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A PERSONAL COMPUTER PROGRAM AND SPREADSHEET
FOR CALCULATING THE COAL MINE ROOF RATING (CMRR)

By Jennifer Riefenberg' and William J. Wuest?

ABSTRACT

A family of personal computer programs that calculate the Coal Mine Roof Rating (CMRR) has
been developed by the U.S. Bureau of Mines. The CMRR rock mass classification system provides a
link between the qualitative geologists’ description of coal mine roof and the quantitive mine engineers’
needs for mine design, roof support sclection, and hazard detection.

The program CMRR is a user-friendly, interactive program into which raw field data are input. A
CMRR is calculated and output along with two graphic displays. The first graphic display is a plan view
map with the CMRR’s displayed on a color-coded scale. The second display shows a stratigraphic
section of the bolted roof interval and its resultant CMRR. In addition, a Lotus 1-2-3 worksheet,
computer file BOM-CMRR.WK3, has been developed for easy storage of field data. The worksheet
includes four macros that automatically calculate CMRR’s, store field test data in a database format,
and print a two-page report of the field data and CMRR parameters. Production of summary reports
for analysis of site-specific information are readily generated using Lotus 1-2-3 software. These
programs help to facilitate the engineer in utilizing the CMRR in ground control studies.

chophysical engineer.
Mining engineer.
Denver Research Center, U.S. Bureau of Mines, Denver, CO.



INTRODUCTION

U.S. Bureau of Mines (USBM) rescarchers are actively
involved in investigating coal measure roof and floor strata
properties for use in preventing underground coal mine
hazards. By quantifying roof quality as a numeric rating,
descriptive geologic information may now be readily incor-
porated by the mine engineer into ground control analyses.
USBM researchers recently developed a practical roof
rock rating system known as the Coal Mine Roof Rating
(CMRR), which enabies an engineer ‘to cfficiently affix a
strength value between 0 (weak) and 100 (strong) to a
bolted roof (Molinda and Mark, 1993 and 1994). The
CMRR has been successfully incorporated into the
USBM-developed Analysis of Longwall Pillar Stability
(ALPS) pillar design tool as recent research has shown
that the selection of a stability factor should be based upon
an evaluation of roof quality (Mark and Chase, 1993).
The USBM is also in the process of developing a hazard
mapping system capable of integrating various geotechnical
information for locating potential hazard zones in an un-
derground coal mine. Part of this hazard mapping system
will incorporate a roof rock rating map delineating areas
of weak, moderate, and/or strong rock using the CMRR.
Other uses of the CMRR are concerned with intersection
span design, system support design, and coal pillar and
entry design.

A computer program? has been developed that enables
a user to compute the CMRR from user-input raw field
data. Currently, a serics of hand calculations with at-
tached lookup tables are required to compute the CMRR.
The computer programs and spreadsheets have been de-
veloped to facilitate the process of calculating the CMRR
by hand. The c-language programs were developed for all
levels of computer users and reside in the public domain.
These ¢ programs automatically generate two graphics dis-
plays as well as text data files containing the CMRR’s,
These text data output files allow a user to transfer the
field data and ratings into a Geographic Information Sys-
tem (GIS) or many other computer-aided design (CAD)
type packages for further analysis. Lotus 1-2-3 software is
a readily available package that allows for the manipula-
tion and storage of tabular data. Thus, a spreadsheet was
developed specifically for those users who prefer spread-
sheet programs and who may not require the graphic out-
put displayed using the ¢ programs. Lotus 1-2-3 software
also is a high-powered product for conveniently generating
reports from the database of worksheets that is created by
the user.

BACKGROUND

Rock mass classification systems came about as the
need for understanding rock behavior in civil engineering
tunneling projects grew. The earliest design scheme using
rock mass characterization was reported in 1946 by
Terzaghi and was specific to tunneling with steel supports.
In this report, Terzaghi classified rock types based on
jointing, squeezing, blockincss of the rock, ete, and
developed a rock load computation to estimate the level of
support required. The natural progression of science and
technology has led rock mass classification systems into the
underground mining regime.

As reported by Hoek and Brown (1980), two significant
works in rock mass characterization were reported in 1950
by Stini and in 1958 by Lauffer. Although the actual
reports by Stini and Lauffer are not widely recognized nor
readily available in the United States, both of these
rescarchers had an influence on virtually all classification
schemes later developed. Stini recognized the significant
effects of structural defects on a rock mass, while Lauffer
recognized the importance of the standup time and active
span effects. The first widely used rock mass classification
system was developed m 1963 by Deere and Deere [see
Kirkaldie (1987)] and formalized as the rock quality

designation (RQD) in 1967. By using the RQD as one pa-
rameter in describing rock structure, two classification
systems were developed, independently, by Bieniawski
(1979), and Barton and others (1974). These classification
systems are known as the Rock Mass Rating (RMR), or
Geomechanics Classification system, and Norwegian Geo-
technical Institute (NGI) systems, respectively. Both the
RMR and the NGI systems have become the standards for
use in virtually all underground structures. The Unified
Rock Classification System (URCS) was developed in 1984
by Williamson and is also a widely used system. For a
detailed history of classification systems, see Hoek and
Brown (1980), Kirkaldie (1987), and Bieniawski (1989).
There are a number of studies that have attempted to
characterize coal strata, although with limited success.
Most of these are outlined in a report on the CMRR by
Molinda and Mark (1994). Recently, Kalamaras and
Bieniawski {1993) mnvestigated rating coal pillars using

*The program is available on an 8.9-cm (3.5-in) or 13.3-cm {5.25-in)
floppy disk. "T'o obtain a copy, send requests to the Denver Research
Center, U.S. Bureau of Minges, P.O. Box 25086, Denver Federal Center,
Denver, CO 80225, Plcase refcrence this report.
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a modified RMR along with numerical modeling. For a
concise overview of the most widely used classification
schemes pertaining to underground mining, see Afrouz
(1992).

Regardless of the engineering field, rock mass classifi-
cation techniques usually involve laboratory analysis
and/or drill core analysis of the rock, which is often a
time-consuming task. Because of the impracticality of
utilizing existing classification systems for extensive or
large-scale sampling, the USBM recognized a need for
developing a practical rock mass classification system

geared specifically toward coal mine roof rather than for
a generic rock mass. Four main contributions have been
included in the resulting research, namely the development
of the CMRR: (1) It is specifically designed for bedded
coal measure rocks, focusing on discontinuity properties of
these rocks, (2) it concentrates on the bolted interval and
its ability to form a stable mine structure from the units
within the interval, (3) it is applicable to all U.S. coal
scams, thus providing a standard for comparison with
other coal mine roof rocks, and (4) it provides a meth-
odology to guide data collection.

COAL MINE ROOF RATING (CMRR) TECHNIQUE

PHILOSOPHY

The CMRR is an empirically driven technique, based
on data from 76 underground coal mines (Molinda and
Mark, 1994). The CMRR is a practical system for rating
a coal mine roof, relying on simple field measurements.
The CMRR is a strength or competence rating on a scale
from 0 to 100, with values less than 45 considered poor or
weak, values between 45 and 65 considered moderate, and
valucs greater than 65 considered strong. Common sense
must be used when utilizing the CMRR as a hazard indi-
cator. For example, a weak rating is usually accepted as
a potential problem area; however, a strong rating does not
necessarily mean the area is safe.

Like other classification systems, the CMRR is based
on the premise that structural competence of the roof is
determined primarily by discontinuitics that weaken the
rock fabric. The CMRR was designed to focus on evalu-
ating the geotechnical, rather than the geologic, charac-
teristics of coal mine roof. Often the geotechnical and
geologic characteristics correspond, but the emphasis is on
structurally weak or strong units as opposed to geologic
divisions. Emphasis is shifted from the cumbersome litho-
logic description to those characteristics that weaken
bedded coal measure rocks—namely, bedding planes, slick-
ensides, joints, and laminations. The CMRR evaluates the
properties of discontinuities found in a unit and how these
properties combine to weaken the roof. The CMRR pro-
vides guidelines for (1) the efficient collection of data
relevant to roof competence, and (2) evaluation of the
rock mass properties that affect roof competence.

Spacing and persistence of the discontinuities, cohesion
of the discontinuities, groundwater effects, as well as rock
strength and other properties are all typically considered
in most rock mass classification schemes and the CMRR
is no exception to this. A major difference between exist-
ing rock mass classification techniques and the CMRR
classification scheme is that the CMRR considers individ-
ual coal measure rock units within the bolted interval in

underground coal mincs. Experience has indicated that
the bolted roof interval has a significant impact on ground
control.

The CMRR uses the bolted roof interval as the source
of input data. Sources of data for the CMRR are ex-
posures such as roof falls and overcasts. This roof interval
is then subdivided into units, where a unit may be defined
as rock strata greater than 150 mm (6 in) in thickness ex-
hibiting distinctive strength properties. A single unit will
be characterized by common discontinuitics through it as
well as similar strengths. In other words, an individual
unit can be analyzed as needed for the field data work-
sheet (figure 1). When corehole data or even unit iden-
tification from roof bolting obscrvation holes are used,
jointing and other larger scale discontinuities cannot read-
ily be delineated. The CMRR can still be used if prior
discontinuity information is known for the individual units
in the exposure and is assumed relatively constant through-
out an area. '

PROCEDURE

Figure 1 shows a field data worksheet for the CMRR
system. This table is completed by the field observer for
each roof exposure. By using the worksheet and calcula-
tion sheets, a CMRR can be computed using a series of
"lookup” tables and simple weighted averages of individual
unit ratings. [See Molinda and Mark (1994) for a com-
plete discussion on the CMRR procedure.] 1t is highly

.recommended that one become familiar with the hand cal-

culations to better understand the various influences of the
raling criteria and to become proficient with using the
technique.

The process of hand calculating the CMRR, although
quite easily done, can be a tedious task. With this in
mind, a personal computer program was developed for the
calculation of the CMRR. With this program (or series of
programs), one need only input (interactively, if desired)
field data worksheet information from which the program



computes the CMRR. Output is a screen listing of the
rating(s), text file storage of the rating(s), and two
graphics displays including the rating(s). A Lotus 1-2-3
spreadsheet, discussed in the section "Using Lotus 1-2-3

Worksheet for Computing CMRR," was also developed for
the storage of field data, calculation of the CMRR, and
generation of site-specific roof control study reports.

CMRR FAMILY OF PROGRAMS

This section discusses each program in the CMRR
family. The specific function of each program is stated.
Figure 2 presents a schematic flow diagram of the
programs.

CMRR

The CMRR program contains the complete processing
sequence from data input through graphic display and text
file output. With the program CMRR, the user can input
raw field data, interactively, from which a rating is
computed, stored, and displayed.

Clasfile

The Clasfile program is an interactive program for the
user to input and store the raw field data into a text file.
As indicated, the user simply inputs requested information
from the completed field data sheets (figure 1} in an
interactive mode. The field data are then stored in a user-
specified text file for processing and/or storage. This text
file can then be used as input into the Classify program,
described below.

Classify

The Classify program is useful when a text data file
exists. The file is crcated using either the Clasfile program
or any text cditor, and a rating number is all that is
desired. Thus, input into the Classify program are the
field data formatted in a text file, and the output is a
screen listing as well as a two text output files containing
the rating(s).

Rockplot

The Rockplot program is a graphic display program
that plots the output ratings onto a plan view map using
user-specified coordinates. Program input is simply a text
file containing x and y coordinates of the rating along with
the rating itself. This input file can be created using either
the Classify program, the CMRR program, or a text editor
manually. Output from the program is a screen display of
the ratings, categorized within the weak, moderate, or
strong ranges. This program is useful for delineating areas
of concentrated weak zones, etc.

Rockmplt

The Rockmplt program is identical to the Rockplot
program exccpt that a mine map in plan view is also
shown. To use the Rockmplt program, the user must cre-
ate a text file containing the mine map features. This
additional file is then read and a plot generated, super-
imposing the two data sets.

Stratplt

The Stratplt program is a graphic display program that
plots the output ratings with their corresponding strati-
graphic column for the bolted interval. Input is, again, a
text file of the output ratings (created using Classify or
CMRR) along with the input file for the ratings computa-
tion (created using Clasfile or CMRR). Output from the
program is a screen display showing the stratigraphic col-
umn with unit names, the x and y locations of the sample,
the number of discontinuities within each unit, and the
sample rating.

CMRR Program Rockmplt Pragram
) 7
Enter rtaw mine.map CMRRs
field data —_ text file te:xl ft{e
(interactive} -Ou
|__ Clasfiie
Program Display
Store raw plan view
fiefd data map with
in text file = mine map
*.dat T and CMRRS
URtoCMRR
Compute | Classify Program
CTMRR
Program Input unit
ratings and
thickness
Store CMRRS
in text files
“.out, “log
Compute
CMRR
. . . Display .
Dispiay stratigraphi pian view | Rockplot Store CMRRE
section with CMRRs map with Program in text files
CMRR% *out, "log
Stratplt
Program

Figure 2.—Schematic flow diagram of CMRR family of
programs.



URtoCMRR

The URtoCMRR program is a program for computing
the CMRR’s, given unit ratings and the thickness of cach
unit for a given sample. Input is interactive with output
being, again, a text file containing the ratings for each
sample input. This program is very useful when a unit has
been examined in the field and is found to have a consist-
ent rating throughout a mine, but has varying thickness
and/or occurrence. This program is very useful for para-
metric studies.

