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I. THE COAL LOSS HODEL 

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 

th.e s.ame 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 effort1 to develop a systematic methodology for 

estimating the coal loss associated with the impact of previous mining activity. 

The coal loss calculation model (CLCM) descr i bed in this manual i s a result of 

that effort and addresses the percentage of coal loss in reserve s eams 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 inan 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 f rom conditions 

caused by previous mining of a single adjacent seam. The model does not address 

combined effects of more than one previously mined seam. 

l Contract No. J0357129 performed by HRB-Singer, Inc. 
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B. UTILITY Ai.'-l'D 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 remnant 

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 wi th only one observation, the more data 

points tha t 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 se am affect the tonnage totals listed in the coal reserve 

base for seam 076 in a given county? " Using a mine located in Cambria Cot.mty, 

Pennsylvania to calculate the percent coal loss in bed 076 resulting from previous 

undermining in coal bed 084, a value of 13% 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 0712 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 

- 2-
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339.9 million short tons. 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 IIIA (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 

-3-
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I' . EASTERN UNDERGROUND 
COAL RESERVE BASE 

AREAS OF COMMONALITY 
L LOW SULFUR, HIGH BTU, LOW ASH 

A. TIGHTLY FOLDED, MODERATE FAUL TING; CONVENTIONAL MINING. 
B. GENTLE FOLDS, SOME FAUL TING, CONVENTIONAL, LONGWALL, SHORTWALL MINING. 
C. GENTLE OR NO FOLDS, LITTLE OR NO FAUL TS, CONVENTIONAL, LONGWALL MINING. 

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

A. GENTLE FOLDS, SOME FAUL TING, CONVENTIONAL. LONGWALL MINING. 
8. GENTLE OR NO FOLDS, LITTLE OR NO FAUL TS, CONVENTIONAL MINING. 
C. GENTLE OR NO FOLDS, HIGHLY FAUL TEO, CONVENTIONAL MINING. 

Ill . MEO. SULFUR, MEO. BTU, MEO. ASH 

A. TIGHTLY FOLDED, MODERATE FAUL TING, CONVENTIONAL MINING. 
8. GENTLE FOLDS, SOME FAUL TING, CONVENTIONAL ANO LONGWALL MINING. 
C. GENTLE OR NO FOLDS. LITTLE OR NO FAUL TS. CONVENTIONAL MINING. 

tV. HIGH SULFUR. LOW BTU, MEO/HIGH ASH 

A. GENTLE FOLDS, SOME FAULTING, CONVENTIONAL MINING. 
B. GENTLE OR NO FOLDS, LITTLE OR NO FAt.iL TS. CONVENTIONAL MINING. 

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

A. TIGHTLY FOLDED. MODERATE FAULTING. l 
8. GENTLE FOLDS, SOME FAULTING. CONVENTIONAL MINING 
C. GENTLE OR NO FOLDS, LITTLE OR NO FAUL TS. 

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

A. TIGHTLY FOLDED, MODERATE FAUL TING, CONVENTIONAL MINING. 
B. GENTLE OR NO FOLDS, LITTLE OR NO FAUL TS, CONVENTIONAL MINING. 

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

A. GENTLE OR NO FOLDS. LITTLE OR NO FAUL TS. J CONVENTIONAL MINING 
8. GENTLE OR NO FOLDS, HIGHLY FAUL TEO. 

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

GENTLE OR NO FOLDS, LITTLE OR NO FAUL TS, CONVENTIONAL MINING. 

IX. MED. SULFUR, MED. STU, LOW-MEO/HIGH ASH 

MICHIGAN BASIN, CONVENTIONAL MINING. 

X. ANTHRACITE ANO SEMI-ANTHRACITE 

MAP 1 

SOURCE: MAP NUMBERS 3, 4, 5, 6, 7, B, 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 I county by county. Where this is not possible or deemed unfeasible, data from 

I 

I 

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 

lo.cal 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 t he 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 analy zed 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 

-5-
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TABLE 1 REGIONAL MULTIPLIERS AREA 11 1 B = 1. 0 

AREA ,\IULT I PL I ER AREA MULT I PLIER 

IA 1. 2 VA 1 . 2 

9 l . 0 B 1. a 

C 0. 8 C 0. 8 

I I A C VIA 1. 2 

B 0 . 3 8 a.a 

C 1. 2 VI I A a. a 

111 A 1. 2 B 1. a 

a a VI I I 0. 8 

C a.a I X 0 . 8 

· I VA 1. a X 1. 2 

s 0 . 8 

adjusted to predict percent coal l oss in another sub-region us i ng t fi.e appropriate 

multiplier for that region. The user is caut i oned t hat t his i s to be done only 

for general approximations and only if: 

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 t he program. 

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

condition. 

-6-
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1. Strength of the Immediate Roof - Currently Mined Seam (CMS) 

This is the unconfined compressive strength of the roof lithology 

(top) measured in lbs/in2. In the absence of laboratory test data, the 

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

lbs/in
2 

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

workable values to the coal loss calculation model. They should not be used 

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

ology. 

FLOOR 

ROD F 

2. 

CUY 

FLOOR SHALE 

MUDS TONE 

SANOS TONE 

Fl SSI LE SHALE 

SHALE 

SILTY SHALE 

LIMESTONE 

BEDOEO 

MASSIVE 

SANOS TONE 

TABLE 2 

SILTY OR ARGILLACEOUS 

THIN BEDDED 

MASS IVE 

CONGLOMERATE 

. APPROXIMATE ROCK STRENGTH ( LBS, IH 2) 

ORY 

4000 

4000 

6000 

8000 

5000 

6000 

8000 

9000 

12000 

12000 

14000 

18000 

18000 

Strength of Floor - CMS 

IET 

1500 

1500 

1500 

4000 

This is the unconfined compressive strength of the floor lithology 

(bottom) measured in lbs/in
2

. Comments made for item 1 are applicable here 

also. 

