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I. THE COAL LOSS MODEL

A. INTRODUCTION

The Department of Interior, U.S. Bureau of Mines performs the task of
estimating the quantity of coal reserves existing in each state on a county
by county basis. As a part of Information Circular 8655, the Bureau of Mines
established the criteria for the uniform estimations of coal reserves and
listed the most recent estimates of coal reserves by county and by seam. At
the same time however, the Bureau recognized that these figures represented
the upper bound with regard to the estimated actually usable or obtainable
reserves. Recovery of these reserves are subject to the mining methods used
and to the resolution of such problems as the use of poor quality coal and
competition provided by conflicting land use. These problems, in practice
restrict the recovery of the estimated quantities of coal reserves listed in
IC 8655. Another impact, the subject of this manual, is the impact resulting
from previous mining activities. In particular, many of the reserve seams
included in the reserve estimates overlie or underlie mined-out coal beds.
Portions of these reserve seams may therefore be unmineable or at best may

have a reduced quantity of extractable coal.

In order to improve the accuracy of the coal reserve base estimates, the

Bureau of Mines funded an effortl

to develop a systematic methodology for
estimating the coal loss associated with the impact of previous mining activity.
The coal loss calculation wmodel (CLCM) described in this manual is a result of
that effort and addresses the percentage of coal loss in reserve seams due to

previous overmining or undermining.

The CLCM can be used to calculate the approximate coal loss to be expected
when mining a coal seam in an area where previous mining has occurred in an adja-
cent seam either above or below the reserve or currently mined seam. The model
is designed to calculate the percentage of unmined coal resulting from conditions
caused by previous mining of a single adjacent seam. The model does not address

combined effects of more than one previously mined seam.

. Contract No. J0357129 performed by HRB-Singer, Inc.
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B. UTILITY AND LIMITATIONS OF THE MODEL

The CLCM model addresses the two basic effects of seam interaction, 1)
subsidence due to undermining a reserve seam and 2) high stress due to remmant
pillars in previously mined under or overmined seams. A series of conditions
are imposed by the model as it tests for these effects and a relative scale is
used to predict the probable intensity or magnitude of these effects on coal
loss. The calculated coal loss is reported as a percentage. Separate per-
centage values of coal loss are shown for the effects of subsidence and high
stress. The higher of the two values is reported as the predicted coal loss
percentage in the reserve seam. The predicted coal loss percentages are then

averaged to show the average coal loss percentage for the reserve seam.

Although the model will function with only one observation, the more data
points that can be input into the model for a given area, the more precise will
be the coal loss calculation. Fifty data points are judged sufficient to
adequately characterize a given mine. The model is specific in the prediction
of coal loss in the reserve seam as a result of conditions caused by factors
originating in a specified previously mined seam. The CLCM may theoretically
be extended to predict the general effects of the same reserve seam by the
same previously mined seam within the county supplying the original mine
prediction data. For example, the question might be asked, "How does previous
mining in the 084 seam affect the tonnage totals listed in the coal reserve
base for seam 076 in a given county?" Using a mine located in Cambria County,
Pennsylvania to calculate the percent coal loss in bed 076 resulting from previous
undermining in coal bed 084, a value of 137 coal loss is predicted by the CLCM
for bed 076. The total underground reserve base listed for Cambria County in
IC 8655 is 354.04 million short tons. Applying the calculated predicted 13%
coal loss (if all of coal bed 084 is assumed to have been previously mined or
will be mined prior to extraction of bed 076), then the actual tonnage listed
in Cambria County for coal bed 076 should be reduced to 308.01 million short
tons. This represents a simplified and qualified situation. If, in fact, .
reserve bed.076 was previously overmined (seam 071) then the CLCM must be exer-
cised on specific mine data to determine the percent coal loss expected. If
the CLCM predicts a 4% loss in seam 076 due to factors originating from seam 071,

then a recalculation of mineable tonnage in the reserve seam would now read

i
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339.9 million short toms. In actuality, in any given county, some undermining
and some overmining of the reserve seam may have occurred. It may be diffi-
cult to project for a given county exactly how much of each type of mining

has or will occur and what the combined effect will be on the reserve seam.
The CLCM, however, can be used to provide maximum or worst case effects of
each type of mining on the coal reserve tonnages. The possibilities for

handling the data are many. A few suggestions are made:

1. Use only the data from the previously mined seam showing the

largest percentage coal loss.

2 Calculate the percentage coal loss resulting in the reserve seam

from both previously mined seams and then average the results.

3 Determine the approximate percentage each of over and under-
mining occurring in a given county and use these percentages

to calculate separately the effects on reserve tonnage.

In the absence of mine specific data for another specific county, the CLCM
may be extended to other counties within the same sub-region. For example,
the predicted percentage coal loss for Cambria County which lies within sub-
region IITA (Figure 1) may be applied to Somerset County which lies within
the same sub-region and contains the identical two seams. It is, therefore,
theoretically possible to predict, by county, the general coal loss for a
specific reserve seam caused by a specific previously mined seam over an entire
sub-region if the assumption is made of complete prior extraction occurring in

the non-reserve seam(s).

Because individual coal beds are finite in their geographic distribution,
they will naturally fall into sub-regional distributions and are also expected
to extend into adjacent sub-regions. Specific mine data should be used to char-
acterize each natural sub-region. Extending predicted coal loss percentages from
one sub-region to another, even though the identical seams are represented,
would be stretching the acceptability of the model beyond researched results.
Theoretically, this can be done by applying a regional multiplier based on the
expected reaction of the varying lithologic and tectonic parameters from one

sub-region to another provided, again, that the two identical coal seams being

N
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.. FIGURE 1
EASTERN UNDERGROUND
COAL RESERVE BASE
AREAS OF COMMONALITY

LOW SULFUR, HIGH BTU, LOW ASH
A. TIGHTLY FOLDED, MODERATE FAULTING; CONVENTIONAL MINING.

B. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL, LONGWALL, SHORTWALL MINING.

C. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL, LONGWALL MINING.

. MED/LOW SULFUR, MED. BTU, MED. ASH

A. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL, LONGWALL MINING.
B. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.
C. GENTLE OR NO FOLDS, HIGHLY FAULTED, CONVENTIONAL MINING.

. MED. SULFUR, MED. BTU, MED. ASH

A. TIGHTLY FOLDED, MODERATE FAULTING, CONVENTIONAL MINING
B. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL AND LONGWALL MINING.
C. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.

. HIGH SULFUR, LOW BTU, MED/HIGH ASH

A. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL MINING.
B. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.

MED/LOW-MED. SULFUR, MED. BTU, MED-MED/HIGH ASH

A. TIGHTLY FOLDED, MODERATE FAULTING.
B. GENTLE FOLDS, SOME FAULTING.

CONVENTIONAL MINING
C. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS.

MED/LOW SULFUR, HIGH BTU, LOW-MED ASH

A. TIGHTLY FOLDED, MODERATE FAULTING, CONVENTIONAL MINING.
B. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.

VII. HIGH SULFUR, MED. BTU, MED-MED/HIGH ASH

A. GENTLE OR NO FOLDS, LITTLE OR NO FAULTS.

B. GENTLE OR NO FOLDS, HIGHLY FAULTED ] CONVENTIONAL MINING

HIGH SULFUR, LOW BTU, MED/HIGH-HIGH ASH
GENTLE OR NO FOLDS, LITTLE OR NO FAULTS, CONVENTIONAL MINING.

MED. SULFUR, MED. BTU, LOW-MED/HIGH ASH
MICHIGAN BASIN, CONVENTIONAL MINING.

. ANTHRACITE AND SEMI-ANTHRACITE

MAP 1

SOURCE: MAP NUMBERS 3, 4,5, 6,7, 8,9, 11 &12
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considered are present and that basic input parameters are essentially

the same. Since this is highly unlikely between certain sub-regions

and even within certain sub-regions, the uncertainties involved outweigh the
probabilities for successful predictions. Specific mine data should be used
to characterize each of the twenty sub-regions in the eastern bituminous
underground coal reserve base, and that, where possible, this should be done
county by county. Where this is not possible or deemed unfeasible, data from
a specific mine can be used to project to counties in the same sub-region
containing the identical seams being considered. In all cases if existing
local data exists on some, if not all, input parameters, these should be
substituted in the model where applicable. This is particularly true for the
input parameters of distance between the seams, overburden over the previously
mined seam, and percentage extraction in the previously mined seam. This is
of utmost importance in those areas of the eastern underground coal reserve
base where the coal seams do not lie parallel but diverge or converge depending

on distance and direction.

The model does not address the combined effects of more than one pre-
viously mined seam. In this instance and in the absence of research data, it
is suggested that the maximum calculated percentage coal loss due to an
individual previously mined seam be taken as the best estimate. The results of
all previously mined seams should not be added. For example, if three seams have
been mined, one above and two below the reserve seam, and coal loss due to each
seam was calculated as 11%, 15%, and 5%, then take 15% as the estimated coal loss
when mining the reserve seam and not 31% which is the sum of all individually

calculated losses.

C. REGIONAL ADJUSTMENTS

For those cases where two coal seams being analyzed transgress sub-
regional boundaries, it may be possible to apply the results of one sub-region
to the next based on a regional adjustment. This is suggested only for general-
ized calculations and is based on the theoretical effects of differing tectonic
settings. A regional multiplier (Table 1) is offered using calculations made

in Area IIIB as a standard of 1.0. Calculations made in one sub~region may be

C
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TABLE | REGIONAL MULTIPLIERS AREA 1118 = 1.0

AREA MULTIPLIER AREA MULTIPLIER
1A 1.2 VA 1.2

8 1.0 8 1.0

¢ 0.8 c 3.8
1A ¢ ViA 1.2

8 0.8 8 0.3

c 1.2 VI1A 0.3
I11A 1.2 8 1.0

3 9 Vil 9.8

¢ 3.8 i 0.8
1VA 1.0 X 1.2

3 0.8

adjusted to predict percent coal loss in another sub-region using the appropriate

multiplier for that region.

for general approximations and only if:

The user is cautioned that this is to be done only

1. The same two seams are being considered and are present in

both sub-regions (determined on a county-by-county basis).

2 The basic input parameters are essentially the same.

D. VARIABLES

This section provides a description of the variables input into the CLCM

program. They are listed in the order in which they are read into the program.

All twelve variables are required as input in either the under or overmined

condition.

E s
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Strength of the Immediate Roof - Currently Mined Seam (CMS)

This is the unconfined compressive strength of the roof lithology

(top) measured in lbs/inz.

In the absence of laboratory test data, the

strength is approximated by equating the lithologies shown in Table 2 to

lbs/in2 values.

workable values to the coal loss calculation model.

This is a relative scale of values and is designed to input

They should not be used

outside this context nor regarded as specific actual values for a given lith-

N

ology.
TABLE 2 APPROXINATE ROCK STRENGTH (LBS, IN%)
76-65

ORY YET
CLAY 4000 1500
FLOOR FLOOR SHALE 4000 1500
MUDOSTONE §000 1500
SANDSTONE 8000 4000

FISSILE SHALE 5000

SHALE §000

SILTY SHALE 8000

LIMESTONE
BEDDED 3000
ROOF MASSIVE 12000
SANDSTONE

SILTY OR ARGILLACEOUS 12000

THIN BEDDED 14000

MASSIVE 18000

CONGLOMERATE 18000

2. Strength of Floor - CMS

(bottom) measured in lbs/inz.

also.

This is the unconfined compressive strength of the floor lithology

Comments made for item 1 are applicable here

C .
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4

3. Seam Thickness - Previously Mined Seam (PMS)

This is the maximum height of the mine opening as reported on mine
maps measured in feet. It often includes some top rock and is generally a

higher value than the actual coal thickness.

4. Percent Extraction - PMS

This is the percentage of extraction experienced in the previously

mined seam as derived by planimetry from mine maps.

Do Strength of Immediate Roof - PMS

Same as No. 1 above.

6. Strength of Floor - PMS

Same as No. 2 above.

7o Minimum Pillar Width - PMS

This is the minimum pillar dimension in feet for rectangular and odd

shaped pillars.

8. Span - PMS

This is the width in feet of unsupported distance. This could be the
width of the chambers, the width of a gangway, the width between reserve pillars
in a robbed area, or one of several combinations of situations depending on the
type and extent of extraction. Where odd configurations appear, the figure

recorded is measured across the cavity at the widest point.

9. Distance Between the Seams

This is the vertical distance measured in feet between the two seams
being considered. It is equivalent to the difference in elevation of the two
seams (measured from the seam floor) minus the seam thickness of the lower

seam.

N C .
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10, Depth of Overburden

This is the difference in elevation between the previously mined
seam and the surface elevation minus the thickness of the seam. This is

expressed in feet and is independent of lithology.

11. Time Since Previous Mining

This is the elapsed time between mining in the currently mined seam
and cessation of mining in the previously mined seam measured in years or

fraction thereof.

12. Distribution and Shape of Remaining Pillars

This is the pillar pattern expressed in terms of pillar spacing and
geometry and equated to a multiplier as shown in Figure 2. This is dome to
refine the high stress coal loss calculation (HSTRES) recognizing the effect
that remmant pillar spacing and geometry has on vertical stress concentrations.
Without this multiplier, the model calculates worst case conditions for all

data points.

N
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DISTRIBUTION AND SHAPE OF REMAINING PILLARS

HIGHSTRESS COAL LOSS
SPACING PILLAR GEOMETRY (HSTRCL) MULTIPLIER)

REGULAR UNIFORM

REGULAR NON-UN|FORM

RESULT OF CUTTING PILLARS IN RETREAT
MINING.

I RREGULAR UN!FORM

PULLING SOME PILLARS IN RETREAT

V/A C MINING.

