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COAL MINE ROOF RATING (CMRR): A PRACTICAL ROCK
MASS CLASSIFICATION FOR COAL MINES

By Gregory M. Molinda 1 and Christopher Mark2

ABSTRACT

The Coal Mine Roof Rating (CMRR) was developed by the U.S. Bureau of Mines as an engineering
tool to quantify descriptive geologic information for use in coal mine design and roof support selection.
The CMRR system combines the results of many years of geologic ground control research with
worldwide experience v,,1th rock mass classification systems. Like other classification systems, the
CMRR begins with the premise that the structural competence of mine roof rock is determined
primarily by the discontinuities that weaken the rock fabric. The CMRR makes four unique con­
tributions: (1) It is specifically designed for bedded coal measure rocks, (2) it concentrates on the
bolted interval and its ability to form a stable mine structure, (3) it is applicable to all U.S. coal seams,
and (4) it pr0\1des a methodology for data collection. Using only simple field tests and observations,
the CMRR can be calculated from roof falls, overcasts, and highwall exposures. This report includes
a discussion of the principles, input parameters, and method of the CMRR. It also includes CMRR
data from all of the major U.S. coal basins and an analysis of the data in relation to current applications.

IGeologisl.
2Mining engineer.
Pillsburgh Research Center, U.S. Bureau of Mines, Pillsburgh. PA.
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INTRODUCTION

The U.S. Bureau of Mines (USBM), under its health
and safety research program, has been actively studying
coal measure roof strata for ground control. Much has
been learned about the behavior of roof rock under many
different mining conditions (4, 8, 11-12, 15-18, 20, 22-27,
29, 34, 40).3 A significant portion of this research effort
has been examining the effects of geology on mine roof
stability, since coal mine operators often cite poor geology
as their primary ground control problem. Numerous other
factors, including roof span, artificial support, and in situ
stresses, influence roof stability, but inherent structural
competence of the rock mass is of primary importance.
Currently, roof bolt selection and design revolve around a
trial-and-error process, with mine operators reacting to
adverse roof conditions by changing support type or
increasing support density until stability is achieved.
Improved roof bolt design methods will require an ability
to quantify the inherent structural competence of the mine
roof.

The ability to quantify roof rock quality \\ill be helpful
in many other facets of ground control design. Recent
research has demonstrated that the selection of a stability
factor for longwall coal pillars sbould be based on an
evaluation of mine roof quality (24). Another example is
the design of intersection spans, which is often based on
equipment needs and transportation. The practice of
sha\;ng the corners of the pillars (and thus widening the
span) may have disastrous consequences for a less com­
petent roof rock, but little effect where the roof is very
competent.

In the past, geotechnical evaluations of coal mine roof
rock have been based largely on laboratory testing of
rock properties, such as uniaxial compressive strength and
direct shear. However, laboratory testing fails to consider
the field-scale discontinuities, particularly bedding planes
(28), that usually control the structural competence of
the roof. For example, the uniaxial strength of a typical
Pittsburgh coalbed stackrock is approximately 83 MPa
(12,000 psi). Although strong uniaxially, the numerous
mica-laden, carbonaceous bedding planes make the rock
very weak and subject to delamination and shear. Control
of this type of rock involves a full-column resin fIxture to
prevent shear.

Historically, accounts of mine roof geology have been
highly descriptive and required interpretation for use in
engineering design and support selection. The geologist at
the mine typically describes the geologic conditions in the
roof, then the engineer attempts to utilize those descrip­
tions to design a roof support or reinforcement plan.

31lalic numbers in parentheses refer 10 items in the lisl of references
preceding the appendixes.

What is required is a bridge between geologic description
and quantitative engineering description. Mine engineers
need a system to compare roof conditions with those of
others in the fIeld and to compare the success of different
roof support or pillar designs in conditions similar to those
at their own mines.

The geologic research of the USBM, although under­
stood and acknowledged by mine operators, bas not been
fully incorporated to date into day-to-day planning at
many mines. Mine and support system design is still ac­
complished largely by trial and error. This bridge, how­
ever, has been crossed in other engineering disciplines. In
civil engineering, rock mass classifIcation systems have
emerged as powerful, practical methods for utilizing
geologic data in the design of tunnels and other under­
ground excavations. The most \\i.dely known systems, such
as the Rock Quality Designation (RQD) (9), Rock Mass
Rating (RMR) (3), Unified Rock Classification System
(URCS) (42), tbe Q system (1), and others (10, 32) have
been used extensively throughout the world. These meth­
ods have been successful because they-

• Improve the geologic site evaluation,
• Provide a methodology to convert geologic data into

engineering data, and
• Enable better communication between geologists

and engineers (2).

Unfortunately, the ci...i1 engineering classifIcation sys­
tems are not readily adaptable to coal mining because they
do not provide for the layered geology and geologic struc­
tures typical of coal mine roof. Additionally, the dimen­
sions and stability requirements of tunnels are often very
different from those of mines.

Several attempts have been made to develop roof clas­
sifIcation systems specifIc to coal mining. Appendix A
summarizes these classifications, with brief descriptions
of the approach taken. These are diverse, but none have
been entirely satisfactory. Some use only drill core infor­
mation and exclude the many geologic features that might
be observed underground. The end product is seldom
quantitative and requires considerable judgment to arrive
at specific conclusions. Most importantly, most of these
classifIcations were developed v.ithin small geographic
areas and are generally intended to apply to only a few
local classes of mine roof.

The USBM has developed the CMRR as a means to
fulfIll these needs where pre\ious classification systems
have been inadequate. It serves as a method for quan­
tit)i.ng the structural competence of any coal mine roof
sequence for ultimate use in roof support selection and
coal pillar design (24, 30). The important roof parameters



have been identified, their influence on roof strength has
been quantified, and a calculation has been devised to
combine these parameters into a single, usable value.

The principle of the CMRR is to evaluate the geo­
technical, rather than the geologic, characteristics of the
mine roof. Many times these two correspond, but the
emphasis is on structurally weak or strong units instead
of geologic divisions. This bridge between geology and
engineering makes cumbersome lithologic description
unnecessary, and emphasis is shifted to those things that
weaken bedded coal measure rocks, such as bedding
planes, slickensides, joints, laminations, etc. The CMRR
evaluates the properties of roof discontinuities and how
these properties combine to weaken the roof. As a result,
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the geologic origin of a discontinuity is less important than
its engineering characteristics.

The CMRR is intended to guide the evaluation of roof
competence. It is impossible to consider all of the geo­
logic associations that occur. Flexibility is encouraged in
its application, and the workers' past experience in the
roof sequence competence is important. For example, if
a rock layer is known to be an important strong member
of the roof, but is less than 15 em (6 in), it should be con­
sidered as a separate unit. The exception is based on the
workers' experience. The CMRR provides procedures for
(1) the complete collection of data relevant to roof com­
petence and (2) evaluation of the rock mass properties
that affect roof competence.

COMPONENTS OF THE COAL MINE ROOF RATING (CMRR)

The purpose of the CMRR is to identify the lithologic
factors that influence the structural competence of mine
roof and weigh them according to their relative im·
portance. The sum of these individual factors should cor­
rectly account for the structural competence of the bolted
interval of the roof sequence, all other mining influences
being equal. Following is a summary of the CMRR, v"ith
further details given in later sections of this report.

The CMRR employs the familiar format of Bieniawski's
RMR, summing various individual ratings to obtain a final
CMRR on a 0-100 scale (3). The CMRR is also designed
so that the CMRRjunsupported spanjstandup time rela­
tionship is roughly comparable to the relationship deter­
mined for the RMR. Certain other features have been
adapted from classification systems proposed by Moebs
and Stateham (28), Williamson (42), Barton (1), Kester

and Chugh (21), Sickler (37), and the International Society
for Rock Mechanics (5). Much of the field data used in
the development of the CMRR were obtained during a
nationwide study of ground control in longwall mines (24).
Figure 1 shows the parameters composing the CMRR.

In developing the CMRR, several factors were consid­
ered. First, the collection of geotechnical data must be
relatively simple and inexpensive. This would exclude
time-consuming, expensive laboratory analysis, such as
rock testing and petrography. However, if laboratory
strength data are available, they may still be used to gen­
erate the roof rating. Second, the CMRR must be a uni­
versal system, i.e., applicable to all coal measure rocks,
regardless of depositional environment, age, rank, or geo­
graphic location.
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Data gathering for the CMRR relies on observation and
simple contact tests using a ball peen hammer, a 9-cm
(3.5-in) mason chise~ a tape measure, and sample bags.
All data can be recorded on a single data sheet. Of
course, roof rocks must be exposed for the CMRR, and
data sources include falls, overcasts, core, and highwalls.

Calculation of the CMRR is illustrated in figure 2. In
the roof exposure to be rated, all of the visible rock is
included in the data collection. The mine roof is fust
divided into structural units. A rating is then determined
for each unit based primarily on an evaluation of the dis­
continuities and their characteristics. The compressive
strength of the rock and its moisture sensitivity also figure
into the unit ratings. Next, the CMRR is determined for
the mine roof as a whole. The ratings of the units within
the bolted interval are rust combined into a thickness­
weighted average. Then a series of roof adjustment fac­
tors is applied. The most important adjustment is the one
for a strong bed, for it has been found that the structural
competence of a bolted mine roof is largely determined by

its most competent memb-:r. All of these parameters
combined form the final CMRR. A step-by-step process
for field data collection and CMRR calculation is pre­
sented in appendix B.

UNIT RATINGS

Unit ratings are the building blocks of the CMRR.
Units are defmed as rock intervals with distinct structural
characteristics. CMRR units are usually distinct lithologic
types, but they are distinguished by geotechnical, not geo­
logical, characteristics. For example, interbedded coals
and shales might be treated a single unit if they have sim­
ilar geotechnical properties. Units must also be at least
15 cm (6 in) thick, because it is assumed that thinner units
are unlikely to significantly affect the overall structural
competence of the bolted roof. Factors entering into the
determination of the unit rating are discussed in the
following sections.
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Figure 2.--eMRR calculation.



Shear Strength of Discontinuities

The ability of a discontinuity to delaminate or shear is
a function of the cohesion and roughness of the discon­
tinuity surfaces. Smooth, low-cohesion surfaces fail easily,
whereas rough, high-cohesion surfaces resist shear. Shear
strength of discontinuities accounts for as much as 35% of
the fInal CMRR.

Cohesion

Cohesion is defmed as the maximum strength that acts
to resist sliding along a discontinuity surface when there is
no normal stress. For smooth (or nearly smooth) discon­
tinuities, it is determined largely by the strength of the
bond between the two discontinuity surfaces. The cohe­
sion of discontinuities in coal measure rocks ranges from
nearly zero for slickensided surfaces to as strong as or
stronger than intact rock for well-cemented surfaces.

Rocks that are fmely laminated and high in clay content
are particularly susceptible to delamination and slicken­
sides. Since clay minerals are platy and deposited in quiet
waters, they align parallel to form bedding in shales, re­
sulting in very low-cohesion bedding surfaces. Often, lami­
nations can be separated by hand in core specimens. The
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laminations may not be visible to the naked eye, so for all
shale or mudstones the intact rock material should be
tested in addition to obvious bedding planes. Cohesion
tests, therefore, are applied to both intact rock in a unit
without discontinuities, as well as to discontinuities within
a unit.

With the addition of silt and sand from a higher energy
environment, bed cohesion usually increases. Larger, less
platy grains form an interlocking structure, which, along
with cementation, helps to resist delamination and shear·
ing. Some features, such as fossils or mica, can reduce the
cohesion of bedding plane surfaces.

Often, the cohesion of bedding surfaces can be esti·
mated by the nature of the fractured wall of a roof fall. If
·stairstepping" is observed, with most of the roof failure
occurring along bedding, the cohesion is probably low. At
the other extreme, if roof failure is observed entirely
without regard for bedding, the strength of the bedding is
most likely equal to or greater than that of the intact rock.
In some instances, bedding may be only a color change
and may not weaken the rock fabric. A rock may also
have minor bedding that is strongly cemented and major
bedding that is weakly cohesive (fIgure 3).

Other discontinuities also have cohesion properties
that must be evaluated. Shears and slickensides, whether

.....

.i _.

---..;,.'. . .....
'\ <'v:".",

......
~,:_,

FIgure 3.-Weak beddIng In a lamInated lhale.
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parallel to or across bedding, are already planes of failure
and therefore have little or no cohesion (figure 4). Slick­
ensided surfaces receive the minimum rating. Joints are
discontinuities that are also subject to evaluation for
cohesion. Some joints have healed surfaces of carbonate
deposition and have strong cohesion, whereas others are
simple tension breaks with no cohesion.

In the CMRR, cohesion along bedding is evaluated by
a splitting test with a 9-cm (3.5-in) mason chisel (figure 5).
Weaker, less cohesive surfaces require fewer chisel blows
to split.

Roughness

The roughness along a discontinuity surface constitutes
the other component of the surface's shear strength. In
the Cf\.IRR, roughness of a surface is estimated visually
and classified as jagged, wary, or planar (5) (figure 6).
This measure is to be applied on a scale ranging from
hand-sample size to several meters across a fall exposure.

The CMRR assumes that roughness significantly affects
shear strength only when cohesion is in the middle range.
When cohesion is high, the shear strength of the discon­
tinuity is great regardless of its roughness. At the opposite

extreme, a slickensided surface is always weak. When the
cohesion is low to moderate, however, the shear strength
of a planar discontinuity is significantly less than that of a
rough one.

Intensity of Discontinuities

Intensity is the other factor that determines the effect
of an individual discontinuity set on overall structural
competence. Intensity is determined by the spacing be­
tween discontinuities and the persistence, or extent, of
each individual discontinuity_ The more closely spaced
and persistent a set of discontinuities, the greater the
weakening effect on the rock mass. Like shear strength,
intensity accounts for as much as 35% of the final CMRR.

Spacing

Spacing is the average distance between discontinuities
v,ithin a unit (5). It is normally determined by counting
the number of discontinuities observed along a measured
length of exposed mine roof. Spacing is grouped into five
classes, from very close «6 cm «2.5 in» to very wide
(> 1.8 m (>6 ft» (5).

FIgure 4.-Sllckenslded surfaces In shale are extremely weak discontinuities In mine roof. (photo: Davk1 K. Ingram, Pittsburgh~
search Center, U.S. But8BJl of Mines)



Persistence

Persistence is the areal extent or size of a discontinuity
plane. If a feature Goint, shear, etc.) is very persistent, its
ability to weaken the mine roof is greater, which is
reflected as a deduction in the rating. Both vertical and
horizontal persistence are recorded. For example, a joint
may terminate vertically after only a few centimeters.
Such a feature weakens the roof sequence much less than
a major joint extending several meters upward. Similarly,
broad sloping shears may cut across roof strata along the
boundaries of paleochannels with much greater effect than
the short, randomly oriented slickensides that are common

Figure 5.-Spllttlng test with a 9-cm (3.5-ln) mason chisel tor
evaluating cohesion along bedding.
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in drawrock. A very persistent shear, i.e., one that extends
more than 3 m (10 ft) laterally and vertically, can form the
boundary of a mine roof fall.

Number of Discontinuity Sets

Many coal measure roof rock types contain more than
one discontinuity set. Some form of internal bedding is
usually present, and there are_often slickensides, small
joints or fractures, coal spars, or other discontinuities as
well. While the most significant discontinuity set is the
one that most weakens the integrity of the rock, the others
may have some additional effect. In these instances, the
CMRR employs a multiple discontinuity adjustment that
reduces the unit rating by as much as 5 points.

Compressive Strength

The uniaxial compressive strength of the rock material
affects mine roof strength in several ways. First, it de­
termines the ease with which new fracturing (as opposed
to movement along preexisting discontinuities) will occur.
Second, the compressive strength of the rock is a factor in
the shear strength of discontinuities (5). The value of a
rock as a strong roof bolt anchorage also depends in part
on its compressive strength. A possible 30 points of the
CMRR are attached to compressive strength rating.

Several index tests have been proposed to estimate
compressive strength. The CMRR employs an indentation
test proposed by Williamson (42). The exposed rock face
is struck with the round end of a ball peen hammer, and
the resulting characteristic impact reaction is compared to
the chart shown in figure 7 (this chart is also reproduced
on the CMRR field data sheet, explained later). It is the
nature of the indentation, not its magnitude, that is
important.

Scale, em

o 1 2 3I I I II
o 1

Scale, in
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1
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o 0 0 0 /0

2 \',///
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" ": \, i /'/', / ••
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~
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5

3

~. . . . .. ..

Dents
55·21 MPa

(8,000 • 3,000 psi)

Figure 6.-Gulde tor visually classifying the roughness of dis·
continuity surfaces.

Figure 7.-8a1l peen hammer Impact test Indicates compres­
sive strength.
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Moisture Sensitivity

Moisture sensitivity affects a rock in two ways. First, a
moisture reactive rock exposed to mine air humidity can
slake and slough. Second, weathering of confined rock
faces, as in joint face weathering, can lead to clay ex­
pansion and hydraulic fracturing or weakening of the
sequence. When sag occurs in a mine roof, delamination
of the shales can open up much more surface area for
water seepage, which accelerates the disintegration of
moisture sensitive rocks that would otherwise have been
confined.