The next sections will describe in greater detail the file
structures as well as sample sessions for select programs.
The program installation instructions are given in appendix
A,

SAMPLE SESSION WITH PROGRAM CMRR

The CMRR and Clasfilc programs both require input
from the ficld data sheets, Information necessary for the
computation of the CMRR includes unit thickness, unit
strength, moisture sensitivity, persistence, and descriptions
of unit discontinuities, including spacing, cohesion, rough-
ness, and persistence, as shown in figure 1. Input of these
data into the CMRR or Clasfile programs is donc inter-
actively. To-exccute either program, the user only needs
to type CMRR* or Clasfile at the ¢:>5 prompt and press
<Enter>.% A sample session of the CMRR program is
shown below. (In this example, each new screen display
is simulated with a solid line.)

c:>CMRR <Enter>

What is the name of the file (for the ficld data) that you
would like to create? (no extension needed) test

Do you prefer units in meters or feet? (m/f) f

What arc the x and y coordinates for sample 17 (xy) 15,
30

What is the sample ID for sample 1?7 Note: There can be
no spaces in the ID name, but underscores are okay, e.g.,
xc32 x1.

ID: testl

What is the location name for the sample? Note: There
can be no spaccs in the sample location although under-
scores are okay.
Location: Utah

Boldface characters are typed by the user.
SPmmpts displayed on the screen are italicized.
unction keys, indicated by < >, are pressed by the user.

For sample 1, how many units do you have to input? 2

What is the Iength of the bolted interval for sample test1?
vy §

How many planes of significant weakness are there in the
samplie? 2

There are 2 units in this sample, 2 plane(s) of significant
weakness, and the bolted interval is 5.00 ft. Is this cor-

rect? (y/n) y

How thick is unit 1? (ft) 2.3

Describe (name) the unit. { <15 characters) Note: There
can be no blank spaces in the name, but underscores arc
okay, e.g., top_coal. Enter the description here: shale

What is the response of the rock when impacted with the
hammer?
1: rebounds 2: pits
4: craters 5: molds
Please input the number for unit strength that applies: 3

3: dents

What is the moisture sensitivity of the unit (using either a
preimmersion breakability (visual) test or a 24-h water
immersion test)?

1: not sensitive 2: slightly sensitive

3: moderately sensitive 4: severely sensitive
Please input the number for this unit: 2

How many discontinuities are there in unit 17 2

Unit 1, described as shale, is 2.3 ft thick. It has a strength
of 3 and moisture sensitivity of 2, In addition, there are 2
discontinuities in the shale.

Is this correct? (y/n) y

Describe (name) discontinuity 1. (<15 characters) Note:
There can be no blank spaces in the name, but under-
scores are okay, e.g., joint_set. Enter the description here:
joints




Determine this discontinuity’s cohesion, where the num-
bers in parentheses are the number of blows necessary to
split bedding with a 9-cm (3-1/2-in) chisel.
1: strong (>7) 2: moderate (4 - 7)
3: weak (1-3) 4: slickensided (0)
Pleasc input the number for this unit: 3

What is the roughness of the discontinuity, joints?
1: jagged 2: wavy 3: planar
Please input the number for this unit: 3

Determine the spacing of the discontinuity, joints.
1: >1.8 m (>6 ft) 2: 06-18m (2-6ft)
3: 02-06m(8-24in) 4: 6-24cm (2.4 -8 in)
5. <6 cm (<2.5in)

Please input the corresponding number for this unit: 2

What is the persistence of the discontinuity?
i: 0-09m (0-31t) 2: 09-3m (3-10ft)
3 3-9m(10-30 ft) 4 >9m (>301ft)
Please input the number for this unit: 3

Discontinuity 1 is described as joints. It has a roughness
of 3.0, cohesion of 3.0, spacing of 2.0, and persistence of
3.0

Is this correct? (y/n) y

Describe (name) discontinuity 2. (<15 characters) Note:
There can be no blank spaces in the name, but under-
scores are okay, e.g., joint_set. Enter the description here:
bedding

Determine this discontinuity’s cohesion, where the num-
bers in parentheses are the number of blows necessary to
split bedding with a 9-cm (3-1/2-in) chisel.

1: strong (>7) 2: moderate (4 - 7)

3: weak (1-3) 4: slickensided (0)
Please input the number for this unit: 2

What is the roughness of the discontinuity, bedding?
1: jagged 2: wavy 3: planar
Please input the number for this unit: 2.5

Determine the spacing of the discontinuity, bedding.
1: >1.8m (>6 ft) 2: 06-18m (2-61t)
3: 02-06m(8-24in) 4: 6-24 cm (24 - 8in)
5: <6 cm (<25 in)

Please input the corresponding number for this unit: 2

What is the persistence of the discontinuity?
1: 0-09m (0-3f) 2 09-3m(3-10f)
3 3-9m (10 - 30 ft) 4: >9m (>30ft)
Please input the number for this unit: 4

Discontinuity 2 is described as bedding. Tt has a cohesion
of 2.0, roughness of 2.5, spacing of 2.0, and persistence of
4.0.

Is this correct? (y/n) y

— (Note: Input begins for second unit in this sample.)__
How thick is unit 2? (ft) 3.1

Describe (name) the unit. (<15 characters) Note: There
can be no blank spaces in the name, but underscores are

okay, e.g, top coal. Enter the description here:
sandstone

What is the response of the rock when impacted with the
hammer?
1: rebounds 2: pits
4: craters 5: molds
Please input the number for unit strength that applies: 2

3: dents

What is the moisture sensitivity of the unit (using either a
preimmersion breakability (visual) test or a 24-h water
immersion test)?

1: not sensitive 2: slightly sensitive

3. moderately sensitive 4: severely sensitive
Please input the number for this unit: 1

How many discontinuities are there in unit 1?7 0

Unit 2 , described as sandstone, i1s 3.1 ft thick. It has a
strength of 2 and a moisturc sensitivity of 1. In addition,
there are 0 discontinuities in the sandstone.

Ts this correct? (y/n) y

What is the cohesion of the unit, sandstone, where the
numbers in parentheses are the number of blows necessary
to split bedding with a 9-cm (3-1/2-in) chisel?
1: strong (>7) 2: moderate (4 - 7)
3 weak (1-3) 4: slickensided (0)
Please input the strength number for this unit: 1



What is the roughness of the unit?
1: jagged 2: wavy 3: planar
Please input the number for the sandstone: 1.5

What arc the ground water conditions of the sample?
1: dry 2: damp 3: light drip
4: heavy drip 5: flowing

Please enter the appropriate number: 2

Are the upper beds approximately
1: equal in strength to the sample?
2: weaker in strength to the sample?
Please enter the appropriate number: 1

This sample has ground water of 2 and the upper beds
surcharge are of value 1.
Is this correct? (y/n) y

Do you have more data to input? (y/n} n
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Input complete. Data are stored in a file called test.dat.
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Press any key to continue.

For sample 1, the CMRR is 78,

Press any key to continue.

The data file has been read and CMRR’s computed. Your
output is listed in the file named test.out.

Press any key to continue with the plotting of the rating.

— (Note: The following will calibrate your map limits.)__

What is the minimum x-axis value? ¢

What is the minimum y-axis value? 0
What is the maximum x-axis value? 50

What is the maximum y-axis value? 50

The sample screen outputs from the CMRR program are
illustrated in figures 3 and 4. Figure 3 shows the plan view
map display, while figure 4 shows the stratigraphic column
display.

PROGRAM FILES—INPUT AND OUTPUT

The program Clasfile is exactly the same as the data
input steps of the CMRR program, The Classify, Rock-
plot, Rockmplt, and Stratplt programs are very similar to
portions of the CMRR program.

Programs Clasfile and CMRR

Input into the Clashile and CMRR programs is inter-
active, allowing the user to enter data from the field data
sheets, which is then saved to a text file. Input files con-
taining the raw field data are automatically named with an
* dat extension. Text files created by a text editor should
be named with an *.dat extension and follow the format
given as an example below. Also, for those using a text
editor, there should also be at least one blank space in line
1 as the first entry in the file. Spacing between entries on
a line is not critical. At least one blank space must sepa-
ratc parameters. A sample input file for raw field data is
shown below:

File data Line

1 1000 f 3 testl Utah 1
shale 130 2 2 1 -2
laminations 30 1.0 3.0 40 3

4 1 45000000  37.000000 4
3 80 f 2 test2 Utah 5
shale 303 2 2 6
bedding 30 20 20 40 7
kettle bottom 1.0 3.0 1.0 2.0 8
sandstone 302 10 9
15 15 10
shaley clay 30 3 2 1 11
laminations 3.0 20 20 40 12

2 1 165000000  150.000000 13

Linge 1 of the file contains the number of units for the
sample (1), bolted interval length (10.00), units of meas-
ure (f = feet), number of weak planes (3), sample identi-
fication (ID) (testl), and sample location name (Utah).
Line 2 contains the unit name (shale), unit thickness
(13.0), unit strength (2), moisture sensitivity (2), and
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Figure 3.—Plan view map display of sample screen output from CMRR pregram using example from
sample session.
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Figure 4.—Stratigraphic column display of sample screen output from CMRR program using example from
sample session.



number of discontinuities for the unit (1). For the one
discontinuity in this example, line 3 in the file contains the
discontinuity name, cohesion, roughness, spacing, and per-
sistence. Line 4 then contains the groundwater index, the
upper beds surcharge index, and the x and y coordinates
of the sample. Lines 5 through 13 then contain the input
data for a second sample. Line 5 contains the same infor-
mation for the second sample as ling 1. Line 6, similarly,
contains the first unit name, unit thickness, unit strength,
moisture sensitivity, and number of discontinuities for the
unit. Lines 7 and 8 contain the discontinuity names, spac-
ing, cohesion, roughness, and persistences. Line 9 then
gives the description for the second unit in the sample
(with no discontinuities), and line 10 gives the cohesion
and roughness for the intact unit. Lines 11 and 12 give the
description for the third, and final, unit in the sample.
Similar to line 4, line 13 contains the groundwater index,
the upper beds strength index, and the x and y coordinates
of the sample. There is no limitation to the number of
samples in a single file other than machine capacity.

Program Classify (CMRR and Stratplt)

Input into the Classify program is a text file containing
the raw field data, such as that created by either the
Clasfile or CMRR programs. The Classify program simply
computes the CMRR and outputs the CMRR’s to a text
file as well as the computer screen. One text file con-
taining the output CMRR’s has an *.out extension on the
file name. A sample output file (*.out) from Classify (or
CMRR) is listed in table 1. Line 1 of the table contains
the x and y coordinates for the sample, the corresponding
CMRR (here a value of 52), the number of units in this
sample, and the corresponding unit ratings. Similarly for
line 2, corresponding to a second sample with a resultant
rating of 75 and three unit ratings of 57, 88, and 57, re-
spectively. This file serves as an input file for the
Rockplot, Rockmplt, and Stratplt programs. The second
text output file from the Classify or CMRR programs is
automatically named with an *.log extension. This output
file creates a master database file listing the sample ID,
the location of the sample, and the resultant CMRR.
Table 2 shows an example file for the *.log text file output.

Table 1.—Example file format for *.out file created
by program CMRR, Classify, or URtoCMRR

Line Location CMRR Number Unit rating

X y ofunits  ypit1 Unitz Unit3
L 45 37 B2 1 63 NAp NAp
2... 15 150 75 3 57 £8 57

NAp  Not applicable.

11

Table 2.—Example file format for output text file
with *.log extension created by program
CMRR, Classify, or URtcCMRR

Line Sample 1D Location CMRR
1T ..., test1 Utah ... 52
2 ..... test2 Utah ... 75

ID identification.

Program Rockplot

To run the Rockplot program, input the file name
containing the rating output (with an *.out file extension)
at the user prompt. An example *.out file is shown in
table 1.

Program Rockmplt

To run the Rockmplt program, a second file is neces-
sary, in addition to the rating output file. This second file
is a text file containing the plan view mine map as a series
of rectangles. The format of this file is shown below and
is an example mine data file (named mine.dat) corre-
sponding to the output shown in figure 5, along with rating
data from the sample file included on the disk’
(USBMtest.*).

Lo
=
(¢d

Example mine.map file
0.0, 0.0, 250.0, 250.0

0, 0, 30,250
50, 10, 80, 90
50, 110, 80, 190
50, 210, 80, 250
100, 0, 180, 40
100, 60, 180, 140
100, 160, 180, 240
200, 0, 250, 250

\OOO\JO\U\-PWNH|

Line 1 of this file contains the minimum and maximum
x and y coordinates, respectively. In this example, the
minimum X and y coordinates are both 0.0 and the maxi-
mum, both 250.0. The next eight lines (2 through 9) are
rectangle coordinates (opposite corner to opposite corner)
corresponding to the mine pillars. For example, from line
2, the rectangle lower left corner has x and y coordinates
(0, 0) and the upper right corner has x and y coordinates
(30, 250). This file can be as detailed or as general as
required. A scale that is too large, resulting in a highly
detailed map, may lose its practical value when the ratings
are viewed.

7Sec faotnote 3.
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Figure 5.—Sample screen display from program Rockmplt. Values are color coded for CMRR’s in
weak, moderate, ot strong ranges. Data are from example file USBMtest.out on disk.

Program Stratplt

The final graphing program is the program Stratplt.
Both the *.dat and the *.out files are required to run the
Stratplt program. These two files have the same name
with different extensions. Figure 6 shows a second ex-
ample of output from the Stratplt program (see also figure
4), Ten stratigraphic columns, corresponding to 10 sam-
ples, can be shown at once on the same screen, with addi-
tional samples shown on a series of successive screens.

Program URtoCMRR

. An additional program that may prove to be useful is
the program URtoCMRR. This program allows a user to
interactively input unit ratings and their corresponding
thicknesses and, from these data, conipute a CMRR. Qut-
put is, again, a text file containing the ratings and their
corresponding coordinates (*.out) and a text file containing
CMRR and location information for a master database file
(*Jog). Only the Rockplot and Rockmplt programs can
be used with ratings computed using the program
URtoCMRR since there is no raw field data input file
(*.dat), as required for the Stratplt program.

SAMPLE SESSION WITH PROGRAM URtoCMRR

A sample session of the URtoCMRR program is dem-
onstrated below:

¢:>URtoCMRR <Enter>

What is the name of the file (for the field data) that you
would like to create? (no extension needed) testl

Do you prefer units in meters or feet? (m/f) m

What are the x and y coordinates for sample 1?7 (x,y) 10,
50

What is the sample ID for sample 1? Note: There can be
no spaces in the ID name, but underscores are okay, €.g.,
xc32 x1.

