request. 

(b) Underground mine maps. Underground mine 
maps shall, in addition to the general requirements 
of paragraph (a) of this Section, show all mine 
workings: the date of extension of the mine work­
ings and a coal section at each entry face; the 
location of all surface mine fans: the position of 
all fire walls, dams, main pumps, fire pipelines, 
permanent ventilation stoppings, doors, overcasts, 
undercasts, permanent seals, and regulators: the 
direction of the ventilating current in the various 
parts of the mine at the time of making the latest 
surveys: sealed areas: known bodies of standing 
water, either in or above the workings of the mine; 
areas affected by squeezes: the elevations of sur­
face and underground levels of all shafts, slopes 
or drifts, and the elevation of the floor, or 
bottom of the mine workings, at regular intervals 
in main entries, panels or sections, and sump 
areas. Any maps submitted to the Mining Safety and 
Health Administration for the purpose of showing, and 
which in fact show, any of the specific data required 
by this subparagraph shall be acceptable in fulfill­
ment of the requirements hereof. 

The requirements for maps showing all seams are the 
minimum needed for the purpose and do not present any undue 
hardship to the lessee or operators. 

3.3 Mining Sequence and Method 

Regulations of the Geological Survey, which directly 
effect the mining of multiple seams by underground methods, 
are provided in CFR Title 30, Chapter II: 

§ 211.32 Multiple-Seam Mining 

(a) Sequence of .mining. In general, the avail­
able coal in the upper beds shall be worked out 
before the coal in the lower beds is mined, and 
simultaneous workings in an upper coal bed shall 
be kept in advance of the workings in each lower 
bed. The Mining Supervisor may authorize mining 
of any lower beds before mining the available 
coal in each known upper bed. 

(b) Protective barrier pillars in multiple-seam 
mining. In areas subject to multiple-seam 

extraction, the protective barrier pillars for all 
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main and secondary slope entries, main haulageways, 
primary aircourses, bleeder entries and manways in 
each seam shall be superimposed, regardless of 
vertical separation or rock competency; however, 
modifications, exceptions, or variations of this 
requirement may be approved in advance by the 
Mining Supervisor. 

The provision on mining sequence does not spell out the 
conditions when such permission may be granted by the Mining 
Supervisor. The "Maximum Economic Recovery" (MER) under 
Federal Coal Leasing, discussed in Section 4.2.1 of this 
report, requires the assessment of "MER" on the basis of 
individual seams. Thus one mining sequence may be more 
beneficial overall than another, but would require 
special consideration. 

The provision on protective barrier pillars requires 
that all barrier pillars for all main and secondary slope 
entries, main haulageways, primary air courses, bleeder 
entries, and manways in each seam shall be superposed regard­
less of vertical separation or other conditions. These 
requirements ideally suit the working of horizontal and 
moderately pitching coal seams by room-and-pillar methods, but 
do not permit columnization normal to the bedding planes as 
practiced for pitching seams. 

The requirements also do not permit drivages or entries 
through destressed zones over or under a worked-out seam, 
when these are specifically driven away from zones of 
abutment pressures. 

These superposition provisions are the most specific 
regulatory or institutional constraints on multiple-seam 
underground coal mining that were found during this work. 
Provisions for remnant pillars are discussed at greater 
length in Section 7.0 of this task. 
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4.0 LEASING REGULATIONS 
4.1 General 

The United States Geological Survey estimates that a 
large part of Alaska and Rocky Mountains Land and all of 
the Outer Continental Shelf beyond state jurisdiction are 
controlled by the federal government. In real terms, it 
controls 760 million acres, one third of all U. S. land, 
and it holds mineral rights on another 63 million acres. 

The ~ederal government now owns more than 96% in 
Alaska (62% after final agreement on state selection and 
settlement of 'native claims); 86% of all lands in Nevada; 
67% in Idaho; 65% in Utah, 52% in Oregon; 48% in Wyoming; 
45% in California; and 44% in Arizona. Only four states -
Connecticut, Iowa, Maine and New York - contain less than 
1% federal lands. It has been estimated that publicly 
controlled land contain 33.8% of all known coal and 70% of 
all known low-sulfur coal resources. ("The Mining Record," 
Feb. 7, 1979). 

4.2 Management of Federally Owned Coal 

Leasing of federally-owned coal is presently in a state 
of flux as court decisions have temporarily halted leasing 
and the Bureau of Land Management has proposed entirely 
new regulations. 

The Bureau of Land Management (BLM), Department of 
Interior, is responsible for the management of federally­
owned coal. In proposed CFR Title 43 - Coal Management: 
Federally Owned Coal, there are some references dealing 
directly and indirectly with multiple-seam underground coal 
mining. These proposed regulations are stated and evaluated 
below: 

4.2.1 "Maximum Economic Recovery" (MER) 

Part 3400 - Coal Management - General, Sub part 3400. 
Introduction, General, Section § 3400 0-5 Definitions: 

(ee) "Maximum economic recovery" 
or "MER" means that all portions 
of the coal deposits within the 
leaSe tract shall be mined that 
have a private incremental cost of 
recovery (including reclamation, 
safety and opportunity costs) less 
than or equal to the market value of 
the coal. 
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Thus each seam must be assessed individually as 
well as collectively, providing multiple scenarios 
for lease bidders. 

Ifowever, based on comments received on the propos7d . . 
Coal J~>1anagement Rule Making, and to conform to the deflnl tlon 
of "Known Recoverable Coal Resource Area" or "KRCRA" used in 
the GI~ological Survey usage, the Secretary of Interior has 
clarified that the definition of: 

Maximum economic recovery has been revised to 
reflect the decision of the Secretary to assess 
coal seams on the basis of their individual 
profitability rather than their collective 
profitability. 

In accordance with this definition, coal seams are 
leased individually in a given area. Thus different seams 
may E~ven be worked by different operators. A seam that 
prOVE!S uneconomical to operate under present conditions, 
will not be developed, even though it could become economic 
in the future, or can be profitably mined along with other 
seam~i. This policy is based on immediate benefits and 
essentially considers only single-seam mining. 

4.2.2 Leasing 

Proposed Part 3400 Subpart 3420 - Competitive Leasing, 
Section 

§ 3420.0-6 policy, states: 

All leases except those issued under the pro­
visions of Part 3430 of this title shall be issued 
competitively. There shall be special opportunity 
lease sales for qualified public bodies and for 
small businesses. Before each sale, the Department 
shall evaluate and compare the method or methods of 
mining that will achieve the maximum economic 
recovery of the resource. The Department shall 
receive fair market value for all coal leased. 

Before leasing of federal coal lands can be 
accomplished, preliminary tract delineation is 
required to enable the BLM to determine the effect 
that mining a particular coal seam will have on the 
rest of the area. In Proposed Part 3420, Subpart 
3420-Competitive Leasing, Section § 3420.4-3 
Preliminary Tract Delineation, Subsection (e), out­
lines the delineation procedure: 

(c) The potential tracts shall be delineated 
in accordance with § 3471.1-2 of this title and by 
seam(s) or coal bed(s). More than one potential 
tract may be delineated for a specific coal bed or 
potential mining unit. 
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The BLM carries out economic evaluation on coal 
leasable areas through the Geological Survey before 
accepting bids. These evaluations determine fair 
market value and assist in the determination of the MER. 

This is detailed in Proposed Part 3420 - Competitive 
Leasing, Subpart 3422 - Lease Sale, Section. 

§ 3422.1-1 Mineral evaluation and comments on 
fair market value and maximum economic recovery. 

After announcement of the regional lease sale schedule, 
and in any case not less than 30 days prior to the pub­
lication of a notice of sale, the autho~ized officer shall: 

(a) Solicit public comment on the fair 
market value of the tract or tracts proposed to 
be offered. Such solicitation shall ask for 
comments on these items which affect the 
appraisal such as the terms and conditions of 
similar market transactions, the quality and 
extent of the coal resource, the price that 
the mined coal would bring in the market place, 
the cost of producing the coal, the interest 
rate at which anticipated income streams should 
be discounted, depreciation and other accounting 
factors, the value of the surface estate (if 
private surface), the mining method or methods 
which would achieve maximum economic recovery 
of the coal and any other items which might 
effect the appraisal of the tract or tracts. 
Such comments will be solicited for a period of 
not less than 30 days. The authorized officer 
shall forward a copy of all comments to the 
Geological Survey. 

(b) Request from the Geological Survey and evaluation 
including a coal resource economic value (CREV) 
and a maximum economic recovery (MER) determina-
tion. Prior to issuance of the sale notice, the 
Geological Survey shall forward this evaluation 
to the authorized officer. This evaluation shall 
include the coal resource economic value, mining 
method evaluation, estimated recoverable reserves 
by bed, preliminary MER indication, coal quality 
assessment, royalty and lease bond recommenda o

-

tions; an estimate of reclamation fees that mining 
the tract would generate, and an evaluation of the 
public comments on fair market value and maximum 
economic recovery. 

Thus, the appraisal of the coal lease must 
be done by seam and therefore will affect multiple-
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seam operations by having various alternatives to consider. 

After a successful bid is indicated, pre-lease require­
ments must be met and stated in Proposed Part 3420--Com­
petitive Leasing, Subpart 3422--Lease Sales, Section 
§ 3422.2 Notice of Sale, Subsection 6 

(2) Contain the pre-lease indication of 
maximum economic recovery by bed of coal to 
be mined as a guide to bidders even though 
this determination would not be a lease term, 
and would be subject to revision in the formal 
MER determination to be made in mine plan 

MER must be indicated by seam which again may affect multiple­
seam Ol?erations. 

Noncompetitive leasing regulations are covered in Proposed 
Part 3430 of CFR, Title 43. The only regulation applicable 
to multiple-seam underground mining is Subpart 3430 -
Preference Right Leases, Section § 3430.2-1. Intial Showing, 
Subsection (a), which states 

(1) Coal quantity shall be indicated by 
structural maps of the tops of all beds to be 
mined, isopachous maps of beds to be mined and 
interburden; and, for beds to be mined by sur­
face mining methods, isopachous maps of the 
overburden. These maps shall show the location 
of test holes and outcrops. An estimate of the 
measured and indicated reserves for each bed to 
be mined shall be included. 

Multiple-seam operations must therefore file additional maps 
in conformity with this section. 

4.2.3 Lease Modifications 

The ELM has made the conversion from single-seam mining 
to multiple-seam mining available in their coal mining leases. 
This is shown in Proposed Part 3430, Subpart 3432-Lease 
Modifications, Section. 

§ 3432.2 Availability. 

(a) The authorized officer may modify the 
lease to include all or part of the lands applied 
for if he determines that: (1) the modification 
serves the interests of the United States; (2) there 
is no competitive interest in the lands or deposits; 
and (3) the additional lands or deposits cannot be 
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developed as part of another potential or 
existing independent operation. 

The BLM also has the reverse of the above clause. These 
regulations from: Proposed Part 3450 - Management of Existing 
Leases, Subpart 3452 - Relinquishment. Cancellation and 
Termination read 

§ 3452.1-1 General 
Upon a satisfactory showing that the public 

interest shall not be impaired, the lessee may 
surrender the entire lease, a legal subdivision 
thereof, an aliquot part thereof (not less than 
10 acres), or any bed of the coal deposits 
therein. A partial relinquishment shall describe 
clearly the surrendered parcel or coal deposits 
and give the exact acreage relinquished (see 43CFR 
3475.5 (c). 

Proposed Part 3470 Coal Management Provisions and 
Limitations, Subpart 3475 - Lease Terms, Section § 3475.5 
Logical Mining Unit, Subsection (C), states: 

(c) If, under the provisions of § 3452.1, the 
authorized officer accepts the relinquishment of 
any. coal deposits in a lease, the LMU reserves 
shall be adjusted. When the Mining Supervisor 
is determining the LMU reserves, the lessee shall 
be consulted about any coal deposits subject to 
the lease which the lessee does not intend to mine. 
The lessee shall also be consulted about the rights 
the lessee is prepared to surrender to decrease the 
LMU reserves upon which the requirements of diligent 
development, continued operation, and production in 
commercial quantities will be based. 

4.2.5 Emergency Leasing 
Proposed Part § 3425.1-4, Emergency Leasing, reads: 

(a) An emergency lease sale may be held in 
response to an application under this Subpart if 
the applicant shows: 

(1) That the application involves an existing 
mining operation that has been producing coal for 
at least two years before the date of application, 
and either: (i) the Federal coal is needed within 
three years to maintain an existing mining opera­
tion at the current average annual level of 
production, or new contracted level of production 
to supply coal for contracts signed prior to the 
effective date of these regulations, as SUbstantiated 
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by a complete copy of the supply or delivery contract, 
or both; or (ii) if the coal deposits are not leased 
they shall be bypassed in the reasonably foreseeable 
future, and if leased, some portion of the tract 
applied for shall be used within three years, as 
substantiated by the proposed production levels 
stated in a mining sequence plan submitted as part 
of the application for lease; and 

(2) That the need for the coal deposits 
shall have resulted from circumstances that 
were beyond the control of the applicant or 
that he could not have reasonably foreseen 
and planned for in time to allow for considera­
tion of leasing the tract under the provisions of 
§ 3420.4 of this title. 

(b) The extent of any lease issued under this 
section shall not exceed 8 years of recoverable 
reserves at the rate of production under which 
the applicant qualifies in subsection (a) (1) of 
this section. 

(c) No lease shall be issued under this section 
if: 

(1) the applicant holds an existing lease 
issued under this section. 

(2) such an existing lease and the application 
are related to the same mining operation; and 

(3) the number of years of reserves (at the 
calculated rate of production) leased in 
accordance with sUbsection (b) of this section is 
greater than the number of years that have passed 
since the issuance of such an existing lease. 

The section authorizes the issuance of a lease in response 
to any application of a pre-existing mine provided they meet 
specic'Ll needs and requirements. The amount of recoverable 
reserves leased will not exceed 8 years of production in order 
to maintain an existing operation at the current average annual 
level of production. Eight years maybe inadequate in some 
instances. 

4.3 Comments and Conclusions 

'I'he proposed BLM Leasing regulations provide that all 
seams in a lease area be assessed individually for their economic 
potential, and not necessarily collectively. Further, the 
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coals on a lease area may be leased to different parties, and 
their individual bids may well differ in favorability to the 
government, therefore, the lease terms may require mining only 
certain seams or only one seam, and perhaps even different 
operators in vertically adjacent seams. 

In addition, the BLM must be notified and approve of 
intent to mine or not to mine seams originally not included 
or included in the lease, emergency leasing provisions may 
allow a mining firm to mine an additional seam of federal 
coal if not already leased or operating a lease, but for a 
period of 8 years only. 

The proposed leasing arrangements whereby each seam 
must be considered individually and not necessarily 
collectively has the potential for great impact on multiple­
seam underground coal mining and could lead to both mining 
and leasing delays and difficulties. 
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5.0 ENVIRONMENTAL REGULATIONS 
5.1 Mine Drainage and Dus~ 

An examination of pertinent federal and state environ­
mental and reclamation regulations, including those of the 
Office of Surface Mining of the U. S. Department of Inter­
ior, rovealed that no provisions deal with multiple-seam 
mining either directly or indirectly. All regulations are 
written on the basis of a single permit for a mine, no 
matter how many seams or portals are active. Thus environ­
mental control regulations for mine drainage and other 
impacts from multiple-seam mining do not differ from those 
for single seam-mining. 

