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

By Gregory M. Malinda' and Christopher Mark?

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 with 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) Tt is specifically designed for bedded coal measure rocks, (2} it concentrates on the
bolted interval and its ability to form a stable minc structure, (3) it is applicable to all U.S. coal seams,
and (4) it provides 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 {rom all of the major U.S. coal basins and an analysis of the data in relation to current applications.

!Geologist.
*Mining engineer,
Pittsburgh Research Center. U.S. Bureau of Mines, Pitisburgh. 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, § 11-12, 15-18 20, 22-27,
29, 34, 40) 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 coatrol 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 will 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 should 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
shaving 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 uniaxal 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.

*Lialic numbers in parentheses refer to items in the list of referenees
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, has 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 widely known systems, such
as the Rock Quality Designation (RQD) (9), Rock Mass
Rating (RMR) (3), Unified Rock Classification System
(URCS) (42), the Q system (I}, and others (10, 32) have
been used extensively throughout the world. These meth-
ods have been successful because they—

s Improve the geologic site evaluation,

s Provide a2 methodology to convert geologic data into
engineering data, and

s Enable better communication between geologists
and engineers (2).

Unfortunately, the civil 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 within 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 previous classification systems
have been inadequate. It serves as a method for quan-
tifying 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,

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 cm (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, with
further details given in later sections of this report.

The CMRR employs the familiar format of Bieniawski’s
RMR, summing various individual ratings to obtaino a final
CMRR on a 0-100 scale {3). The CMRR is also designed
so that the CMRR /unsupported span/standup 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), Wilhamson {42), Barton (7), Kester
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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.¢., applicable to alf coal measure rocks,
regardless of depositional environment, age, rank, or geo-
graphic location.
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Figure 1.—Components of the USBM Coal Mine Roo! Rating {CMRR).



Data gathering for the CMRR relics on observation and
simple contact tests using a ball peen hammer, a 9-cm
(3.5-in) mason chisel, 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 first
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 first combined into a thickoess-
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
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its most competent member,  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 defined as rock intervals with distinet 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.

Muitiple
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Figure 2—CMRR 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 defined 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 finely 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

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 plames. 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 propertics
that must be evaluated. Shears and slickensides, whether

e et ]

Figure 3.—Weak bedding in a laminated shale.



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 constitules
the other component of the surface’s shear strength. In
the CMRR, roughness of a surface is estimated visually
and classified as jagged, wavy, 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 359 of the final CMRR.

Spacing

Spacing is the average distance between discontinuities
within 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
(>18 m (>6 fr)) (5).

Figure a.—Slickensided surfaces In shale are extremely weak discontinuities In mine rocf. (Photo: David K Ingram, Pittsbumgh Re-
search Center, U1.S. Bureau of Mines)



Persistence

Persistence is the areal extent or size of a discontinuity
plane. If a feature (joint, 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

Flgure 5.—Splitting test with a 9-¢m (3.5-In) mason chisel for
evaluating coheslon along bedding.
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Figure 6.—Gulde for visually classifying the roughness of dis-
continulty surfaces.
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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 ficld data sheet, explained later). It is the
nature of the indentation, not its magnitude, that is
important.

b 3
R et TN
Rebounds Pits Dents
>103 MPa 103-55 MPa 55-21 MPa
{> 15,000 psl} (15,000 - 8,000 psl) (8,000 - 3,000 psi)
4 5
ST
Craters Moids
21.7 MPa <7 MPa
{3,000 - 1,000 psl) (< 1,000 psi)

Figure 7.—Ball peen hammer Impact test Indicates compres-
slve strength.



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 stight staining to full secondary
mingralization and disintegration. Staining is often an iron
rust stain due to oxidation of iron in clay mincrals. This
parameler is estimated visually in the licld. A dripping or
flow of groundwater alang 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 {figurec 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 in24 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.—iron-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 (nterval

One of the most important concepls incorporated into
the CMRR is that of the strong bed. Many 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 carly 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 slronger 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 hmestone 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 betwecn 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 strong bed. To be able to provide any additional
support, the bed must be 30 ¢cm (1 fi) 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.



IMMERSION TEST

Mine Dare

Unit No. Tester

Sample Description (lithology, bedding, etc.)

Immersion Breakability
Observation Bating Qbservation Rating

Appearance of Water
Clear = 0 No Change = 0
Misry = -2 Small Change = -3
Cloudy = -5 Large Change = -10

Talus Formation Toral
None = 0
Minor = -2 -
Major = -5

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

Toral
IMMERSION TEST
Procedure for Immersion Test
1. Select sample(s) = hand-sized.
2 Test for hand breakabiliry.
3. Rinse specimen (to remove surface dirt, dusi, efc.).
4. Immerse in water for 24 h.
3. Observe and rate warer appearance, talus formation, and cracking of sample.
Sum Raring for Immersion Test Index.
6. Rerest for hand breakabiliry.
Determine Breakabiliry Index.

7. Use the larger negarive value of the Immersion Test Index or the Breakability Index as the Weatherabiliry

Rating.

Flgure 9.—{mmeralon test data sheet.



Figure 10.—Structural unlt that qualifies as & strong bed.

Number of Units

Many workers bave 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 flowing groundwater is 10 points.

QOverlying Beds

The strength of rocks overlying the bolted interval will
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 beam. 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 with 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 COLLECTICN

Data from any and all available mine roof exposures
should be collected for CMRR 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 within 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 first step in calculating the CMRR is to visually
break the strata into individual units. Units are defined
as rock intervals with distinct, structural characteristics
(figare 12). Units must also be at least 15 cm (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—CMRR units are defined In the bolted Interval. UR = unlt rating.



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

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

CMRR CALCULATION AND OUTPUT

Alter all of the data have been gathered, the CMRR
can be calculated. First, unit ratings arc determined for
cach unit. The procedure is guided by the unit rating
calculation sheet (figure 13). It begins by determining
ratings for cach discontinuity sel within the unil. Ratings
for shear strength (cohcsion and roughness) and inlensity
{spacing and persistence) are obtained from ables t and
2, respectively. Thesc ratings are summed to obtain in-
dividual discontinuity ratings. The most significant dis-
continuity is the one with 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 3,
respectively. All of the individual ratings arc then summed
to obtain the unit rating. The process is repeated for cach
of the units in the scquence.

Table 1.—Cohesion-raughness rating

{1 (@ (3) (4}
Roughness Strong Moderate Weak Stickensided
cohesion  c¢cohesion  cohesion
{1) Jagged .. 35 29 24 10
2) Wavy ... as 27 20 10
{3) Pianar ., , 35 25 18 10

NCTE.—It unit has no bedding or discontinuities, then apply
test to the intact rock. Strong cohesion :mplies that the discon-
w.nu ties have no weakening effect on the rock.

Table 2.—Spacing-persistence rating

{1 @) & {4) {5)

Persistence, >1.8m 06to 20to 1o <gcm
m {ft) {(>6ft] 18m 6lcm 20cem (<25in)

{2 to Bto (25t
6f) 24in) 8in)

{1)0to 0.9 (0to 3) 35 30 24 17 9

{2} 0.9 10 3 (310 10} 32 27 21 15 9

{3} 3to 9 {10 to 30} 30 25 20 13 9

4) >3 (>320) .... 30 25 20 13 9

NOTE —If unit has no bedding or discontinuities, then enter 35.
. It cohesion is strong, then enter 35.

Table 3.—Multiple discontinuity
set adjustment

Twa lowest individual

discontinuity ratings Adjustment
both lower than—
30 . 5
A0 L -4
50 . 2
Table 4.—Strength rating
Strength, MPa (psi) Rating
{1} »103 (>15000) ..... ... .. 30
{2} 550 103 (8,000 tc 15.000) . . 22
(3} 21 to 55 (3,000 10 8.000) ... 15
(4) 71021 {1000 to 3.CC0) .. .. 10
5y <7 (<1000 ... . .. ..., 5

Table 5.—Moisture sensitivity rating

Moisture sensitivity Rating
(1) Not sensitive ........ g
(2) Slightly sensitive ... .. -3
(3} Mocderately sensitive . .. -10
(4} Severely sensitive . .. .. -28

NOTE.—Use immersion test for beiter ac-
curacy. Apply adjustment only if the unit is ex-
pcsed as the immediate roof or flowing ground-
water is present and it the anticipated service Life
of entry is long enough to allow deccmpositien
to oceur.

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 the 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 CMRR, scaled {rom 0 1o 100, which
represents the structural competence of the bolted interval
(figure 15).

FIELD EXAMPLE USING THE CMRR

The following example, taken from a mine working the
Clarion No. 4 Seam in southeastern Obhio, illustrates the
CMRR data collection and calculation procedures. The
immediate mine roof in this exposure consisted of 91 cm
(36 in) of highly laminated black shale, with coal streaks
and high-angle slips. The shale was overlain by 91 cm
(36 in) of massive limestone, unbedded, with rare brown
nodules. Fully grouted bolts, 1.2 m (4 ft) long, are used
for primary roof support,



UNIT RATING (UR)

CALCULATION SHEET
Mine Name Dare
Location Dara Collected by
1) Calculate the Individual Discontinuity Rating Unit No.
Disconrinuiry
Set 1 Set 2 Ser 3

Cohesion-Roughness (table 1) D

100
100

-+
Spacing-Persistence f(rable 2) D

Individual Discontinuity Ratings

2) Enter the lowest of the Individual
Discontinuiry Rarings +

3) If there is more than one Discontinuity
set, enter the Multiple Discontinuity !
Adjustment from table 3. Otherwise, enter 0. +

4) Calculate the Unit Strength (table 4)

3) Calculate the Unit Moisture Sensitiviry (rable 5)
(this applies only to Unit 1, or if upper

.. - N
Unit is exposed to water)

= Unit Rating (UR)

Figure 13.—UnH rating calculation sheet
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ROQF RATING (CMRR

CALCULATION SHEE
Mine Name Dare
Locarion Data Collecred by

1) Calculare the weighted
average of the Unit
Rarings (RR )

UR Unit Thickness
{m rinj)

noo0
noood
N000oo

Bolted Interval (Bi)
fm fin))

rBl)

m

2) Calculate Strong Bed Difference (SBD)

Largest (UR) = D Strong Bed (5B)
[ O 8

3) Calculate the Strong Bed Adjusiment

(table 6)

4) Calculate the Unit Contact Adjustment

frable 7)

5) Calculare the Groundwater Adjusmment +

{rable 8)

6) Calculate the Surcharge Adjusiment

(table 9)

oooo

= CMRR

Figure 14.—Rool rating calculation sheet

fRR_J




: .