Some mudrocks are so reactive to moisture that they
disintegrate shortly after exposure to mine air. Decom­
position can range from slight staining to full secondary
mineralization and disintegration. Staining is often an iron
rust stain due to oxidation of iron in clay minerals. This
parameter is estimated visually in the field. A dripping or
flow of groundwater along bedding planes or roof fractures
can often cause weathering of mudrocks or shale streaks
within sandstone units. Care must be taken not to mistake
iron staining from the water itself for actual weathering
of clay minerals (figure 8). The CMRR uses an immer­
sion test as well as a visual estimation of moisture sensi­
tivity (37). The degree to which a sample degrades in 24 h
when immersed in water is a measure of its moisture
sensitivity. Figure 9 shows the data sheet used for the
immersion test.

. Figure 8.-1ron-stalned water leaking from mine roof.

The practice of leaving coal or rock below a reactive
layer is a common and effective way to prevent exposure.
In calculating the CMRR, a moisture sensitivity deduction
is included only if-

• The reactive unit is exposed to humid mine air. or
• Significant inflows of groundwater are present.

The deduction can be as high as 25 points for rocks that
rapidly disintegrate in contact with water.

ROOF RATINGS

After the individual unit ratings have been determined,
they are combined into a single rating for the entire mine
roof. Several factors are considered.

Strong Bed in the Bolted Interval

One of the most important concepts incorporated into
the OvlRR is that of the strong bed. l..,lany years of
experience with roof bolting throughout U.S. coalfields
have found that the overall structural competence of
bolted roof is very often determined by the quality of the
most competent bed 'Within the bolted interval. This fact
was early recognized with mechanical bolts. Regulations
of the U.S. Mine Safety and Health Administration at
30 CFR 75.204(f)(1) require that "roof bolts that provide
support by suspending the roof from overlying stronger
strata shall be long enough to anchor at least 12 inches
into the stronger strata." Falls also occur when fully
grouted resin bolts miss their anchorage in stronger strata.
Many rules of thumb have been developed locally that
reflect this knowledge. For example, in the Herrin (No.6)
Coal Seam in Illinois, mine roof falls are extremely rare
when the Brereton limestone is at least 0.6 m (2 ft) thick
in the bolted interval (8, 21).

The strong bed adjustment in the CMRR depends on
several factors. The first is the contrast between the
competence of the strong bed and the other roof units
(figure 10). The contribution of the strong bed is most
marked when it is significantly more competent then the
other roof members. The second factor is the thickness
of the wong bed. To be able to provide any additional
support, the bed must be 30 cm (1 ft) thick, and the
amount of the adjustment is maximum when the bed is at
least 1.2 m (4 ft) thick. The roof bolts must also obtain at
least 30 cm (1 ft) of anchorage for the adjustment to be
considered. Finally, the adjustment is reduced for the
thickness of the weak units that are suspended.



Mine _

IMMERSION TEST

Date _

9

Unit No. _

Sample Description (lithology, bedding, etc.)

Immersion

Obsen.'ation

Appearance of Water
Clear = 0
Misty = -2
Cloudy = -5

Talus Fomuuion
None = 0
Minor = -2
Major = -5

Cracking of Sample
None = 0
Minor-Random = -2
Major-Preferred Orientation = -5
Specimen Breakdown = -15

Total
IMMER

Tester _

Breakabiliry

Observation

No Change = 0
Small Change =-3
Large Change = -10

Toral

Procedure for Immersion Test

1. Seleer samplers) == hand-sized.

2. Test for hand breakabiliry.

3. Rinse specimen (to remove surface din, dust, etc.).

4. Immerse in water for 24 h.

5. Observe and rate water appearance, ralus formation, and cracking of sample.

Sum Rating for Immersion Test Index.

6. Retest for hand breakabiliry.

Determine Breakabiliry Index.

7. Use the larger negative value of the Immersion Test Index or the Breakabiliry Index as the Weatherabiliry
Raring.

Figure 9.~mmeralon teat data aheet.
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Figure 10.-Structural unit that quallnes as a strong bed.

Number of Units

Many workers have indicated that mine roof containing
numerous lithologic contacts is less competent than roof
consisting of a single rock type (28). When depositional
processes change and deposit distinctly different material,
there is generally (but not always) a sharp contact between
units. Usually this means a relatively weak contact, as
indicated by the fact that bed contacts are often not pre­
served intact in core or fallen roof rock. In other in­
stances, the contact may be gradational and may not rep­
resent a weak plane. The characteristics of a contact

surface (cohesion and roughness) should be noted, and
only the weak contacts are considered in determining the
deduction. The maximum deduction from the CMRR is
5 points when more than four weak contacts are present.

Groundwater

Groundwater leakage is most prevalent in shallow
mines, particularly beneath stream valleys. Groundwater
can be introduced in several other ways, including leakage
from pooled water in abandoned mines and fracturing of
overlying aquifers from high-extraction mining. Ground­
water can activate water-sensitive rocks or hydraulically
wedge already fractured rocks. A deduction from the
CMRR is made for excessive groundwater inflow leaking
into the roof sequence at any point, not at each unit. The
maximum deduction for flo\\ing groundwater is 10 points.

Overlying Beds

The strength of rocks overlying the bolted interval \!till
affect the stability of the bolted interval. If the rocks
above the bolted interval are significantly weaker, they may
apply an additional load to the roof bearn. This was
exemplified in a western U.S. mine where 1.2 m (4 ft) of
relatively strong top coal was overlain by 6 m (20 ft) of
weak, rooted claystone. Because the coal needed to carry
some of the extra weight of the incompetent claystone,
stability was reduced. The CMRR accounts for the sur­
charge \\ith up to a 5-point deduction.

THE CMRR PROCEDURE

The following discussion outlines how the CMRR
system is used and the general procedures to follow to
compute the CMRR. Step-by-step procedures for the
calculation are presented in appendix B.

DATA COLLECTION

Data from any and all available mine roof exposures
should be collected for C~1RR evaluation. Underground
exposures are primarily roof falls and overcasts. Core logs
and borescope test holes may also be used. Procedures
for determining the CMRR using only drill core are
currently being developed by USBM ground control
researchers.

All of the data from beds exposed in any roof fall or
other exposure are gathered and tabulated on the CMRR
field data sheet (figure 11). While it is sound geotechnical

. practice to document the entire exposure, normally only

the rocks \\ithin and just above the bolted interval are
included in the CMRR calculation.

Several local geologic structures, such as paleochannel
margins, clay veins, and faults, may cause mine roof to fail.
Although these features may have an important effect
on roof control, they are, on the whole, localized in oc­
currence. The CMRR does not attempt to average in the
effects of these local structures. Rather, they should
be treated as anomalies, partitioned off and evaluated
separately.

The fust step in calculating the CMRR is to .isually
break the strata into individual units. Units are defIDed
as rock intervals \\ith distinct, structural characteristics
(figure 12). Units must also be at least 15 ern (6 in) thick.
A coal measure roof sequence often contains numerous
lithologic changes, but in many instances it is unnecessary
to describe and evaluate each thin, individual rock layer.
One example would be a sequence of "stackrock," a thinly
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Figure 12.-eMRR units are defined In the bolted Interval. UR • unit rating.
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Table 3.-Multlple discontinuity
set adjustment

Adjustment

14

bedded sequence of micaceous sandstone and shale that
resembles the side view of a thick shopping catalog (hence
the expression "catalog rock"). The correct way to apply
the G.,lRR is to group this rock into a single structural
unit and avoid splitting it into numerous beds.

Data collection begins with the unit forming the im­
mediate mine roof and works upward through the ex­
posure. It includes visual observations, measurements,
chisel tests, and hammer indentation tests. The CMRR
field data sheet guides the data collection process.

CMRR CALCULATION AND OUTPUT

30
40
50

Two lowest individual
discontinuity ratings
both lower than-

Table 4.-Strength rating

Strength, MPa (psi)

·5
-4

·2

Rating

NOTE.-Use immersion test for be:ter ac·
curacy. Apply adjustment only if the unit is ex·
posed as the immediate roof or flowing ground·
water is present and if the anticipated service life
of entry is long enough to al:ow deccmposition
to occur.

Table 5.-Moisture sensitivity rating

After all of the data have been gathered, the C.\IRR
can be calculated. First, unit ratings are determined for
eaeh unit. The procedure is guided by the unit rating
calculation sheet (figure 13). It begins by determining
ratings for each discontinuity set within th.: unit. Ratings
for shear strength (cohesion and roughness) and intensity
(spacing and persistence) arc obtained from tables 1 and
2, respectively. These ratings arc summed to obtain in­
dividual discontinuity ratings. The most significant dis­
continuity is the one \vith the lowest individual discontinu­
ity rating. If more than one discontinuity set is present, a
multiple discontinuity adjustment may be applied using
table 3. The remaining two unit parameters, strength and
moisture sensitivity, arc obtained from tables 4 and 5,
respectively. All of the individual ratings arc then summed
to obtain the unit rating. The process is repeated for each
of the units in the sequence.

Table 1.-Cohesion·roughness rating

(1) >103 (>15,000) ""'"
(2) 55:0 : 03 (8,000 to 15.000)
(3) 21 to 55 (3,000 to 8.000) .,
(4) 7 to 2; :1 000 to 3.COO)
(51 < 7 « 1,OOCI .,

t,,1oisture sensitiviry

(1) Not sensitive .
(2) Slightly sensitive .
(3) Moderately sensitive .
(4) Severely sensitive .

30
22
15
10
5

Rating

o
·3

-10
·25

(1) Jagged. . 35 29 2~ 10
(2) Wavy ... 35 27 20 10
(3) P:anar . . . 35 25 16 10

,\;CTE.-If :.mit has no bedding or discontinuities, then apply
:est to tre intact rock. Strong cohesion :mplies that the discon·
:,nu ties have no weakening effect on the rock,

Roughness
(1)

Strong
cohesion

(2)
Moderate
cohesion

(3)
Weak

cohesion

(~)

S~ickensided

Next, the unit ratings arc combined to obtain the
CMRR using the roof rating calculation sheet (figure 14).
The thickness-weighted average (RR..) of the unit ratings
within Ihe bolted interval is determined first. Adjustments
for the strong bed, unit contacts, groundwater, and sur­
charge arc then made using tables 6·9, respectively. The
final result is the crvlRR. scaled from 0 to 100, which
represents the structural competence of the bolted interval
(figure 15).

Table 2.-Spacing-persislence rating

(1) (2) (3) (4) (5)
Persistence, >1,8 m 0,6 to 20 to 6 to <6cm

m (ttl (>6 ttl 1.8 m 61 cm 20 cm «2.5 in)
(210 (8 to (2.5 to
6 ttl 24 in) 8 in)

(1) 0 to 0,9 (0 to 3) 35 30 24 17 9
(2) 0.9 to 3 (3 to 10) 32 27 21 15 9
(3) 3 to 9 (10 to 30) 30 25 20 13 9
(4) >9 (>30) .... 30 25 20 13 9

NOTE.-If unit has no bedding or discontinuities, then enter 35,
• It coheSion is strong, then enter 35.

FIELD EXAMPLE USING THE CMRR

The follmving example, taken from a mine working the
Clarion No.4 Seam in southeastern Ohio, illustrates the
CMRR data collection and calculation procedures. The
immediate mine roof in this exposure consisted of 91 em
(36 in) of highly laminated black shale, \vith coal streaks
and high-angle slips. The shale was overlain by 91 em
(36 in) of massive limestone, unbedded, v.~th rare brown
nodules. Fully grouted bolts, 1.2 m (4 ft) long, arc used
for primary roof support.
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UNIT RATING (UR)
CALCULATION SHEET

Mine Name _

Location _

Date _

Data Collected by _

1) Calculate the Individual Discontinuity Rating

Disconrinuity

Unit No. _

Cohesion-Roughness (table 1)

Spacing-Persistence (table 2)

Individual Discontinuity Ratings

Set 1

o
+o
o

Set 2

o
+

o
o

Set 3

o
+

o
o

2)

3)

4)

5)

Enter the lowest of the Individual
Discontinuity Ratings

If there is more than one Discontinuity
set, enter the Multiple Disconrinuity
Adjustment from table 3. Otherwise. enrer O.

Calculate the Unit Strength (table 4)

Calculate the Unit Moisture Sensitivity (table 5)
(this applies only to Unit 1, or if upper
Unit is exposed to water)

D
+

D
+

+

= Unit Rating (UR)

Figure 13.-4Jnlt rating calculation .heel.
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ROOF RATI1VG (CMRR)
CALCULATION SHEET

Mine Name Date _

Location Data Collected by _

1) Calculate the weighted UR Unit Thickness
average 1.Ahe Unit (m (in))
Ratings ( J

1. D x Q CJ.,.

2. D x D = CJ...

3. D x Q I I
4. D x D I I
Bolted Interval (BI) D CJ

CJ~CJIRR~(m (in))

(81)

2) Calculate Strong Bed Difference (SBD)

Largest (UR) =D Strong Bed (SB)

D (SB) - D RR", =D (SBD)

D(RRJ

3) Calculate the Strong Bed Adjustment

(table 6)

4) Calculate the Unit Contact Adjustment

(table 7)

5) Calculate the Groundwater Adjusrment

(table 8)

6) Calculate the Surcharge Adjustment

(table 9)

oo
+

Do
= CMRR

Figure 14.~ool rating calculation sheet.



Figure 15.-CMRR calculated for a roof sequence with a l.8-m (72-ln) bolt. UR a unit rating.

17
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Table 6.-5trong bed adjustment

Thickness of strong bed, Strong bed difference

m (tt) 5-9 10-14 15·19 20-24 25-29 30-34 35-40 > 40

0.3 to 0.6 (1 to 2) . . . . . . . . . . . . . . . . . . . . 0 2 4 5 7 8 9 10
0.6 to 0.9 (2 to 3) . . . . . . . . . . . 2 4 7 9 12 14 17 20
0.9 to 1.2 (3 to 4) 3 5 10 14 18 21 25 30
>1.2 (>4) 4 8 13 18 23 28 34 40

NOTE.-The strong bed adjustments should be reduced to account for the weight of the weaker rock
suspended from it as follows:

Thickness of weaker
rock, m (ft)

Multiply strong bed
adjustment by-

0-0.9 (0-3) .
0.9·1.8 (3-6) .
>1.8 (>6)

1.0
0.7
0.3

Table 7.-Unit contacts adjustment

Table 8.~roundwater adJustment

NOTE.-Applies only to groundwater
present in roof (not floor or ribs).

NOTE.-Apply only if unit contacts are
significant planes of weakness (persistent,
low cohesion).

weaken the rock are identified in the shale. In the first
discontinuity, bedding has weak cohesion (as determined
by one to three blows with the mason chisel). The bed­
ding surface is planar. The laminated bedding is closely
spaced «6 em «2.5 in)), flat, and persistent from
0.9-3 m (3-10 ft). The slips, which are the second dis­
continuity, are moderately spaced (0.6-1.8 m (2-6 ft))
apart, persistent (3-9 m (10-30 ft)), and are wavy and
slickensided.

The limestone above (unit 2) is extremely strong (com­
pressive strength > 103 MPa (> 15,000 psi) and does not
react to moisture. The nodules, the only discontinuity, are
cohesive with the limestone and moderately spaced. They
are interlocked in the bedding Gagged roughness) and
persistent from 3-9 m (10-30 ft).

Next, the unit rating for each unit is calculated (see
completed unit rating calculation sheets at figures 17-18).
The conversion tables (tables 1-5) are used to convert the
raw data for the unit rating calculation sheet. To calculate
the individual discontinuity rating for the bedding (set 1)
of unit 1, refer to table 1 for cohesion-roughness. The
corresponding value is 16. Repeat the procedure for the
conversion of the spacing-persistence of the bedding.

The bedding is the weakest discontinuity in the shale.
with a rating of 25. The slip planes have an individual dis­
continuity rating of 35. A multiple discontinuity adjust­
ment of -4 results from the slips. The unit rating of the
shale is 31 without considering the effects of water on the
shale, and 21 when the moisture sensitivity adjustment is
included (figure 17). In this case, since the exposure is
damp, 10 points are deducted for moisture sensitivity. The
unit rating of the limestone (unit 2) is 83 (figure 18).

The roof rating calculation sheet (figure 19) is used to
determine the final CMRR. Because the roof bolts are
1.2 m (4 ft) long, only the bottom 30 cm (1 ft) of the
limestone is included in the calculation of the RR." of the
unit ratings. In this case, the RR." =36. The bolts obtain
30 cm (1 ft) of anchorage in the limestone, however, so

o

-2 to -5

Adjustment

o
-2
-4
-7

-10

o
·2
-4
-5

Adjustment

AdjustmentCondition

Number of major
contacts

Dry .
Damp .
Ught drip .
Heavy drip .
Flowing .

o ..
1 t02 ..
3to 4 .
>4 .

Table 9.-5urcharge adjustment

Condition

Upper units approximately equal in strength
to bolted interval .