!:j.2 Surface Effects from Underground Mining 

The Office of Surface Mining of the U. S. Department of 
the Int:erior regulates surface effects from underground 
mining in two ways: effects of the surface plant and facil­
ities and effects of subsidence. 

This arises from the following definition of surface 
coal mining operations: 

CFR Title 30, Chapter VII, Part 700-General 

§ 700.5 Definitions: 

Surface Coal Mining Operations means: (1) 
Activities conducted on the surface of lands 
in connection with a surface coal mine or 
subject to the requirements of Section 516 
surface operations and surface impacts incident 
to an underground coal mine, ,the products of 
which enter commerce or the operations of which 
directly or indirectly affect interstate commerce. 
Such activities include excavation for the purpose 
of obtaining coal includinq such common methods 
as contour, strip, auger, mountaintop removal, 
box cut, open pit, and area mininq, the uses of 
explosives and blasting, anrl in-c::itll nistillation 
or retorting, leaching or other chemical or 
physical processing, and the cleaning, concentrating, 
or other processing or preparation, loading of 
coal for interstate commerce at or near the mine 
site: provided, however, that such activities 
do not include the extraction of coal incidental 
to the extraction of other minerals where coal 
does not exceed 16 2/3 per centum of the tonnage 
of minerals removed for purposes of commercial use 
or sale or coal exploration subject to Section 
512 of the Act: and (2) The areas upon which 
such activities occur or where such activities 
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5.2.2 Subsidence 

Since subsidence is a surface effect of underground 
mining, OSM has proposed that a Subsidence Control Plan 
be filed for mining, which would probably be required 
for each episode of non-simultaneous underground multiple­
seam coal mining. 

Proposed § 784.20 Subsidence Control Plan: 

The application shall include a survey 
which shall show whether structures or 
renewable resource lands exist within 
the proposed permit and adjacent area and 
whether subsidence if it occurred could cause 
material damage or diminution of reasonably 
foreseeable use of such structures or renew­
able resource lands. If the survey shows that 
no such structures or renewable resource 
lands exist, or no such material damage or 
diminution could be caused in the event of 
mine subsidence, and if the regulatory 
authority agrees with such conclusion, no 
further information need be provided in the 
application under this section. In the event 
the survey shows such structures or renewable 
resource lands exist, and that subsidence could 
cause material damage or diminution of value 
or forseeable use of the land, or if the 
regulatory authority determines that such 
damage or diminution could occur, the application 
shall include a subsidence control plan which 
shall contain the following information. 

(a) A detailed description of the mining 
method and other measures to be taken which 
may affect subsidence, including: 

(1) The technique of coal removal, such 
as longwall mining, room and pillar with 
pillar removal, hydraulic mining or other methods; 
and 

{2} The extent, if any, to which planned 
and controlled subsidence is intended. 

(b) A detailed description of the measures 
to be taken to prevent subsidence from causing 
material damage or lessening the value or 
reasonably forseeable use of the surface, 
including-
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disturb the natural land surface. Such areas shall 
also include any adjacent land, the use of which 
is incidental to any such activities, all lands 
affected by the construction of new roads or the 
improvement or use of existing roads to gain 
access to the site of such activities and for 
haulage and excavation, workings, impoundments, 
dams, ventilation shafts, entryway~ refuse banks, 
dumps, stockpiles, overburden piles, spoil banks, 
culm banks, tailings, holes or depressions, repair 
areas, storage areas, processing areas, shipping 
areas and other areas upon which are sited 
structures, facilities, or other property or 
material on the surface, resulting from or 
incident to such activities. 

5.2.1 Surface Plant and Facilities 

As with mine drainage and dust, the effects of the surface 
plant are regulated solely on a permit basis. Thus, multiple­
seam mining is not currently specifically affected except in 
terms of additional subsurface information proposed to be 
requilred. 

I?roposed Part 783 - Underground Mining Permit Applications -
Minimllm Requirements for Information on Environmental Resources: 

Proposed § 783.14 Geology Description: 

(a) Geology of the strata down to and 
including the stratum immediately below 
any coal seam to be mined shall be described 
for those areas to be affected by surface 
operations or facilities, including the 
following data resulting from analyses of 
test borings, core samplings, or outcrop 
samples. 

Proposed § 783.25 Cross sections, Maps and Plans: 

(c) Nature, depth, and thickness of the 
coal seams to be mined, any coal or rider 
seams above the seam to be mined, each stratum 
of the overburden, and the stratum immediately 
below the lowest coal seam to be mined. 

(d) All coal crop lines and the strike 
and dip of the coal to be mined within the 
proposed mine plan area. 

(e) Location and extent of known workings 
of active, inactive, or abandoned underground 
mines, including mine openings to the surface 
within the proposed mine plan and adjacent areas. 
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(1) The anticipated effects of planned 
subsidence, if any; 

(2) Measures, if any, to be taken in 
the mine to reduce the likelihood of subsi­
dence, including such measures as-

(i) Backstowing or backfilling of voids; 

(ii) Leaving support pillars of coal; and 

(iii) Areas in which no coal removal is 
planned, including a description of the over­
lying area to be protected by leaving coal in 
place. 

(3) Measures to be taken on the surface 
to prevent material damage or lessening of 
the value or reasonably forseeable use of 
the surface including such measures as-

(i) Reinforcement of sensitive struc­
tures or features; 

(ii) Installation of footers designed 
to reduce damage caused by movement; 

(iii) Change of location of pipelines, 
utility lines or other features; 

(iv) Relocation of movable improvements 
to sites outside the angle-of-drawj and 

(v) Monitoring, if any, to determine 
the commencement and degree of subsidence 
so that other appropriate measures can be 
taken to prevent or reduce material damage. 

(c) A detailed description of the 
measures to be taken to mitigate the effects 
of any material damage or diminution of 
value or forseeable use of lands which may 
occur, including one or more of the following 
as required by 30 CFR 817.124-

(1) Restoration or rehabilitation of 
structures and features, including approximate 
land-surface contours, to premining condition. 

(2) Replacement of structures destroyed 
by subsidence. 
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(3) Purchase of structures prior to mining 
and restoration of the land after subsidence 
to condition capable of supporting and suitable 
for the structures and forseeable land uses. 

(4) Purchase of non-cancellable insurance 
policies payable to the surface owner in the 
full amount of the possible material damage or 
other comparable measures. 

(d) A detailed description of measures 
to be taken to determine the degree of material 
damage or diminution of value or forseeable use 
of the surface, including such measures as-

(1) The results of pre-subsidence surveys 
of all structures and surface features which 
might be materially damaged by subsidence. 

(2) Monitoring, if any, proposed to 
measure deformations near specified structures 
or features or otherwise as appropriate for 
the operation. 

The Pennsylvania Bituminous Coal Mine Subsidence 
and Land Conservation Act of 1966 requires additional 
maps and other information for mUltiple-seam operations: 

Section 5. Permit; application, map or plan: bond 
or other security; filing. 

(a) Before any bituminous coal mine subject 
to the provisions of this act is opened, reopened, 
or continued in operation, the owner, operator, 
lessor, lessee, general manager, superintendent 
or other person in charge of or having supervision 
over such mine or mining operation shall apply 
to the Department of Mines and Mineral Industries, 
on a form prepared and furnished by the department, 
for a permit for each separate bituminous coal 
mine or mining operation, which permit, when issued 
or reissued shall be valid until such mine or 
mining operation is completed or abandoned, unless 
sooner suspended or revoked by an order of the 
Secretary of Mines and Mineral Industries, as 
hereinafter provided. As a part of such application 
for a permit the applicant shall furnish, in 
duplicate, a map or plan of a scale and in a manner 
in accordance with rules and regulations of the 

205 ENGINEERS INTERNATIONAL. INC. 



Department of Mines and Mineral Industries 
showing the location of the mine or mining 
operation, the extent to which mining operations 
presently have been completed, and the extent 
to which mining operations will be conducted under 
the permit being requested. Such map or plan 
shall show the boundaries of the area of surface 
land overlying the mine or mining operation, the 
location and/or designation of all structures in 
place on the effective date of this act which overlie 
the proposed mine or mining operation, the name of 
the record owner OF owners of said surface structures, 
the location of all bodies of water, rivers and 
streams, roads and railroads, and the political 
subdivision and county in which said structures 
are located. Such map or plan shall include, in 
addition to the information specified above, such 
information on the character of the mining 
operation, overburden, rock strata, proximity of and 
conditions in overlying or underlying coal seams 
and other geological conditions as the Secretary 
of Mines and Mineral Industries, by rules and 
regulations, shall direct. The mao or plan must 
set forth a detailed description of the manner, 
if any, by which the applicant proposes to 
support the surface structures overlying the 
bituminous mine or mining operation. Upon 
receipt of such application in proper form, 
the Secretary of Mines and Mineral Industries 
shall cause a permit to be issued or reissued 
if, in his opinion, the application discloses 
that sufficient support will be provided for the 
protected structures. 

In addition this Pennsylvania act requires: 

Section 6. Repair of damage or satisfaction of claims: 
revocation or suspension of permit~ bond or collateral. 

(a) If the removal of coal or other mining 
operations by a holder of a permit granted 
under section 5 causes damage to structures 
set forth in section 4 of this act evidence 
that such damage has been repaired or that all 
claims arising therefrom have been satisfied, 
shall be furnished to the Secretary of Mines and 
Mineral Industries within six months from the 
date that the holder of such permit knows, or 
has reason to know, such damage has occurred or, 
at the option of the permit holder, within such 
period there shall be deposited with the 
secretary of Mines and Mineral Industries as 
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security for such repair or such satisfaction 
a sum of money in an amount equal to said 
damage or the reasonable cost of repair thereof, 
as estimated by a reputable expert. In default 
of the filing of such evidence or such deposit, 
the Secretary of Mines and Mineral Industries 
shall suspend or revoke said permit. 

(b) No permit revoked or suspended pursuant 
to this section shall be reissued or reinstated until 
the applicant shall have furnished satisfactory 
evidence to the Department of Mines and Mineral 
Industries that the damage for which the permit 
was revoked or suspended has been repaired or all 
claims arising therefrom satisfied, in accordance 
with subsection (a) above. 

This provision may result in repair of surface structures 
two or more times rather than once after all mining has 
ceased, unless mining seams simultaneously. 
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6.0 HEALTH AND SAFETY REGULATIONS 
6.1 Department of Labor - MSHA 

The Mine Safety and Health Administration (MSHA) has 
two indirect provisions dealing with multiple-seam under­
ground mining. Both are in CFR Title 30, Chapter I, Part 
75 - Mandatory Safety Standards - Underground Coal Mines. 

6.1.1 Map Provisions 

The first provision requires operators of coal mines 
to have up-to-date maps and included on these maps location 
of mines above and below their operation. 

Subpart M-Maps 

§ 75.1200 Mine map. 

(Statutory Provisions) 

The operator of a coal mine shall have in a 
fireproof repository located in an area on the 
surface of the mine chosen by the mine operator 
to minimize the danger of destruction by fire or 
other hazard , an accurate and up-to-date map of 
such mine drawn on scale. Such map shall show: 

(i) Mines above or below; 
(j) Water pools above; 

The provision has been provided for determing the 
mining conditions and should present no hardship to an 
operator, if the mines below or above are under the same 
management. 

6.1.2 Provisions for Operating Under Water 

The second provision is a safety measure for inundations 
and a coal mining operation which has an abandoned mine full 
of water above its operations. Therefore, this provision 
as stated below can indirectly affect multiple-seam mining. 

Subpart R - Miscellaneous 

§ 75.1716 Operation Under Water 

(Statutory Provisions) 

Whenever an operator mines coal from a coal 
mine opened after March 30, 1970, or from any new 
working section of a mine opened prior to such date, 
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in a manner that requires the construction, 
operation, and maintenance of tunnels under 
any river, stream, lake, or other body of water, 
that is, in the judgment of the Secretary, 
sufficiently large to constitute a hazard to 
miners, such operator shall obtain a permit from 
the Secretary which shall include such terms and 
conditions as he deems appropriate to protect the 
safety of miners working or passing through such 
tunnels from cave-ins and other hazards. Such 
permits shall require, in accordance with a plan 
to be approved by the Secretary, that a safety 
zone be established beneath and adjacent to such 
body of water. No plan shall be approved unless 
there is a minimum of cover to be determined by 
the Secretary, based on test holes drilled by the 
operator in a manner to be prescribed by the 
Secretary. No such permit shall be required in 
the case of any new working section of a mine 
which is located under any water resource reservoir 
being constructed by a Federal agency on December 
30, 1969, the operator of which is required by 
such agency to operate in a manner that protects 
the safety of miners working in such section from 
cave-ins and other hazards. 

The provision provides safeguards when mining below 
an abandoned workpd-out seam which may be full of water. 
In 8uch case, the Secretary has the powers to prescribe 
concl it ions , which may be required for safe working of a 
seam. 

6.1.3 Inspection Provisions 

MSHA has the authority to conduct inspections in coal 
minE:~s, as given by Public Law 91-173, Title I-General, 
Inspections and Investigations: 

Sec. 103. (a) Authorized representatives of the 
Secretary shall make frequent inspections and 
investigations in coal mines each year for the 
purpose of (1) obtaining, utilizing, and 
disseminating information relating to health and 
safety conditions, the causes of accidents and the 
causes of diseases and physical impairments 
originating in such mines, (2) gathering information 
with respect to mandatory health or safety standards, 
(3) determining whether an imminent danger exists, 
and (4) determining whether or not there is compliance 
with the mandatory health or safety standards or with 
any notice, order, or decision issued under this title. 
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In carrying out the requirements of clauses (3) 
and (4) of this subsection, no advance notice of 
an inspection shall be provided to any person. 
In carrying out the requirements of clauses (3) 
and (4) of this subsection in each underground 
coal mine, such representatives shall make 
inspections of the entire mine at least four times 
a year. 

As the last line of this paragraph states, 4 inspections 
as a minimum must be made each year, in each coal mine. 
Inquiries to MSHA Regional Offices indicated that a multiple­
seam operation can be inspected in two ways: 

• The minimum number of required inspections in 
each seam, as if each seam were a mine, or 

• Some number of inspections in each seam totaling 
to the minimum number of required inspections for 
a mine. 

Since such inspections are costly and time-consuming for the 
operator .he would want the overall minimum number at his 
operation. On the other hand, an inspection resulting in 
closure would close the entire inspection unit whether seam 
or mine, so that seam-wise inspections are preferable. 

MSHA Regional Offices differ in their interpretations, 
some consider multiple-seam mines a single inspection unit, 
while others let the mine operator decide. 

6.2 State Aqencies 

Table 21 shows the ways in which underground coal 
mining is regulated in each of the 50 states. All states 
are included for the sake of completeness, even though 
some states effectively have no coal mines or reserves 
for geologic reasons. Underground coal mining may be 
regulated in many ways, as indicated in Table 21 , and 
these categories are: 

• All Mining - all mining in a state, regardless 
of commodity or method, is regulated by the 
same set of regulations. 