Figure 15.—CMRR calculated for a roof sequence with a {.8-m (72-In) bolt UR - unh rating.
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Table 6.—Strong bed adjustment

Thickness of strong bed,

Strong bed ditference

m {ft) 59 1014 1519 2024 2529 30-34 3540 >40
0310061102 ... v 0 2 n 5 7 ) 9 10
0B1009(2103) ..o, 2 4 7 g 12 14 17 20
0O 1.2(3104) ovve e, 3 5 10 14 18 21 25 30
T2 (34) et 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)
00903 ......
09-1.8 (36) .....
>1.8{>8) ......
Table 7.—Unit contacts adjustment
Number of major Adjustment
contacts
L 0
Tte2........... -2
3t0d4........... -4

>4 ... . -5

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

Table 8.—Groundwater adjustment

Conaition Adjustment
Dy ....cvivnn o]
Camp .......... -2
Lightdrip . .. .. ... 4
Heavy drip ....... -7
Flowing ......... -10

NOTE.—Applies only to groundwater
present in roof (not floar or ribs).

Table 9.—Surcharge adjustment

Condition Adjustment
Upper units approximately equal in strength
to belted interval .. .. .., ........... o]
Upper units significantly weaker than bolted
interval . ... ... 21%0 -5

Figure 16 shows the completed CMRR ficld data sheet.
The evaluation begins with the shale (unit 1), 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

Multiply strong bed
adjustment by—

1.0
0.7
03

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 cm (<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 (jagged 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 c¢m (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 ecm (1 ft) of anchorage in the limestone, however, so
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UNIT RATING (UR)

CALCULATION SHEET
Mine Name ﬂ/&’é #jez Dae _ 7~ 7072
Location /7/ /Z/O/e THWEST /‘/Q” z Data Collected by (- /%0/»/:‘4/3.4
1) Calculate the Individual Discontinuiry Ruting Unit No. / SHALE

Discontinuity
Set 1 Ser 2 Ser 3

@
Cohesion-Roughness (table 1) /

+ +

Spacing-Persistence (table 2)

n 5
Individual Discontinuiry Ratings ”'15 ]

[]
[0

25
2) Encer the lowest of the Individual
Discontinuity Ratings +
3) If there is more than one Discontinuiry . ,9
set, enter the Multiple Discontinuiry
Adjustment from table 3. Otherwise, enrer 0. +
4) Calculate the Unit Strength (1abie 4) /O
+
5) Calculate the Unit Moisture Sensitiviry {rable 5) -0
(this applies only to Unir 1, or if upper | |
Unit is exposed (o water)
92/ = Unit Rating (UR)

Figure 17.—Completed unit rating calculation sheet for unit 1.
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UNIT RATING (UR)

CALCULATION SHEET
Mine Name __MinvE_ 72 Date _7-F0 -%2
Location od Noprowess M4 IS Data Collected by & ﬂo;;/ﬁ/of‘{
1) Calculate the Individual Discontinuity Rating Unit No. &< £ IMESTON T
Discontinuiry
Set 1 Set 2 Set 3
[ 1 [
Cohesion-Roughness (table 1) 2
+ + +
25 [ [ ]
Spacing-Persistence (rable 2)
52 [ []
Individual Discontinuiry Ratings

2) Enter the lowest of rhe Individual
Discontinuiry Rarings

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

4) Calculate the Unit Strength {rable 4)

5) Calculate the Unir Moisture Sensitiviry (rable 5)
(this applies only 10 Unit 1, or if upper

Unir is exposed 10 warer)

"Q +((*::) Heo |+

55

= Unir Raring (UR)

Figure 18.—Completed unit rating calculation sheet for unlt 2.
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ROOQF RATING (CMRR

CALCULATION SHEE
Mine Name DnE FR Date 7307
Location Y NERTHWEST MAINS Data Collected by _&_m2L 17'DA
1} Calculate the weighted UR Unit Thickness
average (%Rthe Unit fm (in})
Ratings ")

J¢ /756

/2 79 ¢

000

Bolted Interval (Bl; 57 | /, /5. a?
[#]

fm f{in))

2) Caliculate Strong Bed Difference (SBD)
Largest (UR) = E Srrong Bed (SB)

3) Calculate the Strong Bed Adjusiment
(table 6)

4) Calculare the Unit Contact Adjusiment
(table 7)

5) Calculare the Groundwarer Adjustment +
(table 8)

6) Calculate the Surcharge Adjusiment
table 9)

min|n|a]

53| = CMRR

Flgure 19.—Completed roof rating calculation sheet




the entire thickness of the limestone is included in the
determinalion 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

23

final strong bed adjustment is 21 points. Other adjust-
ments are then made: -2 points for the contact belween
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 735 coal mines across the United States.
These mines range in size 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 are represcnted, 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 (0-43), moderate (45-65), and strong (65-100)
(figure 20). The databasc was further partitioned by both
region and CMRR. Nincty-five percent of the data from
the northern Appalachian region falls within the moderate
to weak categorics. Roof rocks lrom this region generally

and mudrocks. Seventy-six percent of CMRR values from
the southern Appalachian region fall within the moderate
Lo strong catcgories. 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 within 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 longwall gate

arc weaker because of Lthe higher percentage of claystones  roads (23). This program provides a safety factor for
60
N =97
55 KEY
50 L B Northern Appalachia CASouthern Appalachia
CAlabama Dllinois
45 I mcolorade, Wyoming, New Mexico EIUtah
40

35

30
25
20
15
10

No. OF OBSERVATIONS

e CE A : A ]
45-65 65-100
(Moderate) {Strong)

COAL MINE ROOF RATING (CMRR)

Figure 20.—Distributien of CMRR values by region.
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w BOF O - Lower bound of borderline region |
e Discriminant equation
'<_t Design equation
m 70 — D ® —
S
e} o
x 60 —
w ® [
Z m]
= 50 5 . .
2 . s
o
Q40 F . . 7]
e
20 L e
02 04 06 o8 1 1.2 1.4 16 1.8

ALPS STABILITY FACTOR

KEY

e Satisfactory cases
0O Unsatisfactory cases

Figure 21.—Relationship 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
bazard 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 sequences. 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 unconfined 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
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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-1 summarizes diversc roof classification sys-
tems that were developed for coal mining prior Lo the
CMRR, giving brief descriptions of thc approach taken.
Thesc systems consider both enginecring and geologic

variables (o 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

Authcr and reference No. Year Approach Description

Buddery and Qldroyd (6} . 1932 Geotechnical .. ... .. Roof classified by testing strength of bedding planes with im-
pact splitter.

Caudle (7} . ........ ...... 1974 Gectecnnical . ... ... Rocf falls are classified by their mechaniem of failure, and
suppeort is recommended.

Damberger and others (8) 1980 Gealogic . ...... ... ldentified two major roof types over Herrin (No. 8) Coalbed in
llinois and evaluated roe! quality of each.

Ferm and others {12) ......... 1878 Geologic/statistical . . . Statistically correlated between Virginia roof litholcgies and
roof conditions.

Hsuing and others {713} ... ... .. 1988 Geotechnical .. ..... Classifies main and immediate roofs {or use in sefection of
powered supports for longwall faces.

Hylbert (24) ... ... ... ... ... 1978 Geslogie .......... Kentucky coal mine roof is classified into four lithologic types
and relates to falls.

Karmis and Kane (79) .. .... ... 1984 Geotechnical . ...... A roof classification is developed for use in a statistical study
of roof failures in Virginia mines.

Kester and Chugh {27} ..... ... 1980 Geologic .......... Evaluates a number of geclogic properties from lllinois cores
and devises a ratings system.

Milici and others (26} ... .. ... 1982 Gealogic . ... ... . Devised a roof instability index (R!)) ffavgrable types/ nonfa-
vorable types) from extensive mapping of Virginia coalfields.

Moebs and Stateham {28) 1985 Geologic . ... ..... Roof falis are classified by cause into seven giosups—four re-
lated to geology and three to stress,

Newman and Bienfawski (37) . .. 1986 Ceotechnical . ...... Modifies Bieniawski's Rock Mass Rating (RMR) by adding
multipliers for stress, weatherability, and root reinforcement.

Patrick and AugherbauJgh (33 .. 1973 Roof fal' . ... ... .. .. Roof falls are classified strictly by their geometry.

Scha'fer (35) ... ........ ... 1985 Geglogic .......... Local classification for lllinois based on clay dike size, crien-
tation, and roof type.

Shepherd and Burston (36] 18977 Rooffall ..... ...... Proposed a roof fall classification based on height and shape,
as well as a six-level roof condition index.

Sinha and cthers (38} . ... ... .. 1986 Gectechnical ....... Classification based on Bieniawski's Rock Mass Rating (RMR;}
and modified mining methods, and reflects prokblems of
mines in India.

Stingelr and others (39} ...... 1878 Geologic .. ... .. ... Recf fall data and drill cores were used to produce roof haz-
ard maps in the northern Appalachian Basin.

Weir (47) ... oL 1969 Geologic/roof fall . . .. Classitied roof fails with a combination of shape and lithclogic
descriptors.

Zhou and cthers (43} ......... 1988 Geotechnical . ,.,... Developed a roof rating to predict roof damage in multiple-

seam mining using geclogic and spatial parameters.




APPENDIX B.—CMRR STEP-BY-STEP PROCEDURE

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

¢ Collect the field data and
o 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 (10-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 one 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 defined
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 ficld data sheet are given on the reverse of
the sheet. There is a space for three structural units on
cach sheet labeled Unit No. 1, 2, and 3. If more units are
identified, additional sheets should be used. Begin with
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
divided 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 ilustrated 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 fingering 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 sensitivity 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 immersed in water for 24 h.
The degree of disintegration of the sample is a measure of
its moisturc sensitivity. 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 Discontinuitly Properties

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

Discontinuities include bedding, joints, slickensides,
lamipations, crossbedding, lag deposits, and anything 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 wcaken the rock. For example,



bedding may be evident by a color change, but if there is
noc 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-cm (3.5-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 plapar 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. If 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 areca. An example would be large
broad slip planes that sweep down from a bedding contact
at 45° 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.

Ip plane surface
(slickensided)

Figure B-1.—Broad 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 shect, each main row reflects
the individual units in the sequence. Between these rows,
space is provided to characterize the contacts befiveen 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 cval-
uated. Since it is difficult to find a hand sample of bed
contacts, it is usually necessary to estimate (hese param-
eters visually. Three types of contacts cxist between beds:
(1) sharp, (2) graded, and (3) altcrnating,

This completes the data coilection 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 fietd data, a unit rating is calculated for
cach 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
CMRR.

Individual Discontinuity Rating

One unit rating calculation sheet (figure 13) 15 used for
cach of the units in the mine roof sequence. First, the
individual discontinuity rating is calculated within the in-
dividual unit. The individual discontinuity rating rcpre-
sents the total effect of all of the bed discontinuitics on
unit strength. This number, as well as the other converted
values, is calculated by applying the field data to a series
of conversion tables (tables 1-9), then cntering the table
value on the calculation sheet. The effects of discontinuity
cohesion and roughness are combined into a matrix (la-
ble 1), and, for example, the combination of weak cohe-
sion and a wavy roughness yiclds a valuc of 20. This com-
bination of cchesion and roughness is a measure of the
shear strength of the discontinuity surface. The cnd 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. Thesc two paramelers, 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.

Muitiple Discontinuity Adjustment

The individual discontinuity rating also takes into
account a second discontinuity in each bed. Muliiple dis-
continuities are known 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 15
reduced by the second discontinuity. This effect is calcu-
lated by using table 3.