Upper units significantly weaker than bolted
interval .

Figure 16 shows the completed CMRR field data sheet.
The evaluation begins with the shale (unit I), which forms
the immediate roof. Using the ball peen hammer impact
test, the strength of the shale is determined to be in the
7-21 MPa (1,000-3,000 psi) range. The shale also occa·
sionally slakes when exposed to moisture and is rated
moderately sensitive. Two sets of discontinuities that
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UNIT RATING (UR)
CALCULATION SHEET

Mine Name _:.....Jvf'-'I.u.&='£'---#--"'-2~ _

Location _..J-i---'M....:.--o..:....;:'-!J--'ft....L'W"-'_=;:-....:S...:../_"-#.L:...Zi.J..-'·/c:..;.~'--'1::::...- _

Date ): .10 - 9cZ

Data Collected by U; lifc,<..!.V,VA

1) Calculate the Individual Discontinuity Rating Unit No. ;' 5fu£j...£

Discontinuity

Set 1 Set 2 Set 3

Cohesion-Roughness (table 1) lliJ [L£] D
+ + +

Spacing-Persistence (table 2)
[j] 1m D

Individual Discontinuity Ratings I;s I IJ~I D

2)

3)

4)

5)

Enter the lowest of the Individual
Discontinuity Ratings

If there is more than one Discontinuiry
set, enter the Multiple Disconrinuiry
Adjustment from table 3. Orherwise, enter O.

Calculate the Unit Strength (table 4)

Calculate the Unit Moisture Sensitivitv (table 5)
(this applies only to Unir 1, or if upper
Unit is exposed ro warer)

+

= Unir Raring WR)

Figure 17.-Completed unit rating calculation sheet for unit 1.



Mine Name /1llv'E:t;Z

UNIT RA TING (UR)
CALCULATION SHEET

Dale ';- YO - 9;z.

21

Locacion ---.11-'_AIoeTHW£:rr IVA//li;; Daca Collecced by G. 110M/VDA

1) Calculate che 1ndividual Disconcinuiry ROling Unic No. ;2 ,( 11.(£5/oN£

Discontinuity

Set 1 Set 2 Set 3

Cohesion-Roughness (table 1)
[ill 0 0

+ + +

Spacing-Persiscence (cable 2) la 0 0
Individual Disconcinuily Ratings IS31 0 0

2)

3)

4)

5)

Enter the lowest of the Individual
Disconcinuiry Rarings

If there is more than one Discontinuiry
set, enter the Multiple Discontinuiry
Adjuslment from table 3. Otherwise, enter O.

Calculate the Unit Strength (table 4)

Calculate the Unit Moisrure Sensitiviry (rable 5)
(rhis applies only to Unit 1, or if upper
Unit is exposed ro warer)

+

= Unir Raring (UR)

Figure 18.-Completed unit rating calculation sheet for unit 2.
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ROOF RATING (CMRR)
CALCULATION SHEET

Mine Name ;/1//'0/ C -#;Z Date 1 - .3v' - 7:<'
Location Cf /'v'J£Tl/u,)cSi />1/9//\./5 Data Collected by G- mOL./jI,'j)/1

1) Calculate the weighted UR Unir Thickness
average (lAhe Unit (m (in))
Ratings ,)

[2] m:J-) ~
1. x ....

2. I:m x [EI
+

3. D x D
4. D x D
Bolred Interval (BI) 1'IS 1

(m (in))

2) Calculate Strong Bed Difference (SBD)

Largest (UR) =Ig..31 Strong Bed (5B)

~(RR~')

1/ 75;<1em=[][}RRJ
Lf8

(BI)

3) Calculate the Strong Bed Adjustment

(table 6)

4) Calculate the Unit Contact Adjusrment

(table 7)

5) Calculate the Groundwater Adjustment

(table 8)

6) Calculate the Surcharge Adjuscmenr

(table 9)

+

[m
+

I2l
+

r:zl
+m

= CMRR

Figure 19.-Completed roof rating calculation sheet
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the entire thickness of the limestone is included in the
determination of the strong bed adjustment (table 6).
First, the strong bed difference (SBD) is found to be 47 by
subtracting the RR,.. from the unit rating of the limestone.
Using table 6, the strong bed adjustment is found to be 30.
This adjustment is reduced to account for the dead weight
of the shale using the formula noted beneath table 6. The

final strong bed adjustment is 21 points. Other adjust­
ments are then made: -2 points for the contact between
the shale and limestone (table 7), and -2 points for damp
groundwater conditions (table 8). In this example, there
is no surcharge adjustment (table 9). The final CMRR is
53.

APPLICATIONS

Currently, the CMRR has been determined for 97 roof
exposures from 75 coal mines across the United States.
These mines range in sizc from a small, new mine in
southern West Virginia to some of the largest longwall
operations in the Nation. All of the major U.S. coal
basins arc represented, and the distribution by region
approximately reflects the extent of mining activity in that
region. The data can be partitioned to reflect the fol­
lowing three broad classes of roof based on a scale of 0 to
100: weak (0-45), moderate (45-65), and strong (65-100)
(figure 20). The database was further partitioned by both
region and CMRR. Ninety-five percent of the data from
the northern Appalachian region falls within the moderate
to Ileak categories. Roof rocks from this region generally
arc weaker because of the higher percentage of claystones

and mudrocks. Seventy-six percent of CMRR values from
the southern Appalachian region fall within the moderate
to strong categories. The southern Appalachian region is
generally characterized by more sand in the roof sequence,
resulting in stronger roof rocks. Most of the CMRR
values from Utah mines fall \Vithin the strong range. This
supports past observations that roof rocks in the Western
United States are generally stronger than rocks composing
the eastern U.S. roof sequences. These observations
remain preliminary and must await a larger database for
confirmation.

The development of the Analysis of Longwall Pillar
Stability (ALPS) program has constituted a significant
advance in the design of chain pillars for long-.~'all gate
roads (23). This program pro'vides a safety factor for

KEY

0-45 45-65
(Weak) (Moderate)

COAL MINE ROOF RATING (CMRR)

65-100
(Strong)

c::JSouthern Appalachia

Dillinois

DUtah

r:I Northern Appalach ia

DAlabama

.Colorado, Wyoming, New Mexico

N = 97
60

55

50

(J) 45
z
0 40

~ 35
a:
llJ 30(J)
CO
0 25
Ll..
0 20
ciz 15

10

5

0

Figure 2O.-Dlstrlbutlon of CMRR values by region.
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2 0 L..-.............l...---'"....l...-.L...-.............l...---'-_.L..-~--l..l.........~.L...-"""'-----"----l.----'

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
ALPS STABILITY FACTOR

KEY
• Satisfactory cases
o Unsatisfactory cases

Figure 21.-Relatlonshlp between the success or failure of gate road designs and CMRR/ALPS.

given coal pillar sizes based on the applied loads and
strength of the proposed pillar. By integrating the CMRR
into the ALPS program, the accuracy of the program in
evaluating the success or failure of different gate road
designs has been significantly improved (24). By using
only the ALPS safety factor and the CMRR, the likelihood
of success or failure of a gate road design can be reliably
predicted (figure 21).

Numerous applications are anticipated for the CMRR.
Research is currently underway to develop a database of

influence factors related to mine roof falls (intersection
spans, valley effects, roof bolt type, depth of cover, etc.).
These variables will be analyzed statistically to determine
a formula for the probability of failure of a given roof
type. These probabilities can then be calculated into a
hazard map. The CMRR will be the variable used to rep­
resent the roof geology as one of the influence factors.
Other applications include using the CMRR as a criterion
for roof bolt selection and extended/wide cuts.

CONCLUSIONS

The CMRR developed by the USBM responds to a
longstanding need in the coal mining industry to translate
qualitative geologic description of roof rocks into quan­
titative engineering data for analysis. The system provides
direction for the collection of geotechnical data and a
methodology for converting those data into a CMRR. The
system is designed to eliminate wordy geologic description
of roof sequ~nces. It provides to technical mine personnel,
even those without extensive geologic training, a simple
methodology for rating the inherent structural competence

,of coal mine roof rocks. Armed with this information, the

engineer can begin to predict roof stability, then design
support to ensure it.

The underlying concept of the system is that discon­
tinuities in bedded coal measure rocks largely determine
their structural integrity. Other important geotechnical
parameters are the unconfmed compressive strength of the
intact rock and its moisture sensitivity. These parameters
form the base roof rating of the roof sequence, which is
then modified to account for the presence of a strong bed,
surcharge, unit contacts, and groundwater inflow. Proce­
dures have been developed for field data collection and



calculation of CMRR values. All of these procedures are
facilitated with field data sheets, conversion tables, and
calculation sheets. With practice, the entire evaluation of
a roof exposure, from data collection to final roof rating
calculation, can be accomplished in 30 min.

Field testing of the CMRR confirms that the roof rating
values that are generated accurately represent the struc­
tural competence of roof sequences. The CMRR has al­
ready made an important contribution to longwall gate

25

entry design. In the future, the CMRR promises to pro­
vide the missing link between geology and roof support
selection and design. Other research is studying the ap­
plication of the CMRR to hazard analysis, extended-cut
evaluation, and roof cavability for coal pillar extraction.
The integration of the CMRR into many facets of ground
control design will significantly contribute to a safer work
environment for the Nation's underground mineworkers.
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APPENDIX A.-SUMMARY OF ROOF CLASSIFICATION SYSTEMS

Table A-I summarizes diverse roof classification sys­
tems that were developed for coal mining prior to the
Cl\:1RR, giving brief descriptions of the approach taken.
These systems consider both engineering and geologic

variables to arrive at final classifications for different pur­
poses. It is from this body of important work that the
CMRR was developed.

Table A-1.-Summary of roof classification systems

Author and reference No.

Buddery and Oldroyd (6)

Caudle (7) ....

Damberger and others (8,\

Ferm and others (12)

Hsuing and others (131 .

Hylbert (14)

Karmis and Kane (19) _

Kester and Chugh (21)

Milici and others (26)

Moebs and Stateham (28)

Newman and Bieniawski (31) ..

Patrick a.~= Augr.erba.Jgh (33)
Scha'fer (35)

Shepherd and Burston (361

Sinha and others (38)

Stingel,r, and others (39) ... ,

Weir (41) _

Zhou and others (43)

Year

1992

1974

1980

1978

1988

1978

1984

1980

1982

1985

1986

1979
1985

1977

1986

1979

1969

1988

Approach

Geotechr.ical

Geotecnnical

Geologic

Geologic/statistical ...

Geotechnical

Geologic .

Geotechnical ., .....

Geologic

Geologic

Geologic

Geotechnical

Roof tal' ..
Geologic

Roof fall .

Geotechnical

Geologic

Geologic/roof fall ....

Geotechnical

Description

Roof classified by testing strength of bedding planes with im·
pact splitter.

Roof falls are classified by their mechanism of failure, and
support is recommended,

Identified two major roof types over Herrin (No.6) Coalbed in
Illinois and evaluated roof quality of each.

Statistically correlated between Virginia roof lithologies and
roof conditions.

Classifies main and immediate roofs for use in selection of
powered supports for longwall faces.

Kentucky coal mine roof is classified into four lithologic types
and relates to falls.

A roof classification is developed for use in a statistical study
of roof failures in Virginia mines.

Evaluates a number of geologic properties from Illinois cores
and devises a ratings system.

Devised a roof instability index (RII) (favorable types/ nonfa·
vorable types) from extensive mapping of Virginia coalfields.

Roof falls are classified by cause into seven groupS-four reo
lated to geology and three to stress.

Modifies Bieniawski's Rock Mass Rating (RMR) by adding
multipliers for stress, weatherability, and roof reinforcement.

Roof falls are classified strictly by their geometry.
Local classification for Illinois based on clay dike size, orien·

tation, and roof type.
Proposed a roof lall classification based on height and shape,

as well as a six·level roof condition index.
Classification based on Bieniawski's Rock Mass Rating (RMR)

and modified mining methods, and reflects problems of
mines in India.

Roof fall data and drill cores were used to produce roof haz·
ard maps in the northern Appalachian Basin.

Classified roof fa:ls with a combination of shape and lithologic
descriptors.

Developed a roof rating to predict roof damage in multiple·
seam mining using geologic and spatial parameters.
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APPENDIX B.--eMRR STEP-BY-STEP PROCEDURE

The following discussion is a step-by-step procedure on
how to-

• Collect the field data and
• Calculate the CMRR.

Data sources for the CMRR may include overcasts,
core, highwall, and borescopes, but the roof fall is the best
source of data. Equipment needed includes a ball peen
hammer, a 9-cm (3.5-in) mason chisel, a tape measure,
and sample bags.

FIELD DATA COLLECTION

Upon identifying the exposure to be rated, one must
include all of the data available. If a 3-m (lO-ft) high roof
fall is to be evaluated, include all 3 m (10 ft) of rock, even
though a 1.8-m (6-ft) roof bolt may be planned for the
area. These data are necessary to calculate the surcharge
adjustment. It will also be necessary if onc wishes to re­
calculate the CMRR for longer or shorter bolts.

Determine the Number of Units

First, one determines how many units are to be con­
sidered in the bolted interval (figure 12). A unit is deflDed
as a distinct structural entity. Designate as a unit that
lithologic bed or sequence of beds forming a distinct
strong or weak interval. In coal measure rocks, thin beds
are often common, but it is preferable to group beds of
like physical properties into one unit.

CMRR Field Data Sheet

The CMRR field data sheet can now be completed (fig­
ure 11). The general directions for collecting data and
completing the field data sheet are given on the reverse of
the sheet. There is a space for three structural units on
each sheet labeled Unit No.1, 2, and 3. If more units are
identified, additional sheets should be used. Begin \\-ith
the bed immediately above the coal seam as unit No.1,
then work up the sheet as though looking from the coal­
bed to the top of the roof fall. The field data sheet is
di\ided into two large categories at the top designated
"UNIT' and "UNIT DISCONTINUITIES." The worker is
asked to:

1. Record the characteristics of the unit, then
2. Describe the discontinuities that disrupt the bed.

Categories are provided for most of the characteristics
described on the field data sheet. For example, observa­

. tions of discontinuity surface roughness are divided into

three categories: jagged, wavy, or planar. Interpolation
between categories is permitted and encouraged.

Unit Properties

Starting with the first unit above the coalbed, measure
(or estimate) its thickness. Then use common geologic
symbols to draw the unit and features in the strip log
column. Use symbols to represent features such as fossils,
crossbedding, slickensides, etc., as observed. A written
description in the next column to the right can further
characterize the unit. Next, estimate the unconfined com­
pressive strength of the unit by striking the exposed rock
face or a sample with the round end of the ball peen ham­
mer. The resulting characteristic impact reaction, com­
pared with the five types of reactions illustrated on the
lower left of the CMRR field data sheet, indicates the
compressive strength (an enlarged view of the five reac­
tions is shown at figure 7). The nature of the reaction, not
its magnitude, is what is important. The hammer blow
should be a medium strike-not enough to shatter the sam­
ple, but sufficient to create an indentation. Identification
of the type of indentation can be aided by frngering the
sample.

Next, estimate the degree of moisture sensitivity of the
rock using the standard in the bottom part of that column
on the field data sheet (the range is "not sensitive" to
"severely sensitive"). Moisture sensiti\ity is estimated by
(1) visually estimating rust staining on rocks and (2) con·
ducting an immersion test. Figure 9 shows the data sheet
used for the immersion test. This slaking test requires a
hand sample of rock to be immcrsed in water for 24 h.
The degree of disintegration of the sample is a measure of
its moisture sensiti\'ity. The immersion test data sheet
guides the observation of the sample degradation. Clay
absorption of water varies from immediate to none at all.
If a slake test is impossible, a visual estimate of the degree
of physical degradation (flaking debris) or staining can be
made.

Unit Discontinuity Properties

At this point, the discontinuities within the bed are eval­
uated. There is space for three different discontinuities
for each unit on the CMRR field data sheet, if necessary.
However, only the two weakest enter into the calculation.

Discontinuities include bedding, joints, slickensides,
laminations, crossbedding, lag deposits, and an)1hing in­
ternal to the unit that serves to disrupt continuity. In coal
measure rocks, bedding is nearly always present. There­
fore, an evaluation of the bedding characteristics is almost
always appropriate. The only discontinuities to be ana·
lyzed are those that weaken the rock. For example,



bedding may be evident by a color change, but if there is
no associated fabric weakness, it should not be evaluated
as a discontinuity.

The cohesion along the identified discontinuities is eval­
uated by striking a hand sample of rock parallel to bed­
ding with a 9-em (35-in) mason chisel (figure 5). The
number of blows necessary to split the sample is the meas­
ure of its cohesiveness. Again, the standard is shown in
the bottom of that column on the field data sheet and
ranges from strong to slickensided. For cohesion to be
rated as strong, the discontinuity must have no weakening
effect on the rock unit. If no bedding or other discon­
tinuities are present in the sample, the intact rock is tested
for cohesion with a chisel.