ID: examplel

What is the location name for the sample? Note: There
can be no spaces in the sample location, but underscores
arc okay.

Location: Utah

For sample 1, how many units do you have to input? 2

What is the length of the bolied interval for sample,
examplel? 2
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Figure 6.—Sample screen display from program Stratpit. Up to 10 stratigraphic sections may be displayed
on 1 screen. Data are from example file USBMtest.out on disk.

How many planes of significant weakness are there in the
sample? 1

There are 2 units in this sample, 1 plane(s) of significant
weakness, and the bolted interval length for this is 2.0 m.
Is this correcet? (y/n) y

How thick is unit 1 (in/m)? 0.9

Describe (name) the unit. (<15 characters) Note: There
can be no blank spaces in the name, but underscores are
okay, e.g., top_coal. Enter the description here: shale

Enter the unit rating (UR) for the shale: 67

The shale is 0.9 m thick and has a unit rating of 67.
Is this correct? (y/n) y

How thick is unit 2 (in/m)? 12

Describe (name) the unit. (<15 characters) Note: There
can be no blank spaces in the name, but underscores are

okay, e.g., top_coal. Enter the description here:
mudstone

Enter the unit rating (UR) for the mudstone: 31

The mudstone is 1.2 m thick and has a unit rating of 31.
Is this correct? (y/n} y

What are the groundwater conditions of the sample?
1 dry 2: damp 3: light drip
4: heavy drip  5: flowing

Please enter the appropriate number: 2
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Are the upper beds approximately
1: equal in strength to the sample?
2: weaker in strength to the sample?
Plcase enter the appropriate number: 2

This sample has groundwater of 2 and the upper beds sur-
charge are of value 2. '
Is this correct? (y/n) y

For sample 1, the CMRR is 38.

Press any key to continue.

Do you have more data to input? (y/n) n

The CMRR’s have been computed.
Your output is listed in the file named testl.out.

DISCUSSION OF CMRR PROGRAMS FOR FIELD DATA ANALYSIS

The next logical step, once the user has become
familiar with the CMRR family of programs, is to input,
store, and analyze the data. For a given data sct (e.g., a
mining section where a set of field worksheets have been
completed and/or a reasonable geologic map of the
immediate roof has been documented so that unit ratings
for the roof units can be computed), one may eater the
complete data set into a single file for processing through
the family of programs. These data files (input: raw field
data, and output: resultant ratings) arc in a convenient
format for permanent storage. Once the data have been
entered and the CMRR’s computed using the CMRR (or
Clasfile and Classify) program(s), the output text file may
be read directly into a number of software packages for
plotting and analysis. For example, the programs Surfer
and Grapher can read directly the output file from
CMRR. Surfer is a three-dimensional plotting package
and Grapher is a two-dimensional graphing-drawing pack-
age. With Surfer, one may produce contour plots or
three-dimensional mesh diagrams of the CMRR data.
Figure 7 is an example contour plot of CMRR'’s computed
using the CMRR program and plotted with Surfer. Fig-
ure 8 shows a three-dimensional mesh diagram using the
same example as presented in figure 7, again with Surfer.
Data for these plots are from the example file
(USBMtest.out), which is included on the floppy disk.®
The plots were created in a few minutes from raw data
entry into CMRR to importation into and plot output from

8See footnote 3.

Surfer. Data from the programs can also be read directly
into high-powered drawing-mapping software packages
such as AutoCAD., Many additional graphing packages

Contour Plot of CMRR Data

250

200

Y direction

o
=3

50 |-

a L 1 L I
50 100 150 200 250

X direction

o

Figure 7.—Contour map of CMRR data using program Surfer.
Data are from example file USBMtest.out on disk. CMRR output
file was read directly into Surfer.



8. Mesh Plot of CMRR Data

Figure 8.—Three-dimensional mesh plot of CMRR data using
program Surfer. Data are from example file USBMtest.out on
disk. CMRR output file was read directly into Surfer.
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accept text [American Standard Code for Information In-
terchange (ASCII)] data files for input as well.

Many analysis packages for spatial data are becoming
more widely used in the mining industry and, in particular,
geostatistical analysis packages. Geostatistical (spatial)
data analysis packages provide for the highly sophisticated
analysis of data, specifically techniques for forecasting roof
quality ahead of mining and/or in areas where few sam-
ples could be gathered. Qutput files from the CMRR
family of programs containing CMRR’s are a natural
source of input into geostatistical analysis package, and
because these files are in a text format, these data can be
imported into packages such as the high-powered, public
domain package GEO-EAS. In current USBM research,
technology is being developed for direct importation of the
CMRR data into the GEO-EAS program for analysis.
CMRR data are readily imported into GIS’s, such as
ARC/INFQO and the latest releases of AutoCAD, without
further development. GIS technology is another powerful
means of analyzing data by combining spatially connected
information via layered mapping. CMRR data can thenbe
overlain with local geology, surface topography, field
measured and numerically modeled stresses, etc., to de-
termine arcas of potential hazard. GIS technology is an-
other area of current USBM research for designing hazard
maps related to ground control hazards in underground
coal mines.

USING LOTUS 1-2-3 WORKSHEET FOR COMPUTING CMRR

The personal computer file BOM-CMRR.WK3 is a
Lotus 1-2-3 worksheet program for use in conjunction with
ground control studies that utilize the CMRR rock mass
classification system. Mining information recorded on
CMRR field data worksheets (figure 1) is entered into a
prestructurcd computer worksheet to create a permanent
electronic record of the field notes. After the field data
arc cntered, with one keystroke the individual discontinuity
ratings (IDR’s), unit ratings (UR’s), and CMRR’s are
automatically computed. Adjustments for multiple discon-
tinuities, unit strength, moisture sensitivity, strong beds,
bed contacts, groundwater, and surcharge are also com-
puted and recorded to allow the user to analyze any
CMRR parameter that may be significant to their specific
problem. The program also has preconstructed macros to
aid in data storage and report generation tasks.

When ground control studies are conducted, a large
amount of data are collected (e.g., roof rock properties,
artificial support types, geologic discontinuity information,
and coal quality factors). After this information is entered
into the worksheet program, Lotus 1-2-3 database

commands can be used to generate summary reports on
CMRR paramcters and other pertinent mining information
(figure 9). These rcports can then be used to assist mine
operation decisionmaking, prepare mine maps such as haz-
ard prediction maps, and prepare other graphics such as
gate road roof cross sections. Another use of the program
is to perform parametric studies. Unit thickness, unit
strength, moisture sensitivity, or any of the other variables
that factor into the CMRR equation can be altered. With-
in seconds, new values for IDR’s, UR’s, and CMRR’s are
calculated and printed. In this manner, CMRR param-
eters can be evaluated for any number of possible mining
scenarios to determine the sensitivity of these parameters
to such influences as geologic discontinuities and
groundwater,

Lotus 1-2-3 software is a commercially available spread-
sheet program that is user friendly and widely utilized.
The database program BOM-CMRR.WK3 is written for
Lotus 1-2-3, release 3.1, which is used with DOS 3.0 or
later versions, Your cemputer must have a minimum of
1 Mb of memory available for Lotus 1-2-3. If you are
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DATA BASE SUMMARY OF GATE ROAD ROOF STUDY

TABLE 1.- Roof control planning and coal quality prediction

LOCATION IN ROOF FALL HAZARD DATA COAL QUALITY DATA

7 LEFT GATE ROAD [-----------s-ecmmcemcoocmcae oo mseccc e crmesmmc o cccac e e maccccm s m e m s
(DISTANCE OUTBY) UNIT THICKNESS COAL QUALITY COAL QUALITY

(CROSSCUT 25) CMRR |RATING 1 UNIT 1 FACTOR 1 FACTOR 2

0 82 82  1.8m (6ft) Bone band pinched out Carbon. mudstone bands thinning

61 m (200 ft) 82 82  1.8m (6ft) Bone band pinched out Carbon. mudstone bands thinning
122 m (400 ft) 81 82 1.6m (5.2ft) Bone band pinched out Carbon. mudstone bands thinning
176 m (575 ft) 85 9 3m (1ft) Bone band thinning Carbon. mudstone bands thinning
244 m (800 fr) 92 92 1.8m (6ft) Bone band thinning Carbon. mudstone bands present
305 m (1000 ft) 92 92 1.8m (6ft) Bone band thinning Carbon. mudstone bands present
352 m (1150 ft) 92 92  1.8m (6ft) Bone band thinning Carbon. mudstone bands present
436 m (1425 ft) 61 @ .15m (0.5ft) Bone band pinched out Carbon. mudstone bands present
497 m 1625 ft) 51 9 .15m (0.5ft) Bone band pinched out Carbon. mudstone bands present
566 m (1850 ft) 84 92  1.5m (5ft) Bone band present Carbon. mudstone bands present
610 m (2000 ft) 80 9 .15m (0.5ft) Bone band present . Carbon. mudstone bands present
671 m (2200 ft) 79 9 .15m (0.5f0) Bone band present Carbon. mudstone bands present

TABLE 2.- Bolted roof rank from low to high

DISTANCE OUTBY

CROSSCUT 25 | CMRR l RANK I

ROOF FALL HAZARD LOCATION
(DISTANCE OUTBY CROSSCUT 25)

TABLE 3.- Hazard map data

UNIT RATING AND THICKNESS
OF IMMEDIATE ROQF UNIT 1

176 m (575 ft) 9 at .3m (1 ft3

436 m (1425 ft) 9 at .15 m (0.5 ft)
497 m (1625 ft) % at .15 m (0.5 ft)
610 m (2000 ft) 9 at .15 m (0.5 ft)
671 m (2200 ft) 9 at .15 m (0.5 ft)

497 m (1625 ft) 51 [Moderate

436 m (1425 ft) 61 |Moderate
671 m (2200 ft) 79 | strong
610 m (2000 ft) 80 | Strong
122 m (400 ft) 81 strong
0 82 | Strong

61 m (200 ft) 82 | Strong
566 m (1850 ft) 84 Strong
176 m (575 ft) 85 Strong
244 m (800 ft) 92 | Strong
305 m (1000 ft) 92 | Strong
352 m (1150 ft) 92 | Strong

Figure 9.—Sample printout of CMRR database summary.

using Lotus 1-2-3, releasc 3.1 with Windows 3.0 in 386
enhanced mode and have only 2 Mb of memory, you
should create a_permanent Windows 3.0 swap file. The
database program was written for users with little
knowledge of Lotus 1-2-3 commands or for experienced
users. :

After the Lotus 1-2-3 program is started and the file
BOM-CMRR.WK3 is retrieved into the workshect area,
the user will be viewing the main worksheet B of the
database program (figure 10). Worksheet B contains a
blank duplicate of the CMRR field data worksheet,
additional roof characteristics section, comments section,
CMRR summary section, CMRR conversion tables, Lotus
1-2-3 programming code, and Lotus 1-2-3 macro code.
The blank duplicate of the field data worksheet provides
space for six roof units with four discontinuities each per

field test. A partial list of the programming and macro
code, with explanatory remarks, is shown in appendix B.
This code is provided for users who prefer to customize
BOM-CMRR.WK3 for their own specific problem.

The program BOM-CMRR.WK3 has a three-
dimensional structure. It consists of a series of layered
worksheets (figure 11). After data from a single CMRR
field test are entcred into the correct cell locations on
worksheet B, CMRR parameters are calculated and the
ficld data worksheet, additional roof characteristics, com-
ments, and CMRR summary are copied to and stored in
worksheet C (field test 1 in figure 11). Worksheet B is
then cleared and data from field test 2 are entered.
CMRR parameters are calculated and the information is
copied to and stored in workshcet D (field test 2 in fig-
ure 11). The process is repeated until all field test data



17

[BJABCDEFG..... ... ....

V

\

e / 7 //////////

N

Page 1 of 2

N 7

characteristics

: ~ < )
- Additional roof ]\ [Comments

L

Lotus 1-2-3
programming code L

N

~

Lotus 1-2-3
macro code

7

128

CMRR sun’k
129

130 Page 2 of 2

.

Figure 10.—Sections of main Lotus 1-2-3 worksheet B.

worksheets from a ground control study are entered. New
field tests are stored in back of previously entered tests so
that the worksheet reference letter (i.e., C, D, and E)
remains the same for each test as the database is ex-
panded. Up to 254 ficld tests can be added, depending on
how much memory a computer has.

The Lotus 1-2-3 program has the capability to search
each worksheet of the database and perform queries, sorts,
merges, and statistics. Pertinent information can also be
copied to text files to interface it with other software pack-
ages. Worksheet A is reserved for building a database
summary report containing this information (figure 9).

OPERATING INSTRUCTIONS

To use the Lotus 1-2-3 program, perform the following
steps.

1. Copy the BOM-CMRR.WK3 master program file
from the floppy disk® to the Lotus 1-2-3 directory on the
hard drive of your personal computer.

2. Start Lotus 1-2-3 program and execute a file retrieve
command (/FR) to retrieve file BOM-CMRR.WK3 from
the hard drive.