Unit Strength

The unit strength rating is calculated by using table 4
and is entered on the unit rating calculation sheet. The
highest possible rating for rock strength is 30, which would
corrcspond 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 thar of unit
moisture sensitivity. 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 samplc is immersed in water
for 24 h, and its water sensitivity is evaluated (see immer-
sion test data sheet at figure 9). The effects of water ab-
sorption, swelling and cracking, and debris suspension are
observed, and a determination of the moisture sensitivity
is made. If no hand sample is available, then the moisture
sensitivity 1s evaluated by visually observing the amount of
oxidation staining on the rock. Table 5 is used to make
the conversion of the field moisture sensitivity data to the
unit rating calculation sheer.



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 final
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
elfects on the strength of the whole sequence. Finally, the
sum of the RR_, of unit rating and the adjustments com-
prises the final 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 {t) of sandstane, 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 (RR,).

Adjustments

There are four adjustments to compute the final
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 cm (1 ft) to the
weighted average of unit ratings (RR,). If the difference
between the largest unit rating and the RR_, 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 final 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.—CMRR 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.

Owing 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 provide an example of the CMRR for a particular coal
scam of interest.

Table C-1 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 arc reflected by the addition of the letiers
"A," "B,” and "C" to the mine ID number. Following ta-
ble C-1, the complete datasets collected at each mine arc
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 CMRR’s for every coalbed or
State, but rather reflect the USBM's cxpericnce at indi-
vidual mines. Unit ratings are provided and can be uscd
to construct 2 CMRR from individual units of different
cases.

Table C-1.—CMRR reference database

State Coal seam Mine ID Coal Mine Roof Groundwater
Rating (CMRR) corditon'
Alabama ............. Blue Creek ........ 1 47 1
Alabama .. ... ... .. .. Lodel oL 2 70 1
Colorado ............. Maxwell ... ...... 3 42 1
Celorado ... .. ... .. ... D Seam ... 4 47 1
Celorado ... ........ sde. . 5 51 1
Colorado Wadge .. .. . & 72 1
Minois .. .. .. ... ... Herrin {No &) . .. 7 85 2
linois ... ... - {- F A 8 22 2
lingis . ... ... ....... LdOL g 53 1
Minois .. .. .. ... ... . R+ = T 10 69 1
Minois . .............. AN - [ P 10A 82 1
linois ... ... ... Ldoe L 11 81 1
linois ............... .o L 12 40 1
llingis ... ............ R [« T 12A 42 1
Kentucky ........... .. Lower Elkhorn . ... .. 13 48 1
Kentucky ............. codos 13A S0 1
Kentucky ............. Hazard No. 3 . ... .. 14 28 2
Kentucky ............. wallins Creek . .. ... 15 58 2
Kentucky .. ......... .. Harlan ........... 16 5€ 1
Kentucky .. ... ... ..... Haran ... ... .. 16A 72 1
Kentucky ............. Harlan ........... 17 a1 1
Kentucky ... ........... Harlan ........... 174 58 1
Kentucky ........ .. ... Ama............. 18 56 1
Kentucky ............. Lower Elkhern . ... .. 19 48 1
Maryland ............. Upper Freeport . .. .. 20 55 1
Maryland , ... ... ..... Ldo o 20A 42 1
New Mexico . ...... ... .. York Canyoen .. ... .. 21 31 1
Chio ................ Clarion 4A .. .. ... .. 22 45 1
Chio ................ Lodoo 23 3 i
Chio ................ B 1 24 24 3
Ohic ........... .... Pintsburgh ... .. .. 25 67 1
Ohio ....... L Pittsburgh ... ... ... 25A 45 1
Pennsylvania ... ... .. .. Lower Freeport . . .. 28 53 3
Pennsylvania .......... do 26A 40 1
Pennsylvania ., ....... . code. . 2€8 45 3
Pennsylvania . ..... ... Lower Kittanning . . .. 27 42 2
Pennsylvania .......... Sewickley ......... 28 43 2
Pennsylvania .......... Pittsburgh . . . ... .. 29 46 1
Pennsylvania .. .. ... ... Pittsburgh .. .. .. ... 30 41 ]

See explanatory notes at end of table.



Table C-1.—CMRR reference database—Continued

State Coal seam Mine IO Coal Mine Roof Groundwater
Rating (CMRR) condition?
Pennsylvania ........., Pittsburgh .. ... .. .. 3 M4 1
Pennsylvamia ........ .. Pittsburgh ... ... ... 32 39 1
Pennsylvania .......... Pittsburgh . .. .. .. .. 33 44 1
Pennsylvania .......... Pittsburgh . ........ 34 36 1
Pennsylvania .......... Lower Kittanning . . . . 35 48 1
Pennsylvania ..... ..... Upper Kittanning . . . . 36 56 1
Pennsylvania .......... Sewickley ......... 37 54 1
Pennsylvania .......... Upper Kittanning . . . . 38 LX) 2
Pernsylvania .......... B [« . 38A 50 1
Pennsylvania .......... Upper Freeport . . ... Kis 33 3
Pennsylvania .......... I L 3%A 50 2
Pennsylvania . ......... B = < 398 32 3
Pennsylvania .......... Sewickley ......... 40 46 1
Pennsylvania .......... Pittsburgh ... ...... 41 40 1
Pennsylvania .......... Pittsburgh . ... ... .. 42 41 1
Tennessee ............ Beech Grove ... . ... 43 49 2
Wah ... ............. Castlegate ........ D44 81 1
Utah ... .. ... ... ... Upper O'Connor , ... 45 85 1
Wah ................ Hiawatha ......... 46 76 1
Wah ................ 8lind Canyon ...... 47 81 1
ah ................ Wattis . .. ......... a8 70 1
Virginia ... Dorchester ........ 43 53 1
ViRginia ... Dorchester ........ 43A 45 1
Virginia ... ... Jawbone ... ... .. .. 50 65 1
Virginia ... ... Jawbone . ......... 50A 54 1
Virginia . ... ... Pocahontas No, 3 .., 51 78 1
Virginia . ... .. .. ... Taggart ., ......... 52 59 1
Virginia .............. Lower Banner . .. ... 53 45 1
West Virginia . ... ...... Fire Creek . . ... .. .. 54 73 4
Do. ..., No.2Gas ......... 55 63 1
Da. ... . TR - < 55A 60 1
Do, ...t Pittsburgh ... .. .. .. 56 40 1
Do. ... ... ... Pittsburgh . .. .. .. .. 57 39 1
Do, oo Upper Freeport . .. .. 58 45 1
Do, ... v doo oo, 58A 78 1
Do. ......... ... ... .do. ... s8B 38 2
Do. ......oiunn. - [+ S 58C 42 1
Do. ... vl Eagle ............ 59 54 1
Do, oooviin Eagle ............ 58A 44 5
Do. ... Cedar Grove .. ..... €0 40 1
Do. ..ot Sodol oLl 60A 48 1
Do. ... . i Eagle ............ 61 55 1
Do, ... i Campbell Creek ., .. &2 52 1
Do. ............... .do. L.l 63 38 1
0 Ama............. 64 63 3
Do. ... ... ... Beckley .......... 65 53 2
Do. ...l Lower Kittanning 66 3 1
Do. ...t Coalburg ......... 67 86 1
Do. ... . o Coalburg ......... 67A 53 2
Do. .......oviuivnn Coalburg ......... 68 43 1
Do, ... Stockton .......... 69 75 1
Do ... Lower Cedar Grove . . 70 36 2
Do. ........oiuul Coalburg ......... 71 74 2
Do, ..o Pocahontas No. 4 . .. 72 60 2
Do. ............ ... Upper Freeport .. . .. 73 39 1
Do. ............... B« [ 73A 3s 2
Do, v vdos o 73B 66 1
Wyoming ............. Hanna ........... 74 krgd 1