A U U B I RREGULAR NON-UNIFORM

RESULT OF PULLING AND SLABBING

% / PILLARS IN RETREAT MINING.
A Y/

77777 EXTREME
ROBBED
// CONDITIONS
/// 1.0
COAL

COAL

_

FIG. 2 PILLAR SPACING AND GEOMETRY MULTIPLIER
76-65

-10-




II. THE MODEL ALGORITHM

The coal loss calculation model is an engineering assessment approach
which examines the characteristics of each seam and logically determines,
based on empirical data, the probability of subsidence or high stress con-
centrations actually occurring. If these conditions are met, then a calcula-

tion of the probable impact of coal loss due to previous mining is made.

This section describes the flow of the model and the decision conditions
in more general terms than the program flow diagram (Appendix C) or the Fortran

program listing (Appendix D). (See Section III E 3 or Appendix A for glossary

information.)

° PART I - Overmining or Undermining

For all cases of overmining a previously mined seam (the undermined

condition), the complete CLCM must be exercised.

For cases where only the undermining of a previously mined seam
(the overmined condition) are to be considered, only the high stress portion

of the CLCM is to be exercised.

. PART II - Subsidence Effects
STEP 1: Test for Subsidence

Subsidence will occur in the overlying seam if the PMS has:

(1) 100% extraction
or

(2) Pillar strength/pillar load of any remaining pillars < 1.0
or

(3) Roof strength/floor strength > 2.4 or < 0.625
or

(4) Critical span > (0.15) (PMS depth) + 60

=1]=

HRB-SINGER,
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(5) Distance between the seams < 6Q feet and roof strength/floor

strength : 3.3

or

(6) Span/DT 2 0.25

If any of these are true, continue. Otherwise go to PART IV.

STEP 2: Calculate Subsidence (SMAX) and Percent Subsidence (PSUB).
PART IIT - Calculate Coal Loss in CMS (CMSCL)
STEP 1: Zero Coal Loss

If SMAX k- 0.1 feet, then
SUBCL = 0%. If true, go to PART IV, else continue.

STEP 2: DT = 60 feet

If DT > 60 feet go to step 3, else continue.

(1) 1If PSUB > 0.5, then SUBCL > 30%. Go to PART IV

or

(2) If PSUB X 0.5, then SUBCL = PSUB/1.667. Go to PART IV, else

continue.

STEP 3: DT > 60 and < 120 feet

If DT 2 120 feet, go to STEP 4, else continue.

(1) If PSUB = 0.2 then SUBCL = 0%. Go to PART IV

or

(2) 1If PSUB > 0.2 then SUBCL

(PSUB -.2) (.5) Go to PART 1IV.

-12~
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STEP 4: DT = 120 feet

(1) 1If CMSRAT > 3.3
and
Time elapsed since previous mining > 0.25 years
and
PMS 7% extraction > 90%
then SUBCL = 0%. Go to PART IV

or

(2) If PSUB > 0.5 then SUBCL = 5%

PART IV - High Stress Zone Effects
STEP 1. No Pillars

HRB-SINGER,

If PMS extraction = 100%, then High Stress Coal Loss (HSTRES) =

0%. If true, go to PART VI, else continue.

STEP 2. No Coal Loss

If DT > (0.3) (PMS Depth) + 120 feet, then HSTRES = 0

If true, go to PART VI, else continue.

STEP 3: DT =~ 60 feet

If DT > 60 feet, go to STEP 4

(1) If CMSRAT = 0.625 or - 2.4, then HSTRES = > 30%
(5 g

(2) 1If CMSRAT > 0.625 and < 2.4, then HSTRES = 25%.

STEP 4: DT > 60 and < 90 feet

If DT = 90 feet go to STEP 5, else continue.

] 5

.

Go to PART V.

N
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(1) If

(2) If

go
STEP 5:
If DT 2
(1) If
(2) If

gO
STEP 6:

(1) If DT < VERT and (CMSRAT ~ 0.625 or - 2.4), then HSTRES

107%

CMSRAT ~ 0.625 or = 2.4, then HSTRES = 20Y%

or

CMSRAT > 0.625 and < 2.4, then HSTRES = 15%.

to PART V, else continue.

DT 2 90 and < 120 feet

120 feet, go to STEP 6, else continue.

CMSRAT = 0.625 or = 2.4, then HSTRES = 15%

or

CMSRAT > 0.625 and < 2.4 then HSTRES = 10%.
to PART V, else continue.

DT 2 120 feet

or

HRB-SINGER.,

If true,

If true,

(2) 1If DT < VERT and (CMSRAT > 0.625 and < 2.4), then HSTRES

5%.

PART V

STEP 1:

- Coal Loss Adjustments

Pillar Pattern (PILPAT) Adjustment

If PILPAT # O then (PILPAT) (HSTRES) = HSTRES (Adjusted).

STEP 2:

PMS DEPTH Shallow Depth Adjustment

If PMS Depth g 400 feet, then

(HSTRES)

PMS Depth \ = HSTRES (Adjusted)
400

1=

N
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STEP 3: Pillar Alignment

If CMS mine layout is planned to align vertically with the
PMS mine layout, then (HSTRES) (.25) = HSTRES (Adjusted).

PART VI -~ Bump Warning
If CMS depth below the surface - 500 feet
and

CMSRAT > 0.625 and < 2.4, then potential bump conditions
are present. Report by placing * after HSTRES value and

writing message at the bottom of output page.

PART VII - Coal Loss Comparison

Compare SUBCL and HSTRES and report highest coal loss
figure of either but not both as currently mined seam
coal loss (CMSCL). If values are equal, report equal
value in CMSCL.

Repeat the CLCM program for each seam being considered.
The model will calculate percentage coal loss for N seams

above or below a previously mined seam.

=15=
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III. EXERCISING THE PROGRAM

A. DESCRIPTION

The program, CLCM, was developed on an IBM 360/40 computer utilizing a

D@S system. The program is written in Fortran IV computer language.

The CLCM consists of a stand-alone main program containing approximately
300 Fortran statements and comments. It contains a glossary of variable

1 ; : -
names~ and user instructions for control card and data input.

B. CAPACITY

The capacity of the program and the format required for data input have

been set up as follows:

1 Input Variables -- Twelve (12) input variables are required for

running the program for calculating the coal loss for one (1)
currently mined or reserve seam. Only five (5) input variables

are required for successive seams.

2. Number of Observations -- The maximum number of observations

allowed in the program as written is fifty (50). It is believed
that 50 observations should be sufficient to represent a given
mine. This capacity can be modified, if desired, to include
more observations. Program modifications are discussed in

Section V.

3. Input Format —-- This program allows a variable format to be

input by the user with the data cards.

4, Number of Seams -- Only one seam is addressed at a time by

the program. Any number of seams may exist in the input
data stream. An end of file signifies no more data input

and terminates execution.

The glossary is included in Appendix B, Glossary of Variables and in
Appendix D, The Program Listing.

-16-
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c. INPUT

1. Title Card

A title card must be included. It is the first card in the data

deck setup (Figures 3 and 4).

Col 1-80 Any title desired (Alphanumeric)

CLCH - TIFTDP MINE T
i

i

I R A T T N O R S -

L = N R O S e e R s T P R R RN T
| E
2. Control Card
One control card is required per run regardless of the number of
seams included in the data set (Figures 3 and &).
Col 1-2  Number of data sets (Equals the number of reserve
seams)
Col 4-5 USBM Seam Code (Previously mined seam)
Col 8-35 Seam Name (Previously mined seam. Alphanumeric)
//* 1 ud% ZEWICKLEY ZEaAn
faivipis - 7% : _[prEa s aa = 1 8 i34 414 4 55 S5 2134 il 3 6 T B i
50| 12l

3. Parameter Card

One parameter card is required for each reserve seam (Figures 3
and 4).
Col 1-3 USBM Seam Code (Currently mined or reserve seam).

Col 5-30 Seam Name (Currently mined or reserve seam. Alpha-

numeric).

.y



| PARAMETER CARD

OATA CARDS

I FORMAT CARD NO.!

( CONTROL CARD

( TITLE CARD

CLCM

FIG. 3 DECK SET-UP FOR ONE RESERVE SEAM
76-85
DATA CARDS
rFURlAT CARD NO.2
PARAMETER CARD
- LAST
SEAM
7,,"’
i DATA CARDS
‘ FORMAT CARD NO.2
( PARAMETER CARD
‘ SECOND
SEAM
OATA CAROS —_
|FonnAr CARD NO. 1
| PARAMETER CARD
1 = FIRST
' CONTROL CARD SEAM
[ TITLE CARD ‘
cLCM
FIG. 4 OECK SET-UP FOR MULTIPLE RESERYE SEAMS
76-65
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Col 39-40 Number of sample points (50 Maximum)
Col 46-50 Regional Multiplier (if none, leave blank)

Col 56-60 Lithology Multiplier (if none leave blank)

Col 70 Alignment of Pillars, 1 if aligned; blank if not
aligned.
D23 WAYVHEZZURG T CEAM 5i
J1 g R¥un oo  Muanmran T annem s SRR RO B M T a0 S DS Sra A R iTa 0 SR w88 s g 1
60| ' _ [?1
4, Format Cards
The format cards are variable and are controlled by the user.
a. Format Card Number 1. (Figures 3 and 4)
This variable format must be enclosed in parentheses and
begun in column 1. Do not include the word "Format'". All
data are read as real variables.
Example: (10F8.0/2F8.0)
315 ¢ 18 73 CT0 o 13 00 N[23 37 08 09 F3io Sk TR0k 29 7 o o WU AL 43 W 63T U 4] Gor S0 35.38.530% G .33 (3as 8263 S4 85133 & 84 53 Nl 2 v oliy o
B
b. Format Card Number 2.
This variable format card is only required for successive
seams. It must be enclosed in parentheses and begun in
column 1. Do not include the word "Format'. All data
are read as real variables.
Example: (5F8.0)
LoFS.
[ ‘7_‘ | I O T s (O O I I e N B S R I R O R R R R R R R
1-80| l'd

5 Data Cards
a. Initial Data Cards

The data cards include variables from the previously mined

seam as well as the initial currently mined or reserve seam.

- .
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Input
Variables Unit Limits Example
s CMS Roof Strength 1bs. inz. - 5000
2. CMS floor Strength 1bs. inz. - 4000
s PMS Seam Thickness £Es 50 5.76
4, PMS Percent Extraction Unit 100 60
5. PMS Roof Strength lbs. in2. -- 5000
6. PMS Floor Strength 1bs. inz. - 4000
7 PMS Pillar Width ft. - 50
8. PMS Span £t. -— 540
9. Distance Between Seams ft. - 120
10+ PMS Depth Below Surface ft. 2000 580
i Time Elapsed Between Mining years -— 20.251
12. Pillar Pattern Unit 1.0 « 70
Card Example:
S ey
he ST g ang i 2N N bolls ohic? -':;al WM ERI TN BT, N E B 8a0 9HEaTaal
//’ O SBED i1 St EU S GLL SU 41 124 1Y
{1214 i[S YOy Y R Awt N e e 4 .'3{.'3 118 bee £ AL QM TN S RE ISR TR AN 4330 8 9 3 g i
1-801

bis Successive Data Cards

These data cards include variables from successive seams only.

1

present date.

)=

If the seam is a reserve seam, include time elapsed from PMS mining to
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Variable Unit Limits Example
1 CMS Roof Strength 1bs. inz. - 6000
2. CMS Floor Strength 1bs. inz. 00 4000
3 Distance Between Seams £t —— 140
4. PMS Depth Below Surface ft. 2000 580l
5. Time Between Mining years - 362

Card Example:

N

1)

5000 4005 e a7

Y]

RO T I I S R K R e R E N T I T R RN R R RS

[l-coii V
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D. DECK SETUP

Figure 3 shows the deck setup required to execute the program for one
currently mined or reserve seam. Figure 4 shows the deck setup for multiple

reserve seams.

E. OUTPUT

L Title Page

The title page (Figure 5) lists the information input on the title
card and describes the condition of the currently mined or reserve seam, that
is, whether it is an overmined or undermined condition. The title page of
successive seams does not include the title card information. The title page
also contains the seams of immediate concern in their correct geological order.

In Figure 5, the 084 seam, the reserve seam, has been previously overmined. It
underlies the 074 seamn.

1 This variable can be input for specificity or left blamnk, in which case
the actual values from the initial seam observations will be input. If
there is only one observation in this successive seam and the value is
left blank, then the average PMS depth wvalue from the initial seam will
be input.

2

If the seam is a reserve seam, include time elapsed from PMS mining to
present date.

.y
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FIG. 5 THE TITLE PAGE
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2 Input Data

The second page of output contains a listing and averages of the
input data variables (Figure 6). The heading of the data page includes the
input variables described in Section I D. The input data are listed to verify
the input of the data, to allow the user a visual check of the input data,
and to provide a listing of data to be used in checking values included in

the output phase of the program.

The input data averages generated by the program are utilized in

the execution of successive seams in which only one observation is provided.

3 Calculations

The third page of output (Figure 7) contains the calculations made
in the program. The calculations include several critical parameters used
as decision bounds within the algorithm. The output items are listed in

order with their internal program variable names and units:

INTERNAL

OUTPUT VARIABLE VARTIABLE NAME UNIT
a. PMS Strength/Load Ratio PILRAT -
b. PMS Roof/Floor Ratio PMSRAT -
c. CMS Roof/Floor Ratio CMSRAT -
- gl Tasiionl w2 vear
e. Maximum Horizontal Extent HORIZ Feet

of the Pressure Arch

f. PMS Width/Depth Ratio WDRAT -
g. Percent Subsidencel PSUB Percent
h. Maximum Subsidencel SUB Feet
i. Subsidence Coal Losst SUBCL Percent
j. High Stress Coal Loss HSTRES Percent
k. Predicted Coal Loss . CMSCL Percent

These variables are computed as zero values when the program is run for the
overmined condition. In this geological situation there is no subsidence
occurring.