3. Before doing any work, execute a file save command
(/FS) to create a new file on the hard drive with a name
other than BOM-CMRR.WK3. For example, if you are
creating a database to store and evaluate CMRR field test
data for the 7 Left gate road at your mine, the new file
can be named "7TL-GTRD.WK3." At this point, there are
two CMRR database files on your hard drive: the master
program file BOM-CMRR.WK3 (which is an empty shell
with programming code contained in it) and the file you

9See footnote 3.
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Figure 11.—Three-dimensional database structure of Lotus 1-2-3 spreadsheet.

are creating (7L-GTRD.WK3). Creating a new file en- CMRR parameters to be input into the Lotus 1.2-3
sures that the master program file will not be altered and  worksheet.
can be used to create new files in the future,

4. Transfer the information from the first CMRR field Unit thickness is entered into the blank cells in column
_test to the appropriate data input cells in the ficld data  D.
worksheet (figure 12). The following list specifies the
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UNIT UNIT DISCONTINUITIES
Thickness|strip Moisture _ |Rough- _ |Persistencefstrike| Dip
(n or ft}| Log {Description|Strength|Sensitivity Description|Cohesion} ness |Spacingl Lat./Vert. {Orien.|Orien
-------------------------- a.
#6 b.
---------------------------- c.
--------------------------- d.
H Contact jXXXXX XXXXXNXX | XXAXXXXXXXX | Contact XXXXXXX KAXAKX | XHAXXRX
---------------------------- a.
#5 b.
---------------------------- c.
---------------------------- d.
” Contact |XXXXX XXXXXAXK | XXHAXANXXXX] Contact XXARXXX XRXXHXK | XHHXHAX
---------------------------- a.
#4 b.
---------------------------- c.
---------------------------- d.
[[{ Contact |XXXXX XXXXXXXX | XXX | Contact XXXXXXX XOOXXXX | XKUXKHK
---------------------------- a.
#3 b.
---------------------------- c.
---------------------------- d.
1| Contact |[XXXXX YOO | XXXXXXXXXXX | Contact XXXXXXX XHXUXX [ XXXXXKX
---------------------------- a.
#2 b.
---------------------------- c.
---------------------------- d.
]1| Contact [XXXXX XXXXXXXX [ XXXXXXXXXXX | Contact XXXXXXX XXXXKX | XXX
---------------------------- a.
#1 b.
---------------------------- c.
---------------------------- d.
ADDITIONAL -ROOF CHARACTERISTICS:  ==meeeemeeee COMMENTS: = <mmmmmmccmmcmmmsammmecmacoooaan
Length Unit of Measure {Meters = 1, Feet = 2}.............. Mine....nerun--
Thickness of Unit 6 Within the Bolted Interval............. Location....c..
" “ n 5 " " w feesaieiranes Exposure Type..
u L " " M eereeeeee Name...........
" u w3 oom " " L Dateeecuiacaann
n " o 2 I H t L Ground Support.
" L] " 1 n " " B i eeesasavsne 1] 1" .
Number of Unit Contacts of Significant Weakness Within the  =---=-cvnr-- " n .
Bolted Interval.ee.ceserensnnnerernnrcnsvensacassnonnnanas Other Comments.
Groundwater {1-53 ... i iiiitereiisnsssnssronacanassanan " "
Surcharge {Upper Beds Equal = 0, U.B. Weaker = -5}......... u ®

Figure 12.—Work area of main Lotus 1-2-3 worksheet B.

Strip log information can be drawn in by hand on the
hard copy printout (figure 13).

Unit description is entered into the blank cells in col-
umn H. Each unit has four blank cells available for the
description.

Unit strength and moisture sensitivity are entered into
the blank cells in columns J and L, respectively.

Unit discontinuity description is entered into the blank
cells in column P. Each unit can have up to four disconti-
nuities (a., b., ¢, and d.) and cach discontinuity has one
blank cell available for description. If the unit has no

discontinuities, enter Intact rock into the description cell
of discontinuity a.

Cohesion, roughness, spacing, persistence, strike, and
dip are entered into the blank cells in columns R, T, V, X,
Z, and AB, respectively.

Length unit of measure is entered into column P of the
"Additional Roof Characteristics” section. Length can be
entered in meters (1) or feet (2).

Thicknesses of the units within the bolted interval are
entered into column P of the "Additional Roof Character-
istics" section, If a unit is not within the bolted interval,
the thickness cell can be left blank.
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€, slips b 2 4 3
d Nodules 2 2 3 2
Thickness Description Moisture Rough- (Spacing |Persistence|Strike
{m ar £t)| log Sensitivity ness Lat./Vert. |Orien.

XXXRAXXXAXXXXK BOTTOM OF EXPOSURE XXXXX BOTTOM QF EXPOSURE XXXXX BOTTOM OF EXPOSURE KXXXX SUTTOM OF EXPUSURE XMXXXXXXXXXKMXXXXX
XXXHXUXUKNNNNX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXNXX BOTTOM OF EXPOSURE XMOOOOMXXXMNXXXX

B

ADBITIONAL ROOF CHARACTERISTICS:
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" u

e
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Bolted Intervai........“......<
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" "

CMRR SUMHARY

Unxt 2 IDRs = 25 tnit 3 1DRa = 38
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=N data

COAL MINE ROOF RATING:

Unit Bolted
Rating Thickness
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Ur 1 36 % 1.3 = 54 $trong Bed Adjustment
UR 2 28 X 2= 56 Bed Contact Adjustment
ur 3 40 X 1 40 Groundwater Adjustment
UR 4 41 X 1 41 surcharge Adjustment
UR 5 83 X 1.5 = 124.5
UR &No data X ko data =No data CHRR
Sum = 7 315.5
Weighted Average of the Unit Ratings = 45

Figure 13.—Sample printout of field test data and CMRR parameters, including
individual discontinuity rating (IDR}, multiple discontinuity adjustment (MDA}, unit
strength (US), moisture sensitivity {MS), unit rating (UR), and weighted average of
unlt ratings (RRW). A, Page 1 with field data; B, page 2 with additional field data
and CMRR summary.



Bed contact and groundwater adjustments are entered
into column P of the "Additional Roof Characteristics”
section.

Surcharge adjustment is entered into column P of the
“Additional Roof Characteristics” section. If the upper
units are approximately equal in strength to the bolted
interval, enter 0. If the upper units are significantly
weaker than the bolted interval, enter -5. If the upper
units are significantly stronger than the bolted interval,
leave the cell blank.

Comments are entered into the blank cells of column
V. Each line can contain up to 34 characters. The
"Comments" section is available for users to record and
analyzc any information that is important to their own
specific problems (e.g., roof support, coal quality, and rib
quality), but comment information is not necessary for
CMRR calculations.

Half values can be cntercd for strenpth, cohesion,
roughness, spacing, and persistence (e.g., strength = 2.5).
Strike and dip orientation do not have to be entered in
order for the program to calculate CMRR. A sample
printout of field test data and CMRR parameters is shown
in figure 13.

5. Run the program by pressing the <Alt> and <R >
keys simultancously. The program automatically computes
CMRR parameters and enters these values into the
CMRR summary section of the main spreadsheet B.

6. Print the report by pressing the <Alt> and <P>
keys simultaneously. A two-page hard copy of CMRR
data and results is automatically printed. The sample
printout shown in figure 13 was printed on letter-size
paper using condensed print. If the printer is set for nor-
mal size print, the report fits on 15- by 11-in computer pa-
per. Either print format can be reduced on a copy ma-
chine to provide any final hard copy size desired.

7. Transfer the field data worksheet, additional roof
characteristics, comments, and CMRR summary from the
first CMRR field test to worksheet C (figure 10) by press-
ing the <Alt> and <C> keys simultancously. This fune-
tion also saves the working file in the Lotus 1-2-3 directory
of the hard drive.

8. Clear the data input cells in the main workshcet B
by pressing the <Alt> and <L> keys simultancously. In
order for the "Comments" section to be cleared correctly,
comments must be placed in the cells of column V.

At this point, the user is ready to repeat steps 4 through
8 for the remaining CMRR field test worksheets com-
pleted during the ground control study. If there is little
difference between consecutive ficld test worksheets, there
is no need to clear the data input cells before beginning
new input. Simply alter the few cells that are different,
then repeat steps 5 through 7.
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For users with limited knowledge of Lotus 1-2-3 pro-
gram commands, it would be helpful to work through the
lessons in the Lotus 1-2-3, release 3.1 tutorial book (Lotus
Development Corp., 1990). In this book, chapter 3 "Using
Multiple Worksheets and Files” and chapter 5 "Automating
Your Work With Macros" are most applicable to the
BOM-CMRR.WK3 program file. Any of the manual Lo-
tus 1-2-3 commands can also be used within the database
to perform such functions as editing, deleting worksheets,
copying worksheets, transferring worksheets to new loca-
tions, clearing cell locations, and printing reports. Be
carcful NOT to perform any manual commands while
working in the main worksheet B that will alter the pro-
gramming code contained there. If this happens, you will
need to start over with a backup copy of-BOM-
CMRR.WK3 that you should always keep on a floppy disk.
And at the end of each working session, save your work.
BOM-CMRR.WK3 is also compatible with other commer-
cial spreadsheet programs such as the widely used Excel
program. A Lotus 1-2-3 for Windows version of this
spreadsheet is currently under development by the USBM.

SAMPLE APPLICATION FROM GATE ROAD ROOF
STUDY AT A WESTERN U.S. COAL MINE

Appendix C contains a sample CMRR database created
with computer file BOM-CMRR.WK3. Field data work-
sheets were filled out at 12 locations along a gate road at
a Western U.S. coal minc; then the mining information
was transferred to and processed by the database program.
The roof in the gate road has a sandstone channel, mud-
stone member, and carbonaceous mudstone member, and
the bolt length is 1.8 m (6 ft). Unit thicknesses for the
roof members change throughout the gate road as the
sandstone channel changes shape. As the thicknesses
change, CMRR and UR of the first roof layer also change
(figure 14). Channel boundaries are characterized by
hazardous roof conditions. For the example shown in ap-
pendix C, the hazard areas can be mapped using the UR
of the first roof layer. The graph shown in figure 14 can
also be used to determine what type of roof control condi-
tions may be expected for certain values of CMRR and
UR.

After all the mining information from a ground control
study has been entered into the CMRR database, the data-
base can be printed, as shown in appendix C, to evaluate
the information contained in it, or graphs, maps, statistical
analyses, and database summary reports can be prepared
for evaluation. First-time users of computer file BOM-
CMRR.WK3 can review appendix C to gain insight on
what information is needed to create a CMRR database,
into what cell locations the information is entered, and
what a sample CMRR database summary (figure 9) may
look like if the program is run correctly.
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Figure 14.—CMRR results from gate road roof study at a western U.S. coal mine showing carbonaceous mudstone (CMS) member

and unit ratings (LUR's) of first immediate roof layer.

Since each mine has a unique set of conditions, data-
base evaluation should be customized to fit the specific
problems of a mine. At a mine experiencing roof falls and
coal quality problems, a database summary like the one
shown in figure 9 may be created to chart these factors.
Lotus 1-2-3 commands were used in worksheet A
(figure 10} to query, merge, sort, and print pertinent

information related to roof control planning, coal quality
prediction, roof structure competence, and hazard map-
ping. Reports can also be made to evaluate any other
information contained in the field data worksheet (e.g.,
artificial support type, pillar characteristics, rib quality,
groundwater, and roof unit thicknesses).

CONCLUSIONS

The CMRR is a tool developed by the USBM for aid-
ing coal pillar and entry design, intersection span design,
and mine roof support design as it is widely accepted that
"bad" roof results in hazardous ground conditions. The
CMRR may also be used to produce a map of the roof
quality throughout an active coal mine, indicating zones of
weak, moderate, or strong roof. For areas or zones of
weak roof rock, one may alter a support plan to accom-
modate this potential problem area. This type of map may
also be utilized as a hazard map when various types of
data are combined onto layered mapping systems to detect
zones of potential weakness based on numerous geotechni-
cal information. Rapid changes in rating {e.g., across a
gate road) from strong to weaker or weak to stronger may
signal an area of possible hazard due to an abrupt change
in geology. Detecting rock property boundaries such as
channel sands or mud stringers may help to anticipate

potential hazards from these boundary effects. The
USBM is currently investigating combining the CMRR and
geologic mapping with a geostatistical modeling package.
These maps then, combined with numerically modeled
stress profiles, may help to forecast areas of potential
hazard ahead of mining and/or development.

Two methods for computing the CMRR have been de-
veloped by the USBM. The first of these methods is a
family of stand-alone, c-language programs for all personal
computer users. The ¢ programs accept interactive user
input of field data, compute a CMRR, output the CMRR’s
to text files, and display the ratings in two different ways.
Text file output from the ¢ programs can be read directly
into a number of graphing and analysis program packages,
such as Grapher, Surfer, AutoCAD, and ARC/INFQ,
among others, The second method is a Lotus 1-2-3
worksheet that may be preferred by users of spreadsheet



programs. The worksheet accepts user input for the
storage of raw field data and computes, stores, and prints
the CMRR parameters using simple macro commands. In
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addition, Lotus 1-2-3 software is a powerful tool for
manipulating and analyzing tabular data; thus site-specific
reports can be easily generated.
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APPENDIX A.—INSTALLATION OF CMRR FAMILY OF PROGRAMS

The CMRR family of programs are written in the ¢
programming language (Microsoft C, version 6.0) and are
written for personal computers using the DOS operating
system. A variable gain amplifier (VGA) monitor is re-
quired for running the graphics portions of the program;
yet it is not required to perform the calculations and
creation of data files. The executable programs and the ¢
source code for the seven programs are on the floppy
disk.! These programs can be run directly from the floppy
disk drive, although copying them to an area on your hard
drive {assuming you have one) is recommended. To copy
the programs to your hard disk drive, first create a
subdirectory named "CMRR" (or whatever suits you), and
type cd to access this CMRR directory (assuming that the
hard drive is the c: drive). Place the floppy disk in drive
a: (or b: if required). From the CMRR directory, after
the computer prompts c:\CMRR\, simply type copy a:*.*
and press <Enter>. All files from the floppy disk will be
copied to your hard drive. Storage for the complete
program sct is slightly more than 460 kb. The Lotus 1-2-3
spreadsheet, also contained on the disk, requires an
additional 65 kb. All executable program files end with an
*.exe extension and all c-language source code files end
with an *.c extension, Files that end in *.dat, *.out, and
*.map are sample files corresponding to the examples pre-
sented within this Information Circular. These sample
files are (1) USBMtest.dat (sample raw field data text

1See page 2 for explanation of footnote 3.

file), (2) USBMtest.out (sample output ratings for test
data file), (3) USBMtestlog (sample output ratings in
database form), and (4) Mine.map (sample mine map in-
put file). Files that end in *.fon are font files necessary to
display graphics on the screen, Also included on this disk
is the Lotus 1-2-3 spreadsheet file (*.wk3) for storing ficld
data and computing a CMRR.