• All Coal Mining - all coal mining in a state, 
regardless of method, is regulated by the same 
set of regulations. 

• Underground Coal Mining - the mining of coal 
by underground means is regulated by a 
specific set of regulations. 

• Subsidence Separately - surface subsidence 
resulting from underground mining is regulated 
by a specific set of regulations. 
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Investigation of State Regulations Pertaining to 
Underground Coal Mining 

All All Coal Underground Subsidence Anthracite MSHA 
State Mining Mining Coal ~.:!ning Separately Separately Only 

Alabama 0 • 0 0 0 -0 
Alaska • 0 0 0 0 0 
Arizona • 0 0 0 0 0 
Arkansa:; • 0 0 0 0 0 
Califorl1ia • 0 0 0 0 0 
Coloradl) 0 • 0 0 0 0 
Connecticut 0 0 0 0 0 • 
Delawarl~ 0 0 0 0 0 • Florida 0 0 0 0 0 • Georgia 0 0 0 0 0 • 
Hawaii 0 0 0 0 0 • Idaho 0 0 0 0 0 • 
lllinoil; 0 • 0 0 0 0 
Indiana 0 0 • 0 0 0 
Iowa 0 0 0 0 0 • Kansas 0 0 0 0 0 • 
Kentuck~, 0 • 0 0 0 0 
Louisia:11a 0 0 0 0 0 • Maine 0 0 0 0 0 • Maryland 0 0 0 0 0 • Massachllset ts 0 0 0 0 0 • 
Michigan 0 0 0 0 0 • MinnesOI:a • 0 0 0 0 0 
Mississlppi 0 0 0 0 0 • Missourl • 0 0 0 0 0 
Montana 0 0 0 0 0 0 
Nebraskll 0 0 0 0 0 • Nevada 0 0 0 0 0 0 
New Haml)shire 0 0 0 0 0 • New Jerl;ey 0 0 0 0 0 0 
New MexIco • 0 0 0 0 0 
New Yorlt • 0 0 0 0 0 
North C'lrol ina 0 0 0 0 0 • North D.llkota 0 0 0 0 0 0 
Ohio • 0 0 0 0 0 
Oklahomil • 0 0 0 0 0 
Oregon • 0 0 0 0 0 
Pennsylvania 0 0 • • • 0 
Rhode I!lland 0 0 0 0 0 • South Carolina • 0 0 0 0 0 
South Dakota 0 0 0 0 0 • Tenness,,!e • 0 0 0 0 0 
Texas 0 0 0 0 0 • Utah :) • 0 0 0 0 
Vermont 0 0 0 0 0 • Virginb 0 • 0 0 0 0 
Washingl:on 0 0 0 0 0 0 
West Vil~ginia 0 0 .* 0 0 0 
Wisconsln • 0 0 0 0 0 
Wyoming 0 • 0 0 0 0 

1"4" --=; -"3 1 ) 21 

*NOTE: Including Proposed Regulations GovE'rning Longwall Mining 

• " Regillations 
C = No Regulations 
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• Anthracite Separately - the mining of 
anthracite is regulated by a specific set 
of regulations. 

• MSHA Only - the state does not regulate 
underground coal mining in any fashion, but 
such regulation is left to MSHA. 

It should be noted that MSHA regulates underground 
coal mining in every state whether or not the individual 
state does as well. 

In Table 21, the solid circles indicate that a partic­
ular state regulates underground coal mining in the fashion 
indicated. 

Reviewing the 26 sets of State regulations shown in 
Table 21, only three direct and indirect regulations dealing 
with multiple-seam underground mining appeared. 

6.2.1 Health and Safety Provisions 

Indiana Code 22-10, Coal Mining Laws of Indiana, Section 
22-10-1-4, 

Subsection (c) states: 

"When two (2) or more veins are worked in the same 
mine, they shall be so operated that no danger will 
occur to the miners in either vein." 

Which is the only direct mention of mining more than one under­
ground coal seam. 

6.2.2 Map Provisions 

Within the different state regulations two indirect 
regulations are worth commenting about. One deals with maps, 
which is the same as the MSHA regulation. This regulation 
was found in the Coal Mining Laws of Alabama, Coal Mining 
Laws of Colorado, Coal Mining Act of Illinois, Coal and Clay 
Mining Laws of Kentucky, Pennsylvania's Bituminous Under­
ground Coal Mining Laws, and West Virginia's Underground 
Coal Mining Laws. 

An example of this is Coal Mining Laws, State of 
Colorado, Article 30, Section 34-30-101, Maps required­
certified, which states 

(1) The owner of each coal mine shall make 
first, a map of the surface of the property; 
second, a map of the underground workings of 
each and every seam of coal worked in the same 
mine; third, a final and complete map of every 
mine about to be abandoned or closed indefinitely. 
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6.2.3 Right-of-Way Provisions 

The second indirect regulation deals with "Tunnel, 
Right-nf-Way" found in Pennsylvania's Bituminous Under­
ground Coal Mining Laws and Coal Mining Laws of Colorado. 
The "Coal Mining Laws, State of Colorado" also give a good 
example of this regulation in Article 31, Section 34-31-101. 
Tunnels - rights-of-way - condemnation. 

(1) The owner or his agent of any coal lands 
lying on two or more sides of the property of 
another shall have the right to enter and cross 
such adjoining or intermediate claims or 
property with such drifts, tunnels, and cross-
cuts as may be necessary for the practical or 
economical mining and development of his own 
proper~y and for the purpose of extracting and 
removinq coal there from. Such drifts, tunnels, 
crosscuts, and entries for the mining and development 
of coal shall not exceed six hundred sixty feet in 
length and shall not enter or cross any adjoining 
or intermediate claims or property which are 
operated at the time of entry or may reasonably be 
expected to be operated in the future either as a 
coal mine or as a part of an operating coal mine. 

(2) Neither shall such drifts, tunnels, cross­
cuts, or entries·,for coal mining enter a seam of 
coal which it may reasonably be expected will be 
operated or mined in the future. Any such drifts, 
tunnels, crosscuts, or entries driven for the 
development of coal lands or which cross coal lands 
must conform to all pertinent laws relating to coal 
mines, and in no event shall such tunnels, drifts, 
crosscuts, or entries for coal mining be driven 
or maintained across any intermediate property if 
they interfere with the operation of said 
intermediate claim or property, nor if such drifts, 
tunnels, crosscuts, or entries for coal mining 
will interfere with the ventilation of any opera­
tions then or thereafter to be conducted in said 
intermediate property, nor if said drifts, tunnels, 
crosscuts, or entries for coal mining will damage 
the surface of said intermediate property or any 
seams of coal lying above said drifts, tunnels, 
crosscuts or entries. In the construction of 
such drifts, tunnels, crosscuts, or entries for 
coal mining, no barrier pillars may be removed 
or destroyed without the consent of the owners of 
such barrier pillars. 
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6.3 Corrunents 

The provisions for preparation of maps and plans for 
all seams, irrespective of whether these are being worked by 
the same operator or different operators is for better and 
accurate information. 

6.4 States not Having Laws Affecting 
Underground Multiple-Seam Mining 

Applicable undergound coal mining health and safety 
regulations having no multiple-seam provisions are State 
of Alaska Mine Safety and Conservation Regulations; Mining 
Code of the State of Arizona; Mining Laws of the State of 
Arkansas; State of California Mine Safety Order; 
Minnesota Statutes; New Mexico Mine Safety Code for All 
Mines; Rules and Regulations of the State of New York; 
Underground Mining Operations; Mining Laws of Ohio; 
Oklahoma Mining Laws; Pennsylvania Anthracite Coal Mine 
Act; South Carolina Mining Act; Mines and Mining Laws 
and Regulation (Tennessee); General Safety Orders Utah 
Coal Mines; Mining Laws of Virginia; Mine, Pit and 
Quarries (Wisconsin); and Laws of the State of Wyoming. 

214 ENGINEERS INTERNATIONAL, INC. 



7.0 MININ~ OPERATIONS 
7.1 General 

various federal and state regulations affect multiple­
seam mining methods by requiring that pillars be left unmined 
for different reasons. The leaving of such pillars can 
significantly affect the strata control and other aspects 
of overlying or underlying mines consequent upon subsidence. 

Because of the importance of remnant pillar effects 
on mining operations overlying or underlying one another 
the qlJestion of remnant pillars have been ~al t with in this 
separate section. 

7.2 Safety Separation Pillars 

7.2.1 MSHA Safety Separation Pillars 

'rhe following are the regulatory provisions CFR Title 
30, Chapter I, that require the leaving of pillars in 
various mining operations for the mine life. 

Section §57.3 - Ground Control Sub-Section §57.3-29 

Shaft pillars should have sufficient strength 
to protect operating shafts. 

Section § 57.11-1 - Surface and Underground: 

Mandatory - Safe means of access shall be 
provided and maintained to all working places. 

:I"or underground mines, those provisions have been further 
elaborated in § 57.11-50. 

§ 57.11-50 Mandatory 

Every mine shall have two or more separate, 
properly maintained escapeways to the surface 
from the lowest levels which are so positioned 
that damage to one shall not lessen the effect­
iveness of the others. A method of refuge shall 
be provided while a second opening to the surface 
is being developed. A second escape,.,ay is 
recommended, but not required, during the explora­
tion or development of an ore body. 

In addition to separate escapeways, a method 
of refuge shall be provided for every employee 
who cannot reach the surface from his working 

215 ENGINEERS INTERNATIONAL. INC. 



place through at least two separate escapeways 
within a time limit of one hour when using the 
normal exit method. These refuges must be 
positioned so that the employee can reach one 
of them within 30 minutes from the time he 
leaves his workplace. 

For underground coal mines, these provisions have 
been further clarified in §75.l704 and §75.l707. 

§ 75.1704 Escapeways 

(Statutory Provisions) 

Except as provided in § 75.1705 and 75.1706, 
at least two separate and distinct travelable 
passageways which are maintained to insure 
passage at all times of any person, including 
disabled persons, and which are to be designated 
as escapeways, at least one of which is ventilated 
with intake air, shall be provided from each 
working section continuous to the surface escape 
drift opening, or continuous to the escape shaft 
or slope facilities to the surface as appropriate, 
and shall be maintained in safe condition and 
properly marked. Mine openings shall be adequately 
protected to prevent the entr~nce into the 
underground area of the mine nf surface fires, 
fumes, smoke, and floodwatpr. Escape facilities 
approved by the Secretary or his authorized 
representative, properly maintained and frequently 
tested, shall be present at or in each escape 
shaft or slope to allow all persons including 
disabled persons to escape quickly to the surface 
in the event of an emergency. 

~ 75.1707 Escapeways; intake air; separation 
from belt and trollev haulage entries. 

(Statutory Provisions) 

In the case of all coal mines opened on or 
after March 30, 1970, and in the case of all 
new working sections opened on or after such 
date in mines opened prior to such date, the 
escapeway required by this section to be 
ventilated with intake air shall be separated 
from the belt and trolley haulage entries of 
the mine for the entire length of such entries 
to the beginning of each working sec~ion, 
except that the Secretary or his authorized 
representative may permit such separation to 
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be extended for a greater or lesser distance 
so long as such extension does not pose a 
hazard to the miners. 

7.2.2 State Safety Separation Pillars 

Various states also have remnant pillar regulations 
discu3sed in detail below. 

Coal Mining Laws of the State of Colorado, Title 34 
Article 26, - Poof Control: 

34-26-115-(1) (b) Each coal mine and every 
separate coal seam worked in the same mine, 
whether such coal mine or seam is worked by 
shaft, slope, or drift, shall have at least 
two properly equipped and properly maintained 
openings available for exit for all persons 
working in such mines, and one of these openings 
may be the main delivery shaft or opening and 
the second opening or escapement may be a 
shaft, slope, drift, or underground passageway 
to an available outlet of a contiguous operating 
mine, and such outlet of a contiguous mine 
and approaches to such outlet shall be maintained 
in good condition. 

(2) In mines opened on or after March 21, 1951, 
all vertical shafts shall be separated by not less 
than one hundred fifty feet of distance, and 
shaft pillars extendinq not less than one 
hundred fifty feet from the shafts shall be 
established. Only the neccessary entries and 
passageways for the operation of the shaft 
bottom pumping station, and waiting rooms may 
be excavated through this shaft pillar. Suffi­
cient pillars shall be under main rock slopes 
throughout their entire length, but in no case 
shall the coal pillars left beneath the slopes 
be less than seventy-five feet on each side of 
the slopes. Where main slopes are driven in 
the coal seam, they shall be separated by not 
less than a fifty-foot pillar of coal, and 
flanking pillars of at least seventy-five feet 
in width shall be left alongside of slopes 
throughout their entire length where minimum 
distance and size of supporting pillars have 
been prescribed. 

The Coal Mining Act of the State of Illinois, Article 19: 

Section 19.02. In mines sunk after July 1, 
1911, the first escapement shaft ehall be 
separated from the main shaft by such extent 
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of natural strata as may be agreed upon by the 
State Mine Inspector of the district and the 
owner of the property, but the distance between 
the main shaft and the escapement shaft shall 
not be less than 500 feet nor more than 2,000 
feet; except that in mines employing 10 men 
or less the distance between the hoisting 
shaft and the escapement shaft shall not be 
less than 250 feet. 

The act does not prohibit dividing the distance 
between escapement, and consequently development with 
room-and-pillar is done in the intervening area. 

The Coal Mining Laws of Indiana, Indiana Code 
22-10 Section 87. IC 22-10-11-4: 

(B) The distance between shafts at any 
mine opened after March 8, 1955, shall be 
not less than one hundred fifty (150) feet, 
and the distance between drift or slope 
openings at such mines shall be not less 
than fifty (50) feet. 

The New Mexico Mine Safety Code for All Mines, Article 
9-Safety Regulation Escapeways in Coal Mines: 

63-9-1. ESCAPEWAYS-REQUIREMENTS. Every 
underground coal mine shall have two (2) 
or more ways of escape to the surface so 
arranged and equipped that people can 
escape quickly. In coal mines hereafter 
opened, such ways of escape shall be spaced 
by at least fifty (50) feet of ground un­
broken, safe by crosscuts, throughout 
their length if drifts or slopes and by 
at least two hundred (200) feet if shafts 
so that damage to one from any source shall 
not thereby lessen the effectiveness of 
the other as a means of escape ••.• 

The Bituminous Coal Mining Laws of Pennsylvania for 
Underground Mines, Article II-N, Section 290-Mine Openings 
or Outlets - Subsection (a) -

The distance between two shafts shall not 
be less than two hundred feet, and the 
distance between the openings to the surface 
of the slopes shall not be less than one 
hundred and fifty feet, and the distance 
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between drifts shall not be less than fifty 
feet •••• The passageways between said two 
shafts shall at all times be maintained 
in safe and available condition for the 
employees to travel therein, and the pillars 
in entries between said shall not be removed ••• , 

'rhe laws in Subsections (d) and (q) go on further 
to define the number and position of such entries and 
separation of these entries by coal pillars. 