=23=
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THF INPUT DATA CAPODS

10 11 12

[ [ _AZ,_._.______-, . . 8 9

cus cas TUTRMS T eMs T T PMS T "HS Sl ""5 c s T BUAYANCE T T TV RE T T T
o mnor, rfLN0e  SEAM__ PEPCENI___ _ ROUF rLOOR PILLAR PMS BETHWFCN PMS PEVTWEEN 7 PILLAR
" NO SIRENGTIE. STPEHGTH  THICKNESS EXTRACT . STRENGTH _STRENGTH _WIDITH 7 8§PANT 73 5;7(54‘;; T DEPTIT T MIMING T PATYERN

1 5000.00 .. 1500,00 4,00 A3,00 _ AD0D0.O0 _ 1500.00 25,00 7. 531400 5 290,007 10,08 —1.00°
o 7..6000,00___1500.00 " 4,00 43.00___8000,00 __1500,00 743,00 250,00 147,00 "7393,00 9.33 7 T 1.00
3 6000.00 _ 1500.00 4,00 __ 60.00 AQ00.0) . 1600.00 - 43,007 -7 293,00 3. 140.0077 S 301400 T 125007 T 1500

__ 4__AQ00.0D __ 1500.00 4,00 __ 54,00 6000,00 __1500.00 0.0 555,00 15;.90 456,00 gk, T | lnnssadd ¥ 1)
8 B000,00_1500,00 ___ 4,00 . 3A,00__ 6000.00 ' 1500.00 7 40,007 7335,00" V;)ﬁbqu; 7+ 450,00 T 39,257 T1.00°
e £.._000,00 ___ 150000 4, 00 66,00 6000,00  1500.00 43,00 537,00 149,00 ':.:io.od"“‘ 26,67 777771, 00
7 8000.00 _ 1500,00 A0 T .00 8000,007 2 1500.007 43,0070 500400 7 153,00 75T 4AA 00 - LAY 000

20,00 600000 1500, 00 50,00 19,00 T T 158.00 T 487,00 T 33 4T T ““() A0

1 ,
8.__9000.00 __ 1500,00 . 4.25 _
9

TR000,00 1500400 1 4,00 70.007 7 6000.00  =1500.0077 . 25,0071 4357007 ., 154,007 429,007 3. ‘M 3 . 0.80°
T 10_A000.00__ 1500.00 115 50,00 6000.00 1500 .00 50, 00 zor 00 154,00 480,00 35 7 0.90
711 . 0000.00_ _1500,00 3,70 . 2700 6000,00 1 1506.40 457 TR0 150,00 T TAATI00 T ELh B TTTT0.60
. 12_.8000.03____1500.00___ 4,10 033,00 " 6000,00 __ 1500,00 231 06 148.00 " TA01.007 777 230 H'“"‘ “0. 80
713 8000.00 _ 1500.00 - 3,715 7 6%.00 " 6000.00 isoo.()q.‘_,‘,_".' TR 00T T 524007 A2 06“"” 29,0877 1,00
14 _DD00.00__1500,00 4010 13,00 6000,00 " "1500.00 " 75 0 T4 00 156400 7T A4 00 T 28,00 T 060

15 B0N0.00 . 1500.00 4,20 123,007 6000.00"'*;*306 00 B 00 50,0067 T, TA6500 ]
16 B000,00 1500, 00 3.90 24,00 6000.00 1500, 00

R L ) 9 {19,007 T180.667
17 _n000.00 1500400 -~ _A,17 - 55,00 < 6000,00 *15’60 00 7T 31.00 TR 00T TAA 00T AR T, 00T

1B 6000.00 __ 1500,00 .25 _37.00 sm)q_r_)g 1500, no‘ 43, ou 225.00 149,00 7 T 33i.baT 2B
T 9T 000,00 _1500,00 T 3, R0 L 46,007 6000400757 ] T A 00T T3, 00T YAy, 007 TT341L00 T TRATATTIT
20 6000,00___1500.00 __: _3.R0 87,00 06000,00 1500. oo 43400 475,00 146,007 " 313,007 24,257
21 6000400 1500,00 1 14,30 S0 30,007 RONDDL OO TI1500, 00 10 43,0057 343,00 17 18100071 315,007 TV 044257
- 226000, “_JEQO 00 'u0,0 97,00 B000.00_ " 1500.00  37.00 508,00 158,00 335,00 35,42
23 6000.00 1 1500,00 . . 4,007 _ 48,007 A000.00 77 1500,005 7 A3,00 “m_lgf«l SO0 T R 00T 3T 00 T 230 AT
_g/_-a_moo.onm_g*son 00" 4,10 3/..00 8000, 00 650,00 . 363,00 56,00 344,00 1 30.7&”
25 _6000,00._1500.00 " 4.17 . 82,00 8000,007 T28.00°F 363,007 52,007 T 337,007 T 24,257 ..1 00
26 __6000.00___1500,00__ . 1,90 87,00 8000.00 1500, 00 37.00 . 588.00 159,00 329,00 . 2?.5.1. Ti.00
T 27 J6000,00 _ 1500.007 -1 3,90 1 24,00 778000.00 7 1500, 06 7 50,000 19400 45 156,00 5 309.02 e 13.30, FINT0W6D
2% _6000.00__ 1500.00 3.90 20,00__A000.00 _ 1500.00 43,00 25,00 162,00 Ta11.0 87770060
729 6000.00_1500.00 ©_ 3,607 7 76,00, B8000.00 7 1500.00 15" 25.00 7 318,007 ¢ 157,007 353,007 g,a_.»ag;g__g;_;‘;op‘
_30__6000.00 __1500,00 3,90 40,00 N000.00_ 150000 43,00 93,00 150,00 ° 347.00" 22,15 “1.00
31 6000.00 _ 1500.00 4,00 . 144007 80000077 1500400 750,007 (A 9,00 5 T148400 7380500 T 2Z 34 TIRT 06D
o 3?_“(_)900.05_)__”_“:.90‘Q(Lm_ 4,10 19,00 000,00 1500.00 50,00 25,00 151,00 & 331,00~ "24.13 0.60
................................. ..'-.l.-----..-._L.&....-...L-_.:..-a.‘L--—---':::r:_..:_'.-_..-L‘....-.-.a.u..--..-—-.a...-..-.‘.u--‘a.-q-.u-------h-ln':
AVERAGE _6B15.00__ 1500400 3,96 4B.1h___7125,00 1500, 00_ 42,16 269,53 v151 38 379,78 25.28 0.87

FIG. 6 THE INPUT DATA
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D04  LOWER KITTANNING
stssadnsred COAL LOSS FOR CURRENT (IR PESERVE SEAM Seebeab bRk

.

PMS . PMS TCMS . MAX _VFRT uAﬂmmz_ pPMS T T R UA- [

» . i e R G AR CHiGH T PREDICTED
o SYREN/ZLOAD_ROO[ /FLR __ROOF/FLR_ EXTEN] “ m/nrrm PERCENT — MAXIMIIM "SINDENCE __STRFSS COAL
TSAMPLE CRATIN __ PATIO . RATIO. PRy ARCIT.

. o e - - - - - - " - - - o = = - - - - -

TRATTIO “SUBSIDENCE SUBSTOENCE COAL LOSS COAL (083 1D3S

! 1.24 5,33 4,00 207. oo_____m 0.0 0.0 0.6 0.0 T T 0.07 T g.07
2 8,28 ¢ 4400 . 207490 ST 0,07 PO RO AR IS R T D 6.07 0.0 T T
Y A0S ~ 210,30 0.0 0.0 . 0.0 040 T TTTDB.08 T T D08 T
A 0.0 256400 T 0.0 0.0 TTETTI0,0 T T 0,007 T 0. 00 T 0.0 T
S5 _4.00 5,33 256,00 0.0 0.0 0.0 6.0 0410 7 T T o.10 T
6 1.92 0 7T T5433 264,00 0,077 0,0 TR 000 T T T060 T T D10 T 0.0
1 1e2b6_ 4400 ,_5.}}_,4_ 266440 0.0 . 0,0 0.0 0.0 00107 T TT0.10 T
.9 4,59 4.00 185,33 T 2A6.10 T 040" 0,0 00T T 0.0 TT0.06 T 0.06 T
0 l.4n__ 4,00 5.33 248,70 0.0 0.0 0.0 0.0 TT0.08 7 6,08
TN T T 00 T80 T 66040 T 0,07 B0 I TRIAE 0, 0 T 0.0 T AT 0,09 T 0. 097
B 4,33 4.00 5.3 264430 0.0 0.0 0.0 0.0 0,06 0,06
12 4,14 4,007 85,33 7 R6410 T 1 0.0 < 0.0 " 0.0 T 0.0 ( I
. 2.18 4,00 5.33 266490 0.0 0.0 0.0 0.0
14 C5e36 4,00 AN TTTT259,20 7T T0L0 0,0 S 007 TTT0.0
L 5.6) 33 229,50 " "0,0 0.0 0.0 700
16 s 16 A3 23T 000 0,07 S0, 6.0
A 2.86 . 227.10 0.0 .0 0.0 . 0.0
| N LR N '--00 219430 7770407 20407 0305 AT 0,07
A Ao 5433 4 00 " 222,307 0,0 0.0 0.0 0.0
20 116 5.33 . 4,007 213,907TTIT0. 077 70007 WOV 0 T0.0
2y 5,67 5.33 4.00 21“\ 70 0,0, 0.0 0.0 0.0
22 0.23 TRGA3 T aa00 320,80 LT 0.0 0F 0L 0 AN AT, 0 THL 0
L 2Y . he65 5433 *f!._()()__ 215,10 .0 0,0, 0.0 - 0.0
24 5,49 5.33 T 4,007 223,207 S0, 07 7YY 0.0 T 0.0 0
___25% v 803 T a0 218,100 0.0 § 0.0 0,07
26 1.02 5.33 4,007 218.70 0.0 g 0,0 W55, 0,0
27 127 5,23 4400 212470 0,0 0.0 - 0.0
33 TR 00TTITAILN0T T 0O TETTTD L0 I T 000
A 216,90 0.0 0.0 040
A Ceh 0 T F0,0 T TTEE 0,0 T 0.0
33 234,00 0.0 0,0 0.0
K3 219430 0.0, T 0.0 0.0
0.0° 70

FIG. 7 PROGRAM CALCULATIONS




The items are averaged at the bottom of the colummns for the convenience

of the user. Formulas for these calculations are shown in Appendix A.

Whenever conditions are present which may result in the occurrence of a
bump, this condition is noted by the presence of an asterisk by the high
stress coal loss and by a message at the bottom of the page (Figure 11).
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IV. SAMPLE CASE

The following sample case is an example of the necessary input cards,
including control cards and input data, and the actual output calculated

from the CLCM program.

Using the instructions in Section IIIC, the user should set up a control
card and input data card deck such as shown in Figure 8 using the deck set-
up instructions in Figure 4. This sample is set up to calculate coal loss in

two reserve seams.

The CLCM will generate the output shown in Figures 9 to 14. Figure 9
is the sample case title page for the first reserve seam. It shows that
Seam 084 is the previously mined seam and of course, is the previously mined
seam in Figure 12. Figures 9 and 12 also show the reserve seams in question.
The seams will always appear in the proper geological order and the title
page will state the condition whether overmined or undermined. Figure 10
lists the input data cards for the first situation, an undermined condition;
the previously mined seam (084) is below the reserve seam (076). Column
items 1 and 2 are the roof strength and floor strength values (see Table 2)
for the currently mined or reserve seam. If a reserve seam, these data can
be obtained from drill hole logs. Column items 3-12 list input data for the
previously mined seam. These items are spelled out in detail in SecFion
ITI C5. The averages of the data input variables are presented for the con-
venience of the user as well as to provide an input into successive reserve
seam calculations in which there is only one input observation. The second
reserve seam of the sample case is an example with one observation. The
average values in Figure 10 are the same as the input values of the second
reserve seam (Figure 13) with the exception of items 1 and 2 which are

peculiar to the second reserve seam.

Figures 11 and 14 show the output for the first and second reserve seams
respectively. The output column items are eéxplained in detail in Section E3.
The sample case is an undermined case while Figure 7 shows the overmined case

output. If the equations listed in Section II, the program flow diagram in

-
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TITLE CARD ———————— 3 (1L.CM.si.
2 084 n

VALIDATION RUN
LOWER K{VIANNING

_82..

————® 076 C' UPPFR KlllANHING ‘ v !
——= [ 10FB,0/2F8.0) -7 = L
CONTROL CARD f 5000,00 400000
TT22.007 aL 00
5000,00 4000.00

PARAMETER CARD

TTeklon T T bLt0 T
0000 Ol) 40()0 00 -

FORMAT CARD NO. 1 —————] TTT32.00° 1400 T
éooo.oo 4000, 00 _
A1.007 7 04707
5000.00 4000.00°

15,00, 0,807
f‘:000 00 4000, 00 ~

T 19007 0iReT
'soou.oo «odo.uo )

20,007 70480 T
~ 5000, 00 loho 00

P21 00T 007
; 'Booo.oo‘ldun 60~
TTT2A.007T Y00
B000.00 '7.006“ 00"

.IIG.