To begin the CMRR' program, after the program
prompts c:\CMRR\, type CMRR and press <Enter>.
You are now running the program. To run any of the
other programs, type the program name similar to the ex-
ample given here. To abort any of the programs at any
time, press <Ctrl> and <C> simultaneously. Use cau-
tion when aborting a program to avoid losing data entered
during the session.

There are two known problems in the family of pro-
grams. After the output from the Rockplot, Rockmplt,
and Stratplt programs are viewed, a null-pointer as-
signment error often appears on the screen. This doesn’t
affect anything; the problem has not been found. At this
time just ignore the message (although suggestions are
welcome). The second problem is encountered when the
Stratplt program does not exit the plot properly and may
lock up the monitor. This has happened on a single high-
resolution, 17-in monitor and appears to be triggered by
the different brands of personal computers and monitors
used since this has not been observed on more common
personal computers and monitors. Again, suggestions are
welcome.



APPENDIX B.—LOTUS 1-2-3 PROGRAMMING CODE AND MACROS

The following portions of the programming code and  BOM-CMRR.WK3 for their own specific problem or for
macro commands are shown in figures B-1 through B-3  those who want to write a similar worksheet program but
for users who prefer to customize computer file  are not familiar with Lotus 1-2-3 commands.

Lowest Individual Discontinuity Rating {IDR}

REMARK Determine if any of the units have no discontinuities and the
REMARK_cohesion-roughness test was done on intact rock
@IF(P9="Intact rock",1,0)

REMARK Calculate IDRs for each Unit

@IF(AF21=1,@INDEX (AG10..AN15,2*R9~1,2%T9-1)+35, @INDEX (AG10..AN15,2*R9-1,
2*T9~1) +@INDEX (AQ10..AZ17,2%V9-1,2%X9~1)) :

@INDEX(AG10..AN15,2*R10~1,2*T10-1)+@INDEX(AQl0..AZ17,2%V10-1,2*X10-1)

@INDEX (AG10..AN15,2*%R11-1,2*%T11-1)}+@INDEX(AQ10..AZ17,2%V11-1,2%X11-1)

@INDEX (AG10..AN15,2*%R12-1,2*T12~1)+@INDEX(AQ10..AZ17,2%V1i2-1,2*X12~-1)

REMARK Determine how many discontinuities are entered
QISERR(AH21),ISERR(AH22) ,ISERR{AH23)

REMARK Determine lowest IDR for each Unit
QIF(AI21=0#AND#AI22=1,AH21,1000)
@IF(AI22=0#AND#AI23=1,@MIN(AH21..AH22),1000)
@IF(AI23=0#AND#AI24=1,@MIN(AH21,,.AH23),1000)
@IF(AI24=0,@MIN(AH21..AH24),1000)
@MIN(AJ21..AJ24)

Multiple Discontinuity Adjustment {MDA}

REMARK Arrange Unit IDRs for sorting
@IF(AI21=0,AH21,1000)
@IF(ATI22=0,AH22,1000)
@IF(AI23=0,AH23,1000)
@IF (AI24=0,AH24,1000)

REMARK Determine MDA for each Unit
QIF(AN22=1000,0,1000)

@IF {AP21=1000#AND#AN21>50,0,1000)
@IF(AP21=1000#AND#AN22>50,0,1000)

@IF (AP21=1C00#AND#AN21<50#AND#AN22<50,-2,1000)
@IF(AP21=1000#AND#AN21<40#AND#AN22<40,-4,1000)
@YF(AP21=1C00#AND#AN21<30#AND#AN22<30,~5,1000)
@MIN(AP21..AP26)

Unit Rating {UR}

REMARK Determine UR for each Unit
@IF(AK21=1000,1/0,AK21)
@IF(AK21=1000,1/0,AR21)

@IF (AK21=1000,1/0,@INDEX(BH9..BI14,1,J10))
@IF(AK21=1000,1/0,@INDEX(BL9..BM13,1,L10))
@SUM(AT21..AT24)

Figure B-1.—Programming code for calculation of lowest individual discontinuity rating, multiple discontinuity adjust-
ment, and unit rating.



REMARK Determine RRW for the mine area of the roof test
@IF(AK21=1000, @FALSE,AT25)
+P60,+P61,+P62,+P63,+P64,+P65

@SUM(AW21. .AW26)

+AV21*AW21

@SUM(AX21..AX26)

@ROUND (+AX27 /AW27,0)

Strong Bed Adjustment {SBA}

REMARK Determine which Units are at least 1 foot thick
@IF(P60>11,1,0)

REMARK Determine which Units have a UR at least 5 points higher than RRW
@IF (AK21=1000,0,@IF (AT25~AY27>4,1,0})

REMARK Determine which Units meet both SBA criteria and arrange their
REMARK respective URs for the sorting macro Alt-S
@IF (BA21=1#AND#BB21=1,AT25, Q)

REMARK Determine strong bed difference and difference range
+BE21-AY27
@IF(BA36>4.99#AND#BA36<9.99,1,1000)
@QIF (BA36>9.99#AND#BA36<14.99,2,1000)
@IF(BA36>14.99#AND#BA36<19.99,3,1000)
@IF(BA36>19.99#AND#BA36<24.99,4,1000)
@IF (BA36>24.99#AND#BA36<29.99,5,1000)
@IF(BA36>29.99#AND#¥BA36<34.99,6,1000)
Q@IF(BA36>34.99#AND#BA36<40.01,7,1000)
RIF(BA36>40.01,8,1000)
@MIN(BD28..BD35)

REMARK Determine strong bed thickness and thickness range
@IF(AK21=1000,0,@IF(AT25=BE21,D10,0})

@SUM(BA28..BA33) /12

@IF(BA34>0.99#AND#BA34<1.99,1,1000)

@IF (BA34>1.99#AND#BA34<2.99,2,1000)
@IF(BA34>2.99#AND#BA34<3.99,3,1000)

@IF(BA34>3.99,4,1000)

@MIN(BB28..BB31)

Bed Contact Adjustment

REMARK Determine range of number of bed contacts
@IF(P67=0,1,1000)
@IF(P67>0.99#AND#P67<2.01,2,1000)
@IF(P67>2.99#AND#P67<4.01,3,1000)
@IF(P67>4.01,4,1000)

@MIN(BG28..BG31)

Figure B-2.—Programming code for calculation of weighted average of unit ratings, strong bed adjustment, and bed contact
adjustment.
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Roof Rating {CMRR}

REMARK Determine CMRR

+AY27
@IF(BE21=0,0,@INDEX(BQll..BY15,BD36,BB32))
@INDEX(CB10..CC14,1,BG32)
@INDEX(CG9..CH14,1,P68)

+P70

@S5UM(BG21..BG25)

CMRR MACROS

REMARK ALT-R calculates CMRR parameters.
{LET AN21,AM21}{LET AN22,AM22}

{LET AN23,AM23}{LET AN24,AM24}

/DSDAN26. .AN29~PAN26~A~G

REMARK ALT-P prints out 2 page hard copy of CMRR parameters and results.
/PPRA1l. .AC63~0OML3~MR165~MTO~MBO~P66~
OBSQAGPR{ESC}A64..AC126~00BSQAGPQ

REMARK ALT-C adds blank worksheet to the data base file. Copies data
REMARK and CMRR results from the working area of worksheet B to the
REMARK blank worksheet. Saves file in the current directory.

{HOME} {PGDN} {END} {NS} /WISA1~{PGDN} {END} {PS}{NS}/CAl..AC126~{HOME} {PGDN}
{END} {NS} {HOME}~/FS~R

REMARK ALT-L Clears data input cells in the working area of

REMARK worksheet B.
{HOME}{R 3} {D P} {D 7} {R 5} {U 5} {L 30} ~{HOME}

Figure B-3.—Programming ¢ode for calculation of roof rating and execution of macro commands.



APPENDIX C.—SAMPLE CMRR DATABASE FROM STUDY OF GATE ROAD ROOF
AT A WESTERN U.S. COAL MINE

The two-page printouts of the mining information
collected at each location along the gate road shown in
figure .14 are shown in this appendix as figures C-1

through C-12. Information that is highlighted was used to
create the CMRR database summary report of figure 9.

TOP OF EXPQSURE XXXXX TOP CF EXPOSURE XXXXX 1OP OF EXPOSURE XXXXX TOP OUF EXPOSURE XXXXXXXXXXXX
TOP OF EXPOSURE XKXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP GF EXPOSURE XXXXXXXEXAKX

XXXXKXNXX TOP OF EXPOSURE XXXHX
XXXXXXNAK TOP OF EXPOSURE XXMXN

1Y UNIT DESCOHTINUITIES
Thickness{strip Hoisture ough- Persistence{Strike| Dip
e or 1)) Log Sensitivity Description]Cohesion| ness |Spacing] Lat./Vert. |orien.[Orien.
AXXAXK XAARARX AXEXNK
XXxXX XA KX
KEXXAXK XXXXXX | XNXXXXX
XX XXOLKERH XEANNX
a
b.
.
d
[1] centact |xxxxx centact XEXIONX H0KNN | XNAXXNX
Bedding 1 2 3 2
# £ Mudstans
Thickness|Strip|Description Description Rough- persistenca|Strike[ Bip
tmor f)] Log ness Lat.fvert. |Orien. | Orien.
UNIT UKIT DISCONTINUITIES

XOOUXKXKKAKN GOTTOM OF EXPGSURE XXXXX BQTTOM QF EXPOSURE XXXXX EBOTTOM OF
WOEOEXNNXAXN BOTTOM QF EXPUSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF

EXPGSURE XXXXX BOTTUM OF EXPOSURE XXXXXXXXXXXNXXXXX
EXPUSURE XXXXX BOTTOM OF EXPOSURE XXXXKXNXXXXXXXXXX

Py

DITIONAL %OOF CHARACTER]ISTICS

tength Unit of Measure (Heters = 1, Feet = 2. 2 i Western Us

Thickness of Unit & Within the Bolted lnterval Location. _7 Left gate ro; -
" L " ?“—W—E'F‘ahwzxpngum Ve Tate reaT TooT YiTeeT on disgram
- w4 v " Name . < .eeB, Wuest
" w 3 m - “ bate.. .. 018095
* woowo2 - " “ = o Ground Support.i,8+m (6-fr) resin grouted bolts
. wowop P u = " woo

"
Qther Comments.Bone bamd
n "

Wumber of Unit Contacts of Significamt Weakness Within the

Bol ted Interval
Grounduater 1-5)..
Surcharge (Upper Beds Egual

*rxrcuRR

pinched put
istone bands thinnin,

B vearw

INCEVIDUAL DISCONTLAUITY RATINGS:

Unit 1 IBRa = 70 Unit 2 [DRa =N& data Unit 3 IDRa =Wo data
. 1BRb =Ko data » [DRb =No data v b
- IBRc =No dats " [DRc =ko data
- IDRd =No data " [DRd =No data "
unit &4 1DRa =¥o data Unit 5 1bRa =No data data
s 1pRb =N data - IDRb =¥o data data
" 1DRc =N¢ data “ 1DRe =N data data
" [0Rd =No data * 10Rd =No data dsts
UNIT RATINGS:
IZR 1 (loWest) = 70 1DR 2 (lowest} =No data TOR 3 {lomwest} data
MDA 1 = ) HDA 2 =No data MDA 3 data
us 1= 15 us 2 us 3 dete
M5 - -3 MS 2 K53

dsta

Unit Ratini 82 Unit Rating 2 Unit Rating 3

TOR 4 {lowest) 1R S Clowest) sWo dats IR & (lowest) data:
MDA & MDA 5 =Nc data MDA 6 dsta
Vs 4 =No data s 5 =Ne daca uE 6 data
MS$ 4 =No data M5 5 =No data MS 6 data

Unit Rating & vnit Rating 5 =N¢ data Unit Reting § =No dats

COAL MINE ROOF RAZIHG:

Unit Bolted .
Rating Thickness
-------------- e HRY =
uk 1 82 % 4= 432 Strong Bed Adjustment =
UR 2o daza X Ne data  =No dats Bed Contact Adiustment =
Uk Iho data X No data  =No data Croundwater Adiusiment =
UR 4o data K No data  =No data Surcharge Adjustment =
UR Sno data X has
UR No data X CMRR
Sum

&2

Figure C-1.—Mining Information from crosscut 25. A, Page 1 with field
data; B, page 2 with additional field data and CMRR summary.