The next column to the right is for recording roughness.
Roughness refers to the texture of the discontinuity sur­
face (figure 6). The scale of interest ranges from approxi­
mately 5-30 em (2-12 in). If the surface is planar and
subjected to shear forces, it is more likely to slip. If the
surface is wavy or jagged, the surface is more likely to
resist shearing. The surface of a slickenside has an ex­
tremely low coefficient of friction and has, in fact, already
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failed in shear. As before, the standard is shown in the
bottom of that column on the field data sheet.

The spacing between the discontinuities is measured
and assigned a value using the ranges shown in the bottom
of that column. An average spacing is used for clustered
discontinuities. For example, bedding within a shale may
occur every 13-25 mm (0.5-1.0 in). A value of 5 would be
entered in the spacing column (figure 16). Spacing can
apply to other discontinuities, such as joints. Often, bed­
ding, cohesion, and spacing are indicated by the ragged
edge of a mine roof fall. IT bedding is closely spaced and
weak, the fall edge will be closely ·stairstepped."

Persistence is recorded in the next column to the right.
This refers to the degree at which a discontinuity persists
or extends over an area. An example would be large
broad slip planes that sweep down from a bedding contact
at 450 and often flatten out to bedding plane slips on the
lower contact (figure B-1). The degree to which these slip
planes are vertically and laterally continuous determines
their impact on roof stability. The standard shown in the
bottom of that column on the field data sheet groups the
distances and assigns a ranking value.

Figure B-1.-8road slip plane of high persistence.
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The remaining column to the right, discontinuity orien­
tation, which includes strike and dip, refers to nonhori­
zontal breaks in the rock. The orientation of linear roof
breaks relative to direction of drivage is important to mine
roof failure. Joints, slip planes, or faults that are under­
mined by openings parallel to their strike are the most
hazardous.

On the CMRR field data sheet, each main row rel1ects
the individual units in the sequence. Between these rows,
space is provided to characterize the contacts between units
in much the same way that the internal units were charac­
terized. Delamination and shearing along these contacts
are often observed and frequently cause roof falls. Only
the cohesion and roughness of these contacts are eval­
uated. Since it is difficult to find a hand sample of bed
contacts, it is usually necessary to estimate these param­
eters visually. Three types of contacts exist between beds:
(1) sharp, (2) graded, and (3) alternating.

This completes the data collection process for the
CMRR. The evaluation of the above parameters provides
the data necessary to calculate the unit rating. This eval­
uation is repeated for each subsequent unit and contact in
the mine roof sequence.

UNIT RATING CALCULATION

Using the raw field data, a unit rating is calculated for
each of the units in the roof fall. This unit rating indicates
the relative strength of the individual units in the se­
quence. The next calculation-the roof rating-adds in the
properties of the entire bolted sequence to yield the final
C~1RR.

Individual Discontinuity Rating

One unit rating calculation sheet (ligure 13) is used for
each of the units in the mine roof sequence. First, the
indi...idual discontinuity rating is calculated within the in­
dividual unit. The individual discontinuity rating repre­
sents the total effect of all of the bed discontinuities on
unit strength. This number, as well as the other converted
values, is calculated by applying the lield data to a series
of conversion tables (tables 1-9), then entering the table
value on the calculation sheet. The effects of discontinuity
cohesion and roughness are combined into a matrix (ta­
ble 1), and, for example, the combination of weak cohe­
sion and a wavy roughness yields a value of 20. This com­
bination of cohesion and roughness is a measure of the
shear strength of the discontinuity surface. The end mem­
bers of the range for shear strength are a very cohesive,
jagged surface (strong) to a slickensided, planar surface
(weak).

Discontinuity spacing and persistence arc handled
similarly with table 2. These two parameters, combined

in this conversion table, represent the intensity of the
discontinuity that weakens the unit. This ranges from a
closely bedded, very persistent bedding such as in a lami­
nated shale (9) to an unbedded massive rock such as a
limestone (35). If a rock has no bedding and is very cohe­
sive (cohesion = strong), then enter a 35 as the highest
value in the Spacing-Persistence block on the unit rating
calculation sheet.

The sum of cohesion-roughness and spacing-persistence
equals the individual discontinuity rating. After the indi­
vidual discontinuity ratings for each unit are calculated> the
lowest of these values is entered in the space next to item
(2). This lowest value is used to compute the unit discon­
tinuity rating.

Multiple Discontinuity Adjustment

The indi...idual discontinuity rating also takcs into
account a second discontinuity in each bed. Multiple dis­
continuities are knov:n to further weaken the rock. For
example, a laminated shale may also have very persistent,
angled slickensides as a second discontinuity. The discon­
tinuity that grades out the lowest is the basic rating and is
reduced by the second discontinuity. This effect is calcu­
lated by using table 3.

Unit Strength

The unit strength rating is calculated by using tahle -i
and is entered on the unit rating calculation sheet. The
highest possible rating for rock strength is 30, which would
correspond to a strong limestone or crystalline sandstone
(uniaxial compressive strength> 103 MPa (> 15,000 psi)).

Unit Moisture Sensitivity

The last calculation in the unit rating is that of unit
moisture sensiti\ity. This test can be applied to a rock in
two ways:

1. Conduct an immersion test;
2. Visually estimate the staining or slaking on the rock

surface.

If possible, a small hand sample is immersed in water
for 24 h, and its water sensitivity is evaluated (see immer­
sion test data sheet at ligure 9). The effects of water ab­
sorption, swelling and cracking, and debris suspension are
observed, and a determination of the moisture sensiti...ity
is made. If no hand sample is available, then the moisture
sensitivity is evaluated by ...isually observing the amount of
oxidation staining on the rock. Table 5 is used to make
the conversion of the lield moisture sensitivity data to the
unit rat ing calculation sheet.



The CMRR recognizes that it does not matter if a
rock is water-sensitive if it is not exposed to moisture.
Therefore, even if the rock in question is highly water­
sensitive, the moisture sensitivity rating is entered only if
the rock forms the immediate mine roof or if it is exposed
to groundwater leakage. Thus, the rating system deducts
only for water-sensitive rocks that are exposed to water.

Lastly, all of the data sheet values are summed to cal­
culate the unit rating. This procedure is repeated on
separate sheets for each of the units present.

CMRR CALCULATION

The roof rating calculation sheet generates the fmal
CMRR by applying adjustments to the base unit rating
weighted average (figure 19). While the unit rating in­
volves individual unit properties, the adjustments deal with
effects on the strength of the whole sequence. Finally, the
sum of the RRw of unit rating and the adjustments com­
prises the fmal CMRR.

Thickness-Weighted Average

First, the thickness-weighted average of unit ratings is
computed. Consider only the units that fall into the range
of the bolted interval. If the bolt extends part way into a
unit, use only that part of the unit in which the bolt will be
anchored. For example, if you plan to use a 1.8-m (6-ft)
bolt in a mine roof composed of 0.9 m (3 ft) of shale and
1.2 m (4 ft) of sandstone, then use both beds as units, but
use only 0.9 m (3 ft) of the sandstone as the second unit
when entering the bolt interval (BI).

After the thickness-weighted average of unit rating is
calculated, the final CMRR is calculated by adding the
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adjustments to the thickness-weighted average of all of the
units (RRw).

Adjustments

There are four adjustments to compute the fmal
CMRR. The first adjustment-the strong bed adjustment­
is designed to add points to the rating to recognize the
added strength value of a significantly strong bed in the
bolted interval. It is determined by comparing the largest
unit rating of units greater than 30 em (1 ft) to the
weighted average of unit ratings (RR",). If the difference
between the largest unit rating and the RRw is greater than
5 points and the unit is at least 0.3 m (12 in) thick, then
the strong bed adjustment is assigned according to table 6.
The value from table 6 may be reduced if the thickness of
weak material that must be supported by the strong bed is
greater than 0.9 m (3 ft) (see adjustment formula noted
beneath table 6).

The unit contacts adjustment is assigned similarly.
Total the number of contacts in the bolted interval and
determine the adjustment in table 7. For example, if there
are three units in the bolted interval, then there are two
contacts, yielding a 2-point deduction. Only significant
weakness planes are considered.

The groundwater adjustment is based on the water
conditions observed in the field and is converted into a
deduction using table 8.

The fmal adjustment is the surcharge adjustment. The
surcharge refers to the loads that may be applied to the
bolted interval by rocks that may have separated above the
bolted interval. Compare the unit ratings of overlying
rocks with the weighted average of the strength of the
rocks in the bolted interval. If overlying units are sig­
nificantly less competent than the bolted interval, deduct
2 to 5 points (table 9).
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APPENDIX C.-eMRR REFERENCE DATABASE

This appendix represents the current USBM database
of CMRR values for U.S. coal mines. These data have
been collected from all of the major U.S. coalfields and
are intended to serve as a reference for coal mine oper­
ators. There are 97 individual cases representing 75 coal
mines.

O\\1ng to the wide variation in coal mine roof geology,
it is recommended that the mine operator collect field data
and calculate the CMRR specific to the operator's area.
However, if site-specific data are unavailable, this database
can pr0\1de an example of the CMRR for a particular coal
seam of interest.

Table Col presents a summary of the data collected
by State, coal scam, CMRR, and individual groundwater

condition. In some cases, generally where conditions are
variable, multiple values were calculated for the same
mine. These are reflected by the addition of the letlers
"A," "B," and "C" to the mine ID number. Following ta­
ble Col, the complete datasets coilected at each mine are
presented on the CMRR field data sheets. The CMRR
values are calculated for a 1.8-m (72.in) bolt height, but all
of the mine roof data are presented for the calculation of
larger-bolted intervals. The data are not intended to cover
the full range of possible C;vlRR's for every coalbed or
State, but rather reflect the USB~rs experience at indi­
vidual mines. Unit ratings are pr0\1ded and can be used
to construct a CivtRR from individual units of different
cases.

Table C·l.-CMRR reference database

State Coal seam Mine 10 Coal Mine Roof Groundwater
Rating (CMRR) cor,dit.on I

Alabama .. ,., .... , Blue Creek 1 47 1
Alabama · . do. 2 70 1
Colorado Maxwell 3 42 1
Cclorado o Seam 4 47 1
Colorado . do. · . 5 51 1
Colorado Wadge 6 72 1
Illinois Herrin (No 6) 7 85 2
illinois · . do. 8 22 2
Illinois · . do. 9 53 1
Illinois ...... , .. · . do. 10 69 1
Illinois _ ........ , .... · . do. ........ , .. , lOA 82 1
IIl:nois .. - .......... - · . do. ., .......... 11 61 1
Illinois , . . . . . . . . . . . . . . · . do. · . . . . . . . . . . . 12 40 1
Illinois . . . . . . . . . . . . . . . .. do. . ....... , ... 12A 42 1
Kentucky · . . . . . . . . . . . . Lower Elkhorn ...... 13 48 1
Kentucky ............ . · . do. ....... , .. ' . 13A 90 1
Kentucky ............. Hazard No.4 14 26 2
Kentucky · . , . . . , . . . . . , Wallins Creek .... 15 58 2
Kentucky ..... - .. , Harlan 16 56 1
Kentucky Harlan 16A 72 1
Kentucky · - ....... Harlan 17 81 1
Kentucky · . . . , . , . . , . . . Harlan 17A 58 1
Kentucky .. , .......... Alma ............ 18 56 1
Kentucky ... - ......... Lower Elkhorn ...... 19 48 1
Maryland ............. Upper Freeport 20 55 1
Maryland · - . . . . . . . - . . . · . do. · . . . . . . . , . . . 20A 42 1
New Mexico ., ......... York Canyon ....... 21 31 1
Ohio . . . . . . . , . . . . . . . . Clarion 4A ....... 22 46 1
Ohio , ... - ..... , · . do. · . . . . 23 31 1
Ohio .. ,., ..... , · . do. · . . . . 24 24 3
Ohio ..... Pittsburgh. 25 67 1

Ohio • Pittsburgh. 25A 45 1

Pennsylvania Lower Freeport 26 53 3
Pennsylvania · . do. ..... 26A 40 1
Pennsylvania · . do. 2€B 45 3
Pennsylvania Lower Kittanning 27 42 2
Pennsylvania Sewickley ........ 28 48 2
Pennsylvania .......... Pittsburgh ........ 29 46 1
Pennsylvania .......... Pittsburgh ......... 30 41 1

See explanatory notes at end of table.



Table C-1.-CMRR reference database-Contlnued
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State Coal seam Mine 10 Coal Mine Roof
Rating (CMRR)

Groundwater
condition I

Pennsylvania Pittsburgh. . . . . . . . . 31
Pennsylvania Pittsburgh. . . . . . . . . 32
Pennsylvania Pittsburgh. . . . . . . . 33
Pennsylvania Pittsburgh. . . . . . . . . 34
Pennsylvania Lower Kittanning . . . . 35
Pennsylvania Upper Kittanning. . . . 36
Pennsylvania Sewickley . . . . . . . . . 37
Pennsylvania Upper Kittanning " 38
Pennsylvania . . do. 38A
Pennsylvania Upper Freeport . . . . . 39
Pennsylvania _. . . . do , . . . . . . 39A
Pennsylvania . . do. . . . . 39B
Pennsylvania Sewickley. . . . . . . . 40
Pennsylvania Pittsburgh. . . . . . . . . 41
Pennsylvania Pittsburgh . . . . . . . . . 42
Tennessee Beech Grove. . . . . . . 43
Utah . _. . . . . . . . . . . . . Castlegate 044
Utah Upper O'Connor .. 45
Utah Hiawatha 46
Utah Blind Canyon 47
Utah Wattis . . . . . . . . . . . . 48
Virginia Dorchester 49
Virginia ,....... Dorchester 49A
Virginia Jawbone. . . . . . . . . . 50
Virginia Jawbone. . . . . . . . . . 50A
Virginia Pocahontas No.3. . 51
Virginia .. Taggart. . . . . . . . . . 52
Virginia Lower Banner . . . . . . 53
West Virginia Fire Creek. . . . . . . . . 54

Do. NO.2 Gas . . . . . . . . . 55
Do. . . do. . . . . . . 55A
Do. Pittsburgh. . . . . . . . . 56
Do. Pittsburgh. . . . . . . . . 57
Do. . " ,.. Upper Freeport . . . . . 58
Do. .. do. 58A
Do. . . do. 58B
Do. . . do, . . sac
Do. . .. "......... Eagle 59
Do. Eagle 59A
Do. Cedar Grove . . . . . . . 60
Do. . . do. . . . . 60A
Do. Eagle .. . . . . . . . . . . 61
Do. . ,........ Campbell Creek 62
Do. .. do. 63
Do. Alma. . . . . . . . . . . . . 64
Do. Beckley 65
Do. Lower Kittanning. . . . 66
Do. Coalburg 67
Do. Coalburg 67A
Do. Coalburg , 68
Do. . .. ,........... Stockton. . . . . . . . . . 69
Do. . ,........ Lower Cedar Grove . . 70
Do. Coalburg 71
Do. Pocahontas No.4. . . 72
Do. Upper Freeport .. . . 73
Do. . . do. 73A
Do. . . do. . . . . . . . . . . . . 73B

Wyoming . . . . . . . . . . . . . Hanna 74

Do. Same as above.
11 a Dry; 2 a damp; 3 • light drip; 4 • heavy drip; and 5 = flowing.

34
39
44
36
48
56
54
53
50
33
50
32
46
40
41
49
81
65
76
81
70
53
45
65
54
78
59
45
73
63
60
40
39
45
78
38
42
54
44
40
48
55
52
38
63
53
31
96
53
43
75
36
74
60
39
39
66
37

1

1
1

1
1
1
1
2
1
3
2
3
1

1
1
2
1

1

1
1
1

1
1
1
1
1
1
1
4
1
1

1
1

1
1
2
1
1
5
1
1
1
1
1
3
2
1

1
2
1
1
2
2
2
1
2
1

1
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DATE MINE ---'- LOCATlON,__A",LA=BAMA= PAGE_I_ OF _I CMRR.-...!L

COAL SEAM _-"B""LU::>E'-C::::R,..[""EI(~ _ NAME _

UNIT

UoWI Urft s....
No. Thdln.. log

_ ... llioco.

StnnvtI> Senoitivity I D.

UNIT DISCONTINUITIES
Unit

Raling

3Oi"

CONTACT IM~.

A.

a.

c.

NOJ"'f~tion 3 2.5 2 3

73

4 24;" SiJrrt~ 3

A. -Itfl
a.

c

3 3 66

CONTACT ~?~

A. No infOl"".tion 3.5 '.5 4 4

72in 4 a.

c.

38

CONTACT Ii\l:~

A. 2 5

18 in R..h 3.5 a.

c.

~-·C·O·N·T·A·C·T·~II!:Ji!l!;J~.; ..-----'m!\:'lilllll:t~I!!I~~!~:'::.I!I!~~:III~~klll!<!:l!l!:.t!l!~;/!IE·~------..--..--,~·I!II;~:1i!I11!!1~?!j~!!I;~...---'.lll~\III:~:III.(~~"\\("~:II).~lIIn·h·:i...:t·:~~~IIII~tllll}.(lIIt·7~(

36,." 3.5

A.

a

c.