O T {1007
"5000.00 4000400 § 75
240007 1400 “;”
“ 5000, 00 kOOO 00
Rk [ 0077 ‘
"5000.00 4000,00 547 = ib0.00 sund.
DATA CARDS < T TIB00 7 |00 TR e Ry

(1ST RESERVE SEAM) 5022:33‘""°'“°

204000, 00~

iy
et IR

ib L8

4&0

i 60*“' i Od s

_5000. 00 40()0 00

T 28400 1.0077F
“5000.00 soou 00
TTTE5.007 77 100
"5000,00 40600.00
26,00~ 1i007T
" 5000.00 4000,00
T 26,00 T 1.00 77
5000,00 4000.00
19.00  0.00
5000.00 4000.00
19.00 ~1.00 .
5000.00 4000.00 i 95,00 5000.00
21.00 feoo 7 7T -
5000,00 4000.00  &,175 55,00 $000.00
24.00 0,90 " T
5000.00 4000,00 5,75 100,00 5000,00
26,00 feoo _
5000. 00 4000, 00 5.15 100.0012000.00
21,00 1.00 ) S
5000.00 4000.00 5475 100,0012000,.00
27.00 1,00

FIG. 8 SAMPLE CASE INPUT

90.00
90,00
90, 00

90.00

90,00

Lﬁpgés’z‘___,_

',.’3?;“-_"?9_
‘.S.’l 0. 60

640400

6£60.00
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DATA CARDS
(1ST RESERVE SEAM)

PARAMETER CARD

FORMAT CARD T80 H0 T 1,00 T
NO. 2 l L— 074 D LOWER FRECPORT T~
t6r10.0)

DATA CARD

<

5000, 00 4000,00 - 5,75 100,0012000,00 1500,00 ‘' 0,0 R40.00 " 9000 540,00
310,00 1.00 '-4- sl
5000.00 4000.00 5,75 100, oulzooo nu 1500 on
T36.00 T lle0T T T
5000,00 %4000.00
29,00 l.0077T0 T T
5000.00 1500.00 ~ "5.75
TT2te00 .00 T T
"5000.00 4000.00 5,75
T ?6000 “T1.00 :._—
75000.00 1500.00 "
TTT28000 7 Luo0T
JOOO 00 1500, 00
TTT0.00 T .00 j‘
5000.00 1500. uo'
TTT21.00 T j400°T
5000.00 1500,00
72,00 [ TT04T07
snoo.no l)Ou 00~
CT29.00 T T L0
B000.00 X000.00
TUT26,00 777 71,00
“5000.00 1300.00
TTTA30007T 04807
'3600;06 ib00,00
20,00 T 080T
5000.00 1500 00~
TTT3640077 7 04907
"5000. 00 1500 no“'

0 - 40,00 570,00

i 5005 40 nao.oo a6 00
PO 2 WD ”"“"’"""‘" y

‘646 on

90 nd Aoo 00

'Iéf 346;00
y 20

‘_‘..:‘ s 4-..._

Y
s A

f;lis 06

6. oo 620.00

\_._...

~oo {06 60

‘6 00"730‘00 500 00

4» O T (..-'f \

LA T 60 490 <00
oLl NN

‘“346‘06‘*“30 oo“"soo.na

TTT33,00 T 0. 707 T ﬁTf“Z&: ; N ETR: : :

5000, 00 1500+ 00 - 66.:06° 166 80 Ad“ao }6 60" ‘oo an ;zo 80
T35, 007 AN 1 R 1) g

"5000,00 15 00 00" 0 §5.06 4«6 o&' 100.00 566 00
32,0677 l.ud‘j”; AR e L R :

“5000.00 1500,00
733,007 00907
~5000,00 “1500, 00

34,007 1,00 f”“‘
©5000.00 4000 00
32,007 70,90
©5000.00 1500400
32,007 0,70
_5000,00 1500,00
33,007 70,70 T T

"9n.oo A)o 00

N 90 oo
Y7 e

5&0 00

L_' 5000.00 1500,00°

(2ND RESERVE SEAM)

p 6000, 4000,

FIG. 8  SAMPLE CASE INPUT (CONT'D)
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TIE INPUT DATA CARDS

I A 3 A 5 . ... 6 | R 9_ 10. 1 12
CHS  CMS  PMS PMS, . PRS, T PMS T PMS ARt i YDISTANCE D - tIME . ]
S 1 0 18| — 1 [} 1 ___SCEAM___ PEACENT RON .-...f! U“R . PILLAR PHS . DEIWEEN ﬁns__.,Jﬁ[HEEN____ElLLA.R_
. N0 STRENGTH  STREL L STRENGTH_ . M1DTN -,;_SPAN_____SEAMS e DEPTYH . ___MINING ____ PATVERN
1__5000,00 __4000.00 . 5,15 )o.oo 5000.00 74000500 . 503007 ’” wo.oq“._no 00 . 19%5.00 4. 22.00 ____ 0.70
= __Z -_"000 00 ___4000,00 __ 5475 ___ 45,00 . 5000,00_ __ 4000,00_ . ‘:2.0(1“,.“ ’vﬂ-OQMJQOpOQ e J03000__ 26400 _____0.70_
T35000.00 __4000.00__ 5,79 100400 __5000.00 . 4000,00 S0,0:7 840.007°717100,00 175,00 . 22,00 _ 1.00
4 _5000.00____4000,00 ____ 5.75____ 60,00 ___5000,00 " ‘)00.00‘,.,,_:0. .,..100 00, 90400 190,00 17.00 Q.70
= .S 5000.00 _ 40Q0.00 5,75 .. 50.00 __’500Q,00_ " _4000,00 i % Q'“ 2()0.00 .. 90,00 __ - 223 00___.1%,00__ . 0,80
6 5000.00__4000.00 __ _5.1% ___ 60.00 _ —.5000,00___4000,00 ‘-5‘00 "0:09.,.__., 90,00 350,00 19,00 0,80
_ T 5000.00  _4000.00 . 5 by 15 70,007 l'~000.0Q 3 I-OOO.QO R T,Q,OQ 360,00 . 100.0(1 220,00 1 20,00 _0.00
R S000.00____4D00, 00 5515 l()') 00 ____5000.00___4000,00___ Q_Q_ #40.00 100,00 260,00 2100 ),00
T 9 5000.00 _ 4000,00 . 5,15 __ 100,00 5000400 _"-4000.00 o 000 ¥ 040400 7 110400 .1 280Q. ooj;;':; 28,00 . - 1,00
105000400 4000.00 54 15 9%5.00___5000.,00___ 4000,00 t.o.on 840400 100,00 320,00 17,00 1.00_
T 711 B000.00  _4000.00 . 5.15 " mu.ou 5000400, 4000400 717 40,0 521840600 7. 90,007 3'.0.00 2400 1.00
L 12__S000.00___4000,00 Se15 100,00 __5000,00___4000,00 0,0 840,00 90,00 370.00__ 23,00 _,____1.004
713 5000400 4000400 5475 100,00 - 5000.00° 4000400 - % 000 ‘8’10.00 300,00 - 390.00 . 57 18.00. ° __ 1.00
_____]1_. 5000.00 e ]_.()()l) 00 5._15___ 100 HO ‘)0()0.00 AO()O ()() 0.() 540100 1()0,()0 400, 00 26,00 _).00_
15 5000.00 4000,00 _ 5,75 100400~ 5000.00 74000400 17 1% 060 i diBs 06005 90,00 390,00 "5 -15.00 . _-1+00
1A _5000.00 __4000.00 _BeT5_____100.00___5000,00_ . 4000,00 0,0 _. 8400 nodzq,,___«ao 00__ " 11.00 1.00_
....... 17 5000.00 _ 4000.00 5,75 ' 100400 __ 5000, Os) 7 H000,00 TEA D 0.0" ZH 40400 7100500 112:500,00 77284007 1,00
_'__._l'!J!!OQ_-OQ__JsQQO-.QO S TR - )00 0Q___ 5000o00 400000 840400 804,00 460,00 25400 1,00
19 5000400 7 4000,00 —  © 5415 05,00 - 5000.007 4000400 2L '.'I).ootador.o. 0% B0, 00T 1 860400 . 2526400 . 1.00_
—_20__5000,00____4000.00_ __ __ 5.75 ___ 100,00 __5000,00 200.00 0,0 40400 80,00 _ 590,00 26,00 1.00_
.21 5000.,00 _4000,00 " 5.73. . 65,00 ; 5000.00 214000, 00..__._80 00 “‘580.00 2004002700 650,005 19400 ~_.0.80
—_22_.5000,00 ___ 4000.00 5415 90,09 —2000,0Q__ _4000,00 8 10,00 200000, 19,00 1,00
23 5000.00 _~ 4000,007_ 5,75 95,00 _F 5000001500400 T3 u.od"’"f-”'“aao.o 60,00 P 820. 00 521400 1,00
,____2';.-5000-')'-1___50119.90 5915 ‘55.00___5000 00__,1500.00 55 00._,,_,,.5 0e 00 Qe0Q0_____620.0 4400 0.90_
T 25 5000.00 __4000,00 __-5.75. 1 100,00 - 5000s00 .1500,00 1 ~"¢0.0..~.i‘:’.tst.0 00 77T 90400 05 540,00 %1 26,00 1. 00
R 26_._500()-09,_.,_‘90(").00____,_5._75_._._.100. .0.9__12090..,.00 ~+1200.00 0.0 ’10190, .90.00__“,.,69(1.00_‘,_,11.00__,__,___1.00
21 5000,00 4000,00 . . 547%8.2°_100.00_112000,00 "1500.00,,;:3_ 040 T 1404007072904 OQ_‘.Lbe 00 54% 237400 . _1.00
2R 5000.00 4000400 __ 5,75 ___100,00__12000,00__ 1500409 ) .,,raso.oo_,,_ 20,00 540. Q0. 30.00 1.00_
7249 5000.00 _ _4000.00 5,15 _ 100,00 . lzouo.oo:.:.1500.00_;“.-.0 0 ST 60,0070 60.00__.,._.570 00" 36.00.°". 1,00
. ..30__5000,00_ _ _4000,00__ ___ S.75_ wJOO.UO 12000.00__._,1'»90 00 _ .. 80,00 840,00 00,00 570400 2,00 1.00
.. 31 5000400 __1500,00 1 .5, 75 . -90.00_.°12000,00. 215004 00-_.__160100,':_"_'.,540A00 90,007 7630.00._000027.00 0 _1.00
32__5000,00 __ 4000400 ___ 5,75 ___100.00_ 12000,00___ 1500400_____60. 00 _...040.00 920400, 430400 26400 ____1.00.
.33 5000,00 _ 1500400 _ ' - 85,75 .. 40,00 _12000,00 _.1500,00 "7 70.00. 2 120.00 (B0.00 - 5B0.00. -~ 25.00 _ __ 1.00
o 34..5000,00 __1%00,00 ____ 515 . 10.00_.12000,Q0___1500400Q ___30 ooﬁ,_r,aso.oo,,_,_ao <00 ___640.00_____ 0.0 o 1.00.
... .35 _5000.00 1500000 _ . __ 5,715 100,00 12000.00 " _1500.00 - 0.0 . 2 8%40,00..2% 90,00 ____600.00 2. 27,00 __ . _1.00
I 36 _5000.00 __1500.00_ ___ 5415 ___20.00__12000.00__1500.00 .. _125.00 40.00 70..00 620.00 28.00 0.70
. 37 5000.00 __ 1500.00 ___ 5.75. __ 65.00 _12000.00 - 1500400 0.0 - L680.00. - - 90,00 " 680.00_ . 29.00_____ 0.90
3% _5000.00____4000.00___ 575 _ _ 15.00_12000.00___1500.00 —___ 60.00__._540.00_____90. Q0. 400.00 26400 = 1.00
© 39 5000.00 _ 1500.00 ___._ 5.75 . 40,00 12000.00._ . 1500.00_. _._70.00 _.7140.00. . 90.00_2_650.00_ " __ 33.00__ . _ _0.080
40 5000,00 _ 1500.00 ___ 5¢75_._._ 30,00 __12000.00_1500.00 ___45.00 40,00 _30.00 ___5600.00 28.00 0.90.
41 5000.00  1500,00 5,15 50,00 12000.00 . _1500.00__ _ T0.00 __ 400,00 _ _ 80400 __.' 490.00____ .. 26.00 _ ___ 0.90
_ 42 S000.09 _1500,00 5,15 . 45.00 12000,00 150000 00.00___ 340,00 ___ _90.00_.._500.00______33.00_____0.70
4% 5000.00 1500, 00 5.15 35.0C 12000.00 1500,00 .. __ B80.00_.  320.00..._.100.00 __ 520.00 ____ 32.00 __. 0.80
44 5000.00 150000 5,15 90,00 _12000,00_ 1500,00 __.__55.00 ____440.00 ____100,00___560.00 ____32.00 ____ _1.00.
45 5000.00 1500.00 5.175 45,00 12000.00 1500. 00 2100.00 . 280.00 . 90.00 .. 630.00 _ 33.00 . .. 0.90
C4h R000.09 1500,00 5. 75 50,00 12000.00 __ 1500,00 . 40.00 ___ 400.00_ .. ©0.00 ____650.00. ____34.00______ 1.00
4T 5000.00  4000.,00 S 15 65.00 1200000 1500 .00 70.00 . 540.00 90.00 .. 410.00 32.00 . 0.90
48 5000.00 1500,00 5,15 1500 12000.00 1500,00 10,00 120,00 __. 90.00 .. 540,00 ___ 32.00 __.___0.70
49 5000.00 1500400 S. 15 15,00 12000.00 1500, 00 45.00 40.00 . #0.00 . 480.00 233,00 . 0.70
50 S000,00 150000 S, 715 N5,00  12000,00 1500, 00 12400 740,00 120.00___ . 660.00 _35.00 1.00
AVIRAGE  5000,00 150,00 5,15 15410 n500.00 2550,00 61,61 516,60 90,00 418,52 25.00 _ 0.92
FIG. 10 SAMPLE CASE INPUT DATA - FIRST RESERVE SEAM
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_PMS pMs CMS  MAX VERT MAX HMORIZ __eMS . e SUB=  _NIGH . PREDICTED
o STRENZLOAD _ROOF/ELR __ROOF /0 LR EXTENT___ EXTENL __WIOZOCPTH_ PCRCEN] _ MAXIMUM. _____SIDENCE__ STRESS ____ COAL _ _
SAMPLE CRATIO . RATIO . RATIO. PR, ARCH . PR. ARCH . RATIO _SUDSIDENCE SUBSIDENCE_COAL_LOSS COAL LOSS __ LOSS
SR el . s ‘.—”,’.j"_‘ '.“?. L T'_T“ *"".’T::’:_"”_".,,._,m_._.,_--_‘-_,L_._A._._.A__. i ’“”7’.’. D
I . Selb._de25 ___le25 ____)T0.50___ 09,25 1»51 0,29 162 o.os_____-o.u: 0405
2 . _hS5 1025 . 1e25 174,900 Bl.45 040 . 2 0,09 045320 0040 . 0,03 _ 0,03
S S Y )25 le25. 0.0 Q. 9__. fleh0_ 0459 3,19, 0,19 .. 0.0 ________0.19___
4 4.82 1.28 1425 _117.00 . 86450 T 1 TH 0435 1 7 2404 _°__0.08 ... _0.03 ____ 0.08 .
5 4R 1425 1425 __)006,Y0 93, 4% 2)22 0430 110 0,05 0.04 0.05 __
) 6 249 . )e25 1425 . _ 225400 .03 112050 sl 1456 L 0638 L L 240457 0,08 . 0,07 _ ____0.08 ___
. 2,801 .25 1e25 186,00 ____ 93, 00 . 3460 0s4l. 2421 0e1l 0404 Oull____
8 0.0 Y25 o L1425 . 00 __ . 040 A__,_‘_ﬂ.w g 08 e e 3R 0619 n L 060 . 0:19 .
8 0.0 _ 1.25 1.2% _0.0 0.0 YL 0459 de38 O.H 0,0 0419
10 0432 1a25 125 216400 __ 108, 00, T BehD 6o Ti0i86 1o i 3322 i 0,081 0,08 - 0.18 __.
1 0.0 1425 be25 0,0 9._33. 0059 3.59~,_,o,.zo 0.0 0420
12 _ 0.0 L e85 i 1425 2 0.9 U943 0059 L B h0L Y 06205 040 ' 0,20 _
...... 13 0.0 1e25_ 1425 0.0 8440 ) 3429 0419 o 0. 0.19
_ 14 S0.0 _le25 - 3e25 . 0.0 D 1. 0. .'_vvm%’_;-_e.«o 0,590 3,390 0619 0t 0.0 0.19.__
S 0.0 1.2% 1425 0,0 9432 00§9 3,40 . 0.20 0,0 -..0,20
15 e 0.0 Va2 28 0,0 RN N Y REESEST 59_‘43‘"3-3&.44_-;0.19*-_,.: 0,0 - . _.0619 __
. A 0.0 1.25 125 0.0 ___ ,' Rab0 - 0439 3439 ; 0179 0,0 Q.19 ____
18 0.0 . de25 T 1e25_ 040 T 060 110450 i 0489 0 e 34 e 020 it 060 L ilw_ 0,20 .
19 9.18 1.25 1.25 208,00 144,00 10450 M T TR 5 R 1~} _,».0-15_.__..,.__9.18*._
20 0.0 73,33 7 1425 0.0, " _Ds0 f“-10,50'“'4*0.59f'wy?3.40:%. 0,200 " 0.0_% X 0420 -
4 | 1.81 1.25 1.25 _285. 00 1’4.2.-,2‘1_- - Te25 0,38 . . . 2421 .,‘_0 «09 0.12 0.12
22 0.5 T Ne28 1428 370 00 - 135,00° " F HohTorri0a93 Lint 3400 T 0417 n 5 0a00 = 271 0417 0.
23 0.17 3.33 L 1.25 219,00 ___132.50 9:33 0030 o dad s 0alb___ 0,10 c o OelB___
.. 24 1eSB 3633 T 1425 206400 18300 - Ahh - T 0032 I 1aB T ni L 0a06 -t 0609% L 0409 __
Q5 0.0 3,3 125 0,40 00, SRR | 52. 3eh0__ 0420 0.0 0. 20__ﬁ,
26 0.0 B.00_ - 1425 ___ 70 0s0 -zt 0,0 8100 T 059 AR 3440 L i o.zo o.o AT 002000
2T 0.0 8,00 1425 0,0 040 ) o005 240, 0420 MR 0.20
... 28 0.0 B.00. . 1625 . 00 0T 040 Mot - SO B T T R T AN o.o.,_.*-_ 0.20_
< 0.0 _h.00 1425 0.0 0,0 v 0.30Q _0.0_* GL_20. EEL
_ 30 . 0.0 8,00 1625 0.0 5 0.0 D A 002000 000 it 0420
3L 0.2 0.00__ 3.3} 309.00 154450 . 9 0 R TN 0017 0.15 . Q.17
12 0.0 8,00 _ J.25 000 040 T 9633 L0459 8,40 0T 04200000 0.0 500,20 ____
32076 8,00 A3 294400147400 1.50 0424 . P T Q.02 0.20__, 0.20___,
14 Cded) 0 R00 3033 312,00 . 156400 . Te22 .. 004) . 2438 __0u0V.____. 0ulS . 0«15, .
S 00 00D A3 0.0 0,0 9.3 0459 3040 0,20 0.0 0.20
LAB 6,50 T B,00 0 3,133 306,00 153.00 0457 ___ 0407 __o 040 10040 . 0ald . 0ul4 .
3T 0.0 R0 3.3 326,00 162400 1.56 0,38 2.21 0409 0.13 0.13___,
L 1455 P00 ___ 1.25 240,00  120.00 6400 Du44 2453 ______0e12_.__ 0.d0 _ _ - 0.12_ __
SO 2646 W00 3433 315400 _ )5T,50_ 1,78 0.24 1436 0. 02 0.12 0,12
40 S 2+54 800 _ 3,33 . 300.00 150,00 Lle33 . 0.08 T 1403 " Oell. 0.2 1 0,27 .-
_____ G 2.732.  B.00 %33 267.00 133,50 S.00 0,30 1,19 _0.0% 0.10 o.18
Y] 3.12 . [ 8.00 EPRE! 270,00 135. 00 378 0,27 . 145} . 0403 __  _ 0.10. _/_ 0410 ___
LAY U T3W8S L M.00 3,33 216,00 1AR 00 3.20 . 0.21 119 0,00 0.12 012 ___
44 0.4 n.00 3. 290 .00 144,00 Lo heh) 0.5 . . 3.05 . 017 . 0.15 . 0.dT .
WS 2615 R,00 3038 0 20,00 . 1%4450 __ dll_ . 0.21 193 04013 S (& 1y . .
Lb T 1.59 A0V .13 315,00 157,50 444 - 0430 : 2a0, .. 0609 . ... 0«83 ... 0.15
AT 199 RL00 1425 260400 130450 6400 038 __ 2420 0,09 _ 0,09 ______ 0,09 __
L 4,20 8.00 2033 2n2.00 141,00 1.1 S 0,09 . 0.51 0.0 . . 0.10 . . 0.10 . .
49 3.6 0,00 PR R 264 .00 132,00 0,50 0,04 0425 0.0 L0.0l4 0.4 ___
S0 n.21 A,00 .3 Ae,00 159,00 holl 0.50 . 2.87 0.0 0.10 . 0.10
AvruAfr 2450 4e 1Y 1.7 261441 133,70 helY 0. 44 . 2252 0.13 0,07 ... . 0O.l6
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FIG. 12 TITLE PAGE - SECOND RESERVE SEAM
THE INPUT DATA CARDS
S - 2 5 3 S L - 3 1_ B 9. 10. 11_ 12
I CHS _ . CMS_. . _PMS .. .. _PMS _  PMS_ - PMS_ .t PMS. T T C"DISTANCE. . . ... _TIME . __ ..
e ROOF____TLOOR______ SFAH PLRCENT __ ROOF_ vme ___PILLAR PMS . BETWLEN _PMS____ DLCTHEEN. ____PILLAR.
T ND STRENGTH. STRENGTM TUICKNFSS EXTRACT. . smmom CSTRENGTIS . WIDTH. . SPAN _ _* SCAMS .. DEPTIL . MINING ___ PATTERN
1 6000,00 0 4000,00 5415 . 15.10 "_osoo.oof,' 2550.00 63,61 . 5765060 . 140.00___ 479,00 _ _36.00 __ .. 0.92
AVERAGE  6000.00  4000.00 8,15 _ 15,10 __0500,00  2550.00__ 43,61 . 51he&0. . _ 140400 - _479.00_ . 36,00 . 0,92
FIG. 13  SAMPLE CASE INPUT DATA - SECOND RESERVE SEAM
or4 n ILOWER FREFPORT )
teabedboner COAL LNSS FOR CURRENT OR RFSERVE SEAM w*¥xdkdnebods
T T T eMs T TeMS L CMS D MAX VERT MAX NORIZ. U PMS L T T T S UB- . HIGH . -PREDICTEN .
_ STREN/LOAD ROOF /FLR__ROQC/TLR___ EXTENT ___ EXLENI__WIDZDEPTI__PERCENT __MAXIMUM_ ____ SIDENGE _STRESS_ COAL
TSAMPUE. RATI0. . RATIO ___RATIO _ PR, APCH _ PR A —RALID. suusmmcssunswcnct COAL_LDSS COAL_LOSS. _.LOSS . .
T Y S T W) 0005 o.os._;';:.'
................. e et ey .:_... o s o o --_-._.-.d—u_-.-:-..-... ".:__-_.:;44_-alt:_._l_ﬂﬁ...al.-uA...L‘J:_._:-_.-u_‘_.-Lt_n::.a-_..'_u‘._--_--Aa..--‘-.-.:.).__ﬂL-h_
CAVEPAGT 1,33 333 1.50 _ 263.70 131,45 Al 04k 2453 Qa0 0405 _____ 0405 .