XXXRXXXKX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXMXXXOXXK
XXXKXXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXMXXXKXXX

UNLT UNIT DISCONTINUITIES
Thickness{strip Meisture Rough- Persistence(strike| Dip
{m or ft}| Log |Description|Strength{Sensitivity Deacription|Cohesion]| ness [Spacing| lat./Vert. [Orien | Orien
AXAHAK | NLXANXK
XXX AU [ KXXXAKK
HHKRXKKNN KOOOCOOKNK | Cantact o000 XXKARX | KRN
43
|1} €ontact [xxon OO SN, | NXNAUXX
a. Bedding 1 2 3 F
Muds tone 2 b.
- €.
- d.
| Thickness |Strip|Description Moisture Descriptisn[Cohesion|Rough- [Spacing [Persistence|Strike{ Dip
ili4m or 13| Log Sensitivity ness Lat./vert, |orien. | orien.
UNIT UNIT DISCONTINUITIES

XXMUXXXHKXXNLK BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTCM OF EXPGSURE XXXXXXXAXXXXXXXXX
KXXRXKXMXKXNNR BOTTOM OF EXPOSURE XXKXX BGTTDM DF EXPDSURE XXXKX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPCSURE JODOUKKXAXXXKXXKXX

ADDITIONAL ROOF CHARACTERISTICS:

Length Unit of Measure (Meters = 1, Feet = 2)..
Thickness of Unit & Within the Boited Interval.
u woou h u " " N

Date. . 10/15/93

Y

" "

Number of Unit Centacts of Significant Weakness Within the .
Other Comments.Bone band pinched put

Bolted Interval.
Groundwater (1-373,

unic 1 IDRa = 70 unit 2 IDRa Unit 3 10Ra
" [DRb =Np data " Rb o
" 1DRc =No data " .,
" 1DRd =No data " "

Unit 4 IDRa =Ho data Unit 5 IDRa unit &
" 10Rb =Ho data N "
" IDRe =No data " " 1DRc
" IPRd =No data " [ORd =Ho data " 10Rd

UNIT RATINGS;

COAL MINE ROOF RATING:

Unit Boited
Rating Thickness
- - - RRW = -4
UR 1 82 % & = 492 Strong Bed Adjustment = ]
UR 2Ng clata X No data =No data Bed Contact Adjustment = 0
UR IHo data X ho data =No data Groundwater Adjustment = Q
UR 4No data X Ne data =Ng data surcharge Adjustment = ]
LR SNo data ¥ No data =No data
UR GNo data X o data =Ng data CHRR = az
$un = é 492
weighted Average of the unit Ratings 8z

Ground Supp(’:l"t:hs-m {6-ft) resin grouted balts
e 1

" » rbon. mudstone bands thinni

DR 1 {Lowgst) = 7 18R 2 {lowest) =No data
MDA 1 = 0 ) MDA 2 =No data
us 4 = 15 us 2
NS 1= -3 NS 2
unit Rating Unit Rating 2 Unit Rating 3 :I_Iu dat;
10R & {lowestd =Ho data 1DR 5 (lowest) 10R 6 {lowest} =No data
MDA &4 =Hg data MDA 5 MOA & =Ho data
Us 4 =No data us % Us 6 =Ho data
M§ 4 =No data Ms 3 MS & aWo data
Unit Rating 4 =No data Unit Rating 5 Unit Rating & =No dat;

=Na deta

=No data
=Na data

Figure C-2.-Mining information from 61 m (200 ft) outby crosscut 25. A, Page 1

with fleld data; B, page 2 with additional field data and CMRR summary.

29



AXXXXXXXX TOP OF EXPOSURE XXKXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXMMXKXKXXAX
WUXRHAXXX TOP OF EXPOSURE XXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE MXXXXXXXXXXX

UNIT UNIT DISCONTINUITIES
Thickness|strip Hoisture Raugh- [Persistence |Strike] Dip
(m or ft3] Log {Description|Strengthisensitivity bescription)|Cohesion| ness |Spacing|iaet./vert. {Orien.i Qrien,

NXXUXKN ptiteddtrieteid

XKEXXRXXX

1] P e XXAXXXX XXXKUK { XXXRXKK
KXXNK HUKAXXX KAXKKK [ KXRKKKX
XXXXX

[XXONXXXXK | Contact XXXUXNXX XN | XXX

XXXHXX | KXXRKXX

ON

Thickness |Strip|Description Mofgture vescription|Cohesion|Reugh- {Spacingiferststence|Strike| Dip
{mor ft}| tog Sensitivity ness Lat./Vert. |Orien. | Orien.
URIT UNIT DISCONTINUITIES

XXXKXXAXXAXXKN BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXKXK BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXMXXXMMXMXXXNXXK
JOOOXKNKXXANX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BUTTOM OF EXPOUSURE XKXXXXXXKXXXXKXXNX

B

ADDITIONAL ROOF CHARACTERISTICS:
Length Unit of Measure (Meters = 1, Feet = 2}... = 2 | Mine......... WesTErD US
Thickness of Unit é Within the 8olted Interval., = Location. . 7 Left 122 m (400 1) outb -
v nowog4ow W u = Name...........B_ Wuest
" P S P “ Rate. . 10715793
" w2 e " " 0.8 1 tround Support.1.8-m (&-ft) resin grouted bolts
u [ w o “ o . 5.2 " * Wire mesh
Number of Unit Contacts of Significant Weakness Within the ------ e # .steel pans
Bolted INerval . iuireursraciacnracnsssseomoasnsnannsasaon. & t | Other Comments.Bone band pinched put
Groundwater (1-3) . - o "
Surcharge (Upper B -3 T
earnupr = g1 ke T AR sy T T
INDIVIDUAL DISCONTINDTTY RATINGS:
Unit 1 [bRa Unit 2 {DRa = 70 Unit 3 IDRa =No data
" 1DRb =No data % IDRb =No dats u 1DRb =No data
" 1DRc =No data *  jDR¢ =No data u IDRe =Ko data
" 10Rd =No data * IDRd =Nc data " IDkd =No data
Unit 4 IDKa =Ho data Unit 5 IDRa =No data Unit & IDR& =Ne data
o 1DRb =No data " IDRb =No data “  IDRb =No data
" IDRc =Mo data " 1DRe =Na data " IDRc =N¢ data
" iDRd =Na data o 1DRd =No data " 10Re =No data
UNIT RATINGS:
IPR 1 {lowest) 108 2 (lowest) = 7e IDR 3 (lowest) =po data
MDA 1 MOA 2 = 0 KDA 3 sNo dsta
us 1 Us 2 = 22 Us 3 =No deta
LE] N 2= o MS 3 =No data
. LI P
Unit Ratinﬁ 1 82 Unit Reting 2 = 92 Unit Rating 3 =Ko data
IDR 4 (iowest) IGR 5 (iowest) =No dats IDR 6 {lowest} =No data
MDA & NGA 5 =No deta MDA 6 =No data
ug & US 5 =Na data us 6
MS & M§$ 5 =No data MS &
asewzann ==
Unit Rating & Unit Rating 5 =N data unit Rating & =No data
COAL MINE ROOF RATING:
bnit Bolted
Rating Thickness
----------- Cwmeaen--- RRW = 53
UR 1 X 5.2 = 426.4 Strong fed Adjustment =
UR 2 92 X 0.8 = 73.6 Bed Contect Adjustment =
UR 3Ho dara X Ko data =No data Groundwater Adjustment =
UR &No data X No data =Ho dsta Surcharge Adjustment =
UR 5No data X No data =Ho data
UR &Ho deta X No data =Ho data CHMRR
Sum = & 500
HWeighted Average of the Unit Ratings = 83

Figure C-3.—Mining information from 122 m (400 ft) outby crosscut 25. A, Page 1
with fleld data; B, page 2 with additional field data and CMRR summary.



WAXKAXXXX TOP
XAXXKHKKN TOP

OF EXPOSURE XXXXX
OF EXPOSURE XXXXX

TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP GF EXPOSURE XXXXX TOP OF EXPOSURE XXXXXXXXXXXX
TOP OF EXPGSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXMCKXXXXXXX

Meisture Rough- Persistence|Strike| Dip
Sensitivity DeseriptionfCahesion} ness |Spacing|Lat./Vert. |Orfen.|Orien.

Thickness
(m or ft)| Log {Description

XXORXK OO0 X000

KIOXXNK

XEXXXX | KXKXAXX

- B & 3
#1 1 Carbon. 5 3 b. Sllckvnude & 2 4 3
Thickness Nuistura Description]|Cohesion|Rough-|Spacing|Persistence |Strike[ Dip
{m or ft) Sensitivity ness Lat./vert, |Orien.| Orien.
UNIT UNIT DTSCONTINUITIES

XU BOTTOM OF EXPOSURE XXXXX BOGTTOM OF EXPOSURE XXXXX BOTTOM QOF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXKXXXXRXXXXXXXX
XANXNXEXXNXXXK BOTTQM OF EXPGSURE Xx¥XX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XNXXX BOTTOM OF EXPOSURE OOOOOOONXXXXNXAX

B

ADDITIORAL ROOF CHARACTERISTICS:

Length Unit of Measure (Meters = 1, Feet = 2)
Thickness of Unit & Within the Bolted lr\tel‘va .

" W ok 5 m " *
" noow o4 om " " n Name. .. 8. Wuest
n Mmoow 30w u " “ 4.5 | Date. 10715793
" W o® 3 b n " El 0.5 Ground Support.1.8-m (6-ft) resin grouted bolxs
[ [ ) “ " » 1 o Wfre mesh

Number of Unit Contacts of Significant vcakru:ss Within the sseeaesr-an " v .steel pans

Bolted Interval.
Groundwater (1-53.
$urcherge {Upper Beds Equa[

Dther Comnents Bome band thirning

2
1 sCarbon. mudstone bands thinning
0

Umt 1 IDRe Um( 3 IDRa = 70
iDRb = 23 1DRL =Ho data

" I0Rc =No data » IDRe =Ha data

" 10Rd =N¢ dats " IORd =No date . " IDRd =No data
unit 4 IDRs =N¢ dats Unit 5 IDRe =No date Unit 6 IDRa =Ho data
B TDRE =No data " 1DRb “ 1DRb =Ko data

" IDRe =No data " IDRc * IDRc =Ho data

" 1DRd =Ko data " IDRd =No date h IDRd =Ho data

UNIT RATINGS:

IDR 1 {lowest) ¥ 19 I0R 2 {lowest) = 19 IBR 3 {lowest} = 70
MDA 1 = -5 MDA 2 MDA 3 = 0
us 1 = H] us 2 us ¥ = 22
MS 1 = -10 NS 2 Ms 3 = 0

Unit Rating g Unit Rating 2 = 1% Unit Rating 3= 92

DR & (lowest) =Ko data 10R 5 Clowest) =Na DR 6 {lowest) =No data
A & =No data MDA 5 MDA 6 =No data
US 4 sXo data US 6 =No data
MS 4 =No data

M 6 =No data

Unit Rating & =No data unit Rating 5 =No date unit Rating 6 =No data
COAL MINE ROOF RATING:

unit Bolted
Rating Thickness
--------------------- RRY = 72
uR 1 9 X 9 Strong Bed Adjustment = 15
uR 2 16 X 8 Bed Contact Adjustment = -2
LR 3 g2 % . W14 Groundwater Adjustment = ]
UR 4No data X Mo data No data surcharge Adjustment = ¢
UR 5No data X No data o date
UR &Re data X Ho data =No date LMRR = &5
Sum = & 431
f the Unit Ratings = 72

Figure C-4.—Mining information from 176 m (575 ft) outby crosscut 25. A, Page 1
with field data; B, page 2 with additional field data and CMRR summary.
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XXXOOLOKN TOP OF EXPOSURE XXNXX TOP OF EXPOSURE XXXXX TOP QF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EKPOSURE XMXXXKXXXNXX
XXXKXXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XKXXXXXXXXXX

UNIT DISCONTINVITIES

Thickmess|strip Moisture Rough- Persistence|Strike| Dip
(m or t3| Log [pescriptionlStrength|Sensitivity Bescription|Cohesion] ness iSpacing) Lat./Vert. |Orien i

XHAXXAN KXXRXK | KKXXXXX

Contact

sandstone

Thicknessf$tripfDescription Moisture persistence|strike| Dip
m or ft}| Lag Sensitivity Lat./Vert. [Orien,

JRXOCOMXXXKA BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE NXXO(X BOYTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXXXXXXXKXXMXXX
XXXXAXXXXKXXXX BOTTOM OF EXPOSURE XXXXX BOTTON OF EXPOSURE MXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXAXXKXMRXXXRXX

ADDITIONAL ROOF CHARACTERISTICS:

Western US
.7 Left, 246 m (800 fi) putby XC-25
0T X-Secticn diBaram

Length Unit of Heasure {Meters = 1, Feet = 2).
Thickness of Unit & kithin the Belted Interval.
" vowog o ow [ w " )

" Woow 4 o u " " N
" T ] “ » " X
" homoz2oon " " “ . Ground Suppert.1.8-m (6-ft) resin grouted bolts
" [ " " . " "o

Number of Unit Contacts of $ignificant Weakness Within the  =------c-es " "

Bolted Interval.. Other Comments_Bone band thinning
o n

Greundwater {1-5).,

*x2wCMRR gz e

INDIVIDUAL DISCONTINUITY RATINGS:

unit 1 IDRa 7o Unit 2 IDRa unit 3 [DRa =No data
" 1DRb =No data " IDRB " [DRb =No data
" IDRe =No data " [oRe " IDRc =No data
" [DRd =No data " IDRd " IDRd =Na data
Unit & [DRa =No data Unit 5 1DRa Unit & IDRa =No date
" IDRb =Mo data " DRb " IDRb =No data
" - IDRe =No data " IDRe " [DRe =Mo data

" IDRd =N¢ data " IORd " IbRd =No data

UNIT RATINGS:

10R 1 {lowest} = 70 IR 2 {lowest) IDR 3 {lowest} =do data
MDA 1 = 0 MDA MDA 3 =No data
us 1= 22 us 2 Us 3 =Ne data
MS 1 = 0 Ms 2 HS 3 =No data
e

unit Raring 1 = 92 unit Rating 2 =No datm Unit Rating 3 =No data
IDR 4 {loWest} =Ho data IDR § {lowest} =No data 1DR & (lowest} sip data
MDA & =Mo data MDA 5 6 =Ho data

US % =No data us § us & =Ho

MS & =No data L MS & =No

oot
Unit Rating & =No data Unit Rating 5 Unit Rating 6 =¥o dats

COAL MINE ROOF RATING:

Unit Bolted

Rating Thickness

...... RRW = 52
UR 1 92X Strong Bed Adjustment = bl
UR 2No data X Mo deta Bed Contact Adjustment = 0
UR 3Ho data X No data Groundwater Adjustment = 0
UR 4Ho data X No data Surcharge Adjustment = 0
UR SHo data X No data ===
UR 6Ho data X No data CMRR = 92

Sun =

Weighted Average of the Unit Ratings

Figure C-5.—Mining information from 244 m (800 ft) outby crosscut 25. A, Page 1
with field data; B, page 2 with additional field data and CMRR summary, -



OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXUXXNXXX
OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX FGP OF EXPOSURE XXXXX TOP GF EXPOSURE XMXXMXXXMMXX

Lat orien.