Do. Same as above.
11 = Dry; 2 = damp; 3 = light drip; 4 = heavy drip; and § = flowing.
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DATE MINE LOCATION___ ALABAMA PAGE_1 OF _1_ CMRR_4;
COAL SEAM BLUE CREEK NAME
UNIT UNIT DISCONTINUITIES Uni
nit
; i ; . Moirt Disco . | Rough- . | pes Orvantat Ratin
Mo [ Tikvens [og | Dwerwton  [sowmen SR N O Descrprion Conasian | "20 | speang | S0Vt o B g
- Ao infarmatan 2 2.5 2 3
5 3C in Sandsiane 7 7 8. 73
C.
CONTACT
A Bodding H H H 1
4 24 in SHerone 2 H B. Joints 3 2 H 1 68
c
CONTACT
A. Mo informabon 35 1.5 4 4
3 12in Cow 4 ' 8. 38
c.
CONTACT BiY
A Laminatons 1 2 5 17
2 18in Rash 5 ? 8. &
C.
CONTACT [
A Sigs 35 25 1.5 4
1 3Bin Undiereisy 35 1 8 57
c.
DATE MINE Z LOCATION___ ALABAMA PAGE_1__OF _1 CMRR_70
COAL SEAM BLUF CREEX NAME
UNIT UNIT DISCONTINUITIES U
nit
e e I e e o i e ol e P el B
A
3
c.
CONTACT
A, No information 3 2.5 2 3
2 24 Sandstors ? Y 8. 73
C.
CONTACT
a. Badding 1 1 1 1
! 24in Sitatorne 3 ¥ B. Joints 3 3 1 1 "
C
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DATE MINE LOCATION__ COLORADC PAGE_L OF _1 CMRR__142
COAL SEAM MAXMWELL NAME
UNIT UNIT DISCONTINUITIES
Unit
L::‘ T_u"“ . ‘T:: Descrigtion Suength S’:?if:il:':v DI'SD“ Descripnian C ohesion H::::T Spaaing :::::fc:: sugr‘i’mmumn_g Ra“ng
A Sheas 4 2 4 !
3 24 in Drawroch = H B 1]
c
CONTACT | ...
&, Bsdang 3 3 4 2
H 36 in Shals 3 1 B Jainrs 3 3 2 2 5o
<
CONTACT
A Sicks 4 2 4 7
! 60 in Drawrock 75 7 8 @
[
DATE MINE 4 LOCATION__ COLORADO PAGE_I OF _1 CMRR_47
COAL SEAM D SEAM NAME
UNIT UNIT DISCONTINUITIES U
nit
:’: n Unit . I.‘:: Description Sirength 5':?::;& Dl"so Descriplion Cohesion R::::" Specing LP:::I‘T: sli';m"'imnb Hatlng
A No information 3 2% 2 3
3 48 in Shatore 3 4 6 s8
c.
coNTacT |
A No information 35 7.5 < 4
2 12in Coal & 1 B8 a8
C.
CONTACT [ ]
A Sicks 4 25 5 3
' 48 in ﬂl;bd;;:‘;'aus 3 ! & 3
c
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DATE MINE, LOCATION__ COLORADO PAGE_I OF _1I CMRR_S1
COAL SEAM D _SEAM NAME
UNIT UNIT DISCONTINUITIES Unit
n
B Unik  [Seri ] Moisture || Disco. i Rough- | Perun Oriernt Ratin
‘:: Trickneass L: Deacription Strangth { g raitivity || 1.0, Descrp c ress | Sesdne | i Soee mup g
A
5
c.
CONTACT
A Ko information 25 2 3
4 48 in Sitstons 7 ' B. 58
c.
CONTACT ki =
AL No information 2.5 5 4
31 24in Mudstons, E 1 34
c
CONTACT
A Joints 1 4 1.5
) 48 in Sivstone 2 1 B. s0
c.
CONTACT
A. No information 2.5 5 4
1 120 Modstone. 3 7 B. 24
c.
DATE MINE 6 LOCATION__COLORADO PAGE_) OF _1 CMRR_172
COAL SEAM VADGE NAME
UNIT UNIT DISCONTINUITIES Unit
n
i i 4 N s || Oisco, Rough- N [ — ierntati Ratin
prigll Pl Loy |  Descripton Strangch S:-rilivilv sy B c ponill L0 L Fepontiriosll S 9
A
3 B.
c.
CONTACT i
A, Ng information 2.5 2 7
2 72in SMators 2 1 8 65
c.
CONTACT
A {amination 1 ] P
1 26 in Shale 25 ) B. Jaints 1 4 4 52
c.
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DATE MINE LOCATION ILLINDIS PAGE_1 OF _1 CMRR_85
COAL SEAM HERRIN NC. & NAME
UNIT UNIT DISCONTINUITIES Unit
n
i i i o : o, ] | Rough- _ ; Orrarriats Ratin
Lf::‘ TH::-: L‘: Desaription Strangth s':::::y Dr? ha c nams Spading ::::Kf': EBrrike “"‘D'Q g
A Bodding 1.5 3 3 +
3 360 in Sandetone 1.5 2 B. 77
c.
CONTACT < 3 5 »:é
A Bedding H H H ?
2 72in Limmetone 1.5 H B. e
c.
CONTACT G :‘ £
A. Bedding ] 3 4 2
1 24in Sheis 2 2 B. Jant 3 3 s 4 27
c.
DATE MINE 8 LOCATION ILLINDIS PAGE_1__ OF CMRR_22
COAL SEAM HERRIN MO. 6 NAME
UNIT UNIT DISCONTINUITIES Unit
n
it ; L [ Disco. - | Rough- | perwst Orien Ratin
Mo, 'l'h:“nﬂ Lt: Dowaription Strangth Sc':lh::v LD, Desarwton ohresion ness Specing Lll.dl.\f-:l Strnke mDQ g
A,
3 B
c.
CoNTACT fi
A Bedding 3 3 4 4
2 180 Shals 4 2 B 35
c.
CONTACT §
A, Baddng 3 3 5 4
1 &6 in Shade 4 3 8. 25
C.
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DATE MINE LOCATION__ ILLINOLS PAGE_L OF _i CMRR_5)
COAL SEAM HERRIN ¥O. 6 NAME
UNIT UNIT DISCONTINUITIES Unit
L e e e e o e et -3 R = el R
A.
3
c.
CONTACT '
A
2 B.
c
il .. I ... .
a. Shoars 25 | 2 2 2
! 300 in Shale, pray 2 ] B Bodding 3 3 2 2.5 53
C.
DATE MINE LOCATION__ILLINOTS PAGE_1 OF _1 CMRR_ 88
COAL SEAM HERRIN M0. € NAME
UNIT UNIT DISCONTINUITIES Unit
e e Dl R e K T e il R (e e RN
A. Jaints 2 3 ! 4
3| 48, Limeatane 1 7 B 85
c.
CONTACT
Joents 7 3 4 2
2 | 38 Shake, bisch E ? B Bedding 3 2 25 4 42
c
CONTACT >“v
a Shawrt 7 2 2 3
! 24in Shals, grey 32 13 8 Bodding ' ' 13 [} ] P
: |
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DATE MINE 10A LOCATION___ILLINOIS PAGE_l__ OF __)_ CMRR_&2
COAL SEAM HERRIN ND. & NAME
UNIT UNIT DISCONTINUITIES Unit
n
Unt | Unt  [Sew| o a Disco s AN Rough- [ o |Parstence Oriartation Rating
Mo Thicknese |Llog ol Sensitivity LD hl L]

Latarsi/Van Surka Dip

T I

2 &0 in Lirwstone

xomr N
[ Jeov-e ,
Shele, Sleck

36 in
c.
DATE MINE 11 LOCATION ILLINOIS PAGE_LI OF _! CMRR_S6!
COAL SEAM __ HERRIM NO. 6 NAME
UNIT UNIT DISCONTINUITIES Unit
n
o it [ | oot [suwn |2 [P0 | mriron e [P | soncng [P [ cremmen | RAINg
A
3 B
€.

CONTACT

A Jants F 3 3 3
2 120 in Shale, grey 3 7 8 Seddng 2 k] 4 7 65
C.

CONTACT [t

A, No information 2 2 4

1 8 m Coat 4 7 B




DATE MINE 12 LOCATION___ILLINOIS PAGE_1L _OF _! CMRR_40
COAL SEAM HERRIN NG. 6 NAME
UNIT UNIT DISCONTINUITIES Uni
nn
o L [0 | Dorovon  [orengn [J0mm [080 | omorpron[camsion | " | soucng [ Pives Lcomemunen o | RAting
Al
a B.
C.
CONTACT *:
A.
z B.
c
CONTACT B RS :
Pomn RS 28 | ki N
A Bodding ) 2 5 1
1 95 in ﬁd‘;‘m with 2 3 B. Jonts 2 1 4 2 40
€.
DATE MINE 12A LOCATION ILLINDIS PAGE_1 _OF _1 CMRR_42
COAL SEAM HERRIN NO. 6 NAME
UNIT UNIT DISCONTINUITIES

2 &8 in

- CONTACT

CONTACT |

Shais

Shaln, gray

- Unit
. | Rough- .| Pars: Oriermats Ratin
g

A, Bedding 2 3
B. Jont k] 3
o
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DATE MINE 13 LOCATION__KENTUCKY PAGE_1__ OF CMRR_ 43
COAL SEAM LOWER ELKHORN NAME
UNIT UNIT DISCONTINUITIES Unit
n
T ) e e L R e S i S e e R
A.
3 B
c
conTacT
A.
2 8.
c.
CONTACT Beiij
A Bedding as H ‘ 3
1 240 Stackrock 2 1 a 48
[
DATE MINE 134 LOCATION___KENTUCKY PAGE_1__ OF _1 CMRR_ %0
COAL SEAM LOWER ELKHORN NAME
UNIT UNIT DISCONTINUITIES Unit
n
i [, e[ v o (Yo 550 T dpin[cahmion [0 [spng [P [ Sremeen ] Rating
A
3 B
c.
conTacT R
A intser rack ? 1 7 7
2 &4 in Sandstone 1.5 14 B 95
c.
CONTACT
A, Larrznations 2 3 35 ?
! 3 in Shale 2 ? 8. &7
c.
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DATE MINE LOCATION KENTUCKY PAGE_! OF _1 CMRR_26
COAL SEAM HAZARD NO. 4 NAME
UNIT UNIT DISCONTINUITIES Unit
n
i s | i Jsuman [t 0850 [ carion o | | spaing [P | S | RN
Al
3 B.
c.
CONTACT
A Crosshed ' 2 P 3
2 | 430 Sancisiorm 2 ' B. Badding 2 3 2 4 72
c.
CONTACT ek %
A, Bodding 7 3 F] 3
1 72in Shels, fosals 4 2 B. Bedding 3 7 5 3 28
c
DATE MINE LOCATION KENTUCKY PAGE_1 OF _1 CMRR_58
CCOAL SEAM WALLINS NAME
UNIT UNIT DISCONTINUITIES Unit
n
o | U |3 . Moisture || Disca. ) | Rough- | Persine Oriantation Ratin
1:: Thickness ;: Desaption Strangth | g sitivity || 1D. Desoryp c pos T S Mool o e ) 9
A
3 B.
€.
CONTACT ¢
A
z
c.
conTacT R
A, Badding 2 E) 1 P
! 120 , fosndy 2 3s 8. 60
c.
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DATE MINE 16 LOCATION KENTUCKY PAGE_)_ OF _1 CMRR_56
COAL SEAM HARLAN NAME
UNIT UNIT DISCONTINUITIES Unit
n
i |t e | Demoprn [amgen [ Mooy [[O80 | pmopn {cotmon [N | g (Pt [ ommien ) Fa(ING
A
3 B.
c.

CONTACT i

A Crossbed 3 3 P '
2 84in Sand'stome s ? B. 59
c.
CONTACT I3 m s "
a. Sicka 4 2 45 4
1 36in Shew 3 ! B 36
c.
DATE MINE 164 LOCATION__ KENTUCKY PAGE_L _OF _1_CMRR_72
COAL SEAM HARLAM NAME
UNIT UNIT DISCONTINUITIES Unit
i [0 omowten  fotmn [t 050 | pevwton[conmn | P | apucng (Permies e ] Raling
A,
3 [}
c
CONTACT <.~
A
2 B.
c
CONTACT
A. Waak plene 3 2 2 7
180 in Sandstone 2 7 B. 72
c.




DATE MINE 17 LOCATION__KEKTUCKY PAGE_1__OF _1 CMRR_s!
COAL SEAM HARLAN NAME
UNIT UNIT DISCONTINUITIES Unit
n
’ . , - . _— " [Rough- | ¢ . | Persist Ratin
:': Th:‘n_ L:: Description Strangth Stﬁvitv ol-ﬁ- Dexcrip Cah noes v mmﬁ% 9
A
3 B.
c.
contacT PR 2
A. Badding 5 1 2 E;
2 8 Sertstors ' ' B. a5
c.
COHTACY .J. kg i e 2 * o
A Jaats 2 2 H 2
! in Shaln 2.5 1 B Bedding 15 1 2 3 72
c.
DATE MINE 17A LOCATION KENTUCKY PAGE_L OF _1_ CMRR_358
COAL SEAM HARLAM NAME
UNIT UNIT DISCONTINUITIES Unit
n
ot | rrocimss [ | Owarwtion |streegen [ Jaoiees Drco Description Conemion | P2 | spacing | Perimmeos | Odeniation Rating
Al
3 6
[
CONTACT :
A
2 B
C
CONTACT Kl
A Baddng 2 2 ¢ 2
! 360 in Shele 25 H B8 82
c.