FIG. 14  SAMPLE CASE PROGRAM CALCULATIONS - SECOND RESERVE SEAM




Appendix C or the program listing in Appendix D are followed through using
the input data from observation number one, the results will be 5 percent
coal loss due to subsidence and a 3 percent coal loss due to the effects of
high stress zones. This results in a predicted coal loss in observation

number one of 5 percent, the higher of the two calculated percentage coal

loss values.

Note in Figure 11 the presence of conditions which may result in a bump
in the currently mined or reserve seam. The asterisks note the specific

observations in question.
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V. PROGRAM MODIFICATION

Program capacity can be increased or decreased by making changes in the
dimension statements. If the program capacity is to be increased, the dimen-
sion of the following variable arrays must be changed: DATA, SUB, PILRAT,

CMSCL, YES, PMSRAT, HSTRES, X, SUBCL, HORIZ, VERT, CMSRAT, WDRAT, PSUB, and
BUMP.

If a standard format for data input is desired, the variable format

card could be eliminated and replaced by a standard format card.
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VI. OPERATING INSTRUCTIONS

A. DATA SETS

The input data set number, eg. 5, must be equivalenced to the variable
name IRD in the beginning of the program. This allows all read statements to
operate under the correct data set number without changing the number in each
read statement. Likewise, the output data set number must be equivalenced to

the variable name IPR.

B. JOB CONTROL LANGUAGE

Any computer system will require some job control cards (JCL cards) at
the beginning and end of any program. These JCL cards must be provided by

the user in accordance with the system under which his computer operates.
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VII. ERROR MESSAGES

The following error conditions will result in these messages:

1. The previously mined seam thickness for the ith observation is

greater than 50 feet.

25 The previously mined seam percentage of extraction for the ith

observation is greater than 100 percent.

3. The previously mined seam depth for the ith observation is
greater than 2,000 feet.

4. The previously mined seam pillar pattern for the ith observation

is greater than 1.

5. The maximum subsidence for the ith observation is greater than

the previously mined seam thickness.

6. The percentage of subsidence for the ith observation is greater

than 60 percent.

° Other Messages

When a condition is present which may result in a bump, the
following message is printed: "Conditions are present which may result in a

bump in the currently mined or reserve seam'" (Figure 11).
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VIII. TIMING

The execution time of the CLCM program with one reserve seam of fifty

observations is listed below:

CPU seconds 75

I1/0 seconds 20

These times were recorded using an IBM 360/40 computer with an IBM 2540
card reader and IBM 1403 N-1 printer.
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APPENDIX A

FORMULAS
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The CLCM uses the following equations:
a. Maximum subsidence measure in feet expected in the overlying seam (SMAX)l

(1) SsMAX
SMAX

(.6) (t - .001) (DT) £(W/DT) (E) for all values of
0.01 feet

v I

SMAX is set equal to 0.0l feet when 0.0 < SMAX < 0.01 and is set
equal to 0.0 when SMAX - 0.0 feet.

t = Seam Thickness

DT = Distance Between Seams

W = Span (maximum unsupported distance (width))
E = 7 Extraction

(2) In order to calculate SMAX the W/DT ration must first be
calculated. These values are then used in the algorithm
to calculate f£f(W/DT) which is set equal to 1.0 when
W/DT 2 1.2.

Otherwise, £f(W/DT) = ((((2.15909) (W/DT) - 6.26136)
(W/DT) + 5.51136) (W/DT) - 0.469091) (W/DT)

f(W/DT) calculates maximum subsidence in terms of percentage
of seam thickness based on the mean subsidence curve developed
by the British National Coal Board for conditioms of full

caving.

This predictive equation was developed by HRB-Singer, Inc. on ARC Contract
73-11-2552 "Overview of Subsidence Potential in Pennsylvania Coal Fields",

30 June 1975. It is modified to fit empirically derived subsidence in western
Pennsylvania coal fields. Initial development of the equation came from
British National Coal Board data and the Subsidence Engineers Handbook. The
packing factor .001 DT has been modified from .01D in the original formula
because of the shallow depths experienced in Appalachian mining and empirically
derived data from western Pennsylvania. The 0.6 factor at the beginning of
the formula which accounts for the incomplete packing of the cavity has been
modified from the original 0.9 factor based on actual subsidence experienced
in western Pennsylvania coal fields.
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(3) Maximum subsidence as a percentage of PMS thickness

(PSUB). PSUB is calculated by dividing SMAX by t

PSUB = SMAX/t
b. Pillar Strength, Pillar Load Ratio

(1) Pillar strengthl (PMS)

s =1320 W% (1bs/in?)
066
W = pillar width minimum
h = pillar height = t (seam thickness)

(2) Pillar LoadT (PMS)

L= 1.1D (1bs/in2)
(100 - E) (.01)

D = Depth to floor of seam

E = Z Extraction

(3) Pillar strength to pillar load ratio (PILRAT)

PS/PL = 1320 wo‘46
h0.66

1.1 Depth/(100 - % Extraction) (.01)

c. Roof strength, Floor strength Ratio2 (PMS, CMS)

Roof Strength
Floor Strength

= Ratio of unconfined comprsssive strength (UCS)
of Roof and Floor (1lbs/in*)

Salamon (1967), Denkhaus (1962).