(d) Every gassy mine shall have at least 
four main entries, two of which shall lead 
from the main opening and two from the 
second opening into the body of the mine; 
provided, that every new gassy mine, projected 
to open up a large acreage with main entries 
five thousand feet or more in length shall 
have at least five main entries, two of which 
shall lead from the main opening and two from 
the second opening into the body of the mine 
and the fifth, which may be connected with 
an opening to the surface or with the intake 
airway at or near the main intake ooening 
shall be used exclusively as a travelingway 
for the employees. 

(g) The intake and return entries shall 
be kept reasonably drained and reasonably 
free from refuse and obstructions of all 
kinds, so that persons may safely travel 
therein throughout their whole length, 
and have a safe means of egress from 
workings in case of emergency. Said entries 
shall be separated by pillars of coal 
of sufficient strength. 

'rhe West Virginia Mining Laws - 22, Article 2 Coal 
Mines: 

Section 22-2-60. Accessible outlets; safe 
roadways for emergencies. 

(a) No operator or mine foreman of any 
coal mines shall employ any person to work 
in such mine, or permit any persons to 
be in the mine for the purpose of working 
therein unless they are provided with two 
openings or outlets to each seam, separated 
by natural strata, such openings to be not 
less than three hundred feet apart, if the 
mine be worked by shaft; if the mine be 
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worked by shaft and slope, such openings 
shall be separated by one hundred feet of 
natural strata; and not less than fifty 
feet apart at the outlets, if worked by 
slope or drift; but this requirement of 
a distance of three hundred feet between 
openings or outlets to shaft mines shall 
not apply where such openings or outlets have 
been made prior to the effective date of 
this article. 

These federal and state laws require coal pillars of 
various sizes and positions for sup~ort and service of 
coal mines, through the entire life of the mine. 

7.3 Pillars Required for Ventilation Purposes 

7.3.1 MSHA General Ventilation pillar Regulations 

Abandoned areas where pillars have been wholly or 
partially extracted are required to be continuously 
ventilated by means of bleeder entries, as is requ~red by 
the provisions of Part 75. 

§ 75.316-2 Criteria for approval of ventilation 
system and methane and dust control plan. 

(e) Bleeder entries, bleeder systems, or 
equivalent means should be used in all active 
pillaring areas to ventilate the mined areas 
from which the pillars have been wholly or 
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partially extracted, so as to control the 
methane content in such areas. Bleeder 
entries or bleeder systems established after 
June 28, 1970. Should conform with the 
requirements of this § 75.316-2. 

(1) Bleeder entries shall be defined as 
special aircourses developed and maintained 
as part of the mine ventilation system and 
designed to continuously move air-methane 
mixtures from the gob, away from active 
workings and deliver such mixtures to the 
mine return aircourses. Bleeder entries should 
be connected to those areas from which pillars 
have been wholly or partially extracted at 
strategic locations in such a way to control 
airflow through such gob area, to induce 
drainage of gob gas from all portions of such 
gob areas and to minimize the hazard from 
expansion of gob gases due to atmospheric 
pressure change. 

(2) Bleeder systems shall include any 
combination of bleeder entries, bleeder 
entry connections to any area from which 
pillars are wholly or partially extracted 
and all associated ventilation control device~. 
Such systems should extend from active pillar 
line of such gob to the intersection of that 
bleeder split with any other split of air and 
shall not include active workings. 

(f) (1) Bleeder entries developed after 
June 28, 1970 should be adequately maintained 
and free of water to permit safe travel or, 
if such bleeder entries cannot be traveled 
without exposing the mine examiner to undue 
hazard, such bleeder system should be designed 
and maintained so that bleeder entry performance 
can be evaluated for adequacy and continuity by 
a means approved by the Coal Mine Safety 
District Manager. 

At present, recovering pillars without bleeder entries 
can not be done, as is explicit from the provisions of: 

§ 75.318 Pillar recovery without bleeder system. 

(Statutory Provisions) 

Where areas are being pillared on March 30, 
1970 without bleeder entries, or without 
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bleeder systems or any equivalent means, 
pillar recovery may be completed in the 
area, to the extent approved by an authorized 
representative of the Secretary, if the edges 
of pillar lines adjacent to active workings 
are ventilated with sufficient air to keep 
the air in open areas along the pillar 
lines below 1.0 volume per centum of methane. 

The regulation thus requires leaving at least two lines 
of chain pillars around an area, from where pillars have been 
or are being wholly or partially recovered. 

7.3.2 State General Ventilation Pillar Regulations 

The Coal Mining Laws of the State of Alabama provide: 

Section 16. Coursing of Air. 

Ca) Two available openings to the surface 
are required from each seam or stratum of 
coal worked. In drift or slope mines these 
openings provided after the effective date of this 
Act must be separated by not less than forty 
feet of natural strata, and all crosscuts 
between them shall be closed with stoppings 
of fireproof material. In shaft mines these 
openings provided after the effective date of 
this Act must be separated by not less than 
two hundred feet of natural strata. The 
second opening may be made through an adjoining 
mine. until these provisions are met, not 
over five men in a drift, ten men in a slope 
and twenty men in a shaft shall work in the 
mine at one time, and no additional development 
shall be permitted until the connection is 
made to the second opening. In mines wherein 
final pillar robbing operations necessitate 
closing the second opening, the above limita­
tions as to the number of men permitted to 
work will apply until mine is worked out and 
abandoned. 

This regulation also requires that the intake and return 
airways must be separated by natural strata having a width 
not less than 40 ft in case of slope and 200 ft in case 
of shaft mines. 

7.3.3 Air Velocity and Beltway Regulations 

7.3.3.1 MSHA Air Velocity and Belt~~egulations 
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There are limitations on the velocity and position of 
belt haulageways. These are provided for in Part 75, 
Section 75: 

§ 75.326 Aircourses and belt haulage entries. 

(Statutory Provisions) 

In any coal mine opened after March 30, 1970, 
the entries used as intake and return air courses 
shall be separated from belt haulage entries, and 
each operator of such mine shall limit the velocity 
of the air coursed through belt haulage entries 
to the amount necessary to provide an adequate 
supply of oxygen in such entries, and to insure 
that the air therein shall contain less than 
1.0 volume per centum of methane, and such air 
shall not be used to ventilate active working 
places. Whenever an authorized representative 
of the Secretary finds, in the case of any coal 
mine opened on or prior to March 30, 1970, 
which has been developed with more than two entries, 
that the conditions in the entries, other 
than belt haulage entries, are such as to permit 
adequately the coursing of intake or return air 
through such entries, (a) the belt haulage entries 
shall not be usedto ventilate unless such entries 
are necessary to ventilate, active working places, 
and (b) when the belt haulage entries are not 
necessary to ventilate the active working places, 
the operator of such mine shall limit the velocity 
of the air coursed through the belt haulage 
entries to the amount necessary to provide an 
adequate supply of oxygen in such entries, and 
to insure that the air therein shall contain 
less than 1.0 volume per centum of methane. 

Similar restrictions on velocities are also provided 
for trolley haulage systems. These are enumerated in Part 75, 
Subsection: 

§ 75.327 Aircourses and trolley haulage systems. 

(Statutory Provisions) 

In any coal mine opened on or after March 30, 
1970, or in the case of a coal mine opened prior 
to such date, in any new working section of such 
mine, where trolley haulage systems are maintained 
and where trolley wires or trolley feeder wires 
are installed, an authorized representative of 
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the Secretary shall require a sufficient 
number of entries or rooms as intake aircourses 
in order to limit, as prescribed by the Secretary, 
the velocity of air currents on such haulageways 
for the purpose of minimizing the hazards associated 
with fires and dust explosions in such haulageways. 

§ 75.327-1 Velocity of air. 

Unless a higher velocity is approved by the 
Coal Mine Safety District Manager, the velocity 
of the air current in the trolley haulage 
entries shall be limited to not more than 250 
feet a minute. A higher air velocity may be 
required to limit the methane content in such 
haulage entries or elsewhere in the mines to 
less than 1.0 per centum and provide an adequate 
supply of oxygen. 

These restrictions, require splitting air in such a way 
that at least one clear and straight roadway, in addition 
to the main air intake, have limited air velocity available 
for use as a trolley and/or belt haulageway. 

7.3.3.2 State Air Velocity and Beltway Regulations 

Bituminous Coal Mining Laws of Pennsylvania for Underqround 
Mines, Article II, Sec. 242-Ventilation Requirements state 
in Subsection: 

ec) Where belt conveyors are installed, 
main stoppings and requlators shall be so 
arranged as to reduce the quantity of air 
traveling in the belt conveyor entry to a 
minimum for effective ventilation and to 
provide an intake air split as an escapeway 
from the face area to the main air current. 

This regulation requires that belt conveyors be in a 
natural airway with the provision of a separate air split 
for use as an escapeway from the face. 

7.3.~ Abandoned Area Ventilation Regulations 

7.3.4.1 MSHA Abandoned Area Ventilation Regulations 
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Specific requirements for underground coal 
mines can be deduced from the requirements in Part 75, 
Subsection 75.330-1, Plan for sealing abandoned sections. 

§ 75.330-1 Plan for sealing abandoned sections. 

For approval the plan for isolating each set 
of cross entries, room entries, or panel entries 
shall include the following: 

(a) A mine map at a scale not more than 
500 feet to the inch which is sufficiently 
detailed to illustrate the mining system employed, 
depth of cover and dimensions of barrier pillars 
left in place bordering such areas, the proximity 
of all active workings, and the proposed location 
and sequence of construction of all necessary 
mine seals required, when relining is complete in 
a mining area. Such map shall illustrate the 
location of such mine seals as may be required 
should mining conditions necessitate abandonment 
of a mining area prior to the scheduled completion 
date. 

(b) A detailed drawing or drawings of 
proposed explosion-proof seal construction which 
shall meet the requirements of §75.329.2. Such 
drawings shall show the pillars in which the 
seals will be erected and such pillars shall be 
of sufficient size and number to protect the 
seals. These provisions in effect require 
that the workings be arranged to provide for 
bleeder ventilation during recovery of pillars 
and arranged in panels with solid barriers 
of coal so that they can be sealed. The seals 
should be so located that they are always 
accessible to measurements and drainage of 
water and gas. 
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7.3.4.2 State Abandoned Area Ventilation Regulations 

Bituminous Coal Mine Laws of Pennsylvania for Underground 
Mines, Article II, Section 247. 

Section 247. Unused and Abandoned Parts of the Mine. 

In a gassy mine all workings which are abandoned 
after the effective date of this act, or the dates 
such mines became a gassy mine, whichever is later, 
shall be ventilated. Return air may be used to 
ventilate such areas. The plan of ventilation of 
abandoned and unused parts of the mine shall be 
approved by the mine inspector in the district. 

This prov~S1on requires such areas to be continuously 
ventilated in gassy mines. 

West Virginia Mine Laws - Act 22. Article II. 

Section 4, Subsection 

(h) In all mines a system of bleeder 
openings or air courses designed to provide positive 
movement of air through and/or around abandoned 
or caved areas, sufficient to prevent dangerous 
accumulation of gas in such areas and to minimize 
the effect of variations in atmospheric pressure 
shall be made a part of pillar recovery plans 
projected after the effective date of this article. 

(i) If a bleeder return is closed as a result 
of roof falls or water during pillar recovery 
operations, pillar operations may continue without 
reopening the bleeder return if at least twenty 
thousand cubic feet of air per minute is delivered 
to the intake of the pillar line. 

Thus positive air movement through and/or around abandoned 
or caved areas is required. 

7.', Mining Methods 

7.5.1 Room And Pillar Methods 

7.5.1.1 MSHA Room and Pillar Methods 

The general principles of planning and development are 
provided in Section 75: 

Subsection §75.330 Sealing abandoned sections 

(Statutory Provisions) 

226 ENGINEERS INTERNATIONAL, INC. 



In the case of mines opened on or after 
March 30, 1970, or in the case of working 
sections opened on or after such date in mines 
open prior to such date, the mining system 
shall be designed in accordance with a plan 
and revisions thereof approved by the Secretary 
and adopted by such operator so that, as 
each working section of the mine is abandoned, 
it can be isolated from the active workings of 
the mine with explosion-proof seals or bulk-heads. 

General guidelines for pillar recovery are outlined 
in Part 75, Section 201, Subsection: 

§ 75.201-2 Pillar recovery methods. 

In addition to those criteria set forth in 

§ 75.200-11 which may be required in the roof 
control plan, the following shall apply to 
pillar recovery: 

(a) The overall pillar recovery system 
shall be designed to minimize the possibility 
of outbursts or squeezes. The manner and 
sequence of recovery shall be included in 
the roof control plan submitted for approval. 

(b) Where full pillar recovery is being 
done, extraction shall be such as to allow 
total caving of the main roof in the pillared 
area. 

(c) During partial pillar recovery sufficient 
coal shall be left in place to support the main 
roof to the extent that the possibility of 
undue forces overriding the working places will 
be minimized. 

(d) A combination of full and partial pillar 
recovery shall not be conducted on the same 
pillar line. 

(e) If full extraction of pillars is being 
done and physical conditions such as standing 
water, adverse roof conditions, and falls of 
roof, or law requirements concerning oil and 
gas wells or surface subsidence dictate that 
some pillars of coal are to be left in place, 
a sufficient amount of coal shall be left to 
support the main roof so as to minimize the 
possibility of undue forces overriding the 
working places. 
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(f) Where full recovery of pillars is 
planned, the design of the pillars shall be 
compatible with the planned method of extraction. 

General guidelines, for mining operations just before 
the abandonment of a mine are given in Part 75, Section 1706 -
Final Mining of Pillars. 

§75.l706 Final mining of pillars 

(Statutory Provisions) 

When only one mine opening is available, owing 
to final mining of pillars, not more than 20 
miners shall be allowed in such mine at any 
one time, and the distance between the mine 
opening and working face shall not exceed 
500 feet. 

7.5.1.2 Stat~ __ Room an~_~.:j..l:Jar Methods 

There are no applicable state regulations on this 
subject that are more specific or more stringent than 
MSHA regulations. 

7.5.2 Longwall Mining Regulations 

7.5.2.1 MSHA Lonqwall Mining Regulations 

The federal regulations do not have any specific 
regulations which give any guidelines for longwall mining 
methods. 

7.5.2.2 State Longwall Mining Regulations 

Only one state, West Virginia, has attempted to 
provide regulations for longwall mining. These Proposed 
Rules and Regulations Governing Longwall Mininq Within 
the State of West Virginia were published for comments 
from interested persons on December 10, 1979. 

Definitions of a few terms are given in Proposed 
Chapter 22, Article 2, are reproduced below: 

3.02 "Longwall Working Section" - The term 
Longwall Working Section shall mean all areas 
three hundred (300) feet outby the longwall 
working face. 

3.03 "Longwall Section Last Open Crosscut" -
The term Longwall Section Last Open Crosscut 
shall mean the first open crosscut outby the 
caving line. 
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3.04 "Caving Line" - The term Caving Line 
shall mean the line on the roof formed by the 
rear most projection of the roof support 
canopies once the longwall section has started 
retreating. 