3.5 25 1.5 4

57

DATE _ MINE ~2 LOCATION_"'-'A""LA""BAMA= PAGE_I_ OF _I CMRR---lQ...

COAL SEAM __B~L::!U.!:..E~C~RE~E~I( _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

UoWI UoWI Is·... [)eoa;ption S"-,,, Moistlle Disco
Des~lion Cohesion R~- Spocing Penis1ence OrientatIOn Rating

No. Thdln.. lOll ~ivity I.D. na. LA~""iVert Sl....e ~

A
3 a.

C.

CONTACT HtJ P? II 'f'/).:;; [/)0:;::\"" ·:t/ti·· .•.••• ) ..':':'!\
A. No infOlm.tion 3 2.5 2 3

2 24 ill SMtd.,_ 1 1 a, n
c,

CONTACT It\ti I{,):;'·::::;,
I"~"~ """""., 1,'0"""",", ::' ~:~ :O:/",i ",:,,:,::.(, ' , ',: 'i'>::':':."'.;.'

A. /kJdaltfl 1 I 7 ,
,

24 in Si1l.,..- 3 7 a, Joi"t. 3 3 7 7 66

C.



DATE MINE ....::3~ _

35

LOCATION_-"-CO"-'L"'O""RA""O.=..O PAGE_I_ OF _I CMRR~

COAL SEAM _---"MAX=W:.=.E"'LL'-- _

UNIT

Unit Unit Strip Desaif,Jtion SlreJlylh
Moistwe DIsco

No ~. Log SenSI(i .... lty 10

A

24 in D,.wrocA 35 B

C

CONTACT :.'"

A.

36 in ShoJe 3 B

C

CONTACT : ~;. :. ,
:.:.: ....

A

60;" O'.tMIOC' 35 B

C

DATE _ MINE ---..:4=-- LOCATION_-"-C"-'OL"'O.:.:<RA""O"'-O _ PAGE_I_ OF _I CMRR~

COAL SEAM _-'O~Sl='EAM""_ _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

Unit Unit SUlp De!IIalption Suenyth
MOlsl..e OISCO

D~crilJ(lon Cohesion Rough·
Spacing Persistence Orient al ion Rating

No. Thodo.net. Log Sensiti .. itv 10 ness La(eratVen Stnlle Dip

A No mlclm.lJon 3 25 2 3

3 48;" Sih.,~ 3 I B 58

C.

CONTACT ':-c:.'''':'.:..':' ,::'o":j:.{ .. ·'.::''::fi)·:'""""'"".,.,..."

A No m/cumlllion 35 1.5 <I <I

2 72 in Coal <I I B 38

C.

CONTACT :::.=:::'.: ""iii:':. i'

A 5jch <I 2.5 5 <I

1 48 in Mud.rone, 3 1 B 34~.,bofl.CtJOIJ'

C
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DATE MINE --=-5 LOCATION COLORADO PAGE_1_ OF _1 CMRR_SI_

COAL SEAM _=-D-=S""EAM=- _ NAME, _

UNIT

Unic Unic .s...
No. 1l'OcIu-. Lov

UNIT DISCONTINUITIES
Unit

Rating

A.

5 B.

c.

CONTACT ~l. ..:....;: .... ?-.::- .

A, No infomNrion 3 '.5 3

4 48 in 3 B. 58

C.

CONTACTW ...
A. No inlonn.tion '.5 5

3 3 B.

C

CONTACT ll!¥I.

48;" B.

c.

CONTACT.

11;" --.--- 3

A.

B.

No inft1JnrNtion '.5

bi""""""r:ilt¥@
5

C.

DATE MINE --'6~ LOCATION--"C""OL."O""RA""DO::...- PAGE_l_ OF _1 CMRR----ZL.

COAL SEAM _....:\/~A~D6~E _ NAME _

Unic Urit Slr~
No. _ L"Il

UNIT

Disco.
1.0.

UNIT DISCONTINUITIES
Unit

Rating

A,

3 B,

c.

CONTACT Rii1
A. 3 '.5 3

.. ..

65

62....

, B

C.

• I;
A, L.".'n.tion

3.5 B. Jointl

C,

Sh_

72 in

36 in
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DATE MINE ......:..7 LOCATlON_---!lc!o.l~l1~N~OI!..:!S PAGE_I_ OF _I CMRR~

COAL SEAM _""HE""R::,:.RI:.:;N:....;N:.:.:0,.,.. ....:6'-- _ NAME _

UNIT

Disco.
1.0.

UNIT DISCONTINUITIES
Unit

Rating

A. 1.5 3 3

360 in 1.5 2 s. 77

c.

72 in 1,5 s.

c,

A. -1IfI

27

.t1~

4 3 4 2

3 3 5 4Jc.,,'s,2424 in

CONTACT N

C,

36

25

Unit
Rating

4

53

3

3

3

UNIT DISCONTINUITIES

s,

c.

s

c.

A.

A.

NAME _

s.

A,

3

2

4

4

Maiot.... Diooo.
Strw>gth _ .... y I,D.

___~ LOCATlON_---!.!ll",:l..!.:IN~O~IS:!..._ PAGE_I_ OF _I CMRR..lLDATE MINE 8

COAL SEAM HERRIN NO. 6

UNIT

UrWI UrWI Sl~
~No, ~ Log

3

CONTACT ft):~:0. "::~ .

180m SlIM

CONTACT r;:i\1

68 in SlIM

c.
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DATE MINE ---=:.9 LOCATION ILLINOIS PAGE_I_ OF _1 CMRR....&-

COAL SEAM _....:H..:l:E~RR"-'I"'"Il....:II~O"'_.-"6'-- _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

Rating

A.

B.

C.

532.5

32

2

2

3

3.5

3

A.

B.

C.

A. She...

B. ~ng

C.

3300 in

DATE MINE .....1-"-O LOCATlON----'I-"-LL"-'I"'-NO"-'I""S PAGE_l_ OF _1 CMRR--...2i..

NAME

UNIT DISCONTINUITIES
Unit

~Iion CotIesion fIcuvh· Sp..,.,.. pl!ll"'listenoe Orient.llOn Rating_.
utniV.... Sl'*e !l'Ip

Joint. 2 3 4

85

\J::::P ·;::~:9r.:1::· Ir(>":::('"
Joint. 3 3 4 3

SlJddng 3 2 2.5 4 42

W+?>~
.••:.c ....,..,••. ;•. :+Hi/ .\.~'~):::: :;: f ..

She"'. 3 2 2 3

-ng 60

A.

C

B.

A.

B3

3

_. groy

_.bled3ain

C.

B.

24 in

A.

UNIT

CONTACT ~>~i

CONTACT tt!~

Unit Unit Strip
No ~ ~

COAL SEAM _.:,:,HE""R:::.R""'IIl:..IIO=.:......:6~ _

c.
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DATE MINE ~lO~A LOCATION ILLINOIS PAGE_l_ OF _I CMRR-.R

COAL SEAM _""'HE""R.".R""'�N'-'N""O:.:,.,-'6'-- _ NAME _

UNIT

um um ....No _ log Diooo
I.D.

UNIT DISCONTINUITIES
Unit

Rating

A.

B

c.

.:/

85

3

:/.5

•

3

3

3

Joinr,

Jaint.

C.

B.

A.

B.

A.

3-.-36 in

C.

DATE MINE ::.:l1'-- _ LOCATION --'I""L""LI:.:.;N""O:.::IS'-- PAGE_l_ OF _I CMRR----E.!....

COAL SEAM _~H~ER~Rc!,;IN~N.:!.O,~6 _ NAME _

Uno! um S'"No _ Log

UNIT

MoiI1:we Dttco.
StrenQIh SenoitiYil y I. D.

UNIT DISCONTINUITIES
Unit

Rating

A

B

CONTACT ;Y¥

720 in -.".., 3 B 65

C.

CONTACT R\~

A. No infOl'r'Mtiott • 3

8 In CoM • B 50

C
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DATE MINE ~1...2,-- LOCATION_..!.!IL~L..!.!I":>oO.!.:IS,-- PAGE_I_ OF _I CMRR---iQ..

COAL SEAM _..:.;H""ER""R'"'-I"-"..:.;""'-O.:.,.. ..:6 _ NAME _

UNIT

Dioco.
1.0 ~Iion

UNIT DISCONTINUITIES
Unit

Rating

A.

··j1C·O·NT·A·C·T'tf!l!l~~"....····-.t h~

B.

C.

A.

B.

c.

Min S_._"";'h
~,t"",

3 3 B. Joint. 3 4 2

C.

DATE MINE ---'1...2"'-A LOCATION,_-.:.:IL'--"L...,I".:.=O""IS"-- PAGE_I_ OF _I CMRR---R.

COAL SEAM _--'-"HE""R",R.o..:I"~"O""'.'--"-6 _ NAME _

Unit UniI Isl~
No Thid<neo. Log

UNIT

Disco
1.0.

UNIT DISCONTINUITIES
Unit

Rating

A.

B.

C.

c. Joint.

A. _ng H';:J'~M Wtf4'if' .~~\?;:: .. ,....."..•....... ..,.

2 3 5 4

3 3 2 47

fi.\·:;l! ~>:Li:\:: •. ·:'V» ·;;iA:·::'.
2 3 5 4

2 3 2

2 3 2

Jom'

Jain"

B.

C

B.

A. _ng
3

43

3

S_

~.gr• .,36;"

60;"

CONTACT -/m

CONTACT ~:~~

2
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DATE MINE ---:.:13=-- LOCATION,---..:K£=NT:..=UC:=.;O"-'- PAGE_l_ OF _1 CMRR~

COAL SEAM _~LOW=[,,-R~[""LIailJ=""RN"-- _ NAME _

UNIT

un. un. ,~

No. ~ Log
Dooc:o.

1.0

A.

B

C

UNIT DISCONTINUITIES
Unit

Raling

A 3.5 1

140 1 B.

C.

48

DATE MINE ....13""A'--- _ LOCATION_.:>.KI""N:.:..TUC=K.:...T PAGE_l_ OF _1 CMRR---1Q..

COAL SEAM _-"LOW=["-R~[""LIailJ=R:.:.:.N=--- _ NAME _

UNIT

0;"""
10

A.

B.

C.

Desaiptian

UNIT DISCONTINUITIES

Rough PW'Iis1: Orient_ion
C__.' $p8cinv Lm_= I-""StriL~e==""Dip""'-

Unit
Rating

CONTACT ttit
A IntKt lock

B4i" 1.5 B.

C.

96

CONTACT I)';:i!
A. 1 3 35

."""".,.,, "::":""".'..>"':

361" 1 B.

c.

67
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DATE MINE -'-1..:..4 LOCATION_---:;K""EN""'T-"'UC::.:;K:.:..Y PAGE_1_ OF _1 CMRR--.f.§...

COAL SEAM __HAZAR==D,-,N""O,,-,-"4'-- _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

Rating

A.

B.

c.

72

3

3

3J

3

32

3

Croul»d

B.

c.

A.

A.

2480;"

CONTACT

72;" SMJIo. fo'" 4 2 B. 3 3 5 3 28

C

DATE MINE ~1.::!.5 LOCATION_----:I(~E~NT~lJC:l:::I(Y~ PAGE_1_ OF _1 CMRR~

COAL SEAM _-="""Al""l"'-'::,:NS<-- _ NAME _

UNIT

llioco.
I D.

UNIT DISCONTINUITIES
Unit

Rating

A.

B.

C.

CONTACT W~

A.

B,

C.

it+i$; ktt:*tf.
A. 2 J 4

720 in 15-. fouilo 3 3.5 B.

C.
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DATE, MINE, ...!1~6 _ LOCATION,_~I::E~"~TlJC~I::Y.:....- _ PAGE_I_ OF _I CMRR-.2§...

COAL SEAM _-,HA~RlAN= _ NAME _

UniI UniI 'rip
~ ~. Lou

UNIT

.......... lMoo,
Sttengt!l Sonoiti"y I,D, Dec:ripIGl

UNIT DISCONTINUITIES
Unit

Rating

A,

B.

c,

36

2

3

4

3

Sic"

C",ubed

B.

c.

B.

A,

, 5

3

c.

DATE MINE ~I6A=- LOCATION_,::,I::E~"~TlJC~I::.!...Y PAGE_I_ OF _I CMRR--...ll....

COAL SEAM _-'HA=RLA=::." _ NAME _

UniI UniI Istrip
~, ~ Lou

UNIT
.._.... lMoo

Sttengt!l _i....y I D.

UNIT DISCONTINUITIES
Unit

Rating

A,

B

C

CONTACT ~~m

A

B.

180jfl 2 B. 72

C.
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DATE MINE, ---"'17'-- LOCATION---::I(""EH"-'T-"'UC""I('f"-- PAGE_l_ OF _1 CMRR~

COAL SEAM _-'HAll=l.AII==- _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

Rating

A.

B.

C.

7232

3

1.5

1.5

2

B.

C.

A.

B.

A.

2.5

lUin

36 in

C.

DATE MINE ---"'17""A:-- LOCATlON__~I([~H:..:.TUC=I('f~ PAGE_l_ OF _1 CMRR~

COAL SEAM _-'HA=R=l.AII.:.:- _ NAME, _

UNIT

M-.... Dioco.
strw>gth Senoitivily I D.

UNIT DISCONTINUITIES
Unit

Rating

A.

B.

C,

CONTACT.

A.

B

c

~-t--~!!Il!!I..---- "'!II!.,','.".>;.II]I!,..,•.,..,.:,'..,'.,~",",.~"',,.,:~.,;,',',',',.,'.":!I!!!.."-:..,..!II!''':!!!!."'..:.'~I!!!,,":.>,.,'~,:..':.,P..'.. '.,.~.!II!', ,.,,~.:~!III..',:..,",..!1!!,":..----- --..-; lIIIII!IIIIr"--"'IIIII!I~~IIIIII,IIII!II"lIIIIII!lIII!IIIIli!!I!!lflCONTACT ~:~1 ~~~~ ~r~ ~ :'~>:::-;~t.~( -: : r ~:~: \ltffii~.¥Y \:~i1/ttt ;?}¥iJ&,t~\~~

A. 2 3 :1

2.5 B. 63

C.



DATE, _ MINE ----!.CIB~ _ LOCATION,_---!::K:=.EN~T~U:;:.C~~y'__ _

45

PAGE_I_ OF _I CMRR--.J.L

COAL SEAM _~A~LHA~ _ NAME, _

UNIT DISCONTINUITIESUNIT

Suellgth Moisture
SeflSiliyily

CISCO.

10

A,

B,

C

Cohesion Rough-
nen Spacing ~:~.: t-..,S""lrik.;;o'-'~e-l='.::.:I"'ion:.;Dip"'--

Unit
Rating

CONTACT

CONTACT f.::(

240 in 3

",:'

A

B,

C_

A

B

C

!2TI'::
2 4 3

2 3 3 3 56

DATE _ MINE ....!1.:!..9 _ LOCATION_-----!::K~EN~T~U~CK::..:Y _ PAGE_I_ OF _1 CMRR~

COAL SEAM _.!o.lOll~E~R....!E~l:::>!KH~O~RN:.:...._ _ NAME _

linn
No

Unit Strip
Thclu1es. LOll

CONTACT 1<:'

CONTACT

UNIT

Oesaiption StJElIlglh
Moisture

Sel!llivll'f
DIsco

10

B

C

A

B

C

OesCl"l~tiQIl

UNIT DISCONTINUITIES

Rouyll­
ness

Unit
Rating

'-':-l:<:i-'

'20 in 2

A

B

C

35 3 4 4

48
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DATE MINE ----"-'zO'--- LOCATION_--'HA=RY'-"l.1I"-'.H"-'O'--- _ PAGE_1_ OF _l CMRR..2L

COAL SEAM _~UC!:.PP!..!E~R'-F~R~Eo=.E!..!PO~R~T _ NAME _

Unt
No

UNIT

CONTACT ~fj.

Disco
10.

A.

C

UNIT DISCONTINUITIES

Rough._. Unrt
Rating

/SO .. 1.5

A

B.

C.

3 25 2

80

CONTACT t?;~

A. .. 3 5

50 .. 3 B.

C

Jamt. 3.5 3 2 2 32

DATE _ MINE --"'ZO:::.A:....- _ LOCATION._--:..::HAc.::.R:..;.Y-"'l.1I-"'H"'-O _ PAGE_1_ OF _1 CMRR--!L

COAL SEAM _~UP!..!P_=E~R....!.Fll~E!:.!Eo!..PO~R~T _ NAME _

Unt Unit Strip
No ThM:i<neo. log

UNIT

Oe:saiption
0;.00

10.

UNIT DISCONTINUITIES

CohesOJn ROUQh· SpocO>g

Unrt
Rating

A -"11 3 3 5

30 in SIWo. I"Y 3 B.

C

CONTACT ~W;: li.·(/,U% :::;·:::·::::.:,~::t:·:::: .::;.'.::: :~~: ;" H/}I%"'q'':'i'W!'" .~~f.'"!:~:

A -"11 3 3 5

37 .. ~,..M>c.t 2.25 B.

C.