Thickness|Strip Moisture
{m or ft}{ Log [Descriptionfstrength(Sensitivity

Rough- Persistence|$trike
Description]Cohesion| ness i

ivert

petatiiy

Contact HXUKKRK

Contact

XAXEXXX XAXXKA | XKAXARX

XXRHKXX

XXXXXXXXXXK] Contact XHNXKRKR

1]} contaet

XOOXXXXNXX | Contact XXXXXXX FAXXEX | KXKXXXK

Thickness |$trip
¢ 13 Lo

Moisture DescriptioniCohesion|Rough- {Spacing |Persistence|Strike| Bip
sensitivity ness Lat./Vert. |Orien. | Orien,

AXXXNXUUXANHXN BOTTOM OF EXPOSURE XXXXX BOTTOM Of EXPGSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XX)XXXXRXXXXXXXXX
XNXXXXAXXXXKXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE MXXXX BOTTOM OF EXPOSURE XXXXKXMXUXXXKXXKXX

)

ADDITIONAL ROOF CHARACTERISTICS: -

Length Unit of Meesure (Meters = 1, Feet = 2) 2 | Mine. ..Western US

Thickness of Unit & Within the Balted Interval. ocetion a7 teft, 30 1000f1) outby X¢C-
" wowo 5w W “ XPOSUr e Type..Uste road root X-section diagram
" w4 o o n u Hame.ovvaonera B, Huest
" now 3w W " Dete.. .. 10415793
n w2 0 u " " . Ground $upport,1.8-m {é-ft) resin grouted bolts
“ Wwowof o ow T u B e 6 M woo

Number of Unit Contacts of Significant Weekness within the ----eereee- " "

Other Comments.Bone band thinning

1]
1 o " abdchen. mudstone bands present
0

Bolted Interval,._.
Groundwater {1-5)...
Surcharge {Upper Beds Eq

ual

CMRR  SUMMARY

Unit 1 IDRa unit 2 IDRa =No data unit 3 [DRa =No date
" IDRb =No data " IDRb =No data " DR o data
" [DRe =No data " ibRe =No data * {DRe =No datz
" IDRd =No data " 10Rd =No data " IDRd =Ho date
Unit & IDRa =No data Unit 5 10Ra *No data Umit & 1DRa =N& data
" 1DRb =No data " 10Rb =No data " 1DRb =No data
“ IDRc =No data " 1DRe =No data - IDRe =No data
" 1DRd =No data " 10Rd =No dste " 10Rd =Ne data
UNIT RATIRGS:
IDR 1 {lowestl = 0 IDR 2 (lowest) =Ko dete IDR 3 (lowest) =No dats
MDA 1 = 0 MCA 2 =No data MDA 3 =No data
us 1 = 22 Us 2 aNc deta Us 3 =No
MS 1 = Q MS 2 =No data Ms 3
Unit Rating 1 = 92 Unit Rating 2 =N¢ data Unit Rating 3 =No data
IDR & {lowest) =No date IDR § {lowest) =Ne¢ data IDR & {lowest)
MDA 4 =No data MDA 5 aNo data MDA &
Us 5 =Nc data us 6
us S Ms &

Unit Rating 4 =No data Unit Reting 5 Unit Rating & =No data

COAL MINE ROOF RATING:

unit

Rating

------ - - RRW = 92
UR T 92 X 6= 552 Strong Sed Adjustment = a
UR 2No data X #o data =No data Bed Contact Adjustment = 0
UR 3N date X No data =N¢ data Grourdwater Adjustment = il
UR 4No data X Ho data =N¢ deta Surcharge Adjustment = 0
UR SNo date X Ho dats aNe data
UR éNo date X No data =Ko deta CHRR = §2

Figure C-6.—Mining information from 305 m (1,000 ft} outby crosscut 25. A, Page
1 with field data; B, page 2 with additional field data and CMRR summary.

33



XXXXXXXKX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX T10f OF EXPOSURE XXXXX TOP OF EXPOSURE XXAXXXXXXKXX
KXARXXNXX TOP GF EXPOSURE XX(XXX TOP GF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP COF EMPOSURE XXXXX TGP OF EXPOSURE JOOIXXXXXXXXX

Thickness

Moisture Rough- Persistence|Strike
(m or ft)

$trengthisensitivity Descnpt!oﬂ fohesion| ness [SpacingiLat./Vert. [Orien.

P c.

XXXIX XXXNKMXX PXXXNXXXXRAX | Contact XXXXXXX JHXXXN | XHXXXAK

WO XOOOOK [ XOOAUXUAK | Contect XXXANXK petbtedplitieed

XXXXX XXXAEXXK XXXKXKX MRXHKX | XRIHXXK
#3
“ Con(act KXKXX XXXKXKXXK [XXXNXXXXXXX| Contact RXXAXXRX AKX [URKRUXRK
[]] contact |xxxux XXHXANKX OO | Contact XXXKAKX AR | XAXRKK
Rl AL AL a. Intact reck 1 3

#1 Sandstone

Thickness|Strip|Description|Strength] Moisture Bescription|Cohesion{Rough=|$pacing|Persistence|Strike

{mer ft3] Log sensitivity ness Lat./vert. |Orien.

UNIT URIT DISCONTINUITIES

XXXXXXAXXXXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BGTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXXXXKXKXXXXXXK
XERXXAXKXXEXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXXXXXXXXXXXXXX

ADBITIONAL ROOF CHARACTERISTIC!
Length Unit of Keasure {Meters = 1, Feet = 23..
Thtckr\ess Qf Umt 6 within the Bolted In!ervsl.‘......

" “oow 1, M W om “ vvee B, Wuest
« a & % om " " M i Nosss93
" a w2 M " " " erni Support.1,8-m (6-ft) combination bolts
« a & 1 m " " M . & o wire mesh

Number of Unit Contacts of Significant Weakness Within the ==--=--ve-e " W Steel pans

Bolted [RTervAl .. i ico . sisiiiiiaiiaitaaiaaataitataans
Groundwater (F-53.. . ioiaiieiaas .
surcharge {Upper Beds Equat = 0 u E Heaker = -5}

*XRKCMRR

0 Dther cnmnents Bone band thinning

1 zCarbon. mudstone bands present
1]

7 Bl CHRR SUMAR\’

IMCIVIDUAL DISCONTINUITY RATINGS:

unit 1 1oRa ] Unt: 2 I0Ra =No data Unit 3 IDRe =No data
» 1DRb =No date 10RE =Ko data » IDRb =Ho data
" IDRc =No data " 10Rc =No data » [DRc =Ho data
* 10Rd =No data ° 10Rd =Ko data " IDRd =No data
unit & 10Ra =No data unit 5 I0Ra =No deta Unit & [DRa =Ho date
" 1D0Rb =Ng data " 10RE =No duta - 1DRb =No data
u 10Re zNo data " 10Re =No data » IDRc =No data
# 10Rd =No data " 10Rd =N¢ data » IDRd =No data

IDR 1 {lowest) IDR 2 (lowest) =No data IDR 3 (lowest} =|
MDA 1 2 =Ho datas MBA 3 =
us 1 Us 2 sNo data Us 3 =
Ms 1 M5 2 =No data Ms 3

P —

Unit Rating 1 = $2 Unit Reting 2 =No dats Unit Rating 3

1DR 4 {lowest) =No data IR 5 (lwwt) =No data 10R £ (lowest) =No data
MDA & =No data MDA S =No data MDA & =No data
Us & =No data Us 5 =No data ‘ us & =No dats
M5 4 =No data MS 5 =No dats MS & =No data

Unit Rating & 2No data uUnit Rating 5 =No data Unit Rating & =No date

COAL WINE RDOF RATING:

unit Bolted

Rating Thickness

————————————————————— RRU 92
R i 92 x 6= 552 Strong Bed Adjustment o
UR 2Ho data X %o dats =Ha data Bed Contact Adjustment 0
UR 3No deta X No data =No data Groundwater Adjustment 0
UR 4No data X No data surcharge Adjustment Il
UR SNo data X No dats
UR 6Ho data X No dats

Sun = & 552

Figure C-7.—Mining Information from 352 m (1,150 ft) outby crosscut 25. A, Page
1 with field data; 8, page 2 with additional field data and CMRR summary.



KXHXXXXXK TOP CF EXPUSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE MXMXXXXXXAXX
AXKXEXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXNXXNAXXX

UNIT DISCOMTINUITIES
Thickness {$trip Moisturs Rough- Persistence|[strike/ Dip
(m or 113] Log |Description|Strengthisensitivity description|Cohesion| ness |Spacing| Lat./Vert. |Orien | Orien,
KX XXXXXXXX XKXKXR% XEXXXX | XKXXKXX
1 3
Sands tone
WAKXN | Sharp | XXXKXXXX | XXNXXXXXXXX} Contact sharp XEXNXNX HXNNNX | KAXKHKK
a. Bedding 4 3 5 3
Muds tone b, Slickenside 4 2 & 3
XXX YOO XXXHHHX
1 3
1] contact {xxxxx Sharp  [XXXXXXXX XXARXXK RXAKXR [ XXXXAXX
Bedding 4 3 5 3
Slickenside 4 2 4 3
|}1 Contact [xxxx XXXANRAX Sharp XXXXXNK EXXXXX | XXX000(
- a. Bedding 4 5
# Carben. 5 3 b. Slickenside 4 4
muds tone €.
d.
Thickness |strip|bescriptioniStrength| Woisture Bescription|{ohesion|Rough- [Spacing [Persistence{Strikel Dip
{m or ft)| Log Sensitivity ness Lat./vert. |Orien.|Orien.

XUOXKNXXXNKAX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM GF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXIXOOMKNXOXXXXX
XEOGEXAXXXANX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE X0 BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXOOOGIXMXAXXK

B

AGDITIOMAL RCOF CHARACTERISTICS:

Length Unit of Measure {Meters = 1, Feet = 2}..,...
Thickness of Unit & Within the Bolted Interval..,
" w on u v W "

5
" woow 4w PO -
" wow o3 om o M
u P w oom " Ground Support.1.B-m (4-ft) combination bolts
" w1 om M " " reasees - *  Wire mesh
Number of Unit Contacts of Significant Weakness Within the ----------- “ * .Steel pans

Bolted Interval.. =
Groundwater {1-5).. . =
surcharge (Upper Beds Equal = 0, U.B. Wemker =

Other {omments.Bone band pingched out
- .

>4 CHRR §1 wher CMRR SUMMARY

INDEVIDUAL DiSCONTINUITY RATINGS:

ynit 1 1DRa Unit 2 IDRg = 19 Unit 3 1DRa = 70
" 10Rb " 10Rb = 23 - 1DRb =No data
o I0Rc " 10Rc =N¢ data " IDRc =No data
» 10Rd " 19Rd =N¢ data " 1DRd =Ko data
unit 4 19Ra unit § [DRa = I IDRa =No data
- 10Rb " 1DRb =No data IDRb =No data
a 10Re “ IDRc =No data 1DRc =No data
“ 10Rd " IDRd =Mo dats " 16Rd =No data
UNIT RATINGS:

16R 1 {lowest) TBR 2 {lowest) DR 3 {lowest) = 7O
oA 1 WA 2 MoA 3 = 0

us 1 us 2 us 3

L H$ 2 Ms 3
unit Rating unit Rating 2 unit Rating 3 = 52
10R 4 {lowest) = 19 16R 5 (lowest} = el IDR & {lowest) =No data
MDA & -5 MDA 5 = Q MDA & =No data
Us 4 us 5 = 22 US 6 =No data
NS 4 ¥S 5 = 1] M$ 6 =No dsta
Unit Rating 4 Unit Rating 5 = 92 Unit Rating & =No dat

COAL MINE ROOF RATING:

Unit Bolted
Rating Thickness
werree memaas RRW =
urR t ? X 0.5 & 4.5 Strong Bed Adjustment =
uk 2 146 X 1.5 = 24 Bed Contact Adjustment =
UrR 3 92 X D.5 & L& SGroundeater Adjustment =
UR 4 19 x 1= 19 Syrcharge Adjustment =
uR S 92 % 2.5 = 23¢
UR éNeo data X No datg =Ho data CHMRR =
= ] 323.%
weighted Average of the Unit Ratings = 34

Figure C-8.—Mining information from 436 m {1,425 f) outby crosscut 25. A, Page
1 with field data; B, page 2 with additional field data and CMAR summary.
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KXOOXKXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPCBURE XXXXX TOP OF EXPOSURE XXXXXXXXXXXX
AAXKGONX. TOP OF EXPOSURE XXMXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XX TOP OF EXPOSURE XXX TOP OF EXPOSURE MXXXMXOOOXX

UNIT DISCONTINUITIES

”””IH RoUph - peraistence|Strike| pip

H {m or ft) DescriptioniCohesionl mess |$pacingi Lat./Vert. {Orien

XXXXX

RAXKEXX EXNXNK | XXXXKXR

XXXXXXXKXX, Sharp XXEXXXX KXXXXX | xR XXX

Intact rock 1 3
Sharp XXHRNUXE SO0 XXURUNX
Bedding 4 3 5 3
Slickenside 4 4 4 5
XXXXKXXXXXX] Contact sharp XXNXHK KOO0 | EXXXHXK
Bedding 4 T 5 3
Slickenside 4 2 4 3

Description|Cohesion|Rough- |Spacing
ness

steike| Dip
orien,

Thickness|Strip|PescriptionStrength| Moistyre
m or ft)| Lo sensitivit

UNIT DISCONTINUITIES
WAXXXXXXAKXXXK BATTOM OF EXPOSURE XXXXX BOTFCM OF EXPUSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXXEXXXKXXKXXXX
RARXOCOOKNKK BOTTOM OF EXPOSURE MNXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPGSURE XXXXX BOTTOM OF EXPOSURE XxOOOGXXIOON(XX