DATE MINE

LOCATION KENTUCRY

COAL SEAM __ alma

45

PAGE_1 _OF _1 CMRR_ 56

UNIT UNIT DISCONTINUITIES U
nit
L::t ‘l'r::-- SL:: Desaription s":‘;‘::i\:f“ﬂ' D'-sso. Descrpbon Gohesi E:t'::::l\:: s r.rg:mmlh‘p'g Hatlng
A
3 B8
C
CONTACT |.i0". 4 ]
A
z B.
c.
CONTACT |
A Mino: beddng Fi 3
1 240 in Steck rock 1 ] Major badding 2 2 56
o
DATE MINE LOCATION KENTUCKY PAGE 1L OF _1I CMRR_ a8
COAL SEAM __ LOWER FLKHORN
UNIT UNIT DISCONTINUITIES U
nit
UN':‘ m‘::gs i':: Description ;;:f::’:v D;‘g“ Descrption Colesion I'_’:":::R;‘:: _Ti';"‘_“"_i‘l"v Rating
a
3 B
c
CONTACT
A
H 8
c
CONTACT
A Bedding 35 &
1 120 in Stack rock 7 8 48
c




DATE MINE 20 LOCATION MARYLAND PAGE_! OF _i CMRR &5

COAL SEAM UPPER FREEPORT NAME

UNIT UNIT DISCONTINUITIES

No information

DATE MINE 20A LOCATION MARYLAND PAGE_1 OF _1 CMRR_42

COAL SEAM UPPER_FREEPORT NAME

Spach Persstance Orientation
D || ararsitVen Strike [
?

3] 0m Shale, orey 3 1 8. I .

CONTACT

a Badding 3 3 5 r

2 3 in Istackrock 225 1 8. I 432
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PAGE_L OF _1 CMRR_3i

DATE MINE 21 LOCATICN NEW MEXICO
COAL SEAM YORK_CANYON NAME
UNIT UNIT DISCONTINUITIES .
Unit
l‘:":l‘ “_Urrli‘ N SL‘;: Deascriprion Strangth ;:’?iz:::' Di’s" Descriptian Cohesian RD;“:‘ Spading IP;:::T/‘: st:;imln(imnb Rat[ng
A
3 in B
c
CONTACT |,
A,
2 B.
C.
CONTACT |:
A Sicks 4 3 4 3
! 180 in Claystone 4 7 8 Badding 3 2 k] 3 37
c
DATE MINE 22 LOCATION__ gHIO PAGE_! OF _1 CMRR_4s
COAL SEAM CLARION 4A NAME
UNIT UNIT DISCONTINUITIES Uni
nit
%‘:‘ mum . SLI:: Deacnption Strength 3'2?;;':':’ Dl-sso Deschplion Cohesion R:::” Spacing E::"::ﬁ:‘:: Slvg:mla“mmp Rating
r N
% 8
[+
CONTACT |-
A Bodding 2 2 s 1
S A
4 36 in :k;éﬁmum, 4 3 8 Limestone nodules 2 1.8 5 2 42
noduies
[
CONTACT ;] i
A Beddng 35 2 £ 2
8 8in Coal rash, soft 4 5 B 24
C
CONTACT |-
A Intsct rock 7 H 7 7
2 | e | (e |0 | 0 |
9
CONTACT
& 8e dhng 25 2 £ 2
& in Cowl résh, soft 5 5 B 29
C




OATE

MINE

23

COAL SEAM

CLARION 4A

LOCATION

CHIO PAGE_1 _OF _I CMRR 1!

NAME

UNIT DISCONTINUITIES

e
CONTACT f_,
Al Noduiez 2 1§ 2 3
Limastans,
H 72 massrve with L4 H g I 83
1]
C.
conTacT i
a. Badding 2 3 5 3
V| sz sted witn 4 4 8 St P, 2 2 3 I a7
coal stresks
c- |
DATE MINE 24 LOCATION OHIO PAGE_L OF _1 CMRR_ 24
COAL SEAM CLARION 4A NAME
UNIT UNIT DISCONTINUITIES ni
nit
U | U BT bemapen suangen [ Mo 0550 | pevargion cahesion "2 | spucng | Fropes | Snematien | FiANing
Fm—
A Bedding 3 3 E] 3
3 » f:,ndnm, raaf of » 2 8
c.
CONTACT
A Bedding 3 3 5 2
2 | 4gim Claystane, P 2 B Jants 35 | 3 3 2 I 21
c
a Bodding 7 zs 5 4
60 i fl‘:;o:-c;:;"y 2 B Coal strasks 2 t 2 2 72
Atraaks
c
|
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DATE MINE 25 LOCATION QHIO PAGE_1 _OF _1 CMRR 67
COAL SEAM PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Uni
Unit
B i | moion [ [0 (0520 | i [t P22 sy [ [ g | Raling
A.
3 [
c
CcONTACT Pt
A intect 1 ? ) 4
2 36 in Limwstona, 1 ' B. 100
c
CONTACT
A Skcks 3 2 5 Y
' Clayaiona. wesh s ‘ 3 Badding F) 15 | s 1 I 30
c |
DATE MINE 25A LOCATION oHIO PAGE_1 _OF 1 CMRR_ 25
COAL SEAM P1TTSBURGH NAME
UNIT UNIT DISCONTINUITIES
Unit
L, e decrprion [suangen [ Mo {10 | pspan  fcaneon (A | spucng |Prnimen | —cremuen | Rating
—
a
3 a
c
CONTACT
A Bodding 2 2 7 2
2| 38in i e a 2 8 I 63
c
CONTACT
A, Shoks 2 15 5 )
! a8 .‘.‘-;Z‘é;".:m‘i.” 5 2 B Badding 3 H H 4 I 22
roduiss
: ]
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DATE MINE 26 LOCATION PENNSYLVANIA PAGE_1 OF _1 CMRR_353

COAL SEAM LOWER FREEPORT NAME

UNIT UNIT DISCONTINUITIES

Unit

Urie Ursk teip Descrints s | Mozture || Disco. - o |Pough- 1. . Parst Crianvation Hating
No | Thckness Serstivity 2 r iy . ©Latenlert Stwe >
A Bodding 3 F) 5 P
3| atin Shab, platy y ' B I 35
c

counc*r S

1 Shale, pisty

26 in with sendstons 3 ' B 40
2Angess
<.
DATE MINE 28A LOCATION___ PENNSYLYANIA PAGE 1 OF _1 CMRR_40
COAL SEAM LOWER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
nf
i ' o L : ' L L N ' 5 s Ratin
o |ricamas [l | Demorgtion strangen [ A7 1050 | pencr Cotion |0 [ spucing |Permmimos | Gremteton g
A,
3 B.

CONTACT pri
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DATE MINE 268 LOCATION__PENNSYLVANIA PAGE_1 _OF _1 CMRBRR_4s
COAL SEAM LOWER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
n
; ; ; . [ Diaac . - Reugh- R [ Oriamats Ratin
prinll B L:: Deacription Strength S.:l::v 1D. Dasarip c s | SPacing | [ et [ Suke mnip 9
A, Bodding ) 3 ‘ 4
3| 3. Shais 35 ¥ 5. 28
c.
CONTACT
A, Beodding E) 25 F)
2 | 38in Sandsfore. 2 ’ B. Crose badding ) 2.5 P) # 55
c.
CONTACT
A Bade 2 3 P
1 52in Shals 3 ! B. £2
c.
DATE MINE 27 LOCATION PENNSYLVYANTA PAGE 1 OF 1 CMRR_ 42
COAL SEAM _ LOWER KITTANKING NAME
UNIT UNIT DISCONTINUITIES Uni
nn
| riaas [ | Daarption | serangeh 5""'?‘.‘;'“’ Diaco Description Cohasion [P | spacing | Peraimtence sh::"“"iﬂ"w Rating
A
3 8
c
contacT Ev
A tntact rock 4 2 s 7
2 | en Chaystonm., 5 3 B va
c.
CONTACT
A Bodding 2 3 4 ;
1 84 in Shals, sandy 4 1.5 B 50
c
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DATE MINE 28 LOCATION _ PENNSYLVANIA PAGE_ 1 OF _1 CMRR_ 48
COAL SEAM SEWICKLEY NAME
UNIT UNIT DISCONTINUITIES Unit
n
] ] . L aisture || Disco. L L . . | Persisterce et ation Ratin
‘-f.f‘n.:.'....&" Desariptian w!:-‘dvityofg.o Cacrip < R | sowame | meaven Sug';-mnip 9
A
3 .
c.
CONTACT ¥ “
a. Bedding 2 2 4 P
2 8sin Stackrock 2 1 B 55
[
CONTACT 2 3
a Beddng 3 2 ¢ 4
1 72in Shels 3 H] B I LT
© ]
DATE MINE 29 LOCATION PENNSYLVANIA PAGE_I OF _1 CMRR_46
COAL SEAM PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Unit
n
: } Rating
)
47

l- conTacT By

l- CONTACT |79

18 Shale =X b

47

i
<

42 in Shals s ? B. Joints 2 3 7 4 47
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DATE MINE a0 LOCATION__ PENNSYLVANIA PAGE_1__OF _1 CMRR_4l
COAL SEAM PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Unit
n
o s e | Dosroton  [wngen [ Mot 0500 | pesrptan  fcoheion [ | spaang | s | Semelen .} RANG
A
3
[
CONTACT [ : 2
A Lamenatians 3 3 4.5 !
2 240 in Shals 3 ! Jaints ? 3 4 LY
C.
CONTACT 3
A, Discas 4 25 5 3
! 6in Drawrock 35 T B 34
c
DATE MINE 31 LOCATION___PENNSYLVANIA PAGE_1 _OF _1 CMRR_34
COAL SEAM PITTSBURGH NAME
_
UNIT UNIT DISCONTINUITIES Uni
nit
; ; ' Mosstre || Disco. ) N Rough- = Ovieritation Ratin
il B tog | Omerwton  [sengtn [J20208 ) B o " o posall EE LN hivtairrinnll S Ow g9
P
A
g B
c.
CONTACT Pt
a, Beciding 3 k] 3 2
4 48.in Shals 3 7 B. Larsnations H 1 1 ? &5
c.
CONTACT
A Bedding 3 3 4 2
3 80 in Rash 3 7 B Skcks 4 3 4 4 2%
c
CONTACT
'S Shcks 4 7 5 4
2 8in Drawrock 4 H B8 29
c
CONTACT
A, No information 2 15 4 4
! Sin Coat 4 1 B a5
c
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DATE MINE 32 LOCATION___ PENNSYLVANIA PAGE_ 1 OF _1 CMRR_33
COAL SEAM _ PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Unit
n
i ¥ | Sery Py - Dinoc . R Rough- | o . Parsint Oriartation Ratin
:: ‘I'I'-::nu LZ: Descriptian Serangth S:':u“::y 10 Descrip < ness 0 [Latarmivet Soma 7> g
A, Lamenatome 3 3 5 2
3 | 120in Shale 3 1 8 o
c.
CONTACT 3
A. Cloat 2 18 4 4
2 24in Coat 4 ! I a5
c
CONTACT & 8 &
A. Larsnations 3 2 5 2
! 3 in Shals 2 1 8. a
c
DATE MINE 33 LOCATION___ PENNSYLVANIA PAGE_i OF _1 CMRR_43
COAL SEAM P]TTSBURGH NAME
UNIT UNIT DISCONTINUITIES Uni
nit
i, (5| oo s [ ot [0 | Dmcrion o [ [ s [Pt | gmmimin | RatING
A.
k]
c.
CONTACT P&
Bedding 3 E] 3 1
2 40 in Rash 2.5 r 8. Joints 3 ? ] 4 Pr)
c.
CONTACT ‘e‘
A Na information 3 s 4 4
! 12 in Coal 4 H e. az
C.
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DATE MINE 34 LOCATION PENNSYLYANIA PAGE 1 OF | CMRR_36
COAL SEAM __ PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Unit
n
; ; ; L cisture || Dieco. . A Rough- . : Orientati Ratin
':: 'I'I'-':::ﬂ- I.:: Dosariguian Swrangth .‘:a-uww Dr: o il < L Sprang ;‘U::;: Stnke “mD'u g
A
5 B.
c
CONTAET
] A Bedding 3 3 3 H
4 36in Resh 235 H B. Lanvnations 3 3 & 4 365
C.
CONTACT [t
A No information 7 b 3 4 4
3 18in Coal 4 ? 8 a2
c
CONTACT E
A Stmars 4 25 5 7
H 12in Drawrock 2 7 B. Badding 3 25 5 H 29
c.
CONTACT ,I.:d
A Na information 2 1.5 4 &
t &in Cosl 4 1 8 42
c.
DATE MINE 35 LOCATION__PENNSYLVANIA PAGE_1 OF _1 CMRR_ 45
COAL SEAM LOWER KITTANNING NAME
UNIT UNIT DISCONTINUITIES Unit
n
o s [fo® | Desoription  [swangh e 11557 Desaription Cahesion | P | gacng | Peremtence s"z:’“'""‘"nb Rating
A,
3 B.
[
CONTACT E
A
2z B.
c.
A Laminetions 3 3 4 )
180 in Shale 3 1 B Shalo 2 3 1 H 48
C
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DATE MINE 36 LOCATION _PENNSYLVANIA