CONTACT t1% !i(~:'):""

A -"11 3 3 5 4

35 ill s_. bl«i 2.5 2 B

C

42

44





48

OATE MINE -"2:..3 _ LOCATION_---'O"'Hc.:..;10"-- PAGE_l_ OF _1 CMRR_3_1_

COAL SEAM _...;C""LA"-"-"RI:..::O::..:."...;4"'A _ NAME _

UNIT

Dosco.
ID Desaipticn

UNIT DISCONTINUITIES

P..-<enoo
utenf,:Ven

Onenletm
s,... ~

Unit
Rating

36",
C"'f" OIWJ•
.n~"M
aScII.

5 5

A

B.

C

Sicb 4 5 2

29

CONTACT ~~

72 in
um..,~.
m., ..... .,11-...

A.

B

C.

NoduliJ. 2 15 2 3

83

A. -"fI

CONTACT ~;~

72'-"
S_,
1MnJ.,..,ed with
coM rt,....

4 B

C.

Sip.

~~~t~¥t

3 3 5 3

4 2 2 3 37

OATE _ MINE -"'24"--- _ LOCATION__O~H~I~O _ PAGE_I_ OF _I CMRR--?.L

COAL SEAM _~CLA=R..!..llO~":....4::.:A"___ _ NAME _

UNIT

Deaiption
[);sec

I D.

UNIT DISCONTINUITIES
Unit

Rating

SMJd"~. roof of
(01 2

A

B

C.

3 3 3 3

A. -"fI

CONTACT ItK

CONTACT kW;

60 in
SMdltone. c"'r
,r,ittge'. coM.,,....

4

3

3

3

B

C

B

C

Jomt,

!/;:Miii !),t;· .,.,...
)·t~1~f.-i;J/.,., ".. "..,

3 3 2

3 5 3 3 27

Ft):::/· ki:,:· '{)}) ...
. ':0- :-.c,., ..'
..",. ..,.,.", :.~

3 2 5 5 4

2 2 2 32



DATE MINE --"2..::.S _

49

LOCATION_----:O~H~ro~ PAGE_I_ OF _1 CMRR..!Z.......

COAL SEAM _-'-p.....ln'--'-"S"'BU""Il""GH:.:- _ NAME _

UNIT

u...n Strip
TlWci<nM. Log

CONTACT~

3t5 in

CONTACT ~i~
~"'.' '.;

lla<:o
10.

A.

e

C.

A.

e.

C

UNIT DISCONTINUITIES

Rough.....

4

Unit
Rating

100

<18 in CJ.y·'one. ......
slCM".,jdtHJ 5 4

A.

e

C

Sic•• 3

3

2

1.5

5

5

DATE MINE -.:2""'S::..:.A _ LOCATION_-=OH.:.,:I..::.O PAGE_I_ OF _I CMRR~

COAL SEAM _--'P-'I..:..TT.:..:S"'B""UIl.;.:G""H _ NAME _

UNIT

lMoo
10

A

e

De:scriphon

UNIT DISCONTINUITIES

Rough.
Unit

Rating

A -"IlCONTACT ~f'

36 in

CONTACT f{}

Ljme.'~. wit"
cMr """'fJ'II"

Ct.y.ton.. UJfr
",,;'/1 'trwutone
_It..

3

5

2

3

C

e

C

A.

c

Slclt.

fiHtHN '.",,':', ;j}J\44iJ"':':":""",'"",. ":ir;'8W':

2 2 3 2

63

'0,",;:):' .':) )','," ;>i)(":', ::.::: ;,", ,

3 1 5 5

3 5 4 J2



50

DATE MINE ~26:!.- _ LOCATION_--'P'-'E"'-NN:.:.,:S'-'-Y"'-lV:.:;A::..:.N.:..:.IA'--- PAGE_1_ OF _1 CMRR..2L

COAL SEAM _--"-'lOW=ER~FR",E""E"'POo«R'-'-T _ NAME _

UNIT

Diaca.
10.

UNIT DISCONTINUITIES
Unit

Rating

3t1in 4

A.

B.

c.

3 3 5 4

35

CONTACT ..

24'" 7.5

A.

B.

c.

7.5

7.5

3

3

3.5

3

4

4 73

~_+C.O.NT_A.C.T.~iiii:':iii··. ...ii'·~ '.. ·~~'.li@:; ~lijj
A. 3 3 5 4

36 in
ShM••,.,
';'11 ....-d.tOlW
.tn""f1III'

3 B.

c.

DATE MINE ---=2:.::6A:..:...- LOCATION PENNSYLVANIA

COAL SEAM _""lOW=ER"-'-FR".,E""E.:..;PO""R:.:..T _

PAGE_1_ OF _1 CMRR---!Q...

NAME _

u-.iI UnilI Isl~
No. Thic:lu>eI LOV

CONTACT II

UNIT

Maid... Daco
Strength Sensil,viIy I D.

A.

B.

c.

A.

B.

UNIT DISCONTINUITIES
Unit

Rating

c.

tW1tW~ M;m*:~H1ii lit
A. 3 3 5 3

744- ill SlIM. pM,., 3 B.

c.



DATE MINE ~2~6B!!..- LOCATION PENNSYLVANIA

COAL SEAM _~LllW=E.::.R...:.FR.::.E~E:.:..PO~R:.:.T _

51

PAGE_l_ OF _1 CMRR-.&.

NAME _

UNIT UNIT DISCONTINUITIES
Unit

Rating

3IJ in 3.5

A.

B.

3 3

28

CONTACT

38;" 2

A. _ng
B.

C.

I~.
3 2.5 3 "
3 2.5 3 " 56

CONTACT I~

A 3 3 ".5

51;" 3 B.

C.

"2

DATE MINE ----'2"-'7 LOCATlON_-'-'PE"'-N:.:.:N.=..SY:..::L'-"VA'-"N:.:.I:.:.A PAGE_l_ OF _1 CMRR-R.

COAL SEAM llJllER I(ITIANNING

UNIT

NAME _

UNIT DISCONTINUITIES

Uri< Uri< Sl~
No. ~. Log

3

o-a;ption Mai:I1we Disco
SI,8'lgth s..oitivily 1.0.

A.

B

C.

Unit
Rating

CONTACT Et~h~
~:~

A 2 5

5 3 B

C.
'"

CONTACTS~

A. 2 3

B4 in 7.5 B

C.

50



52

DATE MINE ---=2o.:8'-- LOCATION PENNSYLVANIA PAGE_l_ OF _1 CMRR~

B.

A.

3

NAME

UNIT DISCONTINUITIES
Unit

Strw>gch
.......... DioGo.

Oeo<riplian c_ Rough.
Sp-*'II

_once
Orient.tian Rating

_\lily 1.0. .- lAt~v.. SlIi<. Dip

A.

B.

C.

...".

-. 3 Z 4

Z B.

C.

- 0. ~"':.-::'''.~.."':; K ;" ~";:~ .... -:;;;:Ii"i<~ ."';.~~

.~~~.

lUin

7Zin

UNIT

CONTACT

CONTACT

3

Unit Unit trip
No ~ Lag

COAL SEAM _.:O.:SEW=.:..!.:IC:o:::IQ=.!E:.:.Y _

C.

DATE MINE ---'='29'-- _ LOCATION __--'P-=E""NN:.::S.:.:YL:.:.V~AN"_'I.:;:.A PAGE_l_ OF _I CMRR~

COAL SEAM _-'-PI...,n..:,.S=-=B""UR""6H::.:... _ NAME _

Unit Unit Strip
No. ~ Lag

UNIT

DioGo
1.0.

UNIT DISCONTINUITIES
Unit

Rating

A. 5 1.5

51

47

47

47

7.5

1.55

3

Z

ZJaint.

C.

C.

B.

B.

A. No i"fonrNtion

B.

B.

C.

B.

A.

1.5

3.5

3.5

3.5

5 IZOin -
CONTACT ~~,:-:::::

4 4in _..-
CONTACT•

IS in

CONTACT II

8in Ct»l

CONTACT ~I
:":-:".

"ill -
C.



DATE. _ MINE. ~30=-- _ LOCATIONI_..!P:£.EN!!!N~S.!.JYlo..!Y:!:!.AN!l.!Il.!lA,-- _

53

PAGE_l_ OF _1 CMRR-!L

COAL SEAM _-,-p",-[n~SB""U""R6H=- _ NAME. _

UNIT

Maiot.... Diooo.
Strongm $enoici'lity I.D.

A.

B

C

Deocriplian

UNIT DISCONTINUITIES
Unit

Rating

CONTACT.

A. 3 3 4.5

24Oi" 3 B Jaint. 3 3

(jilt

DATE. _

3.5

MINE ~3~1 _

B

C

LOCATION_-'-P~[N~N~SY.:.>L'"'"Y""AN~[~A _

34

PAGE_l_ OF _1 CMRR---l.L

COAL SEAM _-'-P-'-lT'-'T""S""BU"'R""G""'H _ NAME _

UNIT

Dtsco.
ID.

A

B

UNIT DISCONTINUITIES
Unit

Rating

CONTACT Ii~

C.

fi%~; h~?t·~.

48 in 3

A.

B.

C.

3 3 4 2

CONTACT Il'ffil
.; .

A 3 3 4 2

60 in 3 B

C.

Sic" 4 3 4

CONTACT .~t:~

A. Sic*, 4 5 4

8 in

CONTACT

6i"

D,••rodr

C~I

4

4

B.

C

A.

B

C

2 7.5 4 4

29



54

DATE MINE ~3Z=---- LOCATION PENNSYLVANIA

COAL SEAM ~P~IT.l-'T~S~BU::::R~GH~ _

PAGE_I_ OF _I CMRR-li..

NAME _

UNIT

Unit Unit S""
No. ~ l"II

Diooo
I.D.

UNIT DISCONTINUITIES

Pwtist..... Orient.em
La.....IV.., t-~5...,..;·"'.=='=Dip,..·-

Unit
Rating

720 in 3

A.

B.

c.

3 3 5 2

A. 3 7.5

CoM • B.

c.

3tSin 3

A.

B.

c

L.".".rjon. 3 3 5 2

40

DATE MINE --"'33"-- _ LOCATION PENNSYLVANIA PAGE_I_ OF _1 CMRR~

COAL SEAM _~p~In"'"""SB."UR""GH""'_ _ NAME _

Unit Unit Is....
No. ~ l"II

CONTACT •.

UNIT

M....... Disco.
5••ength _vi< y I D.

A.

B.

C.

Description

UNIT DISCONTINUITIES

C-. Rough· ~ ~~.~~V- f-=::Orien'f:"",,-,-,~••~icn~_
~ __ _. 5.... Dip

,....,., .".".

Unit
Rating

40 in 3.5

A.

B.

C.

Jain"

3

3

3 3

CONTACT R

12 ill CoM

A.

B.

c.

No infOJm14tion 3 75

42



55

DATE. MINE. .....:<.:34'-- _ LOCATION PENNSYLVANIA PAGE_l_ OF _1 CMRR--..l§..

COAL SEAM _..!..P.!..IT!..!.T~SB~U~RG~Hl.-- _ NAME, _

UNIT UNIT DISCONTINUITIES
Unit

Rating

CONTACT ftP

3Si" 11..11

A.

B,

C,

I
A. -1tf1

3.5 B. L~""rion.

C,

3

3

3

3

3

4 36

CONTACT.

A NQ ;nfO'm.aon 3 7.5

CONTACTm

42

lin --• I,:",,':/t\::./'::"::

2.5 5

25 5 29

mit -• ,\t:ftt'(
7.5 4 4

42

3

4

3

A

B.

C.

B.

C

B

A

3

CtMI

CtMI

5ift

1Bin

12;n

CONTACT '-'FF

C,

DATE MINE .....::.:35::...- LOCATION PENNSYLVANIA PAGE_l_ OF _1 CMRR-i§...

COAL SEAM _---.:L~OW~E=::R'-'K""Ic.:.n~A~N""NI'_"N",.G _ NAME. _

UNIT UNIT DISCONTINUITIES
Unit

UniI UniI Is'~ o....,tian Stnngth
Moistlle Oaco. o.""tion C_ Roo9l' SpecW>g

p..u.tence OrielIB.KJn Rating
No ~ Log Sensitivity I.D MS. lAt_iV.. S"'. Dip

A,

3 B.

C.

CONTACT ~{\ 110• r:),}:, =- ..',:0;"',;0-

A

2 B.

C,

CONTACT b<i """\\,F : :.:.

~ -- ..' ".,,: ,',:"",',""',

A L.rr.".tiOll. 3 3 4 7

,
780;11 S_ 3 7 B Sh'" 3 3 7 7 48

C



56

DATE MINE, ~36~ LOCATION PENNSYLVANIA

COAL SEAM _...:U",-P",-,PE:::R,-K~I~n~AN=NI!..::N~G _

PAGE_I_ OF _1 CMRR~

NAME _

UNIT

1M""
1D

B

Oesaiption

UNIT DISCONTINUITIES

C"'-'on

Unit
Rating

c,

~"'CIIO"NTIIIA·CT.~"::":, -----t!~!;,"lti!l.!¥f>,!!}j't!rWI;~!I.!:&",},.{PI '"",.----~~-..-.,.~ ---!k:II!I..,i.III.,:" :, , ..,>11I,11I,,/ ,.::,•.';,.}-i';~;::

B.

C,

144 in 2 B

C.

Jo,"" 3 2 56

DATE MINE ---=:.;37'--- LOCATlON_""""'-'PE""N""NS"-'Y""L.:.,:VA""N"'IA"-- PAGE_l_ OF _1 CMRR-2L

COAL SEAM ---=S~E\I:.:I,-=C:.=K.L==E,,-Y _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

LInit UrWt Is·... ~licrl Strength Moist..e 1M""
Des~lterl C"'-'on Flaugh' SpecW.g Penis1ence Orientlltm Rating

No ~ Lov s..itiYity I.D. ne.. Lat....iVert s..... ~

A.
3 B.

C

CONTACT ~,(~ ~?/~tftS~ [:::,::)t} iii}):' h+:( .,'''::'.,'::;, .:::'.\.~

A.

2 B.

C.

CONTACT VI ~lj;{ft:• : rtt,}~'j :ttt:::{ !j:rt(:(::' i::::'::(;' .~. 1'.~::::i:(A i

A. COM ,,"'._ 3 3 , 2

,
60 in ShM. 2 7 B. Jaint. 3 2 7 ,

54_""'ted
C. Beddng 2 3 5 4



DATE, _ MINE -=3~8 _ LOCATION PENNSYLVANIA

57

PAGE_l_ OF _1 CMRR-ll..

COAL SEAM _~U~PP~E~R....:K::..ol..:..TT,-"A",N,,-NI~N~G _ NAME _

Um
No,

UNIT

Description Strenylh
MQislure

Sens.illvily
CISCO

10

A

C

Description

UNIT DISCONTINUlTIES

CohesU)1l1 Rooyh-
neso

Unit
Rating

CONTACT r/'i:

36 in

CONTACT

6ift

Sh.Jo. highly
jOint«J

A JOints

J.5 B Joint,

C,

A Cleil!

4 J B Bedding

C

r:(?\\ l'}"",::'/\"" :,i:::':::::' ',:?::\\:
p" "",>"""

J 2 4

J 3 4 59

:' :~: ~: ]: (?:C'ff',F:""/'::':': . ': t:'}\'\?
3 3 5 2

3 3 5 2 27

DATE MINE 38A LOCATION PENNS Yl VAN [A PAGE_1_ OF _ 1 CMRR~

COAL SEAM UPPER KITTANNING NAME

UNIT UNIT DISCONTINUlTIES
Unit

Unit UrVt Strip
Detlaiplion Slrerlgl11

MOIsture DIsco
OescripllOfl Cohesion

Rouyh·
Spacing

Persistence Orientation Rating
No, Thid<neoo Log SensItivity 10 ness lateral:Vert Strike Oop

A

2,

C

CONTACT . :":::':;::' ::::,,'\
~. Beddmg J 2 5 J

36 in
Shola. c/o.,.ty Joints 2 3 5 60
lpM:tJd jam's

C

CONTACT .::,:: :::':.j .(.~:: 1<::: :'
A BetlcJ.ng 3 2 5 4

77 in
Rids, coal. 4 2 elBat 3 2 5 4 37d,.wtocJ(

C



58

DATE, MINE ~3:::..9 LOCATION,_.....!..!PEo.!!N~NS~Y~lV:.!:A~NI!.!lA'-- PAGE_l_ OF _1 CMRR..lL..

COAL SEAM _~U,-,PP..!:.E~R..:..FR~E~E~PO~R:.:..T _ NAME _

UniI UniI fs..­
No. Tl-Od<r-. Loa

UNIT

Disco.
I.D.

A.

B.

C.

UNIT DISCONTINUITIES
Unit

Rating

CONTACT ...

A.

B.

c.

lil,I¥~IM%1¥
A. 3 3 5 4

96i" 3 2 B.

C.

37

DATE MINE """'"""39:::;A'-- LOCATION PENNSYlVANIA

COAL SEAM _-'U=..:.P"'-'PE""R'-'-'FR:.::E""EPO........RT~ _

PAGE_l_ OF _1 CMRR-2Q...

NAME _

UniI UniI S'rip
No. ~. Loa

UNIT

~'ion
Mois1l1e Disco.