Chapter 22, Article 2, Section 5, Subsection 5.01. 
Paragraph (I) 

SECTION 5. PLANS FOR LONGWALL MINING APPROVAL BY 
THE DIRECTOR OF THE DEPARTMENT OF MINES 

5.01 (I) Ventilation Plan, which shall include 
the complete section and face ventilation system, 
showing ventilating controls and bleeder systems. 

A review of these rules indicate that they are exclusively 
meant for longwall retreat mining and do not cover advancing 
longwall mining. 

'J'hese also require a bleeder system for ventilation 
of caved areas. 

7.6 Pillars for Special Supports 

7.6.1 MSHA Special Pillar Support Regulations 

Occasionally, pillars and chain of pillars are 
required to be left in place for safety and geological or 
technological reasons. Examples for these exigencies are 
enumerated in Part 75, Section 75. They are: 

§75.1700 Oil and gas wells. 

(Statutory Provisions) 

Each operator of a coal mine shall take 
reasonable measures to locate oil and gas 
wells penetrating coalbeds or any underground 
area of a coal mine. When located, such 
operator shall establish and maintain barriers 
around such oil and gas wells in accordance 
with State laws and regulations, except that 
such barriers shall not be less than 300 feet 
in diameter, unless the Secretary or his 
authorized representative permits a lesser 
barrier consistent with the applicable State 
laws and regulations where such lesser 
barrier will be adequate to protect against 
hazards from such wells to the miners in such 
mine, or unless the Secretary or his authorized 
representative requires a greater barrier where 
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the depth of the mine, other geologic conditions, 
or other factors warrant such a greater barrier. 

The "depth of mine" and "other factor" provisions may 
possibly result in non-superposed pillars in multiple-seam 
mining. 

§ 75.201-2 Pillar recove~, methods. 

(e) If full extraction of pillars is being 
done and physical conditions such as standing 
water, adverse roof conditions, and falls of 
roof, or law requirements concerning oil and 
gas wells or surface subsidence dictate that 
some pillars of coal are to be left in place, 
a sufficient amount of coal shall be left to 
support the main roof so as to minimize the 
possibility of undue forces overriding the 
working places. 

7.6.2 State Special Pillar Support Regulations 

There are no state special pillar support regulations 
that are more specific or stringent than MSHA regulations. 

7.7· Ground Support and Subsidence 

If mining is conducted below surface bodies of water 
(such as rivers and canals, dams and natural lakes, ponds or 
tanks), nrime farmlands, surface structures, public and 
private roads, railway lines, or urban and industrial areas, 
no subsidence or damage to the surface and surface structure 
is permitted. 

Permanent support is required to be provided by leaving 
enough coal in the form of pillars. These pillars are 
required to be of such size and strength so as to give 
support permanently. 

The effect of coal recovery on each seam is the same, 
and multiple-seam mining has no effect on recovery, nor 
have any rules or laws been found that affect working of 
multiple seams. 

7.8 Concurrent Surface and Underground Mining 

The Office of Surface Mining proposed regulations for 
concurrent surface and underground mining require barrier 
pillars between each seam and the surface: 
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Proposed CFR Title 30, Chapter VII, Part 818 - Special 
Permanent Program Performance Standards - Concurrent 
Surface and Underground Mining, 

§ 818.15 Additional performance standards. 

In addition to the requirements of 30 CFR 
816 and 817, each person who conducts combined 
surface and underground mining activities shall 
comply with the following: 

(a) A SOD-foot barrier pillar of coal shall 
be maintained between the surface and underground 
mining activities in anyone seam. 

This provision could result in non-superposed pillars 
when contour strip mining exists in multiple seams that are 
also being mined underground. 

7.9 Discussion 

There are no specific federal or state regulations that 
regulate multiple-seam mining, but many provisions do have 
considerable impact on multiple-seam coal mining. 

~:'he means of ingress and egress require the maintenance 
of at least two exits, one of which shall be in the intake 
airway. Since the belt and trolley ways are required to 
be in neutral or restricted air velocities, they cannot be 
used c:lS a second escapeway and consequently a second escape­
way if:: required. Thus the provisions of the law require at 
least three entries, separ.ated and protected by coal pillars 
of sufficient strength and flanked by protective pillars of 
adequa.te size. As such, rows of at least four pillars are 
necesf::ary for the maintenance of main and submain entries. 

'l"he law does not prohibit extraction of these chain 
pillars and barriers as final operation before abandonment 
of a mine or seam. The mains and sub-mains are always the 
first to be driven and are required to serve the mine 
throu~lhout its life. The roof, floor, and pillars deteri­
orate in the majority of cases and consequently their 
extrac:tion becomes costly, slow, and unsafe and so they are 
usually left in place. 

The requirements for sealing abandoned sections and 
for continuous ventilation of all areas from where pillars 
have been wholly or partially recovered or are being 
recovE!red, and for bleeder entries or equivalent means, 
necessitates leaving at least one row of pillars around the 
panel barrier until such time as the panel is sealed. 
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Though the law does not prohibit partial or even full 
extraction of panel barriers and pillars left for bleeder 
ventilation as final operation before abandonment, the 
operating, economic, and safety considerations do not offer 
sufficient attraction for barrier recovery when both men 
and equipment need to be employed for extraction of one 
row of pillars situated between gobs of two adjacent panels. 

In longwall workings, the entries used as intake and 
return airways have to be separated from belt and trolley 
entries. This requires the driving of at least three 
entries during development.. Since pillars can not be 
extracted with the longwall face, due to both limitations of 
available machinery and ventilation of gob through bleeder 
airways, two rows of pillars are left unworked between 
successive longwall retreating faces. 

Few experimental advancing longwall faces operated 
in the United States have been granted variances from 
these provisions of law, but in these cases, the gate 
entries are required to be divided into two entries for 
each head and tail gate, either by means of a row of 
closely spaced cribs with partitions or by building a pack­
wall,cast in place. These packwalls have the same effect 
as leaving a row of pillars left between two successive 
longwall faces. 

Working of contiguous seams with small partings has 
been successfully done by driving entries through the 
destressed zone lying above or below a previously-mined 
seam. This necessitates driving entries in the subsequently 
mined seam and not vertically above or helow the entries 
of previously-mined seams. Such drivage is not permitted 
by CFR Title 30, Chapter II, Section 211; Subsection 211.32 
(b), which requires that the protective barriers for all 
main and secondary slope entries, main haulageways, primary 
air courses, bleeder entries, and manways in each seam shall 
be superposed. 
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8.0 UNIONS AND ORGANIZED LABOR 
8 .1 United ~1ine Workers of America 

The 1978 Contract between the United Mine Workers of 
America and the Bituminous Coal Operators Association 
contains no specific provisions dealing with underground 
multiple-seam coal mining. 

However, there are two provisions which might indirectly 
affect the start-up of a mine or operation in another seam 
where one seam is already being mined. Theses are: 

Article lA, Scope and Coverage, Section (f), 
Application of This Contract to the Employer's 
Coal Lands. 

As part of the consideration for this Agreement, 
the Employers agree that this Aqreement covers the 
operation of all the coal lands, coal producing and 
coal preparation facilit.ies owned or held under 
lease by them, or any of them, or by any sub­
sidiary or affiliate at the date of this Agree­
ment, or acquired during its term which may here­
after (during the term of this Agreement) be put 
into production or use. 

Article lA, Scope and Coverage, Section (h), 
Leasing, Subleasing and Licensing out of Coal 
Lands. 

The Employers agree that they will not lease, 
sublease or license out any coal lands, coal 
producing or coal preparation facilities where 
the purpose thereof is to avoid the application 
of this Agreement or any section, paragraph or 
clause thereof. 

Licensing out of coal mining operations on 
coal lands owned or held under lease or sublease 
by any signatory operator hereto shall not be 
permitted unless the work inVOlved is performed 
by members of the United Mine Workers of 
America in the manner and to the extent permitted 
by law and that the licensing out does not cause 
or result in the layoff of Employees of the Employer: 
provided, however,that either the licensor or 
licensee, lessee or sublessee makes the appropriate 
payments provided by this Agreement to the United 
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Mine Workers of America Health and Retirement 
Fund and otherwise abide by the terms of the 
Aqreement. 

Thus, an Employer must have all his mines organized by 
the UMWA, and further, any other mines in the same lease 
must also be UMWA organized. 

8.2 Organized Mine Units 

It was noted during this project that some Employers, 
than is, mining companies, would have each different seam 
operation in a multiple-seam mining situation organized 
into a different limine" with a different UMWA local, so 
that if a wildcat strike developed in one seam, the 
production of the others would not be affected. 
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9.0 TECHNOLOGICAL IMPACTS 
'rhe impacts of regulatory and other constraints 

have been evaluated for the application of multiple-seam 
underground mining technology as applicable to the United 
States. 

9.1 Resource Recovery and Leasing for 
Maximization of Recovery 

The proposed BLM leasing regulations provide that all 
seams in a lease area be assessed individually for their 
economic value. The coals in a lease area may be leased 
to different parties whose individual bids may differ. 
The lease terms may require mining certain seams, only one 
seam, or only a specific portion of a single seam, with 
perhaps different operators in vertically adjacent seams. 

The BLM must be notified in order to approve the intent 
to mine or not-to-mine seam(s) originally not included or 
included in the lease. Emergency leasing provisions may 
allo~' an operator to mine an additional seam of federal coal, 
if not already leased or not being mined, but for a maximum 
period of only 8 years. 

The proposed leasing arrangements, whereby each seam 
must be considered separately, has the potential for loss 
of an overlying seam which is uneconomical individually, 
but E!conomical, if considered collectively with an adjacent 
seam. This may also be true for an underlying seam in 
close proximity to the seam proposed to be leased and 
minecl. 

The mining of coal in multiple-seam areas, calls for 
composite plans and proper sequencing of mining operations 
in ecl.ch seam. The provisions for assessment of each seam 
separately and possible leasing of different seams to 
diff~rent operators, does not provide conditions conducive 
for l.he preparation of proper composite plans and sequence 
of operations. 

Provisions of emergency leasing, by which the coal 
leased is rest.ricted, are likely to lead to quick production 
planning and procedures. 

9.2 Present Technology 

The effects of various constraints for commonly used 
methods are briefly discussed. If should be noted that 
there is a certain amount of repetition in order to make 
each sub-section complete in itself. 
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9.2.1 Room-and-Pillar Mining 
Without Pillar Recovery 

Mining of coal from two or more seams with room-and­
pillar mining without pillar recovery is being done in 
seams up to six feet thick, and partings of 30 ft and 
above and in areas where no surface subsidence or damage 
to surface structures is desired. 

This method leaves more than 50% of insitu coal reserves, 
including that left in barriers for surface support. 

The USGS regulations concerning superposition of entries 
in multiple-seam mining, could lead to an impact in extra 
care in planning, mining, and surveying, if an operator 
strictly followed those requirements. 

Since no environmental change takes place in the area 
of mining in this method, there is no impact from any of 
the provisions related thereto. However at mines where 
coal from different seams is stacked separately for blending, 
in order to satisfy consumer specifications, two separate 
stacking yards with related reclamation facilities are 
required to meet the provisions regarding surface area, dust 
control, and so on, but these will be operated as one permit. 

The provisions for preparation of mine maps; prevention 
of imminent dangers such as inundations, explosions, and 
fire do not impose any hardships on the operator due to 
multiple-seam working. Further, if two or more seams are 
worked through common portals and the mine is treated as one 
mine for inspection purposes, there is a possibility of 
considerable savings in cost, time, and manpower to the 
operator from fewer overall inspections. 

As no pillar recovery is planned, there is no effect 
from any provisions regulating the number of entries, their 
size, their position with respect to each other, or their 
ventilation. 

The method has been widely used in this country and 
consequently both the mine management personnel and mine 
workers are quite intimately familiar with the consequences. 

9.2.2 Room-and-Pillar Mining with 
Pillar Recovery 

The mining of coal from two or more seams using room­
and-pillar mininq methods with recovery of pillars is 
currently practiced for seams with partings for 45 ft and 
above, and depths up to 900 ft in areas where surface 
subsidence can be tolerated. 
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':rhe provisions for superposi tioning of workings could 
lead to additional impacts for planning, mining, and surveying 
effort, if followed strictly. Environmental control regulations 
for mine drainage,ventilation, and other mine operations do 
not ha.ve any extra impacts on multiple seam mining with pillar 
recov{:!.ry for subsidence. 

As the extraction of pillars from each seam is done 
sequentially with a time gap, subsidence control plans for 
each seam will have to be prepared. This calls for the study 
and d,:::!scription of measures to prevent subsidence and to 
minimize the effects of subsidence. 

'l'he Pennsylvania Bituminous Coal Mine Subsidence and 
Land Conservation Act of 1966 also requires that the repair 
of damage or satisfaction of claims shall be completed within 
six months. This can result in repairs to a surface structure 
two 0.1::- more times, unless the seams are mined simultaneously 
or wi I:hin six months of each other. 

':rhe provisions for preparation of mine maps, and 4 
inspeGtions by MSHA relating to health and safety conditions 
do not impose any additional hardship on the operator due 
to multiple-seam working. If two or more seams are worked 
throuqh common portals and the mine is treated as one mine 
for i~lspection purposes, there is a definite possibility 
of savings in cost, time, and manpower to the operator. 

':rhe previously-mined seam (s) may contain accumulations 
of water, or gas, or have fire in the gob. These conditions 
can give rise to damage associated with each, and to the 
related restrictions and permits. 

The regulatory provisions for preventing these dangers 
are likely to affect recovery, productivity, and mining cost. 

':~here is no federal or state health and safety legisla­
tionl:hat has a specific effect on the mining of multiple 
seams with pillar recovery. These provisions do not prohibit 
extraction of chain pillars left for gob ventilation, panel 
barriers or pillars and barriers for maintance of sub-main 
and main entries, as the final operation. Only economic, 
operatin~ and safety considerations dictate leaving chain 
pillars and other pillars. 

Both overmining and undermining of coal seams is being 
conducted in the United States. Opinions of mine management 
personnel differ on the question of workability of multiple 
seams~ but it is generally believed that if the workings 
are columnized, then overmining can be done without much 
loss of recovery or increase in cost, provided the parting 
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is 100 to 120 ft. Undermining of a coal seam is possible if 
the parting is 50 to 60 ft. 

9.2.3 Longwall Mining 

The general trend towards the working of coal seams 
appears to favor longwall mining methods. Many of the long­
wall faces are workin9 below another seam - some of which 
have been mined by room-and-pillar methods. The method is beinq 
used with partings as small as 30 ft. 

It is provided in CFR Title 30, Chapter I, Part 75, 
Subpart C, that 

§ 75.201-3 Longwall mining. 

Longwall mining shall be considered as 
a modification of the open-end method of 
pillar extraction and the support system for 
the longwall shall be approved on an individ­
ual basis. 

Thus longwall mining is treated as a modification of a 
method of pillar extraction. 