Unconfined compressive strengths of different lithologies were approximated
using various sources, e.g. NCB Working Party Report - 1972 - Design of Mine
Layouts; Adler and Sun, 1968. These are general numbers and are used to
approximate the ratio of roof to floor strengths with varying lithologies.
Where exact data is available, these should be substituted.
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In the absence of specific data, equate the following lithologies
to UCS (See Table 2).

d. Critical Spanl (feet) (HORIZ)

W

0.15 (D) + 60

D

Depth to floor of seam

e. Vertical Extent of Pillar Pressure2 (PMS) (VERT)

DT < 0.3 (D) + 120

D

Depth to floor of PMS

DT

Distance between seams

The coefficients used in the formulas are modified to fit conditions
existing in coal Region IIIB (Figure 1). The CLCM was tested against data
in Region IIIB and IB.

It is anticipated that if any adjustments are needed among the regioms,
a multiplier can be assigned to account for the variances. Any variances will
probably be tectonic and due to such structural features as folding, faulting

and fracturing (Section I-C).

The CLCM does not take into account the total lithology existing between
seams, but concentrates on the roof and floor lithologies of both seams. It
is felt that the CLCM will perform in this manner regardless of the lithology
of the total intervening mass. If variances are encountered in future tests
where massive lithologies exist, a multiplier coefficient can be inserted to

correct for the variation.

: Adler and Sun, (1968). This is the width of the maximum pressure arch.
Theoretically a span in excess of this calculation will be unstable and
will result in ultimate collapse of the cavity.

This is the theoretical vertical extent of the maximum pressure arch. This

is generally regarded to be twice the width of the maximum pressure arch
for seam depths between 400 and 2000 feet.
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GLOSSARY OF VARIABLE NAMES
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ASTER
BLANK
BUMP (I)
cMS
CMSCL(I)
CMSDT
CMSRAT(I)
D

DATA (I,J)
DT

E

FUNC

h
HORIZ(I)

HSTRES (I)
ICOND
ICURR
ILINE
IPREV
LMULT
NDECKS
NO
PILPAT(I)
PILRAT(I)
PMS
PMSRAT(I)
PSUB(I)
RMULT
SMAX
SNAME
SUB(T)
SUBCL(I)
E

TIME
TOTAL (I)
VERT (1)
W

WDRAT (I)
YES (I)

NOTE:

1]

(I) and

Asterisk Value

Blank Value

Indication of Potential Bump due to Existing Conditions
Currently Mined Seam or Reserve Seam

CMS Coal Loss

CMS Depth

CMS Roof to Floor Strength Ratio

PMS Depth

Data Values

Distance Between the Seams

PMS Percent Extraction

Calculation of Determine Subsidence for a Given W/D Ratio
PMS Pillar Height

Critical Span or Maximum Horizontal Extent of the Pressure
Arch

High Stress Coal Loss

Overmined or Undermined Condition

USBM Seam Code (Currently Mined or Reserve Seam)
Pillar Alignment

USBM Seam Code (Previously Mined Seam)

Lithology Multiplier

Number of Data Sets or Reserve Seams

Number of Sample Points

Pillar Pattern and Uniformity Multiplier

PMS Pillar Strength to Load Ratio

Previously Mined Seam

PMS Roof to Floor Strength Ratio

Maximum Subsidence Divided by Seam Thickness (SMAX/T)
Regional Multiplier

Maximum Subsidence

Seam Name

Maximum Subsidence

Subsidence Coal Loss

PMS Seam Thickness

Time Since Previous Mining

Average Value of Input Data Variables

Maximum Vertical Extent of the Pressure Arch

PMS Span

PMS Width to Depth Ratio

Indication of Subsidence

(1I,J) are subscripts of array variables.
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pos

READ
TITLE
CARD

,

TITLE CARD

WRITE
TITLE

READ
CONTROL
CARD

TITLE

/

CONTROL CARD

ZERO
ARRAYS

READ
PARAMETER
CARD

/

PARAMETER CARD

—

APPENDIX C PROGRAM FLOW DIAGRAM

NUMBER OF CARD DECKS
(NDECKS)

USBM SEAM CODE (IPREV)
SEAM NAME (P1-PT7)

r-USBM SEAM CODE (ICURR)

SEAM NAME (S1-87)

NO. SAMPLE POINTS (NO)
REGIONAL MULTIPLIER (RMULT)
LITHOLOGY MULTIPLIER (LMULT)
PILLAR ALIGNMENT (ILINE)

-4 7=




o —

OW @~ DU D —

OATA ARRAY

1CONO=0
(UNDERMINED)

WRITE
UNOERMINED
CONDITION

1COND=1
(QVERMINED)

ICURR
IPREY

WRITE
OVERMINED
CONODITION

READ iTH
FORMAT
CARD

FORMAT CARD

]

CMS RO0F STRENGTH

CMS FLOQR STRENGTH

PMS SEAM THICXNESS

PMS PERCENT SXTRACTION
PMS ROOF STRENGTH

PMS FLOOR STRENGTH

PMS PILLAR WIOTH

PMS SPAN

OISTANCE BETWEEN SEAMS
PMS DEPTH

TIME BETWEEN MINING

. PILLAR PATTERN

READ
18T
DATA DECX

0ATA CARDS
12 YARIABLES

/f---—-----_‘

READ
iTH
OATA 0ECK

@

1PREY
ICURR

0ATA CAROS
5 VARIABLES

CMS ROOF STRENGTH

CMS FLOOR STRENGTH
DISTANCE 3ETWEEN SEAMS
PMS DEPTH

TIME 3ETWEEN MINING

OATACL, )=
TOTAL (1)




WRITE
ERROR
MESSAGE

MESSAGE

WRITE
ERROR
MESSAGE

MESSAGE

WRITE
ERROR
MESSAGE

MESSAGE

WRITE
ERROR
MESSAGE

MESSAGE

ZERO
TOTAL &
COUNT

uRuRuke

76-85

=40




WRITE
HEADING
FOR DATA

CALCULATE
DATA
AVERAGES
AYERAGE
WRITE TOTAL(i) I=
AYERAGES 1,12
\/—

BLANK

BUNP
ARRAY

YES

CALCULATE
RATIOS

If
ICOND > 0

CMS ROOF STRENGTH

CMS FLOOR STRENGTH

PMS SEAM THICKNESS

PMS PERCENT EXTRACTION
PMS ROOF STRENGTH

PMS FLOOR STRENGTH

PMS PILLAR WIDTH

PMS SPAN

DISTANCE BETWEEN SEAMS
PMS OEPTH

TIME BETWEEN MINING
PILLAR PATTERN

16-88
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BEGIN SUBSIDENCE

TESTS
YES YES())=1
NO
IF
O0R < 0.525
CALCULATE HORIZ
IF
SPAN > HOR!IZ YES (J) =1
DT <60 AND YES (J) = |
CMSRAT <3.3
IF
YES (J) =1

WORAT > 0.25

NO




IF
YES ¥ 1

ES

CALCULATE SMAX

:

CALCULATE PSUB

20a

IF

PSUB > 0.8

NO

\

L

WRITE
ERROR
MESSAGE

'

MESSAGE

IF
SMAX < 0.1

YES

NO

76-65




IF
PSUB > 0.5

NO
SUBCL=
PSUB/1.667

» s

YES

SusCL
suscL = 0.301 PSUB-.2x.35

S

76-65
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>3.3 AND TIME™

SUBCL=0.05
BEGIN HIGH STRESS
Z0NE TEST
= YES
£ =100 "
NO
CALCULATE VERT
IF
DT > VERT YES
5
YES
8
YES HSTRES=. 301

NO

76-65

Sl




HSTRES=.25

YES

IF
CMSRAT
Z.625 OR 22.4

HSTRES=.20

|F
CMSRAT
>.625 AND <2.4

HSTRES=. 15

IF
CMSRAT

<. 825 OR 22.

4

HSTRES=.15

76-65

-55-




IF
DT<VERT AND

; YES :
HSTRES=. 10 et et g . HSTRES=. 10
22.4
/
DT<VERT AND :

CMSRAT 2.625 AND HSTRES=.035

&

5 f—»
HSTRES=
JES HSTRES*. 25
NO

76!76

-56-




IF
PILPAT>0
AND <1.0

HSTRES=
HSTRES
PILPAT

*

HSTRES=
HSTRES*
D

400

IF
SUBCL-HSTRES

CMSCL=SUBCL

CMSCL=HSTRES

IF
YES
RMULT 20
NO

CMSCL-CMSCL
*RMULT

g

=87




YES

NO

CMSCL=CMSCL
*LMULT

CMSOT = D * OT

CMSOT = DT =D

IF
CMSOT

2500 AND CMSRAT BUMP = ASTER
WRITE | CURR
| CURR $1-87

S1-87

76-65
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*
PILRAT
PMSRAT
CMSRAT
YERT
HORIZ
HDRAT
Psus
Sus
SusCL
HSTRES
BuMP
cMscL

IF
CMSCL>. 30

AEADING

WRITE

pUT
a QuTRUT SR
- ]
COMPUTE
PHSRAT
CHSRAT
¥ VERT
] HORIZ
LNO = |
XNO = MO*.75 WORAT
o ENE
SUB
SUBCL
HSTRES
BUNP
"GT 30 PER”
o e e
TOT=T0T+X
COUNT=COUNT I
IF X
CHSCL >.30 L LNO=LNO=1

716-63

-59-




Y

TOT = TOT/COUNT

YES

WRITE
AVERAGE

AVERAGE
(REGULAR)

WRITE
AVERAGE

IF
BUMP = ASTER YES
NO

WRITE
BUMP
MESSAGE

160 = 16071

YES
NO

STOP END

AVERAGE
75% 08BS .
>30%

76-69

-60~-
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NOS FORTRAN [V 340N-TO-4T79 3-6 MAINPGH DATE 06729716 TIME 06.53.14 PAGE

0001

0002

0003
0004

000s
0006

2l Xelalal

aEsEsEsEaslsleNalsialalslaNeNslslesNaNelals e NelaNa i EalaN o e RaliaNe e e e Nl

COAL 10SS CALCULATION MODFL

DIMFNSION TITLF(20), FMT(20)s DAYA(12,50), SURLSO0), PILRATLS50),
ICMSCLISO0), YES(SO), PMSRATIS0), . HSTRES(50).X(50,11), SURCLI(50),
200RTZ(50) VFRT{S0) ,CMSRAT(S0) ,HDRAT (50) ,PSUB(S0),BUNP(50),
JINteiL), TOTALL12),COUNT(12)

FOUIVALENCEIX (14 L) o PILRATCLD ) UXEY 20 o PMSRATIL)) (X (143),CMSRATILL)
1)U XC 4 oVERTOLD o UXUL gS)oHORTZCED Do (XUL &) yWORATELDD, EX(L,T),
ZPSUBCLY) o (X(1oM),SUBCLD) o IXEL,9),SURCLELD) (X (1,10) HSTRES(L)),
3(X(1411),CHSCLLLD)

DATA DLANK/AM JoASTER/L N ®/

REAL LMULT s

GLOSSARY OF VARIANDLES

ASTER= ASTERISK VALUE

DLANK= RLANK VALUF

AUMP(IY= INDICATION OF POTENTIAL BUMP DUE YO EXISTING CONDITIONS
CMS = CURRENTLY MINED SFAM OR RESFRVE SEAM

CMSCLIT)= CMS CNAL LOSS

CMSDT= CMS DEPTH

CMSRAT(I)= CMS ROOF TUO FLOOR STRENGTH RATIO

DATA(LT,J)= DATA VALUES

FUNC= CALCULATION YO DETERMINE SUBSIDENCF FOR A GIVEN W/D RATIO
HORIZ(T )= CRITICAU SPAN (OR MAXIMUM HORIZONTAL EXTENT OF THE PRESSURE ARCH
HSTRES({I)= MIGH STRFSS COAL LOSS

ICOND= QVERMINLD DR UNDERMIMED CONDITION

ICURR = USAM SEAM CNNDEF (CURRENTLY MINED OR RESERVE SFAM)

ILINF= PILLAR ALTGNMENT

IPRFV= USRM SFAM CODE (PRFVIOUSLY MINED SEAM)

LMULT = LITHOLOGY MULTIPLIFR

NDECKS = NUMNER OF DATA SETS OR RESERVE SEAMS

NO = NUMDFR OF SAMPLE POINTS

PILPATLJ)= PILLAR PATIERN AND UNIFORMITY MULTIPLIER

PILRAT(I)= PMS PILLAR STRENGTH T0O LOAD RATIO

PMS = PREVINUSLY MINED SFAM

PMSRAT(I)= PMS ROOF YO FLONR STRENGTH RATIO

PSURLT)=  MAXIMUM SUBSIDENCE DIVIDED BY SEAM THICKNESS (SMAX/T)
RMULT = REGIONAL MULTIPLIER

SNAME= SEAM NAME

SUNLJ)= MAXIMUM SURSIDENCE

SURCLET )= SUNSIDENCE CNAL LOSS

INT = TOTAL COAL LOSS

VERTUI )= MAXIMUM VFRIJCAL EXTENT OF THF PRESSURF ARCH

WNRAT(T )= PMS WIDTH TO DEPTIH RATIN

R ER AR R A A S R A N A A R A R R ]

1PD=5
IPR=6

Ceeeascseesonssos CAPD INPIUT ®e03s¢0essasnss

[

C
C

A TIVLE CARD MUST OF INCLUDED, IT IS TUF 1IST CARD READ, COLS. 1-PO

CAN RC ANY DESIRFD TITLF,

0001




_g 9.—

PNS FORTRAN IV 36ON-FO-479 3-6 MAINPGM DATE 06/28/776 T IME 06.53.14

0007
000n
0ono
0010

CONTROL CARD. {(ONE CONTROL CARD PER RUN)
cot 1-2 NUMBER OF CARD DECKS.(EQUALS NN, OF RESERVE SEAMS)
o 4-6 USBM SFAM CODE  (PREVIDUSLY MINFD SEAM)
COL 8-35  SFAM NAME  (PREVIOUSLY MINED SFAM)