Strength S<nsiti.nf I.D

A.

B.

UNIT DISCONTINUITIES
Unit

Rating

CONTACT E%I
c.

~t%t%MW1&1.
A.

B.

c.

A. L."."n.tion. 3 5

96 in
$"'. IFNI""
.,."" ...-d.tone
.tl'Nlt.

2.5 2 B.

c

3 3 3 4 52



DATE. _ MINE -=3:::;9B"-- _ LOCATION'__!:2PE~N~NS~Y~l~VA~N~IA!!- _

59

PAGE_l_ OF _1 CMRR..lL

COAL SEAM _..!!U~PP!:..!E;.:lR...!Fll~E~EPO~RT~ _ NAME. _

UNIT

Mcat...
Stranvth S<noitillity

Disco
I.D.

UNIT DISCONTINUITIES='= I--.s""':-t".""=a.",ion""Dip""'_

Unit
Rating

Bin 5 3

A.

B

c.

4 3 5

74

CONTACT.

A. 3 2 5

42 in

12 in

3

3

2

3

B

B.

C.

47

DATE MINE --"'40"-- LOCATION__..:.P-"'EN::.,:.N"'S-'-'YL=.::V-'-'AN"'I"'Ae- PAGE_l_ OF _I CMRR~

COAL SEAM ~S.!.!EW!.!I~CKl.~E.!..Y _ NAME _

UNIT

A.

B.

C.

~'ion

UNIT DISCONTINUITIES
Unit

Rating

CONTACT H u;r":;X'::': .::-;.:. :,'.:~,.."'.•'·.~;.'.~h,',,·::,.'..~.',.~,::,;:.,.~.:'.:".'.','.}.:'.: ...I!'Wl¥b: "=.,."'," H<Wi
A.

B

C.

CONTACT hrij

72 in
ShMa.1ighIy
jointed, .......
fo••a

4 2

A.

B.

c.

I:i\j.:~:,> AH~~~~lA-ng 2 3 4 3

Jamt 2 3 3 3

Joint 2 3 3 3



60

DATE MINE ---'-'41'-- LOCATlON_":,P"",EH"-,,H,,,-ST~L,-,-Y~AH,-,I.:;:.A PAGE_l_ OF _I CMRR~

COAL SEAM _.:...P~lT~T=,SB~U~R.G::!:H.:....- _ NAME _

Uni< Uni< S'np
No. ~ log

UNIT

~,-
lMco.

10.

A

B

C

UNIT DISCONTINUITIES
Unit

Rating

CONTACT :&}l
A. 2 2 2

14 in . 3.5 B.

C.

so

CONTACT ~.~*.
.::~.~.::.

581"

A. -"fI

B.

C.

~. .......:...

3 3 5 3

2 3 4 33

DATE _ MINE .:.:42'-- _ LOCATION_"'""""-'PE""H::.:.HS""'T""L.:.:YA""N""IA::.- PAGE_I_ OF _I CMRR_4_1

COAL SEAM _-'-P'-'ITT..:.S::.::B""U:.:.:R6H=- _ NAME _

Uni< Uni< Is I ""
No Thid<nes. log

UNIT

0;"""
10

A.

B

C

UNIT DISCONTINUITIES
Unit

Rating

CONTACT W@

3:6 in

CONTACT Htt:i

36",
RJcJe, coM . 76'-n
Sh... . Bin
Top ctMI - 72 in

3

C.

A

B

C.

Cl..t

k:Y\\U h':::::<:i)' t .•:":"""., '::' ,.:/~,

2 5 5 2

4 2 3 2

I/:X)$ mt:<;/: ... :::,.,:'.:......1::":::"\,·'·

3 3 5 2

3 2 5 2 35



DATE MINE 4""3'-- LOCATION HNN£SS££

COAL SEAM ~B"'£~£C:::;H:....G""R"'O_'_'VE=__ _

61

PAGE_I_ OF _I CMRR~

NAME _

u.v. Slrip
Tl-OcknM. lov

UNIT

SIrwlg<h Disco
1.0

UNIT DISCONTINUITIES
Unit

Rating

480 ;n 3 2

A.

B.

c.

2 3 4 4

50

CONTACT ~I~

A. 35 3

4.5 3.5 B

c

72

CONTACT tWH

8m 7.5

A. _ng
B

c

DATE _ MINE 4::.:4'---- LOCATION----':UT""A:;::.H'---- PAGE_I_ OF _I CMRR---ill...-

COAL SEAM _---'C""A"'-ST'-'L"'£:::GA.:.,:T-""E_R.",Oe-R _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

u.v. Unit Slrip
Des~tian Slrengttl

Maistlle Dac:o. Delcnplion C_ 1Iaud>.
Sp"'*'g

P.....tenoe Orient.tion Rating
No Tl-OcknM. log Sensitivny 10 ne.. LA.enI:V.., Strile Dip

A

3 B

C

CONTACT ::::j r:::!:jiU· I'K.thC .:::,(:::: [tim \t::\(,:'. .:::::\J>:: 1:·,,::·,:;,,<./::,<:,

A -ng 7 r 7 7

2 72'" ~r«.voc" 2 , B 85

C

CONTACT k}::;·{'·' :::.:'<'... :. :i:') !:\{·r \> :.", ..::,.",>,:""". [)""."".:<." .. ::::.:://\'''',.' .:"."

A She." 3 2 4 2

1 12,n Mudstone 3 7 B 50

C



62

DATE _ MINE ~45~ _ lOCATION_~UT~AH~ _ PAGE_l_ OF _1 CMRR~

COAL SEAM _-"U"-P'-'PE"'R'-O"-'-"C"'-OH::.,:H""O"'-R _ NAME _

UNIT

Oooco
ID ~l","

UNIT DISCONTINUITIES

Cot-ln f\ouvh.
Unit

Rating

A

B

c.

39

68

60

,- -.~ .. ":. -',''''
.;~..:.~.:.,::~ .: ~~'.;~

PAGE_l_ OF _1 CMRR---..Z.§...

2

3

5

3

2

3

33

3

35

~!;'il

3 3 3

3 3 3

~;;*JH<

3 3 2 5

Joint.

C.

c

A

B.

B

A. _ng

B.

NAME _

A

c.

A. C,oubMJ.

c

B

lOCATlON_---"-UT'-"A"-'H _

3

, 5

CONTACT J#~.....

4 6Cin Si/tltQ#W

CONTACT JiUi~

72 Ut SMtd.,~

COKTACT~

6Cin Si1t.t~

CONTACT ~H~

12 i"
Mud.t~.._.

DATE MINE 46

COAL SEAM HIAIIATHA

Unt Unil Strip
No ~. Loa

UNIT

Dosco
ID

UNIT DISCONTINUITIES
Unit

Rating

A.

B

C

CONTACT ~r}1

A.

B

C

CONTACT Vb ..:
..:.: ......

108 2 B Jo"." J , 5 76

C



63

DATE MINE --:.;47'-- lOCATION_-"U"-'TAH"'-'-- PAGE_I_ OF _I CMRR_8_1

COAL SEAM __B""'L'"'I.::.N"-D-"C""A~NY~O::.:N _ NAME _

UNIT

Desc:npl ion Di:lco.
10

UNIT DISCONTINUITIES
Unit

Rating

A

B.

c.

A Jam', 115 2

B 96

c

{~.:.:. ',':' : : '
~~; ~~~.f-.:~{~~~~,:

A. No inf0t'7n4l>cw'1 3 2 4 2

3 B so

c

DATE MINE ..::c4:::...8 _ lOCATION-----'U:..:.T:;::AH.:....-.. _ PAGE_I_ OF _I CMRR~

COAL SEAA _-=W::.:.AT'-'T~[~S _ NAME _

UNIT DISCONTINUITIES
Unit

Rating~.
Cohesion

[);sco

10.

UNIT

A.

8

c.

CONTACT ". ~: ":

A 3 215 3

72011'I B 73

c

CONTACT

ill 00-

. -: : :., .:::: .: .:- :::..~:. :::

U Ittj---l::'till: I tj 67



64

DATE MINE -"'49::..- LOCA T10N_.....:.,;VI~R"'-G'_"I~'_'_IA::..... _ PAGE_l_ OF _1 CMRR--..2..L

COAL SEAM _--=OO=RC",-H:.:.E::..;ST,-,,[~R _ NAME _

UNIT

Dioco
1.0

A.

B.

C.

UNIT DISCONTINUITIES
Unit

Rating

CONTACT !i,~

SMtd.rorw 2

A

B. Sh..,.

3

3

3

1.75

5

3 3.5 45

C. 3 2 3

DATE MINE__---:4""9"-A LOCAT10N__-'V.,;IR""G'_'_I"-'N1c:.:Ae....- _ PAGE_l_ OF _1 CMRR~

COAL SEAM _-"'OO"'R""C::..:;HE""S'-'-T""ER"--- _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

UnrI Unit s"ip
~ St,'"'9'!> Moi:st:~e Dioco. o-aiption Cot-ion

fIouW1.
Sp~

",,",",enco Orient.tia"l Rating
~ ThM:I<nM. lDQ Sensiti..-ity 10

_.
LaterW;Vs1. Strir.e DIp

A

3 B

C.

CONTACT ~){il V':·i} , ' ",.,.
~t?i<j r{·/}r.~, .•i:{(p·: ·,,··~.::··,.,/·'7·':=::

A

2 B

C.

CONTACT HiM h/nv·· t",·;://+ . "...,.. (,.,.....
·':·/:,:,'.',<W~". ,.- ..,.", ,.. ,., "'...

A -"9 3 2 5 ,
,

240 ill S..d"",. 2 , B. She." 3 , 75 3 35 45

C



DATE _ MINE .....::lSO~ _ LOCA T10N_----!..V~IR~G_'_'I"'_'_I~A _

65

PAGE_l_ OF _I CMRR~

COAL SEAM _-"'JA"'WBO="""E'-- _ NAME _

UNIT

Dooco.
10.

A

B

C

UNIT DISCONTINUITIES
Unit

Rating

CO'lTACT f/j,l

CONTACT J~: t

120 in

A

B.

C

A

B

C

Cro• .J»d, 35 2.5

2

25

2.5

2

65

DATE _ MINE ----'S:.::O""A _ LOCATION_...:.V""IR~G~I"-'-'I~A _ PAGE_I_ OF _1 CMRR~

COAL SEAM _-'!J~AIIB=O"~E'-- _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

lJfYt Unit s,~
De:sa;ptlOn Strength

Mois·u..e DIsoo
Oescripticrl c_ Rough- Sp.ang Per"Sislence Orient.llo(Wl Rating

No n.do.nes, L"Il Sensiti"';'y 10 ne.. u.....:v"" Strike [),p

A. Croubed 35 2.5 2 3

3 "Om SMWi.r~ 1 1 B She." 3 1.25 25 3 67

C. -"" 3 3 2 1

CONTACT h<~
..". ",' ..,..,:,., :).)\: ,...... ;\: .;:J;:b

I·' ",,-,,.".'.,

A She." 3 15 3 3

2 36," $l1t.rcw- 2 1 B 54

C

CONTACT :".".: ~ --. f,;,::··· --: ,.,:\"''''''''' ,

A -"9 3 25 35 , i

4<1," Shoe 3 1 e SI""" 3 1 5 3 2 52

C



66

DATE MINE ~51,-- _ LOCATION_-'-V""'IR""G-'-'IN"'-'I."-A _ PAGE_I_ OF _1 CMRR~

COAL SEAM POCAHllHTAS NO.3 NAME _

UNIT DISCONTINUITIES

UnIt
No

UNIT

Dooco
1D.

A

a.

C.

CoI>eoian
FIaoq>. Orient.11Of1

St"'e ~

Unit
Rating

CONTACT ~d)1

A. s.ddng

Uin . Sill..,,,,. 2 a.

C.

82

CONTACT ~

A. 5

6in 3 a.

C.

:u

CONTACT }1~

2 a.

C.

82

CO~TACT .~~/~
.'~-::.~

6in

A.

a.

C

3 5

:u

DATE MINE -=5~2 LOCATION VIRGINIA

COAL SEAM _~TA:!l:GGAR~~T _

PAGE_I_ OF _1 CMRR~

NAME _

Unit Unit Strip
No n-o.:an-. Log

UNIT

Dioco
10.

Description

UNIT DISCONTINUITIES
Unit

Rating

A. No ",'on'IMtion 3 25 2 3

'2 in s-.,_ :1 a. 67

C

CONTACT JHM: • I," ':'i·t".",··:,::
:~ti.W< l/t·P4ti ~(,:,/} (\ , .'. :: \.~: /»,:; ..>

A. L""'fI4tion. 3 2 5 2

goM ShM 3 a. u

C.

CONTACT ~crW t;.(}W\ . :"'.:"':'~. '::,1:,

A Jain" 3 2 2

36m Send.,OI'e :1 a C'O.M.d. 3 2 2 2 65

C



DATE _ MINE ~53,,--- _ lOCAT10N_V!.2I~R~G!.!:IN!.!.I~A _

67

PAGE_'_ OF _' CMRR-.!2.-

COAL SEAM LOWER BANNER NAME, _

UNIT

lkwt lkwt fst~
No Thoc:I<nM. log

24 In 3

0..00,
10

A

B,

C,

UNIT DISCONTINUITIES
Unit

Rating

42

COOITACT ftfd

72;" 4

A,

B,

C

7,5

33

CONTACT I/~

A 3 2

60 in 3 B. She." 3 so

DATE _ MINE -""5.o1.:.....- _

C. Jamt.

lOCAT10N_-'\/~Eo=.S.!..T..!V..!.21R~G!.!.I!!;NI~A"- PAGE_I_ OF _' CM RR----'2.-

COAL SEAM _----IF....!.I~RE~C~RE~E~K _ NAME _

Uni1 Uni1 ~,~
No Thid<neo. log

CONTACT k<)i

CONTACT "',.,

288",

UNIT

S"ongth
Monla..e Disco

SensitIvity I 0

A,

B,

C

L: ""'.""" 'is Ji:~j~~~

A

B

C

.,' )/i· " ,.::}( ' . ".:: :~:
.~

.. : .;'. :.'. ".':

A

B

C

UNIT DISCONTINUITIES

!:;}O'::', :::, ",:"
Cloubed. 25 3 3-ng 75 3 3 4

Unit
Rating

80



68

DATE MINE ---'5~5~ lOCATION_----'W"'E.::.ST:......:.V-'-"R,."G....,IN"-"-'"'A PAGE_I_ OF _I CMRR---li..

COAL SEAM __--'N""O"-,....!Z~GA:::::S~ _ NAME _

Unit Unit Is'""
No ~. Log

UNIT

Oioeo
10.

A

B

C

UNIT DISCONTINUITIES
Unit

Rating

A.

B

C

CONTACT ~r~

A 3 25 2

720;" 3 B.

C

63

DATE MINE -=5""5A-'-- LOCATION WEST VIRGINIA

COAL SEAM _.=NO~.~Z~GA~S~ _

PAGE_I_ OF _I CMRR~

NAME _

Unit Unit 5'""
No Tl-Odu>es. Log

UNIT

Disco
10

A

B

C

UNIT DISCONTINUITIES

Cahesoan Rough.......
Unit

Rating

CONTACT ~H?~

CONTACT JA

A.

B.

C.

A 2 5

720 in Send.tOltd 2 B

C

60



DATE _ MINE ~56:::..-- LOCATlON_-=\/c::.ES::..;Tc....:..V:.:.IR"'G.:.:IN""I.:.:.A _

69

PAGE_I_ OF _I CMRR-iQ...

COAL SEAM _--'-'PI~T..:.TS"-'B.."U""R6H"'-'- _ NAME _

5

UNIT

[);scg.

1.0

A.

B,

C,

UNIT DISCONTINUITIES

FLaugh Pwat Orient.,ion
Caheoion .-' Sp-.g l.8t.-J~ t-.s;::trik'E.=="'o;pO:':-

Unit
Rating

CONTACT Ilia
A, 3 3 • 2

4 3 B.

c.

78 ill Co./ • B

C

42

CONTACT ~;;Q
pr.':~

A. F,.etu"" 3 5 4

14 in 3 B

C,

4 2 •. 5 4 32

CONTACT ~~

A. 3 7.5 4 4

(Jill Co./ 4 B,

C

42
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DATE _ MINE ~57,-- _ LOCA T10N_-=\/.:;ES"-,T~Y,-,'Il",G-,,,1"""''''A PAGE_l_ OF _1 CMRR-.l1...

COAL SEAM ~P~I_'_TT'_"S"'_BU~R"'6'_'H _ NAME. _

s

UNIT

Disco.
10.

A.

B.

C.

UNIT DISCONTINUITIES
Unit

Rating

CONTACT fI¥W
A. 3 3 4 2

24;" . 3 B.

C.

CONTACT f.i44

CDHTACT Il@lj

A.

B.

C.

A.

Slcl.. 3

3

3

3

3

75

4

4

2

2

4

24 in CoM 4 B.

C.

45

CONTACT k~

A. 51,;.. 4 25 4.5 3

12 in 3.5 B.

C.

36



DATE MINE -"58"'-- LOCATION IIEST VIRGINIA

COAL SEAM UPPER FREEPORT