PAGE_L OF _1 CMRR_56_

COAL SEAM UPPER KITTANNING

NAME
UNIT UNIT DISCONTINUITIES Unit
W s P | oo st [ Mewre 1062 | omsprion [caneson A | spaamg [Porimmen | Oremeien __§ Rlaling
A.
3 B
c
CONTACT JEiY
A.
2 B.
c.
CONTACT -.;h.-
A Bedding 3 1.5 45 2
1 144 in .:'::.m- axd 2z 1 ] Jaints 2 H 7 2 56
c.
DATE MINE 37 LOCATION PENNSYLYANIA PAGE_I OF _1 CMRR_54_

COAL SEAM _ SEWICKLEY

NAME
UNIT UNIT DISCONTINUITIES Unit
ni
Uit [ Umit A o Mokt Dinco L | Rough- . | persist Orientati Rating
No |Thickness [Loy | Oowerbtan  |Strengh |o 208 |0 De=saription Coesion |29 | spaaing { el [ St
-9
3 B.
c
CONTACT
A,
2 B.
c.
CONTACT [
A Cowl sreeks k] 3 ! 2
1 50 in mm 2 ) B. Jaints 3 2 7 H 54
o Bedding 2 3 5 4




DATE MINE LOCATION__PENNSYLVANTA PAGE_1_ OF _1 CMRR_5s3
COAL SEAM UPPER KITTANNING NAME
UNIT UNIT DISCONTINUITIES Unit
ni
:T THUnil " SL‘:: Descripuion Strenyth sh:::::’i:v D;sso Description Cahesion R:::' Spaang ::T:;::": s[:r;mlaﬁcnmp Ra“ng
A
3 8
o
CONTACT
L Joints 2 2 4 1
2 6 in ::!:,‘:a"ﬂ"‘” 25 : 8 Joents 2 3 4 [} 59
c
CONTACT x
A Cinat 3 3 5 2
1 G inibiris 4 2 e Baudng 3 3 5 2 27
C
DATE MINE 38A LOCATION___PENNSYLVANIA PAGE_1 _OF _1 CMRR_S50
COAL SEAM UPPER KITTANNING NAME
UNIT UNIT DISCONTINUITIES Unit
ni
L':r;t mUnﬂ . SLI:: Description Strength SH;?::::IEV D:sga Description Colesion R::sush Spacing ::::z':: st:’:"""'iu‘uw Ratmg
A
3 a
C
CONTACT |
A Bauding 2 2 L 2
2 6 in -::':; d‘}‘;ﬂf ] 7 B toints 2 3 5 ? 60
C
CONTACT |03
A Beudng g 2 H <&
T1in g«:i:’:::f, 4 2 8 Chat 2 2 5 4 31
C
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DATE MINE 39 LOCATION PENNSYLVANIA PAGE_! OF _1 CMRR_33
COAL SEAM __ UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
n
Nor | trickrens L:: Description Strength S.:-'tivilv or Demaription Coesian | P20 ( spacem |Feemio0y su?"f"—""“oa 4ing

CONTACT i3

CONTACT
a Bedding 2 E 5 4
' 96 in . by 3 2 B. 37
c.
DATE MINE 39A LOCATION__ PENNSYLVANIA PAGE_1__OF _1_ CMRR_50
COAL SEAM UPPER FREEPORT NAME

UNIT DISCONTINUITIES

Drsco. L . Rough- Parsrstence
ﬂ L"“’ vm

Larsnatione

Bodding
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DATE MINE 398 LOCATION PENNSYLVANIA PAGE_1 OF _1 CMRR_32
CQAL SEAM UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
n
e e A L o e e - e [l S R
A Sheoars 4 3 5 2
3 gin Faslt gouge 5 k] 8 14
c.
CONTACT sl
a Bedding E) 2 5 2
2 42in f“";"ﬁ""’” 2 2 [ 41
c.
CONTACT o
A Badding 2 F 5 2
! 12in Shale 2 3 B. 20
¢
DATE MINE 40 LOCATION PENNSYLYANIA PAGE_1 OF _! CMRR__46
COAL SEAM _ SEWICKLEY NAME
UNIT UNIT DISCONTINUITIES u
nit
; ; . . : Disco. . | Rough- [ . [Persa Ortartats Ratin
1:: Thikess L: Desaripoon | Strength s::il::y iy Desoription ::5‘ PERD (| eral/Vert | Stike “mDp 9
-8
3 B.
c.

CcONTacT BB

CONTALT

Shal, highly
! 72in Jjainted, wesk,
fosmly




DATE MINE 41 LOCATION__ PENNSYLVANIA PAGE_1 OF _i_ CMRR_ 43
COAL SEAM __ PITTSBUAGH NAME
UNIT UNIT DISCONTINUITIES Unit
ni
U |, [t | mmian  [sumen [Momre 10000 | prpin [cahemen [N | spang [ (e | RN
A
3 B I
c
CONTACT S
A. Bedkding 4 2 2 2
2 14 in Shels 35 ? 8. 50
C.
CONTACT
A Bedding 3 2 5 3
Ridne coad,
' | 58in sho, hoad ‘ 1 B. Cisar 2 2 P 1 I 32
coal
c- |
DATE MINE 42 LOCATION____PENNSYLVANIA PAGE_I OF _1 CMRR_4!l
COAL SEAM __ PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Unit
ni
Ut | unt stee - Moistre || Dico . Rough- | Parsistancs Onertation Rating
Mo |Thickness |Llog Desorgtion Suength | rnivty || (D Descroption Cohemon | © e | "™ || ytorel. Vort | Strike
A
3 8
<
CONTACT
. A Badding 2 s 5 2
2 36 in Shels 2 2 B Shasre 4 2 I 2 48
c.
CONTACT
A Becking E} 7 5 2
L frori T 3 ' B Cleat 3 2 5 P) 35
Top coal - 12 in
C.
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DATE MINE 43 LOCATION__ TEMNESSEE PAGE_1 OF _t CMRR 435
COAL SEAM _ BEECH GROVE NAME
UNIT UNIT DISCONTINUITIES Uni
nn
i ) P ; : o Raugh- _ byt anoe Orientation Halin
LP:’: T‘N:“nasl L‘:: Description Strength s:—:-::y Dr? o v o noss Speding lp_:::.'\'m Strke : " g
—
A Badding 2 3 4 4
3 480 in Shade/candatana 3 4 8. 50
C.
conTacT E
a. Beddng s 3 5 2
2 din Shaka/cost 45 35 ] 2
o
CONTACT
Baciding H 1 H 1
! 8w Sandstana 1.5 1 8 95
c
DATE MINE 44 LOCATION__UTAH PAGE_! _OF _1 CMRR_E!
COAL SEAM CASTLEGATE "D NAME
UNIT UNIT DISCONTINUITIES Unit
n
g A - : . ) ) . . ; iertiati Ratin
W |t [lor | vmien  [swengn [JOTNR 105 | Demepion  [cobemion [P | spuang |FTETS o fmeneden g
ot
a
3 ]
c
CONTACT
A Bodding ! ' 1 !
2 72m |Stachrock 2 ! B 85
c
CONTACT |+
A Shears 3 2 4 z
! 12in Huds tom 2 ' B 50
|_ C
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DATE MINE 45 LOCATION UTAH PAGE_! _OF _1 CMRR_ 8%
CQOAL SEAM UPPER O CONNOR NAME
UNIT UNIT DISCONTINUITIES Uni
nit
::1 unit ] .s:'x: Descrtion s um‘n::v txlusn Desorpton c n.:: . ::::: s[::antnmw Rating
IS
5 8 I
[
CoNTACT [
A Bodding 3 2 3 1
4 80 in Sk stome H 1 ] Jants 2 3 3 H

CONTACT
a Diaturtwad 3s 2 5 2
S P B . EPR T i | - |
c. I i
J
DATE MINE 46 LOCATION UTAH PAGE_1 OF _1_CMRR_ 7%
COAL SEAM HIAWATHA NAME
UNIT UNIT DISCONTINUITIES Uni
nit
e [t Bl ouspion  [sangen [ e 000 | esroion  [cabesin [T spamg [Permeen | orenmien_ | RAUNG
I
A. |
3 8
c
CONTACT
A.
H B
< -
ConTACT |
A {amynstions 1 H 7 1
1 108 Shak Fi 1 8 Jarnis 2 15 r 2 6
c
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DATE MINE 47 LOCATION__ UTAH PAGE_I OF CMRR 81
COAL SEAM BLIND CANYON NAME
UNIT UNIT DISCONTINUITIES Uni
nit
Pl PR g Dmopiion  |Surength e 1555 Ceacriptian Cobasion A0 | goegng [Perimence s‘::“""‘"w Rating
A
3 B.
c.
CONTACT
A Jants 15 ) H 2
z 5 Sarndrtore 1 ! B8 95
c
CONTACT fir i
A Ko informeban 7 2 4 2
36 in Mudviona 3 ) B 50
C
DATE MINE 48 LOCATION__UTAH PAGE_) _OF CMRR_10
COAL SEAM WATTIS NAME

e

Na intormation

73

87




DATE MINE, 49 LOCATION VIRGIN]A PAGE_! OF _ 1 CMRR 53
COAL SEAM DORCHESTER NAME
UNIT UNIT DISCONTINUITIES Uni
nit
; A st L : : N . | Rough- . : Oviertats Ratin
Mo |Thickmeas [Log | Demorwwon  |suwmen | JETRER IO Omaption  [Cabemion | T | specng | [IEINE |—eteten g
A,
3 B,
c.
cONTACT i s
A Bedding 3 3 5 ’
2 240in Sandstons 2 ' 8. Sheers 3 vis| 3 35 T
C.
CONTACT ‘
A Major beoding 2 3 2 H
! 72in Shale 2 7 B. Minor badding H 7 H 1 i 53
c. Shesrs 3 ' 2 3
DATE MINE 49A LOCATION VIRGINIA PAGE_1 _OF _1I CMRR_45
COAL SEAM DORCHESTER NAME
UNIT UNIT DISCONTINUITIES Uni
nit
o s [1o | Desaretion  |stengeh | Sty | O Cosarivtion Conamian [\ | Spucng | Pem v | Srentatien Rating
A
3 8
[
CONTACT
A
2 B
c.
CONTACT
A Bodding 3 2 5 '
! 240in Sandstore 2 ’ B Shoars 3 175 3 35 as
c