The environmental, health and safety, and mining 
operational provisions for longwall mining are essentially 
the same as for room-and-pillar mining and have been 
discussed earlier. No regulatory provisions exist which 
inhibit or prohibit multiple-seam mining by longwall methods. 

9.3 New Technology 

Based on the current state-of-the-art for the mining 
of multiple coal seams in European and British practice, 
possible regulatory and other institutional constraints 
to cornmon extraction techniques are discussed. 

9.3.1 Simultaneous Mining 

Simultaneous mining is a method of working two seams 
where the line of extraction in the two seams is kept more or 
less vertically superposed. The line of extraction in 
the upper seam is sometimes kept slightly ahead of the lower 
seam working, with the distance being about one pillar length 
in the case of room-and-pillar workings where seams with 10-
ft parting have been worked. The distance or stagger in case 
of longwall workings is from 20 to 150 ft, where seams with 
partings of up to 2 ft are reported to have been worked. 

The environment, health and safety, and mining operation 
provisions do not alter simultaneous operations of two seams 
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and have no regulatory provisions that inhibit or prohibit 
multi.ple-seam mining. 

Because the line of extraction in the upper seam 
with respect to workings is the same as for single-seam 
mining, strata control is easier. Because the line of 
extrac:tion in the lower seam lies in the destressed zone of 
the u1?per seam gob, and with the parting working as a 
shield for lower seam operations, strata control problems 
are minimal. Consequently, a greater overall extraction 
ratio is achieved. Subsidence gradients are smaller than 
those associated with mining one seam at a time. This 
reduces the cost of reclamation and of damage claims, as 
well as the extra efforts for multiple subsidence-~ontrol 
plans and damage-claims settlements. 

9.3.2 Backfilling 

The backfilling of gob underground as a part of the 
mining operation is not generally practiced in this country. 
The method has been successfully employed where a seam is 
prone to spontaneous heating, roof conditions are particularly 
bad, or the parting is small. The method has also been used 
to extract coal from seams lying below populated areas. The 
long"lall system seems to offer a more convenient set-up for 
backfilling than the room-and-pillar method. 

No regulatory provisions exist that inhibit or prohibit 
multiple-seam mining with backfilling, except where the 
back:':ill may be likely to flow into an underlying mine. 

The drawbacks of the system are that the backfilling 
operations are slow, they are labor intensive, and they 
requ.:~re more co-ordination between face advance and other 
support facilities. Generally, backfilling is not able to 
keep pace with face advance, especially in thin and medium­
thick seams. 

The advantage lies in better roof control, smaller and 
more uniform subsidence gradients, giving better resource 
recovery. 

Because of cost and profitability considerations, the 
manaqement at most U. S. mines have not seriously considered 
using methods involving backfilling. 

9.3.3 Single-Entry Longwall 

This method has been successfully used in Europe for 
mining multiple seams of coal. In order to avoid increased 
stre:~s concentration due to the presence of rib edges and 
interaction damage to roadways from superposition of rib 
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edges, the pillars in successively descending seams are 
increased in size to ensure siting of roadways in' destressed 
gob areas. 

The method has the advantages of reducing overall 
disturbances of virgin coal areas, eliminating bounce 
and interaction problems due to chain pillars leading to 
extraction ratios up to 90%,and producing uniform 
subsidence gradients with minimal or no punch out effects 
that are usually found with room-and-pillar or retreat­
longwall mining practices. 

The environmental control provisions for mine drainage 
and the like do not have any additional impact on the adop­
tion of the advancing-Iongwall method for multiple-seam 
mininer· 

As the extraction of coal from each seam is done 
sequentially, with considerable elapsed time between seams, 
the approval of a subsidence control plan for each seam will 
have to be obtained. Also, the repair of surface damaoe 
and satisfaction of claims will have to be completed 
separately for each episode of mining for each individual 
seam. 

As the method requires drivage of entries below the 
gob of worked out overlying seam(s), columnization of 
entries in each seam is not possible as required by CFR 
Title 30, Chapter II, § 211.32 (b), though obtaining the 
necessary variance is not likely to be a problem. 

Provisions of health and safety and associated inspections 
impacting multiple-seam mining have no effect on the adoption 
of the method, but existing ventilation and escapeway 
provisions could not be specifically met. Provisions for the 
means of ingress and egress, keeping the belt and trolley 
ways in neutral but fresh air ventilated roadways. The 
ventilation of gobs by means of bleeder entries, are not 
practicable in the light of existing laws as has been 
discussed in Sections 7.3.1 and 7.3.2. However, variances 
have been granted in the past for experimental operations, 
provided that the head and tail gates are partitioned. 

The method has given better recovery, less interaction 
problems, and more uniform subsidence gradients although it 
demands more manpower for the support and maintenance of 
gate roads. The resultant restricted size of entries 
increases ventilation costs, and restricts movement of 
heavy mining equipment. All of these increase the unit cost 
of production. 

The meth00 also has anticipated misgivings from mine 
labor'workin~ in single-entry longwall faces~ 
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These factors are likely to hinder its adoption in 
the near future. 

9.3.4 Harmonic Extraction from Multiple Seams 

Harmonic extraction involves the phased and simultaneous 
extraction of coal using single-entry advancing-longwall 
faces in two seams so that horizontal compressive and 
tensile strains cancel each other. The concept is based on the 
principle that overlapping hori zontal strains are addi t.i ve 
and that proper positioning of extraction areas can produce 
a cancellation of surface effects by the addition of com­
pressive and tensile strains. 

Basically the harmonic method of extraction consists of 
single-entry longwall panels and has the same regulatory 
constraints and restrictions as the single-entry longwall 
method. The attitude of mine operators and mine workers was 
also likely to be the same as that for single-entry longwall 
working. 

:;ubsidence data in the U. S. are not documented as well 
as in Europe, so the design of harmonic workings may be 
diffi~ult. Further, the scheme has only been used in Europe 
only under special circumstances, a fact not fully appreciated 
in this country. 
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10.0 CLOSURE 

As a result of this task investigation it has been 
determined that there are only a few specific direct 
regulatory or institutional effects on underground multiple 
seam coal mining. There are, however, several indirect 
effects. 

The BLM has proposed that leases of federal coal be 
evaluated on an individual seam-by-seam basis rather than 
collectively, and furthermore that each area or seam have 
its economic return to the government maximized. It is 
conceivable, then, that some seams may not be leased for 
mining that would be economic if mined in combination with 
another seam, and that different seams may be leased to 
different lease holders. 

In order to mine or not to mine a seam originally not 
included or included, respectively, in a lease, the BLM 
must be notified and approval granted, as proposed. 

The Geological Survey requires that workings be 
superposed and that the upper seam be mined first. Recently, 
Lll~ 0~GS has started examining the proposed ratio of resource 
recovery more closely. This will impact both single- and 
multiple-seam mining. 

In qeneral, multiple-seam operations are considered 
as a single mine permit unit for environmental purposes, 
so that no additional impact is felt. However, in the 
area of subsidence, non-simultaneous multiple-seam mining 
may result in repetitive subsidence control measures as 
proposed by OSM, and repetitive subsidence repair as in 
Pennsylvania, all on the same lands. Pillars meant to 
separate surface mines from deep mines, as proposed by 
OSM, may not end up being superposed in multiple-seam 
operations near contour str1p and similar surface mines. 

Health and safety regulations do not specifically 
deal with multiple-seam operations, except that additional 
maps may be required for each seam, special permission is 
required when mining beneath water-filled workings, and 
each seam may be inspected as a single mine with more 
inspections resulting overall. Some states have special 
provisions restricting or altering right-of-way for one 
operation over or under another, while Indiana merely 
requires that no danger result in either seam as a result 
of mining in another. 

Most agencies have requirements that remnant pillars 
be left for various reasons, including escapeways, ventila­
tion, ground control, barriers, and so on, and the 
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deterioration of these with time may result in effects in 
overlying or underlying mines if they cannot be extracted 
in dtle course. Requirements for superposition of pillars 
may result in extra care in mining and planning. 

Organized labor impacts multiple-seam mining in that 
if arl employer is organized by the UMWA all of his 
opercltions, leases, and seams must also be UMWA-organized. 
However, some operations are purposefully organized into 
different locals by seam so that a work stoppage in one 
does not affect the others. 

In general there are no severe technological or 
economical impacts on underground multiple-seam coal mining 
imposed by regulatory or institutional constraints that are 
likely to cause additional hardship, beyond that experienced 
by single-seam mines, except in the proposed BLM seam-by­
seam lease evaluations, Geological Survey mining sequence 
and superposition provisions, proposed OSM and in-force 
Penm"ylvania repetitive subsidence amelioration, various 
remnant pillar provisions, and similar labor organization in 
each seam. However, it was clear that these provisions are 
all readily relaxed for sufficient reason and no undue 
hardships are likely. 
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TASK 4 

INTERPRETATION OF R&D NEEDS 

244 



1.0 INTRODUCTION 
This task outlines plans for research and development 

for problem areas in multiple-seam mining which have surfaced 
during the performance of this project. In general, the six 
(6) major areas of concern are: 

• Leasing and other regulations 
p~rtaining to multiple-seam 
mining 

• Studies at operating mines under 
different multiple-seam mining 
conditions 

• Effective ventilation and methane 
control 

• Effect of parting behavior 

• Economic studies 

• Ground control investigations 

In this report proposed areas of research are presented 
along with their relationships with each other. The objec­
tives of this research are to achieve better resource re­
covl~ry, either by improving the regulation and economic 
environment or by better control over the expected physical 
problems associated with multiple-seam mining. Figure 42 
sholNs the interrelationship of the proposed areas of re­
search. This research, if well planned, should cover a 
variety of multiple-seam mining conditions that exist in 
the United States. Subsidence studies in Europe, for ex­
ample, have yielded results and prediction formulas that 
do not correlate well with United States experience. This 
might be expected because of the different geological 
conditions. 

Leasing and operating regulations can help to improve 
resource recovery by treating multiple-coal seam collectively, 
and provide techniques for better working of the seams through 
superposition, columnization, and accurate mapping. 

Tests at several operating mines under controlled con­
ditions include accurate cost accounting of all mine opera­
tions and rock mechanics studies that will ultimately lead 
to better mining techniques and lower costs. Hopefully an 
economic model can be developed that will predict optimum 
mine designs for multiple seams in a variety of geologic 
conditions. 
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Field tests at operating mines can aid in coping 
with sub- or superjacent mined areas in coal regions 
where poor planning and execution in the past have cre­
ated problems for contemporary operators. Tests under 
controlled conditions in existing mines may be ex­
pected to yield results much sooner than at mines which 
will exploit virgin coal, necessitating extensive devel­
opment time before the studies of geologic behavior can 
be initiated. Although ventilation and parting behavior 
studies are specifically discussed in this report, other 
aspects of mining may also be examined. Besides, in 
research new results often raise new questions! 

,~ general cost estimate for the proposed research 
is as follows: 

• Leasing and Regulations . $ 150,000 

• Ventilation study • • • . 200,000 

• Parting Behavior study 350,000 

• Mine tests under controlled 
conditions (4 mines) ....... 4,000,000 

TOTAL $4,700,000 

'fhis report presents research programs that will 
lead to a better understanding of multiple-seam mining 
problems. There are many other areas where mining research 
is nel:!ded such as safety, equipment, coal haulage, ground­
water control, and other mining elements, but these are 
commOll to both single-seam and multiple-seam operations 
and consequently are not discussed in the report . 

• < 
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2.0 STUDY OF REGULATIONS FOR MULTIPLE-SEM'1 f1INING 

2.1 Developing Specific Regulations 

2.1.1 Regulations for Recovery 

Regulations for resource recovery of multiple coal seams 
are few and are not specific enough to maximize coal recov­
ery. Experience has shown that some methods are better than 
others for obtaining more coal. These methods should be in­
dicated in the regulations since greater recovery is desirable. 
The section on, "Evaluation of Regulatory and Institutional 
Constraints" points out that mining plans are subject to ap­
proval of the Mining Supervisor in the U. S. Geological Survey, 
although specific judgement factors are not expressed. The 
primary concerns of the USGS are: 

• Maximum coal recovery 

• Reduced damage to surrounding coal 

• Minimum damage to the surface 

It would be desirable to identify the judgement faccors used. 

2.1.2 Superposition 

For better coal recovery, superposition of roadways is 
mentioned in USGS regulations, but requiring drivages to be 
located under old gob areas or destressed zones is not. Per­
haps more consideration should be devoted to this. It may 
also be suggested that longwall faces should be perpendicular 
to remnant pillar lines, which may be expected to help coal 
recovery by controlling remnant pillar stresses. If this is 
not feasible, the reasons therefor should be stated. Such 
techniques have demonstrated that impending problems can be 
averted or controlled thus lowering production costs. 

2.1.3 Collective Leasing of Coal 

Leasing should be reevaluated to include the possibility 
of requiring all minable seams in a property to be leased 
to a single operator rather than separately to multiple 
operators as is often done presently. Case histories have 
demonstrated that companies mining coal on the same pro­
perty, need to cooperate with each other during the mining 
process. This cooperation must include preparation of 
mining plans for columnization, mining sequences, location 
of drivages, and so on, in order to minimize coal-seam inter­
action. Total disregard for other mines in a multiple-seam 
property has led to the forced abandonment of many acres of 
coal, often accompanied by extensive litigation. 

248 ENGINEERS INTERNATIONAL, INC. 



To facilitate mine cooperation, a series of mine maps, 
as well as drill holes between mines to check survey 
accuracy, could be required. 

In some regions of the country, with simultaneous mining, 
the practice is to operate the seams as different mines so 
as to avert wildcat strikes. The collective leasing of seams 
may j.nfluence this socioeconomic condition. Any proposed 
study of the regulations governing multiple-seam mining must 
take this into account. 

2.1.4 Develop Mine Map Requirements 

Maps can help identify where and when interaction 
problems may arise by locating the position of any over or 
under-workings that may be encountered. Any conclusions 
depend upon the degree of accuracy of such mine maps. A 
collection of maps will eventually build up a library of 
information available for new operations in an area. This 
will provide definitive data as regard a "safe" areas and 
geologically disturbed areas. These could then be con­
sidered in mine design and operations. 

The map procedures should ensure that all levels of 
management are involved and advised on problems that arise. 
Presently maps are required to comply with existing health 
and safety statutes. Separate maps are used for maintaining 
technical records or for formulating plans and business 
objectives for operations. The principal maps for such 
planning should include: 

• A five-year development plan 

• A layout plan 

• A working-face development plan 

These plans are an attempt to provide details for a 
mining operatfbn and to delegate responsibilities for 
adopting and amending plans. 

2.1.4.1 Five-Year Development Plan 

This plan should outline the strategy for seam extrac­
tion having regard for known restraints and obstacles. 
The plan is the result of what is considered, at the time, 
to be the most efficient layout over a five-year period. 
The plan, at 500 scale, should include mine boundaries, 
workings in the seam, principal faults and other geologic 
disturbances, boreholes, yearly projection of workings, and 
areas where working rights are restricted. 
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The plan should be prepared jointly by the mine project 
and surveying staff after consultation with management. 
Approval of the chief mining or operating executive should 
be required for acceptance as a broad mining plan. Secur­
ing an agreement of a plan is by collective discussions be­
tween management and engineers, with the mine superintendent 
responsible for ensuring that the procedures adopted are com­
plied with and maintained. Review and alteration of the plan 
should be made when necessary and updating is usually done 
periodically, annually as a minimum. 