71

PAGE_I_ OF _I CMRR~

NAME _

Unit Unit s.rip
No. ~ Log

UNIT

Diooo
10.

UNIT DISCONTINUITIES
Unit

Rating

84 in

Send, tOt.- witlt
ahMI .t,.."

3

:1

A

B.

C

"':'.

A.

B.

C.

3

3

2.5

3

3

2

5

5

3

:1

3

45

CONTACT e
A. :1 3 5 2

3 :1 B.

C.

C"./_. 3 2 47

DATE MINE ....:58:>eA"--__ LOCATION IIEST VIRGINIA

COAL SEAM UPPER FREEPORT

PAGE_I_ OF _' CMRR..lL.

NAME _

UNIT UNIT DISCONTINUITIES
Unit

Unil Unit ~~ Deocription Strength
M...e Dilco.

o-~lion c_ Rough. s..-.g P"""ence Ori«!t8tiol'l Rating
No. ~ Log SeNitivity 10 ....... L,o._iV"" s.... 0iII

A

3 B

C

CONTACT ~,pj r\·~i~:::.·,:,"
'. ',,: ", ",:,.;. ,~ '.' ~;t:f; ~)+.:t:(L""":"::,' '.

~:~ .,....::,.-..;.""\,.'.::.,,:

A Int.ct locle I I 1 I

2 240m Sand. tone, drty. :1 :1 B. 9:1",..",.".

C

CONTACT )'::j ~)::: :ii/ :::\'(\ r·::(",· hi::::, 1:0': '::;'>.'
".;

.:.:.. :: ::\{):.:.......;..:::...;.

A. -"11 3 3 5 2

,
34;1'1 Shalo. finely 3 I B 40'-'-""ted

C
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DATE, _ MINE. ..:!.58~8~ _ LOCATION WEST VIRGINIA PAGE_1_ OF _I CMRR--..1.§...

COAL SEAM _~U~PP~E~R~FR~EE:.!..PO~R~T _ NAME _

UNIT

Daco.
1.0.

UNIT DISCONTINUITIES
Unit

Rating

A.

B.

A. In,,,,,, todr

Z Z B.

c.

89

~*'tt
Z.5 3 5 4

Z.5 Z 3 Z

A. _ng
B.3.5100 in

c.

DATE MINE ---:58C=. LOCATION WEST VIRGINIA PAGE_I_ OF _1 CMRR-R

COAL SEAM UPPER FREEPORT NAME _

Unit Unit Istrip
No. 'IlOdu-. I.a9

UNIT

Daco.
1.0.

UNIT DISCONTINUITIES

Pwsistence Onent8tion....-Jv.. I-~s,,*~.=~!.;,~-'-

Unit
Rating

A. 3 5

3 7Z in 3.Z B.

c.

CONTACT ~*-

A. 3 Z.5 Z

IZin B.

c.

CONTACT R
A. 3.5 3 5

3.Z B 37

c.
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DATE MINE .....;5""9'-- LOCATION_~W!.!:E~S.:..T ....!.V~IR~G'-'-I""NI"'A'__ PAGE_I_ OF _I CMRR-2!..

COAL SEAM __EA~6~lE=__ _ NAME _

UNIT
Unit

Rating

UNIT DISCONTINUITIES

Dioeo.
I.D.

A.

B.

C.

~..C.O.NT.A.CT.jiiIii.<'. •

A.

B.

C.

CONTACT II

7:1;"

A.

B

C.

!II-. :1 :1 5 :1

Fa... 3 :1.5 3

Croll IJMJdng :1 :1 5 :1

'-:"':"::=;('

54

DATE MINE .....;5""9;.:.:A LOCATION WEST VIRGINIA PAGE_I_ OF _I CMRR~

COAL SEAM _...:EA~6l!o.!E'__ _ NAME _

UNIT

M........ Disc:o.
Stnng<h SeaitiYity I D.

UNIT DISCONTINUITIES

Cahesicn ~. Sp-*'g r:~e: I-"'s....,..:on.rt;::."'·="''''"'''=';Dip,",.-.
Unit

Rating

A.

B.

C.

CONTACT ~$

A.

B.

C.

72 in
s.nd.,~. coM
.t~M•• r,..
fo'"

:1

A.

B

C e,ou t.ddng

:1

3

:1

:1

:15

:1

5

3

5

:1

2

54
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DATE. _ MINE. ~6~O _ LOCA T10N_~\I.:;ES:!.!T~VI~R~G~IN~I~A _ PAGE_1_ OF _1 CMRR~

COAL SEAM _..!:.C!o.!ED!!!A~R~G~RO~V..!:.E _ NAME, _

UNIT DISCONTINUITIESUNIT

IJr01 IJr01 Is~ Deoc:nptian Slr'"'ll'h
Moisll.•e Disco

No. ~ Log SEI\9iti"ity 1.0

A.

Sh.... 1iJry.
Bin undy cluu_ 3 B.

beddng
C.

CONTACT 1:;::\1 ...... :
.... : .. :..

A

7B in C.... lop_h 3 B.
ofC~ Gro".

C.

CONTACT !,"':1/ ~~ =:: ;~~ :~~ ;::: :::

A.

Sh.... .Iry·..ndy
BIBO in cluu_beddng 3

foui.

C

Baddmg

8IIdcJing

Bedding

3

3

3

2

3

3

2

15

5

5

5

5

4

4

4

2

Unit
Rating

.... : .. ' :: ,[} ... :., ·i(·'·:'

DATE, _ MINE ---"'60""A'-- _ LOCATION__\1"-,E,-"S,,-T--,V,-,I-,,-R,,-GI,-,,N,-,-[~A _ PAGE_1_ OF _1 CMRR~

COAL SEAM C!:.!E~D~AR~GR~O!.!.V!o.E _ NAME _

IJr01 Unol 1s1~
No. ~ Log

UNIT

o.c:np.iGn Strength
Moislwe

Sensill ....lty
DISCO

10

A.

C.

UNIT DISCONTINUITIES

Cohesion Rough·
ness

Unit
Rating

4

CONTACT Ii.::-:;;

14 in

CONTACT ItiM

3

A.

B.

C

Bedding 2 3 5 3

49

···F.··:.:::··;·

A Sodding 2 3 5

6;" -. undy 3 B.
.,jtJt mica

C.

CONTACT htH I'··.·::•••·.,.··... I({>'I'··::···:····,··:;',·,'·

A. Bedding 2 3 5

38 in SMWI"~. 3 B.
nKluocJ(

C.

CONTACT ?j ::~

A Bsdu,ng 2.5 3 5

Sin ShdJ.••ndy 3 B
with M'c.

C.

3

3

3

49

49

.... :: ...

44



OATE. _

COAL SEAM

MINE, ....:6~1 _

EAGLE
LOCATION IIEST VIRGINIA

NAME

75

PAGE_I_ OF _I CMRR-.2i.

UNIT

Uri< Urit !s,ripNo. _ Lag Dioco
I.D,

A.

B,

UNIT DISCONTINUITIES

CaheDon Rough,....
Unit

Rating

CDNTACT~

A,

B.

c.

CDNTACT I~

A, 3

84 in 3 B

c

Sich 4 2,25 55

DATE MINE -"'6Z'-- LOCATION_~IIE:.::S'_'_T_'V~I~RG=:..!J..::.H~JA:l__ PAGE_I_ OF _I CMRR---2L

COAL SEAM _-"C""AM;::.P..:::B""EL""'L_'C""R"'E""EK"-- _ NAME _

UNIT UNIT DISCONTINUITIES
Unit

Uri< lJM !strip Deoclrip.ion S'ronqth
Mcat..e o;,co

Description C"'-'on
Raugh. St>oq Persis1SlOl!!l Orient.tion Rating

No ThicI<neo. Lov 5oerl:sftivity I.D ..... Lat...., Vert St'*e Dill

A.

3 B

C

CONTACT
. :;;':" . !,,\:XYi f:/i{\\'·•l.f:;,,:U· ••"',' ,.. ", ,'.."."". "~'c...

A -ng 3 3 3 7

2 192;n Shole 2,5 7 B 58

C

CONTACT :::':' F"/\, .·I":·i:'" ' 10T0 L?\«· : ".'..":
, ....'.'.':','," .. """"""",,,

A. -ng 3 3 4.5 7

48 in Shole 3.5 7 B. 42

C



76

DATE MINE .::63::....... LOCATION \lEST VIRGINIA

COAL SEAM _....lCAM=P~B~EL!o.!L'-C!::Rl.!:E.!::EK~ _

PAGE_l_ OF _I CMRR~

NAME _

UNIT

Moistww Di:too.
SlrW>gth SenoitiYity 1.0.

A.

B.

C.

UNIT DISCONTINUITIES
Unit

Rating

CONTACTII
A.

B.

C,

CONTACT_~---I_w; \NIf
A, 3.5 2,75 5

Min SNIo. ".., 3 B,

C,

38

DATE MINE .....!!:!...- LOCATION_--=\I""E::.;ST'--'-'Vl:..:.:R""GI:..:.:Nc:..:IA..:..- PAGE_l_ OF _1 CMRR---ll..

COAL SEAM _:;::AL","MA~ _ NAME _

UNIT

Str~ MoiI1...
Scnsit ivit 'f

Disco.
10

A,

B.

C

Description

UNIT DISCONTINUITIES
Unit

Rating

CONTACT ~~

CONTACT jjill

A,

B,

C,

A, 2 3 3 3

72 in 2 B,

C,

67



DATE. _ MINE, 6=..:S'-- _ LOCATION,_---!.II=..:ES!.!.T--:V!..!l.!!.RG!!.!l~N~lA~ _

77

PAGE_I_ OF _I CMRR---2...

COAL SEAM _-.!!.BE~C:.::Kl~E:..:Y _ NAME. _

UNIT

CONTACT.

UNIT DISCONTINUITIES

A.

B.

C.

A

B

C.

Unit
Rating

CONTACT ~k~

A c~,.,.... 3 :1.5

7:1 in
SIJIW/.'OIW .,,,.--.",...

1.5 B.

C.

3 3 35 3 55

DATE _ MINE ~66=--- _ LOCATION IIEST VIRGINIA PAGE_I_ OF _I CMRR_3_1

COAL SEAM _----!l~OW~E:..!:R~1(1!.lT..!.;TA~N!!!N..!.21N~G!...__ _ NAME _

UNIT

Da...
1.0

A

B

C.

UNIT DISCONTINUITIES
Unit

Rating

lBin 1.5 B.

C.

60

CONTACT l\'¥

3:lin

$hMo. __,ed.
tMith aMtd.tone
.,~

3.5

A

B

C

3

3

3

3

5

4 33

CONTACT W::;~

A C.,bon~, ,rl'8a11.. :1 3 5

6in 1.5 B.

C

60

CONTACT~

35

C

::~:<:',:t::~~:~

3 3 5 3

3 3 4 4 33
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DATE MINE --"'67'-- LOCATION_--,\I,""E~ST:......:.V...,IR""G"",I",,-,I,,,A PAGE_I_ OF _I CMRR~

COAL SEAM _-"'CO::.A""L"'BUR=6 _ NAME _

'""' '""' IstripNo. _ Log

UNIT

Dioco
I.D

A.

B.

C

D_aiptian

UNIT DISCONTINUITIES
Unit

Rating

CONTACT k,1lJ

CONTACT Mt

A.

B.

C.

A. CrtJuJ»d 2.5 1.5

1.5 B.

C

DATE MINE --"'67:..:;A'-- LOCAT10N_....:;\IE=.::S:.:.T--,V:.:.I.:.:;RG:.:I","...,1A.:..- _ PAGE_I_ OF _I CMRR~

COAL SEAM _~CO~A~L!!lBU~R~6 _ NAME _

Uno!
No.

'""' !strip
~. Log

UNIT

Maistwe
Sensitivity

Disco.
I.D.

A.

B

C.

Oe!aiption

UNIT DISCONTINUITIES

C"'-ion Rough­.-.
Unit

Rating

CONTACT Rt~

51in

'.5

A. Croub«J

B.

C.

C.

l'':;·f;:)jj o';';::;/} .()/\ ."j:.i:////
2.5 1.5 4

96

~:j:)l/4. ...,., ..,,,,,.,., ." ,.
'.",:",: . ':3'.?~.,••,.,.

"'"
3 3 5 3

3 2 3 4(J



DATE _ MINE ---"'68:<...- LOCAT10N__I/:2£""S,,-T--,V,-,-1",RG::.:.I.:.:.N""IA'-- _

79

PAGE_I_ OF _I CMRR---.!L

COAL SEAM _-'C""O::;,.Al"'B""U"'RG'-- _ NAME _

CONTACT rtfJ;i,

UNIT

A,

e,

C.

UNIT DISCONTINUITIES
Unit

Rating

18 in s...nd.tone 2

A,

e,

C.

C,oubed 35 3

52

C. 51."

CONTACT II

18i" 35

A

e,

JDimU

~tjf~

3 3 4 2

3 3 4 2

4 2 4 2

34

DATE MINE 6l!.:9~ LOCATION I/£ST VIRGINIA

COAL SEAM _..:!.ST.:..lOC~KT~O~N _

PAGE_I_ OF _I CMRR---li..

NAME _

UNIT

Disco
10

A.

e,

C,

Desa;p1ion

UNIT DISCONTINUITIES
Unit

Rating

CONTACT ij\i*~

A. 3 2

2,5 e

C.

88

CONTACT kH

36 in Sloe/" IMnIiNtod
fQ.."ff«OlJ.

A

3.5

C,

2 3 4 3

51



80

DATE MINE ---'-'70:...- LOCATION \lEST VIRGINIA

COAL SEAM _..::l",OW""E",-R..."C",E",DARc::.:....",GR.:.:0c:.V,,-E _

PAGE_I_ OF _1 CMRR-2§...

NAME _

UNIT

11I-.... Disco
S"-'lI'h _ .... y 1.0.

A.

B.

C.

UNIT DISCONTINUITIES
Unit

Rating

CONTACT~
F~

A. InrKr :1 :1 :1

:1 B.

C.

9:1

CONTACT ~l~

A 3 3 5

3.5 :1 B.

C.

35

DATE. MINE ---'-llo..- LOCATION__\1""'E""ST.:.....:.V""'IR""G""'IN",.I.:;:.A PAGE_I_ OF _I CMRR---.Z.!..

COAL SEAM _--'C",OA"'l""B"'IJR.:.:G:....- _ NAME _

Unil Unil S....
No. 1hic:IlI-. Log

J

UNIT

Disco.
10.

A.

B

UNIT DISCONTINUITIES
Unit

Rating

CONTACT ~.~

:176 in

C.

A.

B.

C.

B.

C.

..,.:;,,;.

76
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DATE MINE --'-7Z~ LOCATION WEST VIRGINIA PAGE_I_ OF _I CMRR~

COAL SEAM _.:..:POCAHO==NT"'-'A""S..."N""O"-. ....;:4:....- _ NAME _

Unit
Rating

UNIT DISCONTINlJITIESUNIT

A.

B.

C

CONTACTII
....
B.

C.

CON'T"'CT ~

... 3 2.5 3.5 3.5

96i" 1.5 B. 62

C.

DATE MINE -=-7.:..3 _ LOCATION WEST VIRGINIA PAGE_I_ OF _I CMRR---li..

COAL SEAM _~U.:..:pp~E~R~F~R~EE:.!.POIl_""_T:...._ _ NAME _

UNIT

MaiIt~e Disco.
Strength s..itivity 1.0

UNIT DISCONTINUITIES
Unit

Rating

....
B.

C.

CON'TACT/\~l

Bin

-.-- 2.5

4

2

...
B.

C

A.

B

j): ':~;'ij::j II
8«Jd1tfl 2.5 3 5 2

44

~,t{:,i) ;;;;• '.,
'y

C••, 3 3 5

8«Jd1tfl 3 3 5 30

c
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DATE _ MINE ---:.;73~A~ LOCATION WEST VIRGINIA PAGE_l_ OF _I CMRR---ll...

COAL SEAM UPPER FREEPORT NAME _

Unil Unil S'"No. _ Lou

5

UNIT

Disco
I.D.

A.

B.

C.

UNIT DISCONTINUITIES
Unit

Rating

CONTACT

A _""
60;" 2 B.

C.

2 2 3 62

CONTACT.

23;"

CONTACT.

15

84.,

B.

C.

'-.: : :.~..

~1tMW
2 2 5 3

2 5 2 3 2 56

4 2

A.

B.

C

3 2.5 5 2

37

CONTACT~

A. CIII., 3 3 4

6in 4 B

C.

3 3 5

DATE. MINE ..!.7.:l3B~ LOCATION WEST VIRGINIA

COAL SEAM _~U:",:PP...l:E~R..:.FR~E:.::E.:.;POR~T _
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