DATE

MINE

50

COAL SEAM

JAWBONE

LOCATION

YIRGINIA

cmrrAC'r ;

NAME

PAGE_1 _OF _1

CMRR_E5

UNIT DISCONTINUITIES

DATE MINE 50A LOCATION__ VIRGINIA PAGE_) OF _1 CMRR_ 54
COAL SEAM JAVBOKE NAME
UNIT UNIT DISCONTINUITIES U

nit

; 8 ] ; [ . | Rough- Perais Orienta Ratin
n:.:a, il:.: Descarption Strength stz.‘::y Desaription Conesion | "% | spaang L.«.J:: T ,mDv g

A, Crossbad 35 | 2.8 2 1
3 | 120, Sandarans 1 ' [ Shears 2 15| 25 3 I &7

-

couucr

Sinatons

Shal

52




DATE

MINE

51

COAL SEAM _ _POCAHONTAS NO. 3

LOCATION

YIRGINIA

UNI

NAME

3 Sin Drawstone 2 H 8. I 4
C.
CONTACT
a Bedding ! y Y ’
2 12im SNstorm 2 T 8. 82
c.
CONTACT
a Badding ¢ 3 5 ’
1 &in Drawrocik 2 1 B I 34
: |
DATE MINE 52 LOCATION_ _VIRGINIA PAGE_1 OF _1 CMRR_53
COAL SEAM TAGGART NAME
UNIT UNIT DISCONTINUITIES Uni
nit
; ;i X ; : . ; ; Ratin
U | i B pugien  [sweegn |MORe 1080 | g [coemion MU | spuang [Frmienes | _Omeanen | FAUNG
A No information I 28 2 k)
3 12 in Sendurons 2 H B. &7
[
CONTACT
A, Larrenabtions 3 2 5 Fi
2 9% in Shale 2 ) B. oy
C.
CONTACT
A Joints 3 2 F 2
1 36 mn Sandstons 2 ! B Cronsbwds 2 2 2 2 65
‘ l
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DATE MINE 53 LOCATION__VIRGINIA PAGE_I OF _ 1 CMRR 45
COAL SEAM _ L (WER BANNER NAME
UNIT UNIT DISCONTINUITIES y
nit
il B P | Deserption | stangm e 1% Deacription Cohesion RO | cpaong | Persimoncn | __Onem s Rating
-1 . ——————
a Baading 4 ? 4 ]
3 24 i Shals 3 ? B. 42
C.
CONTACT
A, Mo informeton 4 1.5 < 4
2 12in Coal 4 ! B. 33
¢
CONTACT o
A Bodding £ 3 2 b
50 in Shads 3 H B. Shwars 2 ? < 4 )
o Jaints ] 1 b 1
DATE MINE 54 LOCATION WEST VIRGINIA PAGE_l! OF _1 CMRR_ 73
COAL SEAM FIRE CREEK NAME
UNIT UNIT DISCONTINUITIES Uni
ne
o | rricknems [tog | Desmton  [strength e % Desanpion Cohesion | MO0 | specng | Pemimonce gnemtation_ Rating
R O A
A
3 B
C
CONTACT
A
2 ]
C
CONTACT E- U]
a Crassbedh 25 3 1 3
! 288 m Sandstone ? 1 B Beouding 15 3 3 4 80
C
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DATE MINE 55 LOCATION WEST VIRGINIA PAGE_ 1l OF _| CMRR &3
COAL SEAM NO. 2 6AS NAME
UNIT UNIT DISCONTINUITIES Uni
ni
o e Mmoo kol B ) - PR =l St e
P —
A
3 B
c
CONTACT g
A.
2 B
c
CONTACT
A Bedding I 25 Fi 7
! 120in Shals 3 7 B. I 63
: |
DATE MINE 55A LOCATION__ WEST VIRGINIA PAGE 1 OF _1 CMRR_62
COAL SEAM NO. 2 GAS NAME

UNIT UNIT DISCONTINUITIES
Dts,

Orientation
Strke Dwp

CONTACT
a
2 B
C.
CONTACT
A Bedding 2 1 5 ’
B 60

! 120 in Sandrtone 2 H
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DATE MINE 56 LOCATION__ WEST VIRGINIA PAGE_1 __OF _1 CMRR_40
COAL SEAM PITTSBURGH NAME
UNIT UNIT DISCONTINUITIES Unit
o I, [0 besrpton s Mo 00 | vt [canamn M2 tpaang | e | remmien | RN
A
5 B.
c
CONTACT {
A Laminations 3 3 ‘ 2
4 3 in Shal 3 7 B. a8
c.
CONTACT 4
A No information 3 s “ “
3 18 in Coat 4 1 8 42
c
CONTACT & :;:'
A Fractums 2 1 5 4
2 24in Shads K ? :] Bedding 4 2 45 < 32
c.
COMTACT [
A N information 3 15 P P
! &in Coal 4 1 B 42
c
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DATE MINE 57 LOCATION__ WEST_VIRGINIA

PAGE_1__OF _1_ CMRR_ 33

COAL SEAM _ PITTSBURGH NAME

UNIT DISCONTINUITIES Unit
n

Oisco. . | Rough- . | Persistance Ociantation Rating
cm
A.

CONTACT §

CONTACT F

C.
conTacT [
a Badding 3 15 4 4
H 24in Coat . H 8 rey
C.
CONTACT fid
A, Skcke 4 25 4.5 3
1 1Zin Drswrock 15 H 8.

(2l
vt—




2!

DATE MINE LOCATION__ WEST VIRGINIA PAGE_1 OF _1 CMRR_45
COAL SEAM _ UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
n
; ; : L | Moistee [0 L . | Rougn- , ; Criantati Ratin
t::.‘ n-l'::—; ;.s:: Descrip M | Senaitivity Dluc? Description Cahasion | *, s | SPedng E::'w:: Sirke “mnip g
a Badding ) F) 5 2
3 | s4in bs”;n;.:‘:n 3 ' B. a0
c
CONTACT BE4
A Beckding E 3 5 3
2 30 in Sandutorw with 2 ! B. Rippiex 25 | 2 3 1 45
[
CONTACT
A Bodding 2 3 5 2
1 64 in mﬂbﬂ' 3 2 B. Coal spers 3 2 H 7 47
¢
DATE MINE 58A LOCATION__ WEST VIRGINIA PAGE_1__ OF _1 CMRR_ 78
COAL SEAM __UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES U
nit
el e I e = e B e e  [Frel B Rt
A
3 [
c
CONTACT
A intect rock H ? 1 ?
2 | 240im Sardstone. dity. 2 2 6. 92
c
CONTACT
A Badding a £ 5 2
! 32.n ﬂ"‘:-.:?” 3 1 B 40
c




72

DATE MINE 588 LOCATION__ WEST VIRGINIA PAGE_1 OF _| CMRR_18
COAL SEAM UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
n
e I e = e e e e e e e
A
3 B.
c.
CONTACT
A. intect rock 1 7 ! 7
2 | e’ f‘:’:"“ ey 2 z 8. 89
c.
CONTACT g
A, Badding 25 | 2 5 P
! 100 in %m 25 1 8. Sandstone npples 25 | 2 3 2 40
c
DATE MINE 58 LOCATION_ _WEST VIRGINIA PAGE_I OF _1 CMRR_42
COAL SEAM _ UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES U
nit
; ] " . aisture || Disoo. o . | Rough- | parsint ation Ratin
Yo [ Troctonans [og | Dmscrwion  Fsorangen (S50 0000 Demcrprion  [Cohesion | 209 |spaang TR0 | Cremation g
A No infarmatian 4 2 5 1
3 72 in Shalw 32 H B 34
[
CONTACT fif;:l'
A No infarmation 3 25 1 2
2 1260 Sandstons H 1 80
c.
CONTACT
A. Lamsnations 35 | 2 5 1
! 80 in Shaie 3.2 1 8 37
c
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DATE MINE 59 LOCATION WEST VIRGINIA PAGE_ 1 OF 1 CMRR_54
COAL SEAM EAGLE NAME
UNIT UNIT DISCONTINUITIES Unit
N
" . L P = = v Py - WI' . P x M.‘ Hatin
A,
3 B.
c
CONTACT i
I-%
2 B.
C.
CONTACT '_'3'-”' -
Iy Bedding 2 2 s 2
Sarxdstare with
1 72in coe '!‘:‘:;."F 2 1 8 Fossls 3 25 3 ] 54
. marks
c Lross Bedding 2 2 5 2
DATE MINE 59A LOCATION___ WEST VIRGINIA PAGE_I OF _1 CMRR_44
COAL SEAM EAGLE NAME
UNIT UNIT DISCONTINUITIES Unit
n
i ; 3 o Mo Dinco. L | Rough- _ | Persin Orientat Ratin
Yo Th::-n log | Oosrotion strengeh (o [| 15 Bescription Canesion | "2 0 [Spaang || o TS Be g
A
3 B
c.
CONTACT *«‘
a.
2 8.
c.
CONTACT
A Bedding 2 2 5 2
! 72in preioeiont- e z ? 8 Foswis 3 25 3 ] s
foamils
Cc Croaa bedding 2 2 5 2




74

DATE MINE 60

COAL SEAM CEDAR_GROVE

LOCATION

WEST VIRGINIA

NAME

Moisiure
Sengitivity

PAGE_1__OF _1

CMRR__4¢

UNIT DISCONTINUITIES

Porsigtanca
Latesal!/Vert

Unit
Rating

Orientation
Striks Dip

Coad, top bench
of Cadar Grove

Bsdding
1 180 in f::m;ﬁd‘ﬁmn? K} 7 B Faasils 2 15 5 2
foasis
[
DATE MINE GOA LOCATION WEST VIRGINIA PAGE_1__OF _1 CMRR_48
COAL SEAM CEDAR_GROVE NAME
UNIT UNIT DISCONTINUITIES Uni
g 5 ; nit
";: Tl'wl L‘o':) Dasaription Strangth Sh:nfiii:n‘:’:y DISSO Descripuon Cohesion R:::‘ Spaang f::::fc:: S!n?-':muﬂmbb Ratmg
A,
5 8
c.
I e
A, Badding 2 3 s
4 | ram Sandatons. 3 1 B. a9
c

- CONTACT

Bedding 2 2 B

Shals, sandy

&in

49

e

49

A, Badding 2 3 5
- Sanditons,
2 38 in nackrock 3 1 8.
c.