PARAMETEP CARD. (INCLUDE OME FOR FACH RFSERVE SEAM BEFORE FACH CARD DECK)
cor 1-2 USAM SFAM CODE (CORRENTLY MINFD OR RESERVE SEAM)
COL 5-30 SEA™M NAME (CUPREMTLY MINED ORP RESERVE SEAM)
COL 39-40 NUMAER OF SAMPLE POINTS
COL 46-50 REGIONAL MULYIPLIER (IF NONF, LEAVE BLANK)
COL 56-60 LTITHOLOGY MULYIPLIER (1F NONE, LEAVE NLANK)
coe o ALIGNMENT OF PILLARS = )
(IF MOT ALIGNED, LEAVE BLANK)

INPUT DATA FORMAT CARD NO. 1, COL 1-80 EG. (10F8,0/2FB8.0)

FIRSY SEAM DAYA CARDS

(THESE DATA ARF ONMLY INPUT ONCE EVEN THOUGH DAYA FROM SEVERAL

RESERVE SEAMS MAY FOLLOW)

CHMS RONF STRENGTH

CMS FLOOR STRENGYH

PMS SEAM THICKNESS

PMS PFRCENT EXTRACTION

PMS FLOOR STREMGIN

PMS RPONF STRENGTH

PHS PILLAR WIDTH

PMS SPAN

PMS DEPTH BELOW THF SURFACE

VERTICAL DISTANCE BETWEEN THE SEAMS

TIMF ELAPSED RETWEEN MINING (IF THE SEAM 1S A RESERVE SEAM...
INCLUDE YIME ELAPSED FROM PMS MINING TO PRESENY DATE)

PILLAR PATTERN MULTIPLIER (LEAVE BLANK [F NOT DESIRED)

SECOND OR SUCCESSIVE PARAMETER CARD
INPUT DATA FORMAY CARD NO. 2 COL 1-80 EG. (5F10.0)

SUCCFSSIVE SEAM DATA CARDS
CMS ROOF STRENGTH
CMS FLNOR STRENGTH
VERTICAL DISTANCE BETWEEN THF SEAMS
PMS DEPTH BFLOW THE SURFACF
TIME FLAPSED AFTHFEN MINING (IF THE SFAM IS A RESCRVE SEAM...
INCLUDE TIME FLAPSED FROM PMS MINING T PRESENY DATE)

DECEAF NP ER G AP P AP EE SR GEE L2 PR ER 00O ROECESIELE

READ AND WRIYC TITLE CARD

s lnlakaisiziaksinisiaiziskaliasisiniaiakaisisiaizsiakeisiakniska ks laizsi s e En ozl N e o e kel ol ol e Ne N Ralal

READIIRD, 1) TIYLE
1 FORMAT(20A4)
MRLETECIPR,2) TITLE
2 FORMAVULNYZZ772701072007107710007177177150%X,20A4)

o

C READ CONTRIE CARD

PAGE 0002
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DOS FORTRAN IV 36ON-FO-479 3-6 MATNPGM DATE 06/28776 TIME

ool
0012
0013

0014
001s
0016
0017
0014
0019
0020
002)

0022

0023

0024
0025
0026
0027
0028
0029
00130
nnig
0032

0033
N034
0035
0034
0017
0038
00139
0040

0041
0042

nosy
0044
0045
0044k
004t
0048
0047
0050
0051

C
READIIRD.T) NDECKS, IPREV, Pl ,P2,P3,P4,P5,P6,P7
T FORMAT(I2,1X, 13,1 XeTAK)
1G0=0
c
C IERQO ARRAYS s
C

SCA NO 9005 4= 1,50
DO 92006 1= 1,11
XtJ,1)=0,0

9006 CONTINUF
9005 CONTINUF
D500 1= 1,50
YES(1)=0,0
500 CONYINUE

(C: READ PARAMFTFR CARD

. READIIRD,3) TCURR, S1,52:53,54,55,56,57, NOy RMULT, LMULT,
311-'()FMAT'(:;':"ISX.LA\Q.AZ.‘IX.IZ.SX.FS.().SX.FS.O.'JX.ll’

E TEST FOR CONDITION

IFIIPREV.LTLICURRY) GO YO 1010
LCOND =0 -
G0 1O 1011
1010 ICOND=1
1011 CONTINUE
IFLIGO.LEL.O) GO YO 2049
HRITE(IPR,2048)
2048 FORMAY YWV //77017008222020727271117)
2049 IFUICOND.NELD) GO TO 2050
C
C UNDERMINFD CONDITION
C
HRITELIPR,2051)
2051 FORMAY(//,52X,"UNDERMINED CONDITION® /7 S2X,20011-)77)
IFUICURR.LTL100) GO T BOTS
WRITFOIPR,2052) ICURR, S$S1,52,53,54,55,56,S7
2052 TORMAT(3SX, 13,2X,6A4,A2,2X,*CURRENTILY MINED DR RESERVE SEAM'/7)
GO 10 ao717/
AOTS (FUICUPRLT.JOIHRITECIPE ,9890) ICURR,S1,52,53,54,55,56,57
G0 FORMATY (34X, 00, 11,2XAA4,A2,:2X*CURRENTLY MINED OR PESERVE SEAM*/
171
TFUICURRLGT,QIWRITE(CIPR, BOTBYICUAR, S1,52,53,54,55,56,S7
AOTO FORMATLEIAX, 00,12 ,2X,6A4,A2,2X,*CURRENTLY MINFDD OR RESERVE SEFAM'//
1)
ROIT IF(IPREVLLTLLI00) G 1O ARDKOD
WRITECIPR205TYIPPEV,PL,P2,P3,P4,PS5,P&,PT
G 1IN 2055
ROHO THIIPREVILYLLOIWRLTELIPR,9891) TPREV,PLP2PY, P4, PS5, P6L,PT
DAL FORMAT (34X, 00 , 112X, TA4,2X*PREVIOUSLY MINED SEAMY//)
IFCIPREVIGTYQIWRITELIPR yB80B L) IPREV,PY,P2,P2,P4,P5,P6,PT
AOHY TORMAT (34X, 0 4 12,2X TA4,2X, *PRFVIOUSLY MINED SEA4* /7))
G 10 2065
2050 CONTIHUC
G
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NAS FORTRAN IV 3EON-FO-4T79 3-6 MAINPGM DATE 06/28776 TIME 06.53.14

0052
0053
0054
0055
0056
0087
00519
0059
0060
0061
0062
0063
0064
0065

00e6n

00a7
004R
0069
0070
on71

00712
0073
0074

0nors
0016
0077
0078
0079
00RO
0oonl

00n?
0084
0084

0085
00u6

oonr

C
C

[aEgNal

feo

oo0on

aoon

C
C
&

C

OVERMINED CONDITION

WRITFLIPR,205¢)
2C56 FORMAT (/7 52X *OVFRMINED CONDITINNG /7 52X 19(1NH=-)77)
IFLIPREVLLTLLIO00) 60 TO BOA2
WRLIFLIPR,2057) IPREV,PLP2,P3,P4,P5,P6,PT
2051 FORMAT (35X, 13,2X,TAG,2X, *PREVINUSLY MINID SEAM*//)
GO 10 BOB3
BCB2 TFCIPREVLLTLIOIWRITECIPR,9B9L)IPREV,PL,P2,PA3,P4 ,P5,P6,PT
IFCIPPEVLGTOOIHRITELIPR,BOBYYIPREV,P],P2,P3,P4,P5,P6,PT
AOA3 IFLICURRLLT.I00) GO TO AOR4
WRITECIPR,2052) ICURR 4 S),52,53,54,55,56,517
G TO 2055
0084 TFLICURRGLTLIOIWRITELCIPR,90890)ICURR,S1,52,53,54:455,56,S57
TFCICURR,GYLOIWRITE(IPR,ADTBIICURR,S) ¢52,53,54,55,56,57
2055 CONTINUE

READ FORMAT CARD FDR DATA
READUIRD, 1) FMT
READ DATA CARDS

IFL1GO.GT.0) GO TO 910

00 10 J=1,ND

READ(TRD,FMT) (DATACT,J), 1=1,12)
10 CONTINUE

GO TO 912

READ CARDS FOR 2ND 10O NTH SFAM

910 NN 911 J=1,NO
READCIRD,FMT) DATALL,J),DATA(2,0) ,DATA(9,J),DATALIO0,J),DATALLL,J)
911 CONTINUE

FOR A SCAM WITIt ONLY ONE ORSERVATINN , TRANSFER AVERAGE PMS DATA VALUES
TN TO DATALL,JD)

IFCNDGNEL L) GO TO 912
0n 3000 J= 1,12
TFE1.ECLYaNRTaFN.20R.TLENL9.0R.T.EQ.LL) GO YO 3000
TFLT.EQ.T0JANDLDATA(10,1).GT.0.0)G0 TO 3000
DATALL, 1) = TOTALLL)

3000 CONYINUF

912 CUNTIHUF

CHFCK DATA INPUT

0y ADHE J= 14N
TFADATALA 1) .GYL100.0) WRITELIPR,8057) J
HOST (NRMAT (//777740X *PFRCENTAGE FXTRACTION GREATER THAN 100--SAMPLE NO
1. *.12)

TFIDATALR, 1) .GT.50.0) WRITFLIPR,HB058) J
AOSA FORMAT(/7/7740%, *PMS SFAM THICKNESS GRFATER THAN S0 FEET--SAMPLE N
10 12}

TFIDATA(LIO, )GV 2000,0) WRITECIPR,B059) 1
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NDOS FORTRAN IV A6ON-FO-4T9 3-6 MATNPGM DATE 067287176 TIME

00R8

0089
0090

0091
00492
0093
0094
0095

N094
0097

0098
0099

0100
o101

0102
0103
0104
0105

0106
0107
0108
0109
0110
0111
112
011
0114
0115
0116
oLy

oren
0119
0120

C
C
C

ooo

[N aNal

[
C
C

ROSY FORMAY (//77745%, *PMS DEPTH GREATER THAN 2000 FEET--SAMPLE NO, *,12
1)

TFIDATA(12,J).GT.140) WRITFUIPR,AOG0) J
ABOLO FORMAY(//7/7740X,*PMS PILLAR PATTERN VALUE GREATVER THAN 1.0-=-SAMPLE
IND, *,12)
ROS6 CONTINUE
Do 1015 1= 1,12
T0OTALLT)= 0.0
COUNT(T)= 0.0
1015 CONTINUE

WRITE DAYA CAPDS

WRITELIPR,4)
4 FORMAT (1M1 ,56X, *THE INPUT DATA CARDS® /)

HEADING

WRITECIPR,699)

699 FORMAT (13X, 19 ,30X, 929, 9K, *3% 9K 4 ;9K *5% ,OX,%6% 49X T%,9X, 8%, 9X
10%90,8%,'10%, AX, *11*,8X,*12°%)
WRITECIPR, 701 ) )

T01 FORMAT (12X, "CHMS* g X, *CHS® ¢ TX, *PMSY, TX, *PHS* ,TX, ' PHS* , TX ¢ * PMS®, TX,
LYPMSE L 14X, *OISTANCE® , 14X, *TIMFY /11X, *RODF® (6X4 ¢ FLOOR® 46X, *SEAM? 44X
2, *PERCENT ¥, 5X, *ROOF® ,5X, *FLOOR® ,5X, *PTLLAR® y5X, *PHS* ,4X,  BETWEEN"® ,
36X, 'PMSY ,SX P RETHWEEN® ¢ SX, *PILLARY 76X, *NO® 42X, *STRENGTH® 42X, *STRENG
AV, 2X, *THICKNESS EXTRACT  STRENGTH SYRENGTI  WIDTH',5X, *SPAN',
55Xy P SEAMS® J 68X PDEPTH® 45X ¢ *MINING* y4 X, *PATYERN®/Z 46X, 1210 114-) )

no 5 J=1,N0

WRITELIPR,6) J o (DAYALL,J), 1=1,12)
6 FORMATLEX,12,F9.2,11F10.2)
S5 (ONTINUE

CALCULAYF AVERAGES

Do 1001 1= 1,12
Nnn 1002 9 =1,NO
IF IDATALT W J)JLELDL.0) GO TD 1002
TOTALCL) = TOVALLL) ¢ DATALL,J)
COUNY (1) = COUNT (1)¢ 1
1002 CONTIMNUE
1001 CONTINUF
no 1ol | o= 1,12
TOTALLT)= TOYALCELY/ COUNTLT)
1003 CONTINUE
HWRITELIPR,1020) (YOTALILI),I=1,12)
1020 FORMAT (X 126 C11-)/1X, *AVERAGE® ,F9.2,11F10.2)

NLANK (U1 DUMP ARRAY
nno9sn Jg= 1 ,NO
BUMP D) = RLANK

950 CONTIMUF

CALCULAYE RATIDS

PAGE 0005
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0ONS FORTRAN IV 260N-FO-479 3-6 MAINPGM DATE o&/20776 T IME 06.53.14 PAGE 0006