2.1.4.2 Layout Plan 

This would define the best means of achieving the re­
quired operational results and secure a safe and efficient 
working of reserves to conform with statutory requirements 
and company policy. The plan would basically be a document 
of instruction and should be required to be signed by mine 
management and specialist engineers, of which the strata 
control engineer, or equivalent at any given mine is a key 
person particularly when mUltiple seaws exist. The require­
ment for signatures is intended to certify that each person 
has examined the plan and that all necessary investigations 
have been carried out. 

In practice, plans do change and provisions to permit 
this readily help to keep order in the plan. For example, 
if one area requires change a separate tracing should be 
made indicating the features involved along with a note 
explaining the changes. The tracing should be dated and 
signed upon approval and reference to it should be noted on 
the layout plan. If an urgent change is needed, the mine 
superintendent or mine manager should have the authority, al­
though a copy must be sent to all appropriate persons and/or 
agencies concerned. The mine foremen or other staff, 
obviously, are responsible for implementing the amended pro­
cedure. 

2.1.4.3 Working-Face Development Plan 

Supplementing the layout plan, detailed plans should be 
required for the operating sections and faces and for develop­
ment workings showing the methods of mining, equipment to be 
used for mechanization, support, methane drainage, and so on. 
These plans must conform to the agreed layout plan and be re­
vised to take account of amendments. Working-face develop­
ment plans and schedules are documents of instruction and 
should be signed by the mine superintendent or manager and 
his superiors. 
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.~lso required should be progress plans, which are 
weekly updates of the layout plan and contain the same type 
of information. The progress plan should show records of 
the progress of working faces and compare actual development 
with planned development, usually at 100 scale. This plan 
should include the old workings above or below since they 
should have appeared on the layout plan previously prepared 
and accepted. 

The problems of old workings should also be addressed 
when the face design is agreed upon for the working-face 
development plan. The details should, preferably, include 
photographs of the entries before they are affected by old 
workings and as the face progresses more photographs may 
be ta.ken to show damage or additional support required. 

2.1.5 Union Attitudes 

While evaluating regulations and suggestions for changes 
uniorl attitudes must be considered. Although improved 
resource recovery is desirable, the safety and health of the 
workers must always remain the primary concern of the opera­
tor cmd the nation. Regulations should ensure that methane 
accumulation, excessive dust, or the possibility of inunda­
tion do not occur. Representatives of labor can provide 
valuable input in this regard. They could also suggest 
meam!: for leasing of coal seams to be worked by single opera­
tors while presenting mechanisms for averting wildcat strikes 
which paralyze all operations. 

2.1.6 Pennsylvania Mining Laws 

Pennsylvania has the most specific set of coal mining 
laws applicable to underground multiple-seam operations. 

Some studies have been conducted to evaluate their 
adap1::abili ty to other states. These evaluations need to be 
expanded to other areas based on the conditions in ot~er 
statE'~s, and critically examined for applicability nation­
wide. 

2.2 Program Implementation 

Any alterations of laws can only be done by federal or 
state legislatures and agencies. However, background work 
to support legal revisions can be accomplished outside the 
governing bodies. Items that will need to be examined be­
fore any changes can be proposed are: 

• Economic impact of the regulations 

• Administrative implementation procedures 
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• Applicability of the regulation to certain 
regions and conditions. 

In order to evaluate changes in existing regulations accord­
ing to the above criteria, extensive mining experience is 
needed. Also, many state and federal agencies would need to 
be contacted including inspection, regulation, and permitting 
authorities. The regulation changes should not pose an 
economic hardship on mining operators, nor should it create 
a bureaucratic nightmare that could inhibit resource recov­
ery. Finally the regulation change needs to be adaptable to 
the various mining conditions in the U.S. 

For example, in investigating the need for current mine 
maps and plans existing mine plans need to be studied for 
their completeness and accuracy. Interviews with mine opera­
tors, particularly small operators, may be necessary to 
assess economic impact. It may prove beneficial to investi­
gate foreign requirements for periodic mine plans, since 
more experience exists abroad than in the U.S. relating to 
multiple-seam mining. The United Kingdom, for instance, 
has had mine plan regulations since the turn of the century 
and these have proved invaluable to maximum resource recovery. 

currently available information suggests that it should 
be possible to develop a series of mine plans which define 
the physical mine layout over the life of the mine. 

2.3 Program Procurement 

The program tasks are listed in a time schedule in 
Figure 43 which is divided into two phases requiring a total 
of one year to complete. Phase I includes the following 
tasks: 

• Examine the collective leasing of multiple 
coal seams 

• Investigate regulations requiring the super­
position of drivages 

• Change existing regulations to include judge­
ment factors to achieve maximum recovery 

• Study of union attitudes for not leasing mines 
in a way to avert wildcat strikes. 

This phase is best done internally by the Department of Energy, 
with the help of a consultant if necessary. To evaluate 
and consider regulatory alternatives requires coordination 
with MSHA, the Bureau of Mines, state agencies, and other 
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government agencies, which can be done by the Department of 
Energy itself. 

Phase II may be conducted by a consultant, selected 
with emphasis on the contractor's ability to work with mine 
operators and obtain the desired information. This phase 
will include: 

• Collecting examples of mine plans currently 
used 

• Study of mine plans for completeness 

_ Obtaining mine plans from other countries 

• Visiting mines to discuss operators' ideas 

• Propose mine plan requirements 

• Applicability of adopting Pennsylvania mul­
tiple-seam mining laws nationwide. 

Obtaining mine plans will have to be done through the 
mine operators or through state agencies that require an 
up dated mine map every year. Operations that are particular­
ly well coordinated in their mining efforts may require 
a special visit to gain valuable information. 

The program is estimated to cost $150,000 over a period 
about one (1) year. 
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3.0 DETERMINATION OF EFFECTIVE VENTILATION 
The nature and thickness of the parting between coal 

seams. has a significant effect on mining conditions. Stresses 
induced by multiple-seam mining can cause extensive fractur­
ing that may lead to poor roof conditions, loss of ventilat­
ing air, or poor resource recovery. 

It is desirable to know how much fresh air is mi­
grating to a worked-out seam either above or below current 
workings. Air losses cannot be tolerated in the working 
areas where gas may be present and dust must be carried 
away. In order to study the behavior of parting thickness 
on ventilation it is suggested that a series of tests be 
cond\:lcted over a range of parting thicknesses from 20 feet 
to 100 feet where fracturing is almost certain to exist. 

3.1 Ventilation Test 

This test is best conducted in a long series of entries 
as sbown in Figure 3.1, and with any mode of multiple-seam 
mining as long as an excavated area exists either above or 
belmll l into which the ventilating air can migrate. The 
test area should be at least 1,500 feet long and blocked 
from the mine ventilation except for a small area where 
a blowing fan can be placed, and an open area at the end 
of tbe air course where quantity measurements can be taken. 
Stoppings in the test area can be erected at locations so 
as to assure that all the air flows throughout the test 
area. Basically a pressure chamber is simulated and any 
air ~igration will be reflected in the difference between 
the fan output and the measuring station. Other measure­
ments may be taken along the roadways. The test requires 
the following steps to be taken: 

• Install stoppings at strategic areas 

• Define parting thickness by drill hole or 
survey map 

• Install blowing fan of reasonably high 
capacity 

• Accurately traverse the fan outlet to 
determine its performance 

• Traverse the opening in the measuring 
station with vane anemometer, and com­
pare volumes 

• Repeat the procedure over a variety of 
parting thicknesses. 
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If significant volume differences exist, it may be 
possible to map roof (or floor) fractures in the test area 
with an infrared probeye viewer or other means. During 
testing, air samples can be taken to test for any increase 
in methane concentration. These tests would be conducted 
in the upper seam where methane is expected to migrate. 
Air leakage through the parting could also be determined 
using SF6 (sulfur hexaflouride), as a tracer and a chromato­
graph, or a similar technique. 

3.2 'program Procurement 

It would be best to award the contract for this study 
on a competitive basis. This ma}l;es it possible for several 
mining companies to participate in the investigation. Many 
of them may already have a mine area similar to that desired. 
The ~ining companies may also have an appropriate fan on the 
premises which could greatly expedite the work. Since the 
tests need to be conducted over a range of parting thickness 
several mines would be required to perform the tests, partic­
ularly if the parting thickness at anyone mine is relatively 
constant. The study, if it includes several mines, should be 
broadened to include both overmining and undermining situations. 

'l'he following schedule I Figure 45, shows a time estimate 
for the work previously outlined and the tasks involved. The 
bar chart (Figure 45) depicts the duration of each task and 
the time required for the preparation and submission of reports. 
An attempt has been made to initiate each task as early as 
possible and to overlap tasks whenever practical so as to en­
sure timely completion. The program is divided into the follow­
ing tasks: 

• Selecting mines that will cover a variety 
of geologic situations 

• Finalizing agreements with mine operators 
to establish a degree of cooperation needed 
to carry out the tests 

• Preparing the test site by installing stop­
pings in strategic locations, establish the 
parting thickness by drilling, and place­
ment of the blower fan 

• Performing air circulation tests 

• Repeating the tests under a variety of parting 
thicknesses. 

The program is estimated to cost $200,000 over a 13-
mont.l-! period. 'l'he schedule repesents the work carried out 
over several mines with work at each mine done sequentially. 
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If testing for the varying partings were done concurrently 
the project could be completed considerably faster, but it 
may be preferable to have the same crew perform the measure­
ments at each site. 
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4.0 INVESTIGATION OF PARTING BEHAVIOR 
The stresses developed due to the strata reaction 

during multiple-seam mining have a significant effect on 
mine planning. It is, therefore, desirable to know the 
parting behavior more exactly. This information is espe­
cially useful for simultaneous mining where the difference 
in distance between mining fronts depends on the severity of 
influence of one seam on the other, through the parting. 
Testing the parting behavior should include coring the 
parting before and after mining a particular area so that 
rock testing can be compared on the basis of strength, 
de~ree of fracturing, and so on. These tests should b~ 
conducted under simultaneous mining conditions and car. lead 
to estimates of coal seam interaction which influences the 
proximity of mining fronts. 

4.1 Determination of Parting Behavior 

Historically simultaneous mining has not been very 
successful with parting thickness less than 165 ft. The 
mining of one seam ahead of another creates a critical 
distance which is defined by the depth of overburden and 
by the nature of the parting. A study may be conducted 
under simultaneous mining conditions by coring the parting 
in an area ahead of the lagging mining front, and coring 
the the parting again sometime after this front has past 
under (or over) that location. Examination of the core would 
show if cohesion of the parting has been disturbed, which 
will be evidenced by a change in core fracture frequency 
with depth. Therefore, a graphical analysis of fracture 
frequency at depth could help define the limit of stress in­
fluence by one seam mined on the other. The graph obtained 
may be expected to be of the type shown in Figure 46. The 
increase of frequency is greater from 60 ft to 140 ft which 
may suggest that mining fronts between seams should be at 
140 ft. This is based on rock behavior characteristics that 
define the zone of influence, which is the effective distance 
into the parting thickness where stress interaction is trans­
ferred from one coal seam to another. It is suggested that 
the distance between mining fronts should equal or slightly 
exceed the zone of influence. 

To perform this program, core drilling needs to be con­
ducted at different time intervals and for different parting 
thicknesses and rock varieties. In most simultaneous mining 
situations, the parting thickness does not vary greatly, but 
other factors that need to be considered include: 

• Varying rock strata 
A Method of mining (room-and­

pillar, longwall) 
• Differing time intervals 

(weekly, monthly, every 
3-months) 
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A systematic investigation of these parameters should result 
in reliable guidelines for estimating distance between 
mining fronts of different coal seams, for simultaneous 
mining. Another possible method of measuring parting reaction 
is with seismic refraction. The method involves measuring 
seismic pulses through the strata using an array of sensors. 
The change of pulse velocity can be related to the degree of 
rock fracturing. 

4.2 Program Procurement 

Since the work involves much core drilling and logging, 
it is suggested that competitive procurement procedures be 
followed. The proposing firms will be able to make their 
own arrangements with various mines and locations. Three 
(3) locations may be studied, the East, Midwest, and West. 
Experience in underground coring should be a requisite 
criterion for this program since space in the mine is 
confined, and good equipment, techniques, and efficiency are 
necessary to control costs and obtain reliable results. A 
list of the tasks to be performed is given in Figure 47 
along with a schedule which depicts the estimated time for 
completion of each task and the overall program. 

The tasks basically consist of: 

• Selecting mines to cover a variety 
of parting thicknesses for longwall 
and room-and-pillar methods 

• Finalizing agreements with the mine 
to determine responsibility and 
degree of cooperation 

• Core drilling of the parting and 
logging of the core to determine 
fracture density 

• Coring at prescribed time intervals 
to study the affect of ongoing 
mining. 

The program is estimated to cost $350,000 over a 
16-month period. 
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5.0 MINE TESTS UNDER CONTROLLED CONDITIONS 
5.1 Necessity 

During this study it ,,,as found that the method of record 
keeping at an operating mine is generally neither detailed 
enough nor in an appropriate format to positively identify 
cost changes caused by problems associated with multiple-seam 
mining. Indeed, often the cause of the problem is not de­
finite but only suspected, and may be treated as a normal 
mining problem, not related to multiple-seam mining. 

To better deal with mUltiple-seam mining problems and 
their solution it is desirable to study mining under con­
trolled conditions at operating mines, i.e. in new sections 
of these mines preferably in virgin strata. These problems 
should be studied in a variety of geologic conditions so it 
may be desirable to utilize three mines,with one in Appala­
chia, one in the Interior Basin, and one in the West. Pos­
sibly a fourth mine may be selected in the Pennsylvania 
anthracite district where steeply pitching coal seams exist, 
and where the economic conditions are different to those in 
the bitumiuous coalfields. Arrangements need to be made 
with the mine management that all cost as well as technical 
information related to the sections under investigation 
should be made available to DOE. This is essential, since 
economic information is rarely released by private operators. 
Often the information presented is incomplete and sketchy. 

5.2 Ground Control 

5.2.1 Subsidence 

Subsidence studies under controlled conditions, for a 
number of different mining techniques, should be conducted 
in the proposed mines. Accurate surveying can help to de­
termine the changes or extent of control on subsidence due 
to columnization, splitting pillars upon recovery, and 
partial extraction mining. Adequate surface monitoring 
stations and the associated equipment are usually considered 
too expensive by privnte oper~tors and hence not inst~llod 
or monitored. DOE could fund such an activity in coopera­
tion with nporntors. 