B

ADDITIONAL RDOF CHARACTERISTEC!
Length Unit of Measure (Meters = I, Feet = 21.. 2
Thizkness of Unit 6 Within the Bolted Intervel. -
* wom 5w u oa " ) 2 |“Exposure Yype..Cate r roof X-section diagram
" T " uu " 1| Hame 8. WuestT
" T " ] " 0.5 r
2 | Ground Support.l.8-m (6-ft) combimation bolts
0.5 - 4 Wire mesh
. " .Steel pans
Other Comments.Bone band pinched out
Groundwater {t-53. h .
Surcherge {Upper Beds Equsl = 0, U.
[ eeeome o 51 eerr
INDIVIDUAL DISCOMTINUITY RATINGS:
Unit ¥ TDRa = 19 Unit 2 IDRa = 19 Unit 3 IDRa = 70
" IPRD = 23 " 10RE = 23 H [DRb =Ho date
" I0Re =No data » 10Re =No data " IDRc sNo data
" IR =No date " 10Rd =No dsta " [DRd =Ho dats
uUnit 4 tbRa = hid Unit 5 10Re « 70 Unit 6 [DRa =No data
" 10Rb = 23 - iDRD =No dats " IDRb wNo date
» 10Rc =No dats " 1BRe =Ho date o IDRe =No date
" TORG eNo data " 1DR =No duta " 1D0Rd =No data
UNIT RATINGS:
IDR 7 (lowest) = 1% IDR 2 {lowest) = 1% 10R 3 (lowest} = T
MDA 1 x -3 WA 2 = -5 MOA 3 = 0
us 1= H Us 2= 5 us3= 22
L -10 ME 2= -3 NS 3 =
e=xreexz=zc == mmm ress
Uni t lntiu 1 a g Unit Rating 2 = 16 Unit Rating 3 = 9
IDR 4 (lowest) = 19 IDR 5§ {lowest) = ™ [OR £ {loweat} abo data
MA 4 = -5 MOA 5 = 0 MOA 6 =No date
us 4 = 5 us 5« 2 US & =No data:
LR 0 LU 0 K5 & =No date;
szzcshzseze erenwa nssuREE
unit Rating 4 = 19 Unit Reting 5 = 92 Unit Rating ¢ =No data
COAL MINE ROOF RATING:
unit Belted
Rating Thickness
.................... . RRW = 48
R Y ?X 0.5 = &.5 Strong Bed Adjustment ¥ 12
w2 X Z2= 32 Bed Contact Adjustment = -4
ur X 92 X 0.5 = 4% Groundweter Adjustment = ]
UR & 9X 1= 19 surcharge Adjustment = -
m S 9z X 2= 184 =xzrEzrzezz
UR &Ho dats 3 No data =Ho dats CHRR. = 51
Sum = 6 285.5
Weighted Average of the Unit Ratings & 43

_ Figure C-9.—Mining information from 497 m (1,625 ft) outby crosscut 25. A, Page
1 with field data; B, page 2 with additional field data and CMRR summary.



KXXXXXXNX TOP OF EXPOSURE XXXXX TOF OF EXPRSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX T0P OF EXPOSURE XXXXXXXXXXXX
OODDIXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XxxXX TOF OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXXXXXXXXX

UNIT UNIT DISCONTINUITIES
Thickness|sirip Moisture Rough- PersistencefStrikef Dip
{m or ft}| Log |DescriprisniStrengtn|Sensitivity Description|Cohesion| pess [Specing|Lat./Vert. |Qrien,|Orien.

WARXXK

#
|}] Contact |XXMXX KXXRRKXX KXXXKXX XXEXXK | RXARNXX
#3
{]] contact XORRK NXXKXX | XXUAXNA
1 2 3 2
|| contact XXHARXX HXNRKK | XXHARRK
- 1 3
# 5
Thickness |Strip]Deseription|Strength Moisture Deseription|Cohesion|Rough- |Spacing strike
mer ft}| Log Sensitivity Pess 'V ori

UNIT UNIT DISCONTINUITIES

XXXXXEXAXXXXRXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXMXX BOTTOM OF EXPGSURE OOOSOOMKMXXXXUXXXX
KOOXKXXXX BOTTON OF EXPUSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM QF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXXXXXXXXXXXXXX

ADDTTI10NAL ROOF CHARACTERISTIC!

Length Unit of Measure {Metcrs = 1, Feet = .
Thickness of Unit & Within the Bolted Interval.
“ nom " w o "

H
" wow g ow w om -
u wow 3 o woou "
" wow 7o " " " Ground Support.1.8-m {&-ft) combination bolts
" Boow " * " " ¥ Wire mesh

Number of Unit Contacts of Signhificant Weakness Within the  -----------

Bolted Interval.
Groundwater {1-53... .
surcharge {Upper Beds Eq

» »  .Steel pans
Other Comments.Bone band present
n "

kikrcMRR Bl Wik CMRR SUMMARY
axzeavsmr==s
INDIVIDUAL DISCONTINUITY RATINGS:

70 Unit 2 1DRa = 70 Unit 3 1DRa =No date
data “ IDRb =Ho data » 10Rb =No data
data n 10Re =No data " IDR¢ =Ko dats

" 1DRd =No data " 10Rd =No data o 1DRd =No data
unft 4 [DORa Unit 5 10Ra =No date 1bRa

" I0Rb u 1ERb =0 data 1DRB

" Ibkc =No data " 1BRc =Ko data IDRc

“ tDRd =No date " 10Rd =No data " 10Rd

UHIT RATINGS:

IDR 1 (lowest) = 70 IDR 2 Clowestd 70 IDR 3 (lewest) =No data
MDA 1 = MpR 2 [ MDA 3 =No data
us 1= us 2 US 3 =Ns data
M5 1 = s 2 K$ 3 =No data
e
Unit Rating 1 92 Unit Rating 2 = 85 Unit Rating 3 =Ne data
IDR 4 {lowest) =No datm IDR 5 (lowest) =No data 10R & {lowest) =No data
HDA & =Ko data MCA 5 =No date MDA &
U8 5 =No data us 6
us 5 =No data M5 6
Unit Rating 4 Unit Rating 5 =No date unit Rating é =%o data

COAL MINE ROOF RATINGS

unit Bolted
Rating Thickness
--------------------- RRMW = 91
UR 1 92 X 5= 460 Strong Bed Adjustment = 0
UR 2 85 X 1= 85 Bed Contact Adjustment = -2
UR 3No data X No data =No data Groundwater Adjustment = 0
UR 4No data X No data =No data Surcharge Adjustment s -5
UR 5No data X Mo data =No dzta
UR &No data X No data =No data CHRR
Suh - & 54%
Weighted Average of the Unit Ratings = 9

Figure C-10.—Mining information from 566 m (1,850 ff) outby crosscut 25, A, Page
1 with field data; B, page 2 with additional field data and CMRR summary.
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XAXXXXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPGSURE XXXXXXXXXXXX
REXXUXXX TOP OF EXPOSURE XXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXNXX TOP OF EXPOSURE XXXXX TOR OF EXPOSURE XXXXXXXXXXXX

Contact

strip
Log

Thickness]
{m or ft)

UNIT
H Thickness|stri
{m or ft3| Log |Description
#6
contact §XXXXX

Wofsture

$trengthiSensitivity

DGO

XNXOBONX

ARXNAHAN

XXXXXXXX

XXEAXXKX

XXXXXXXX

Strength| Moisture

Sensitivity

UNTT DISCONTINUITIES

Bedding 4
Slickenside 4
Description|Cohesion

ness

Strike
orfen.

Persistence
Lat./vert,

orien.

JOOMKKXX XHRKXKX | XXKHKEX
5 3
4 3
Spacing [Persistence|Strike| Di
tat./vert. [orien

bip

ROCKXXONKNX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXXXXXXXXXXXXXX
XKXXXXXKXXXKXX BOTTOM DF EXPOSURE XXXXX BOTTOM OF EXPDSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXMOOOXIOOXXNXK

ADDITIONAL ROOF CHARACYERISTICS:

“

(SIS

T “
Nwober of Unit Contact

Bolted Interval...
Groundwater {1-5).
surcharge (Upper B!

XhichCHRR PRLL

unit 1 IORa %
u IDRb = 23
" IbRc =No data
" IDRd =No data
unit & IDRa =No data
" IDRE
" IDRe
" IDRd
UKIT RATINGS:
IDR 1 {lowest) 19
MeA 1 -3
us 1 5
M§ 1 = <10

rasmzxazzes

Unit Rating 1

I0R 4 {lowest) =Ne date
MDA 4 =No data

Us & =No data
M5 & =Ko data
unit Rating 4 =No data

COAL MINE ROGF RATING:

Length Unit of Measure (Meters = T
Thickness of unit $ Within the Bol
,. wowom oo

. Feet = 23,

ted Intervai
" w

CMRR SUMMARY

Unit 2 1DRs

n

IBR 2 {lowest)
MoA 2

us 2
H§ 2

Unit Rating 2

IDR 5 {lowest)
HDA

5
us s
M3 5

Unft Rating §

unit Bolted

Rating Thicknass
UR 1 X 0.5 = 4.5
UR 2 16 X 1= 16
UR 3 92 X 4.5 = Ly
UR 4Ho data X No data =Ko data
UR 5SNo data X No data =No data
UR éHo data X N¢ data =Ko data
sum = 6 434.5

= 23
=No data
=No data

data
data
data
date

=No
=NQ
=No
=No

=No data
*No data
=No data
=Ho data

=No data

Strong Bed

Bed Contact Adj
Groundwater Ad
surcharge Ad

/
Ground Support.i.8
i e i

Adj

+m (6-9t) combination bolt
-Wire mesh
.Steel pans

CGthet Comients .Bone band present
W e c

rl 2|

Unit 3 IDRa = 70
o IDRb =Ho data
» IDRe =No data
# 10Rd =Ho date
Unit & IDRe =No data
u 1DRb =No data
» IDRe =No data
" 1DRd =Ho data

IOR 3 (lowest}

us 3
Ms 3

Unit Rating 3 =

10R 6 {lowest}
MDA

RRW = 72
ustment = 15
ustment = -2
ustment = ]
ustment = -5

5

t

Figure C-131.—Mining information from 610 m (2,000 ft} outby crosscut 25. A, Page
1 with fieid data; B, page 2 with additional field data and CMRR summary.



XXXXXXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXXNMXXXXXX
XXXXXRXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE XXXXX TOP OF EXPOSURE JCOOOIXXXXXXX

UNIT URIT DISCONTINUTTIES
Thickness {Strip Moisture Rough- Persistence|Strike] dip
@m or ft3j Log |Description|Strengthisensicivity Description|Cohesion| ness |Spacing| Lat./vert. {Orien.| Orien,

|{] contact fxxxix

XXROOBXXXX | Contact

XXXNXX | KAXXRAK

XEXXX

Contact

XUXXNNK

- o, fedding 4 3 5 3
b. slickensice 4 ? 4 3
- c.
- d.
Thickness Moisture Description|Cohesion|Reugh- [Spacing [Persistence|Strike| Dip
{m or ft) Sensitivity ness Lat./Vert. |[Orien. | Orien.
URLT UNIT DISCONTINUITIES

MOBOOOLNKNK BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XNMXXXXHXMXXXNKX
XXNRXXXXXAXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OF EXPOSURE XXXXX BOTTOM OFf EXPOSURE XQGCXXOCOOMMXXNXX

ADuITIONAL ROOF CHARACTERISTICS:

Length Unit of Measure {Meters = 1, Feet = 2).,.
Thickness of Unit & Within the Bolted Interval
P w "

Western US§
&71m (2200F1) outhy XC-

" w 5§ u " .
" e —_— " : K

N 3 0w o " B X .10/15/93

" 2 n " " " - Ground Support.1.B-m (&-ft} combination balts
" won v " " . Wire mesh

Humber of Umit Contacts of Sign

Bolted Interval.
Groundwater [1-5)..
surcharge (Upper Beds Equat

HAAVOMRR

" " ,steel pans
Other Comments.Bone band present
" " .

INDIVIOUAL CISCONTINUITY RATING!

Unit 1 IDRa 19 Unit 2 IDRa = ri Unit 3 [DRa
" IORD a3 " DRb =No data IDRE
" 1DRc o data - IDRe Ko data ! IDRc
" IDRd =Ho data * 1DRd =Ne data

Unit 4 EDRa =No data Unit 5 IDRe =No data
" "

IDRb =Ko data
" IDRc =No deta
* 10Rd =No data

10R 2 (lowest} = it 10R 3 {lowesat} 70
MDA 2 = 4 MOA 3 0
us 2 = 15 us 3 22
M§ 2 = . M§ 3 [
assmurrs
Unit Rating 2 = a2 Unit Rating 3 92
1DR 4 {(lowest) IDR 5 {lowest) =No data 1GR 6 (lowest)
MDA 4 MOA 5 =No data MDA 6
us 4 US 5 =No data us é
MS 4 Ms 5 =No data M5 &
Unit Rating & =Mo data Unit Rating 5 =No data Unit Rating & =No data

COAL MINE RDOF RATING:

Unit Baited

Rating Thickness

-- - - - RRW ™
W1 9% 0 $trong Sed Adjustment 2
uR 2 82 X 3. Bed Contact Adjustment -2
R 3 92 X Groundwater Adjustment 0
UR 4o data X No data Surcharge Adjustment
UR SHo data X No data =
UR &Ho data X Ko data CMRR = 7

Sum =

Weighted Average of the Unit Ratings

Figure C-12.—Mining information from 671 m (2,200 ft) outby crosscut 25. A, Page
1 with field data; B, page 2 with additional field data and CMRR summary.
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