Bedung

3

3

—
I

e

Shals, sandy
with mics
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DATE, MINE LOCATION__WEST VIRGINIA PAGE_ 1 OF _1 CMRR_5S
COAL SEAM EAGLE NAME
UNIT UNIT DISCONTINUITIES Unit
n
e, 2] omrion (st [ Mo 1050 [ pesgronfcohamon A2 | spming [P [ gmmin | Raling
A
3 8.
C.
CONTACT * m
A.
z B.
c.
COMTACT ‘j
a, Becding 2 3 4 '
! 8ain Shais 3 H B Skcks 4 2.25 H b 55
[+
DATE MINE, 62 LOCATION WEST VIRGINIA PAGE_1 OF _i CMRR_S2
COAL SEAM __ CAMPBELL CREEK NAME
UNIT UNIT DISCONTINUITIES y
nit
ol CS Y R e oo vl Cobesion AT | spucing |Fersimenen | _oremutien | Raling
A
3 [
c
CONTACT
a Badding 3 3 3 1
2 182 in Shala 25 7 B 58
C
CONTACT [2. .
a Baddng 3 3 45 1
48.in Shale 3.5 ? B. 42
c
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DATE MINE 63 LOCATION__ WEST YIRGINIA PAGE_1L OF _1 CMRR_3a
COAL SEAM CAMPBELL CREEK NAME
UNIT UNIT DISCONTINUITIES Unit
n
Pl B e el ol S e L B ey B
AL
3 8.
[
CONTACT % i
A
2 B.
c.
CONTACT &
A Laminetions as | 275{ =5 !
1 o4 in Shals, gray 3 1 B. I a8
c |
DATE MINE 64 LOCATION WEST VIRGINTA PAGE_) OF _1 CMRR_&63
COAL SEAM ALMA NAME
UNIT UNIT DISCONTINUITIES Unit
n
Uric | Unit  [Stry Moi Disce. N . [Rowgh- | . |Pars Oriant Ratin
No. |Tvckess [Log | Desorotion |strangm | ZEERE [100S Description Conesian | s T | LateraliVert [ Strke ) q
A
3 B.
c
- —
2
I 57—
72in oo farosrs 2 1 B. &7
c.
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DATE MINE 65 LOCATION___ WEST VIRGINIA PAGE_1 OF _1 CMRR_S53
COAL SEAM BECKLEY NAME
UNIT UNIT DISCONTINUITIES Unit
n
o e B e el e I o L P e B
A
3 B.
C.

CONTACT i3y

A
2 B
[
CONTACT
3 2.5 < 2
Sancsione with
! 72in e " 1.5 1 B Beddng 3 3 75 2 55
riroaks
c.
DATE MINE 66 LOCATION__ WEST VIRGINIA PAGE 1 OF _1 CMRR_ 3l
COAL SEAM LOWER KITTANNING NAME
UNIT UNIT DISCONTINUITIES ]
F‘Ur]rt
Unin | Uni tre - Moistire || Disco L o | Roughe . | Persistance Ovientation ating
No |Thickness |Log Description Suwngth | g sitivity || 1.0 Dwsorp < nows | TP | ereliVart [ Sirke Op
A
s ]
cC.
CONTACT [
A Carboneceous rirashs 2 3 5 1
& . Sandstone, B.
18in o 1.5 7 60
c
CONTACT
A Lamsnatrons 3 3 5
Shals, laminatod.
3 32in with sandstane 25 7 B Major bedding 3 3 4 “ 33
siringery
c
conTacT
A Casbonscoous stmaks 2 3 5 1
2 . Sandstons, f B.
6 in p_.ﬂ""" liad 15 ' 60
c
CONTACT PR3 arars B | EEses
A {amunetions 3 3 5 3
! 42 Shabe. laminated 35 ! B Mayor badding 3 2 4 4 23
o
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DATE MINE 67 LOCATION VEST VIRGINIA PAGE_I OF _ 1 CMRR_36_
COAL SEAM __ COALBURG NAME
UNIT UNIT DISCONTINUITIES Unit
ni
o e o e e L I e = T et e R
AL
3 B.
o
CONTACT X
A
2 8.
C.
CONTACT \
Al Crossbed ? 2.5 1.5 4
1 480 in S.dlfa:ﬁﬁi; ta 15 1 B. 9€
C
DATE MINE 67A LOCATION WEST VIRGINIA PAGE_l _OF _1 CMRR_53
COAL SEAM __ COALBURG NAME
UNIT UNIT DISCONTINUITIES Unit
ni
> : o : 00, . . | Rough- . ; P Ratin
L:: Th'::en I.:: Description Stramgth S':':il‘i‘:il'y DI-;' Desaription |Catesion ness Spacing l';::‘m Strg:m'.lmb‘p g
A
3 [
c
CONTACT E
A Crossbed 1 a5 1§ 4
2 36 in 3“"5""’:,-..’"_""‘ 1.5 1 o6
c
CONTACT [
A, Larwnetions 3 3 5 3
57in Shaly, s 3 ' 8 Muyor bedding ! E) 2 3 0
c.
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DATE MINE (] LOCATION WEST VIRGINIA PAGE_l OF _1 CMRR_ 43
COAL SEAM COALBURG NAME
UNIT UNIT DISCONTINUITIES ]
RUnn
N . . - ” vy N Aough- | o Porsi —— atin
L:: T‘h:“neu le Desariprion Strangrth ;:‘::y DI‘I:‘ o h c s oo ].-tn-il-!;: s:.,::ﬂnmnp g
a.
3 B.
c
CONTACT jii®
=N
A, Croasbed 35 2 4 ?
2 18 in Sandstons 2 1 B. 52
[
CONTACT ‘_"
A Joupts 3 3 4 2
18in Deawrock 385 1 B. Badding 3 ? 4 2 34
C. Sicks < 2 < 2
DATE MINE 69 LOCATION__ WwEST VIRGINIA PAGE_i__ OF CMRR__75
CCOAL SEAM STOCKTON NAME
UNIT UNIT DISCONTINUITIES U
nit
T [ e ==l I e L B g e B
&
3 B
c.
coNTacT E
A Badding H 3 2 £
2 48 in Shels, mazuve 2.5 1 8 88
C.
CONTACT
A Baddng 2 3 4 3
I I B -3l IECR B I 2
c.
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DATE MINE J0 LOCATION ¥EST VIRGINIA PAGE I OF _1 CMRR_36
COAL SEAM LOWER CEDAR GROYE NAME
UNIT UNIT DISCONTINUITIES Unit
; ; . cisture | Rowgh- anon centats Ratin
Description Strangth S:u"u'viy Ty o Cob poull B SR vl Bt en s g

Sandstons,
Massve mCececus

1 a6 in Shab. fosaMorous | 35 2 B. %
C
DATE MINE 7 LOCATION___ WEST VIRGINIA PAGE_! OF _1 CMRR_74
COAL SEAM COALBURG NAME
UNIT UNIT DISCONTINUITIES Unit
n
i ; ; L Mo: Disco. | Rough- i ; Orieritats Ratin
o | ricamens 1.:: Deowcrigtion Strength Sc:‘ll:n‘y I D. o d pouciill E S el s ‘mD'q: 9
A,
3 B
c
conTACT jit
A
2 B
c.
CONTACT
A Badding 2 25 3 25
Sandttone,
' 218in e . H 1 ] 76
srroaks
c.
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DATE MINE 72 LOCATION___ WEST VIRGINIA PAGE_1 OF _1 CMRR_%&0
COAL SEAM POCAHONTAS NO. 4 NAME
UNIT UNIT DISCONTINUITIES Unt
n
N I e e e e e A Y =l ST R
A
3 B.
c
CONTACT [
A,
2 B.
(3
CONTACT g3
A Badding 3 2.5 35 35
Sendafarm,
1 96 in mecaceous 1.5 7 B. &2
carboneceoud
c.
DATE MINE 73 LOCATION__ WEST VIRGINIA PAGE_! OF _1 CMRR_ 135
COAL SEAM UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
n
U s [200] i fsuman [ ot 05 | oo fcotmin A28 | spuan Pzl | Smamen | Raling
A,
3 B.
c.
CONTACT
A Bedding 2.5 3 s 2
2 36 Shain wask 25 2 B I
c
CONTACT
A Cleat 3 5 H
B Bedding 3 5 H 30
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DATE MINE 23A LOCATION__ WEST VIRGINIA PAGE_1 _OF _1 CMRR_Y9
COAL SEAM __UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Unit
ni
ol [N ] (TS PR P | mavim [comesn (R0 g |Prmmer | ommen | RAIING
a.
5 B.
c.
CONTACT
A Bedding 1 1 1 ]
4 1 eoin Satone, with 2 B. Shears 35 | 2 2 3 62
c.
conTacT
a Bactng 2 2 5 1
3 23in Sandatona, with 15 8. Sheer 25 | 2 3 F4 5§
c.
cONTACT HSE 3
A Bsdding 2 25 5 2
2 | 3@ Shets, with coal 4 8. a7
c
CONTACT B2
A, Cingt 3 3 4 T
! &in Head cosl 4 8 Bodding 3 3 5 1 71
c
DATE MINE 138 LOCATION_ WEST VIRGINIA PAGE_1 _ OF _1_CMRR__66
COAL SEAM __ UPPER FREEPORT NAME
UNIT UNIT DISCONTINUITIES Uni
nit
P Omawien [sumth e i |22 [ spmamg [Frzi | gmmenen | FIING

Unst
Thickness

Log

Sitrtans. mazsive
ronchosdsl

fractume

Hoad coal

2.5

4 b
A, Bodding

Cileat 3 2 5 7

Bsdding 3 k4 5 2 5
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DATE MINE 74 LOCATION__ WYOMING PAGE 1 OF 1 CMRR_ 37
COAL SEAM HANKA NAME
UNIT UNIT DISCONTINUITIES Unit
n
U ks i | Omaian [somen |t 10550 | Do [cobsion [ | spming |ty | grmstin __ § Rling
A
5 B.
c.
CONTACT : 5
A No infarmation 4 25 5 3
4 80 in Mudstons s 2 B 34
[
CONTACT ¥
A L arvnations 3 25 5 2
| som Shais p 25 B Sécks ‘ 2 4 4 33
o
CONTACT
A Laminetions 4 25 5 ¢
2 36 in Draverock 4 2.5 B. Sicks 4 2 4 4 25
c.
CONTACT
A Chost 2 7 45 4
! 24.in Coat 4 H B 8adding 3 2 4 2 40
c Shear 3 2 ? 3

INT.BU.OF MINES,PGH.,PA 29909