~ • ~ • ~ SLre ss dilU LJe I ulllld Liull 

In addition to the subsidence data, pillar stress in­
formation is important. The use of optimum pillar dimen-
sions for multiple-seam techniques would lead to maximum 
resource recovery and uniform, controlled subsidence. The 
measurement of in-mine deformations, loads, and rock properties 
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would be more valuable, if conducted along with subsidence 
measurements, in the same mines than if done elsewhere. 
Instrumentation that would provide useful information would 
inclulde borehole extensometers, convergence stations, load 
cells; under supports, stressmeters in pillars, and devices 
to measure pillar, floor, and roof deformation. Mines with 
various parting and coal thicknesses should be considered 
for these studies. The rate of secondary gob compaction 
may be determined by core testing at pre-determined time 
inte:rvals. Such data would aid in mine design. 

5.3 Economic Studies 

As mentioned above, it is essential that all cost data 
must be made available to DOE or its research contractors. 
They would be ina position to identify specific problem 
areas, and isolate costs incurred to remedy each situation. 
Costf:~ should be broken down for roof control, coal haulage, 
pumping, ventilation, and other operations. 

5.4 Program Procurement 

Because of the logistics of mining such as labor, sup­
plies, power, etc., such a program should be contracted to 
firms with the requisite ground control and economic analysis 
capabilities. These contractors could either be mine opera­
tors themselves, or conSUltants who can arrange to work with 
suitable mines. The investigations should be performed in 
sections in virgin property since these are more suited to 
determining maximum resource recovery. These will not get 
affeGted by poorly-mined old workings which adversely influ­
ence mine planning. Virgin seams will also permit simultaneous 
mining which can have the mining front in either seam lead 
the other, so as to create over-·or undermining conditions. 
The .ideal location would be where the experimental sections 
could be developed in properties inunediately adjacent to 
operating mines. This permits ready accessability without the 
need for new and expensive shafts or slopes to be developed. 

Specific studies, such as the rock mechanics investigations 
or computer modeling, could be subcontracted, if necessary, by 
the prime contractor to specialist consultants. As mentioned 
earlier, possibly four such contracts throughout the country 
could be awarded, with each one being bid separately. DOE 
should coordinate all efforts for performing the work. The 
economic model also. could be developed under an entirely sep­
cont!:::'aG,t. 

Realistically, the contracts will last over a number of 
years, and a preliminary estimate for the schedule might be 
5 years each. A chronological order of research appears in 
Figure '48 which covers some highlights of possible work 
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invo:ILved over two phases. The Phase I tasks include the 
physical measurements such as: 

• Development of two coal seams, with two 
flt,,,t-innn, nnt' with the' low'>I" r.lc'l' ill 
.IlJVdIlC,-, "VI'l I.h,' ,II It,., I III 1I1,lf'l I" 

achieve overmining and the second with 
the upp<..~r L'Cl~ Il'ddinq to <WL un<it'I'mininq 
conditions. SlmulLilneous minlnq m<ly he 
attempted in iJ th j rr) sr'r:t. j on 

• Pillar stress analysis and other rock 
mechanics investigations for the various 
mining methods 

• Subsidence studies over the life of the 
sections 

• Recovery ratio obtained by underground sur­
veying and related to actual raw coal output. 

Phase II is the economic analysis which will be ongo­
ing from the section start-up. These tasks include, but 
are not limited to the following: 

• ' Roof support costs under a variety of mining 
techniques 

• Productivity analysis based on recovery and 
output per person-shift 

• Costs of ventilation, pumping, haulage, etc. 
in relation to conditions 

• Formulation of a computer cost model from data 
obtained from the various mines, representing 
varying conditions in the u.s. 

The complete ground control and economic s~udy program 
for each mining operation is estimated at $1,000,000 
over a five-year period. Hence for 4 mines this totals 
$4. (I million. 
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6.0 CLOSURE 
During the study of mUltiple-seam mining in the United 

States, six (6) areas which require attention were discerned, 
which related to: 

• Leasing/regulations 

• Union attitudes 

• Ventilation/dust 

• Parting behavior 

• Economics 

• Ground control and subsidence 

These six (6) studies were carefully examined and in­
tegrated into a research program divided into 4 distinct 
parts: 

• Study of regulations - which comprised of 
critically evaluating existing regulations 
with respect to leasing and mining methods, 
so as to maximize resource recovery; require­
ments for mine maps which clearly indicate 
that the workings of the various seams being 
mined are coordinated and that the damage to 
other seams and surface are minimized; 
attention is called to the effect of union 
attitudes on mining practices 

• Ventilation investigations - which establish 
leakage of air from one working seam to the 
next; effects on dust; spontaneous combustion 
problems 

• Examination of parting behavior - intended to 
determine the extent of parting thickness that 
is affected by undermining and overmining; it's 
influence along the seams; factors governing 
simultaneous mining 
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• Mine demonstrations under controlled condi­
tions - which entail ground control investi­
gations and economic modeling; determination 
of subsidence effects and their relationships 
to mining method, pillar loads, overburden 
thickness, nature of rock (floor and roof), 
and coal, mine geometry, and resource recovery; 
isolation of costs for each unit operation and 
it's sensitivity to changes; development of 
predictive cost models capable of analyzing 
unit operations, productivity changes, and 
effects on recovery; suggestions for optimal 
mining methods and designs. 

The total research program is expected to cost less 
than $5,000,000 over a 5-year period, but as seen in the 
next:. task, this will make possible the recovery of coal 
wor1:~h considerably more. 
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TASK 5 

COST IBENEFIT ANALYSIS OF R&D 
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1.0 INTRODUCTION 
This task defines the benefit/cost ratio of the 

research and development plan presented in the previous 
section of this report. The benefit/cost ratio is a 
measure of the effectiveness of a new method, by com­
paring the value obtained against the value needed to 
achi,eve the improved method. For example, if $300,000 
was saved as a result of a new method which cost 
$100,000 to implement, the benefit/cost ratio would be 
3. It is by this means that the value of the proposed 
research and development program is evaluated. Each 
major part of the suggested research program is analysed 
with respect to its estimated benefit. 

Figure ~ outlines the multiple-seam mining research 
program presented in Task 4. Each segment of the program 
requires a series of studies that are expected to improve 
resource recovery and reduce operational costs for mining 
multiple seams. Some areas of research will also benefit 
single-seam coal mining, e.g. the leasing and regulation 
study, or the ground control investigations. Figure 50 
illustrates, each major category of the research program, 
as a percentage of total cost. The overall program is 
esti.mated to cost $4,700,000 over a 5-year period if the 
enti.re program, as suggested in the previous task, is 
implemented. The costs would evidently be reduced, if 
the number of mine demonstrations is reduced. This task 
report presents the benefit/cost relationship for each 
segment of the research program. 
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2.0 LEASING AND REGULATIONS 

Current leasing regulations are cumbersome and they 
tend to prolong the acquisition of coal resources by 
requiring considerable effort on the part of industry. 
Existing leasing requirements also do not adequate] y 
address maximum possible resource recovery. This has 
led to many acres of coal being abandoned in multiple­
seam properties, many of which are operated by different 
companies which, knowingly or unknowingly, do not cooper­
ate with each other. A research and development program 
has been proposed which includes examination of the 
following: 

• Regulations for recovery 

• Superposition requirements 

• Collective leasing of coal 

• Map requirements 

• Union attitudes 

• Application of laws 

The cost/benefits of these topics are hard to quan­
tify, in that all the factors are interrelated; hence 
the cost associated with each cannot be individually 
evaluated in dollars and cents. It is possible to estimate 
the costs incurred due to leasing regulations, however. 
If the leasing process were made more efficient, the mine 
property could be brought into production sooner. If, for 
example, the time period for procuring leases were reduced 
by 6 months, the capital requirements for mine start up 
would be reduced due to the elimination of the effects of 
inflation on equipment costs, for half a year. Thus for 
a 13% inflation rate, costs could be reduced by 6.5%. 
This would imply savings of millions of dollars for a 
large mine. 

Figure 5lshows the reduced capital investment for 
different production rates. The graph dramatically shows 
the capital cost savings from the relatively small 
research program cost of $150,000. The savings reflected 
are only those from one operation. Consequently, a stream­
lined leasing program nationwide would free significant 
amounts of capital. In addition, the program will benefit 
both single- and multiple-seam coal leases, which increase 
the benefits of this research. Thus, for a one-million 
tons-per-year operation, a $3.3 million capital saving 
over 15 years amounts to $0.222 per ton of coal, which 
lowers the selling price correspondingly. Nationwide, these 
savings yields $149,924 per research dollar assuming 65% 
recovery. 
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Regulations pertaining to improved coal recovery 
methods such as superposition of pillars, collective 
leasing, and map requirements are reflected in resource 
recovery economics and will be discussed in a later sec­
tion of this report. 
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3.0 MINE OPERATION STUDIES 
~:'his segment of the research includes studies of the 

effec1:~s of multiple-seam mining on ventilation and parting 
behavior. Parting behavior directly influences both venti­
lation efficiency and roof support requirements. Investiga­
tion of these is important because it relates to the health 
and safety of miners. In the ventilation study, roof 
support is indirectly taken into consideration because falls 
of ground create more resistance in an airway. However, a 
separate study of the behavior of roof is merited also, 
since mining cannot progress without a safe roof. 

3.1 Ventilation Study 

':rhe ventilation program outlined previously in Task 4 
is est.imated to cost about $200,000 or 4.3% of the total 
resea:l:'ch program. The purpose of the ventilation study is to 
quantify the fresh air leakage through the disturbed rock 
strata. between multiple seams under a variety of mining 
techniques and rock conditions. The results should help to 
correGtly size the ventilation equipment needed to compensate 
for f.icesh air leakage, or to develop methods for reducing 
leakaqe. 

''rhis ml.nl.ng practice may partially offset the 12% higher 
ventilation cost estimated earlier (in the "Definitions of 
Technical problems" section of this report) by reducing 
parting fractures that create savinqs of $0.097 per ton of 
the recoverable reserves subject to multiple-seam mining. 
This implies a total savings of $49,131 per research very 
worth'iNhile, and cost effective. Even a 1% improvement would 
imply a benefit/cost ratio of 4,103. 

However, in addition to these very significant savings, 
what is really involved is a matter of much greater concern-­
the h'9alth of the miner. Besides, mining companies presently 
contribute money to a black lung fund, and if ventilation 
conditions improved, these contributions should be reduced. 
Black lung compensation is estimated at $18 per man per 
shift, resulting in $1.29 per ton (if output is considered 
to be 14 tons per man). A reduction in black lung compen­
sation of even 5%, would have a major impact upon the costs 
entailed. 
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3.2 Parting Behavior Study 

The program outlined in Task 4 for this investigation 
is estimated to cost $350,000 or 7.4% of the total research 
program. The study of parting behavior will aid in both 
roof control planning and ventilation design. If, as a 
result of this research, the rate of mining advance or time 
lag between mining coal seams can be planned to cause less 
severe parting reaction, roof control costs as well as roof 
fall accidents should decrease. Ventilation leakage will 
also be reduced, resulting in cost savings, as previously 
discussed. 

Roof support costs have been estimated at 15% of total 
operating cost. These costs are about 15% higher when 
mining multiple seams than single seams, on the average. 
It is estimated that this increase can be reduced by 25% 
because of the parting behavior studies suggested herein. 
Better planning of pillars and uniform extraction can 
greatly reduce severe parting behavior when mining multiple 
seams. The parting behavior study should define the zone 
of influence of one mined seam on another, and thus provide 
a basis for establishing the mining advance rate for the 
seams. A less fractured roof will reduce support costs; the 
estimated cost savings per ton is expected to be about 
$0.152, yielding $43,993 saved per research dollar. 
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4.0 ECONOMICS 
4.1 Resource Recovery 

The extraction ratio, which serves as a measure of 
mine performance, varies with the thickness and nature of 
parting. This ratio also varies with the mode of multi­
ple-seam mining practiced, i.e. overmining, undermining 
or simultaneous mining, but is not significantly different 
for t,he various modes. It may be recalled from earlier 
sections of this report that the output per manshift (OMS) 
for underground workers is relatively unchanged when com­
paring overmining, and simultaneous mining; this output is 
only slightly less than that for single-seam mining. These 
results are based on historical data. It should be noted 
that in the past much multiple-seam mining was done rather 
haphazardly, with little or no ~lanning. 

If the best multiple-seam mining technology is applied 
to an experimental multiple-seam mining operation the re­
sult!:; would most likely be favorable, and both the 
extraction ratio and productivity may be expected to 
increase. It may be estimated conservatively that this 
woulel be on the order of 5% greater resource recovery. 
The }!,.ppalachian area alone is estimated to have over 66 
billion tons of bituminous coal reserves amenable to 
multiple-seam mining. With 60 percent recovery, 40 billion 
tons are available. If an extra 5% of coal could be mined 
as a result of careful planning, this would yield 2 billion 
additional tons of coal in Appalachia alone, and a total of 
7.8 billion tons for all United States coal subject to 
multiple-seam mining. 

The estimated investment for the experimental mine 
progI'am is 4.0 million dollars, implying an improved pro­
duction of 1660 tons of coal per research dollar. Assuming 
that coal is produ~ed at $27/ton, this implies a benefit/ 
cost ratio of 44,820. For A 5% greater coal production 
and with $2.6 million being allocated to research related 
to resource recovery, the expected savings would be 
$0.904/ton of coal. 

4.2 Ground Control 

The impor~ance of ground control in coal mining 
cannot be overemphasized. In Pennsylvania alone, damage 
claims resulting in approximately $0.01 per ton are paid 
each year. As more coal is mined and as urban areas spread, 
the problem of subsidence will become more costly. The 
proposed ground control program comprises one-third of the 
total cost of the program, or about 1.3 million. The sub­
sidence program investigation essentially entails the 
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evaluation of an element of the mining proqram which improves 
resource recovery, while creating less disturbance both 
during and after mining. Subsidence is more severe with 
mining of multiple seams, since the effects from each seam 
are cumulative. 

Estimating the cost/benefits are difficult, because 
of the prolonged time element involved. This makes 
determining the exact amount of subsidence damage intrac­
table. Conservatively, an estimated 5% benefit applied to 
the total available recoverable reserves in the Appalachian 
region will result in a significant savings, viz. $35,100,000 
or $108 per research dollar; $0.001 saved per ton of coal. 
Nationwide benefits would yield $39 per research dollar, 
with $0.001 saved per ton of coal. 
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5.0 CLOSURE 
Figure 52 illustrates the major areas of the research 

program and their estimated cost savings. The graphs 
dramatically outline the extensive cost/benefits of the 
proponed research which include: 

• Resource recovery 

• Ground support 

• Operations economics 

• Cost models 

This research program is quite broad, and the overall 
benefits to be expected may be larger than the sum of the 
individual elements. 

The benefit/cost ratio is another expression for the 
dolla'~s saved per research dollar, which is generally quite 
high. This is to be expected since tremendous quantities 
of coal are involved. Even a small increase in recovery 
amounts to considerable coal tonnage, thus offsetting 
research costs. 

If the benefits of research are expressed as dollars 
saved per ton of coal, the total saved is $1.376 per ton. 
This is based on conservative estimates of the costs 
savings. It should be emphasized that these cost savings 
represent a significant portion of the extra costs involved 
when ~ining multiple seams. Consequently, these savings 
will bring the operating costs of multiple-seam operations 
much closer to those of single-seam mining. 
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