0121 non 600 J= 1, NO
0122 IFIDAYA(2,J).LE.0.,0) GO TO 971
0123 CHSRAT(JI)= DATALL,J)/ DATA(2,4)
0124 911 IFIDATALAL,J).LF.0.0) GO YN 972
0125 PHSRAT (J)= DATALS,J)/DATA(G,J)
0126 972 1FIDATAL9,4).LEL.0.0) GO TD 973
0127 WORAT ()= DATAIR,JI/DATAL9,4)
0128 973 IFIDATAL4,J).EQ.100.0) GO YO 4600
0129 PILST = (DATA(T,J)*%0.46/DATAL3,J)*¢0.66)* 1320,0
0130 PILLD = (LJ1*DATALLO0,J))/7 (L100.0-DATA(4,J))*.01)
0131 IF(PILLD.LELN,O) GO TD 10000
0132 PILRATCD)=PILSY/ZPILLD
01313 10C00 IFIDATA(4,J).EQ0,100,0) GO YO 6OO
0] 34 VERT(J)= 0.3¢DATA(10,J) ¢ 120.0
0113% 600 CONTINUF
C
01346 TLFLICOND.GYL.0) GO TD 50
C
Cororevssnsertrsdss S UR S 1 DENCE T E S T 9580002884002 800000¢
C
0137 NnO 15 J = 1,NO :
OY3A 1FIDATAL4,J).NEL100,0) GO YO 200
0139 YES(J)= 1.0
0140 GO 10 15 ¢
C
0141 200 CONTINUE
0142 IFIPILRAT(J).LTL1,0) YESII)= 1.0
0143 i IFIPMSRAT(J) aGT o244, 0RPHNSRAT(J)LLT.0.625) YESLJ)I=1.0
C
0144 HORIZEJ) = 0.15%¥DATA(10,J) ¢ 60.0
0145 TFIDATA(B ¢J) G HORIZEIDY YES(L) = 1.0
C
0146 IFIDATAL9,J) .l T,60.0.AND.CMSRAT(J).LF,343) YESIJ)=1.0
0147 TFIWDRATIS) eGFa0,25) YES(J)=1.0
0148 15 CONVINUE
C
C CHFCK FOR INDICATION OF SUBSIDENCF
5
0149 DO 1A J=1,ND
0140 TFIYES(J).NELLLO) GO TO 16
E
C CALCULATF SMAX
C
0151 TFIUNRAT(J).GFa1.2) GO TC 1T
01462 FUNC= ((12.15909¢WDRAT(J)=6.26136)*WDRATL ) ¢5,51136 ) ¢WDRAT( I}~
10.469091 )& WORAT(J)
0153 GO TN 1A
0154 17 FUNC= 1.0
015% 18 SURII)I= 0. 6% (DATALIJ)=-0.001¢ DATA(9,J)) ¢ FUNC ¥ (DAYALl4,J) /7100,
10)
0156 TEASUBLED) GT DATALY,JNIWRITELTIPR, BO61) )
0187 AOAL FORMAY (///77740X, *SMAX IS GREATER THAN PMS SEAM THICKNFSS-~SAMPLE N
10. ' 12)
(A
C CALCULAYFE PSUN (SMAX/ZT)
C

0n1sn PSUREIY= SUBLAN/DATALD, D)
0159 TEAPSUREI) 6T 0.6) HRITFLIPR,B062) J
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NDOS FORTRAN IV 360N-FO-4T79 3-6 MAINPGM DAVE 06/28/776 TIME

0160

0161

0162

0163

0164
0169
0166
0167
0168
0169
0170

0T
0172
o173
0174
0175
0176

ovrr

0174
orra

0180

014}
o1a2

01813

0104
01RS
o1u6
017

018n
0189

oOnon

[z EaRaNalel

(aNa kel

(=N le)

C

C
(=
C

SO

HO062 FORMAT(///7740%, *PERCENT SUBSIDENCE 1S GREATER THAN 60 T--SAMPLE N
1. *.12)
16 CONTINUE

CALCULATF AMOUNT 0OF COAL LOSS DUE YO SUASTDENCE

N 20 J=1,N0
N0 CNAL LOSS
IF(SUBLJ).LELO.LIGD TO 20

COAL LOSS
OY JLE, 60 FT,

IF(DATAL9,J).GY,60.0) GO TO 900
IFIPSUBIJI.GY.0L.5) GO TO 901
SUBCLLJ)= PSUB(JI/L1.66T
G TO 20

a0l SunCLtJ)= 0.301
GO TN 20

900 CONTINUF

3T «GT. 60 FT. AND LT, 120 FY.

IF(DATA(9,J).GEL120.0) GO YO 903
TF(PSUNIJINIGT.0.2) GO TO 902
GO 10 20

902 SURCLLJI= (PSUB(I)I-0.2)% 0.5
G TO 20

S0 CONTINUE

0T .GE. 120 FT.
TF( CHMSRATIS) aGT o343 ANDJDATA(LIL,,J)GT.0,25,
TAND.DATA(4,3).67,90.0) GO TO 20
IF(PSUBIII.GT.0.50) SUBRCLLI)=0,08

20 CONTINUE

50 CONTINUE

06.53.14

dessbbnrbeneteenes | 1 G ST RESS 2 ONE T E ST steesssectesssnte

Do 51 J=1,N0

TFIDATAL4,J).EQ.100,0) GO TN S]
REMMANT PTILLARS ARE PRESENT

TF(DATALS9, 0).GT.VERT(J)) GO TO 51

CT «tbte GO FT,
1F(DATAC9,0)1.GT.60.0) GO TO 800
TFICMSRAT(J ) (LB 625, 0RCMSRAT(ID)GEL2.4) HSTRESLJDI=0.301
TFICHSRAT L) e GT. 00625, ANDLCMSRATL) oL TL2,4)NUSTRESII)=0.25
GO 1O 51

CT .GY. 60 AND LT, 90 FT,

AOO TF(DATAL9,0).C(F.90,0) GO TH 80
TFLCMSRATEDN G LFL0.625,0P, CMSPAT(J) oGEL2.4)IHSTRESID)=0,20

PAGE 0007
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NOS FORTRAN

0190
0191

0192
0193
0194
0195

01964

0197

0194

0199

0200

0201

0202

02n3

0204

0205

0206
0207

0209
0209

0210
0211
0212

0211
0214
0215
02146
0217

IV 360N-FO-479 3-6 MAINPGM DATE 067287176 TIME 06.53.14 PAGE

TFICHMSRATIJ) oGTaN. 625, ANDLCMSRATIJ) LT 2,4)NSTRES(JI)=0,15
Gt) YO 51

DT .GE, 90 AND LY. 120 FT,

o0

€01 IFIDATA(9,4).6GC.120,0) GO YD RO2
TF(CMSRAT(J) o LE.0.625.,0R, CHSRAT(J) eGEL2.4IHSTRESIJ)=0.15
TFICHMSRATII)oGY 0,625 ANDLCMSRAT(J) LT, 2.4)HSTRES(IN=0,10
GO o 51

DT .GF. 120 FT.

(aNalal

A02 TFIDATAL9,J) e LToVERTIJ)oANDL ICMSRAT(UJ) oLEL0.625.0R.CMSRAT(J)oGEL 2,
14)) USTRES(J)=0,10
TFIDATA(O ) oL T VERTIIVLANDLICHMSRAT(J) ,GT0.625.ANDJCMSRATIID LT, 2
1.4)) MSTRES(J)=0,05
51 CONTINUE
(R R R R R L Y]
c
C  PMAKF ADJUSTMENTS TO HIGH STRESS COAL LOSS
C
DO 60 J=1,NO
C  PILLAR ALIGNMENT
TFLILINELNELN) NSTRES(JI)=HSTRES(J)®0.25
£ PILLAR PAYTERN CALCULATION
TFIDATYALL12,0)aGTo0.0.ANDGDATACL2,J) LELL.OIHSTRESLI)=HSTRES(J)*
1DATACL2,0)
C CALCULATION FOR HIGH STRESS COAL LOSSES WITH LITTLE OVERAURDEN
TFIDATACLO,J) LEL400,0) USTRESIII=NSTRESII)*INATA(10,J)/400,0)

C
C COMPARE COAL LOSSES
C
TFISUNCLIY)-HSTRESII) )AL ,A3,63

C  HIGH STRESS COAL LOSS
61 CMSCLIJ)I=HSTRES (J)

GO TH 59
C
C  SUBRSIDENCE CNAL L0OSS
C -
63 CHSCLO)=SuUnCLLY)
59 CONTINUE
C FEGIONAL MULYIPLIER CALCULATION

IF(RMULT.LEL0.0) GO TO 911
CHSCLEJ)= CHSCLOJD e RMULY
C LITHOLOGY MULTIPLITR CALCULAYION
G311 1FILMULTLF.0,0) GO TO 60
CHSCLLJ)= CMSCLEJ)* LMULY
60 CONTIMUF

i}

BUMP WARNIMNG

aXal

DO 920 J=1,H0
TFLICONRLGTL0) GO TH 9204
CHUSDT= DATALLO, ) = DATA(9,0)
GO 10 Q9ns

S04 CHSDT= DATALLOLD) ¢ DATALO, )

0008
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NOS FORTRAN IV 3I60ON-FO-4T79 3-6 MAINPGM DATE 06/20/16 T IME 06.53.14 PAGE

021A8

0219

0220
0221
0222
0223
0224
0225
0226
0227
n2z28
0221
0230
0231

0232

0233

0234

0235
0236

02137

0238
02139

0240
0241
0242
0241
0244
0245
0244
02417
0249
0249

e ks stz

905 IFICMSRTLGELSOOLOGAND L LCHSRATIS).GT aN. 625, ANDLCHSRAT L) LT 2.4))
IRUMPLI) = ASTER
920 CONTINUF

PRINT RESULTS #0622 440 300050006008 38 0000006000000 0080040¢

HEAD I NG

IF(ICURP LY L10) GO TO 12000

IF(ICURRLLYLL100) GO TO 12001

WRITC(IPR,930) TCURR,SY452,53,54,55,56,S7
930 FTORMATLIHD 50X 13,2X,6A4,A2)

GO 10 12002

12000 WRITELIPP,12003) ICURR,S1,52,53,54,55:56,S7
12003 FORMATYL1N1,50%X,%00*,11,2X,6A4,A2)

GO 10 12002

12001 WRITECIPR,)12004) JCURR,S1,52,53,54,55,56,87
12004 FORMAT(1H1,50X,%0%,12,2X,6A4,A2)
120C2 WRITELIPR,65)

aNalal

65 FORMAT (3SX,10001#%), IX,*CNAL LOSS FOR CURRENT OR RESERVE SEAM®,1X,
TVLELU® ) /7 15X o' PHSY y TX  *PHMS* o TX, *CHS* 55X, "MAX VERT MAX HORIZ®,4X,
2VPHMS Y 29X, CSUB=* L4X, *HIGH® y4X,* PREDICTED */,12X, *STREN/LOAD RONF/
IFLRT 2X,"RONF/FLR* g 3X o "EXTENT® y &4 X, " EXTENT? 42X, *HIO/DEPTH®,2X, *PERC
AENT* AX, *MAXTMUM® ,SX, *SINENCE® y2X 4 *STRESS 'y 6X o "COAL 74X, * SAMPLE",
SHX ' RATIO® y5X, *RATIO® 5%, "RATIO0,3X, *PRs ARCH®2X,'PR. ARCH®, 4X,
GURATIN 42X, *SUNSTDENCF® 41X, *SURSIDENCE *,1X, *COAL LOSS'1X,*COAL LO
7SSy 3X,'LNSS/,4X,120(10-17)

0O 100 J=1,N0

IFICMSCLIJ).GTL0.30) GO TO 80

WRITELIPR,90) J JPILRAT(J) PMSRAT(J),CMSRAY(J)VERT (),
THORTZ(I) yWDRATLI) ,PSUB(I),SUBLI), SUBCLLI) JHSTRESLY),

2BUMP (J) sCMSCLLY)
90 FORMAT(AX,12,1X,1002X,FB.2),A1,2X,FH8.2)

GO TN 100

A0 WRITELIPR,92) J GPILRAT(J) 4PMSRAT(J) ,CMSRAT(J)VERT L),
THORTZLI) JHORATLIY ,PSUBLID,SUBLIY, SURCL(J) ,HSTRESLJI),
20UMP L)

G2 FORMAT(6X 12, 1X,1002X,FB,2),ALl,3X,*GY 30 PER*)
100 CONTVINUE

COMPUYE AVERAGE FOR MINE
Nnn o3Into 1= 1,11

mr (1y= 0.0
CnuMTElN= 0,0

3010 CONTINUE

LNO=0

XN = NOe, IS

Dy 3IN11 1=1,.11

nno3012 J=1,N0

TFEETal0a et ol 04 0R, T.FOL5)AND X (Jy1)EQ.00.0) GO TN 3012
TN =100 exX(I. 1)

0009




...'[L.—

DOS FORTRAN IV 360ON-FO-4T79 2A-4 MAINPGM DATE 067287176 T IME

0250

0251
0252
0253

0254
0255
0256
n?257
0258

0259
0260
0261
0262
0263
0264

0265
0266
0267
0264
0269
02710

0271

0212
0273
0274
02715
0216
0211

OO0

COUNTLL)= COUMTLT) ]
CHFCK FOR VALUES GT 30 %

TEICMSCL(J)GT.0.30) ELNO=LNO¢]
3012 CONTINUF
1011 CNNTINUF

M) 3013 1=1,11
IFICOUNTIT).EQ.0,0) GO TN 3013
TOTLD)Y=TOILI)ZCOUNTLL)

3013 CONTINUF
TFILNOLGYLXND)IGD TO 8070

WRITECIPR, 1100 (LTOT (1) ,0=1,11)
110 FORMATU3X, 11O 01M=)/3X, *AVERAGE* y IX,FB.2,912X,F8,2),3X,FB.2)
GO TO 8071
BOTO WRITE(IPR,BO72) LTOTCL), 1=1,10)
BOT2 FORMATIIX, 11 9011t-1/3X, *AVERAGE® JIX,FB8.2,9(2X,F8.2),1X,*GYT 30 PER*)
8C11 CONTINUEF

N0 960 J= 1,NO
IFIBUMPLJ)LEQ.ASTER) GO TO 961
S60 CONTYINUF
GO 10 962
961 WRITELIPR,963)
963 FORMAT (/ 6X,*'* CONDITIONS ARE PRESENT WHICH MAY R
IESULT IN A AUMP IN THE CURRENTLY MINED OR RESERVE SEAM')
562 160 = [GO+]

CHECK FOR ADDITONAL DAYA DECKS (SEAMS)

TF(NDECKS-T1GD) 906,906,907
907 WRITELIPR,909)
909 FORMAT (1))

GN YO 908
906 STOP

END

06.53.14
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