- 7-
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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. 

5. Strength of Immediate Roof - PMS 

Same as No. 1 above. 

6. Strength of Floor - PMS 

Same as No. 2 above. 

7. 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 

ltr 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 

I 
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. 

-8-



-...~---------------------------- H R B - S I N G E R , I N C . 

. , 
' 
I 

I 

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 done to 

refine the high stress coal loss calculation (HSTRES) recognizing the effect 

that remnant pillar spacing and geometry has on vertical stress concentrations. 

Without this multiplier, the model calculates worst case conditions for all 

data points. 

-9-
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REGULAR UNI FORM 
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RESULT OF CUTTING PILLARS IN RETREAT 
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IRREGULAR UNI FORM 

PULL ING SOME PILLARS IN RETREAT 
Ml HI NG . 

I RREGUUR NON-UNIFORM 

RESULT OF PULLING AND SLABBING 
PILLARS IN RETREAT MINING . 

EXTREME 

CONDITIONS 

HIGHSTRESS COAL LOSS 
(HSTRCL) MULTIPLIER) 

. 6 

. 7 

. 8 

. 9 

1 . 0 

FIG. 2 PILLAR SPACING ANO GEOMETRY MULTIPLIER 
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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 t he overlying seam i f 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 

-11-
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(5) Distance between the seruns < 60 feet and r oof strength/floor 
,.. 

strength - 3. 3 

(6) 

or 

> 
Span/DT - 0.25 

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

STEP 2: Calculate Subsidence (SMAX) and Percent Subsidence (PSUB). 

PART III Calculate Coal Loss in CMS (CMSCL) 

STEP 1: Zero Coal Loss 

< 
If SMA.X - 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) If PSUB > 0.5, then SUBCL > 30%. Go to PART IV 

or 

(2) 
~ 

If PSUB - 0.5, then SUBCL = PSUB/1.667. Go to PART IV, else 

continue. 

STEP 3: DT >. 60 and < 120 feet 

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

(1) < 
If PSUB - 0.2 t hen SUBCL = 0%. Go to PART IV 

or 

(2) If PSUB > 0.2 then SUBCL = (PSUB -.2) C.5) · Go to PART IV, 

-12-
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> 
STEP 4: DT - 120 feet 

(1) If CMSRAT > 3.3 

and 

Time elapsed since previous mining> 0.25 years 

and 

PMS% 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 

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% 

or 

(2) If CMSRAT > 0.625 and < 2.4, then HSTRES = 25%. Go to PART V. 

STEP 4: DT > 60 and< 90 feet 

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

-13-
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(1) If CMSRAT 
< > 

0.625 or - 2.4, then HSTRES = 20% 

or 

(2) If CMSRAT > 0.625 and< 2.4, then HSTRES = 15%. If true, 

go to PART V, else continue. 

STEP 5: > 
DT - 90 and< 120 feet 

> 
If DT - 120 feet, go to STEP 6, else continue. 

(1) If CMSRAT 
< 

0.625 or > 2.4, then HSTRES = 15% 

or 

(2) If CMSRAT > 0.625 and < 2.4 then HSTRES = 10%. If true, 

go to PART V, else continue. 

STEP 6: 
> 

DT - 120 feet 

(1) 
< > 

If DT < VERT and (CMSRAT 0.625 or 2.4), then HSTRES = 

10% 

or 

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

5%. 

• . PART V - Coal Loss Adjus tments 

STEP 1: Pillar Pattern (PILPAT) Adjustment 

If PILPAT 'f O then (PILPAT) (HSTRES) = HSTRES (Adjusted). 

STEP 2: PMS DEPTH Shallow Depth Adjustment 

< If PMS Depth - 400 feet, then 

(HSTRES) ( PMS Depth )= HSTRES (_Adjusted) 
400 

-14-
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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) . 

e 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 (CMS CL). 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. 

2. 

3. 

4. 

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. 

Number of Observations The maximum number of observations 

allowed in the program as written is fifty (SO). 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. 

Input Format -- This program allows a variable format to be 

input by the user with the data cards. 

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 

______ a=n=d_terminates execution. 

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

1. Title Card 

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

de ck setup (Figures 3 and 4). 

Col 1- 80 Any title desired (Alphanumeric) 

L z -,.....,;"T",, ;:-_:-, :-1 .,....1 - ,- ,_-, --•-3.,-; ,.; ~ !! ::: 1,~ n :in 1 J,:· :· .J ;: ~ ~:! .· ;,: ~ ,~ ~1 H n u :: ki :; u u ~; ~ 1,. -~ -:J..it .• ::: ~, :? :; ~;"H 1 j2 ~1 iU Hi: i J: jJ 13 :1 i~ 

,,o I 

2 . Control Card 

One control card is required per run regardless of the number of 

seams included in the data set (Figures 3 and 4) . 

Co l 1- 2 

Col 4- 6 

Number of data sets (Equals t he number of reserve 

seams ) 

USBH Seam Code (Previously mined seam) 

Col 8- 35 Seam Name (Previously mined seam . Alphanumeric) 

l 029 SEWICKLEY SEAM 

3. Parameter Card 

and 4). 

One parameter card is required for each reserve seam (Figures 3 

Col 1- 3 USBM Seam Code (Currently mined or reserve seam) . 

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

nume ric) . 

- 17-
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Fl G. 3 DECK SET-UP FOR ONE RESERVE SEAM 

FORMAT 

PARAMETER CARD 

OA TA CARDS 

FORMAT CARO NO . 2 
1----'"' 

PARAMETER CARD 

DATA CAROS 

FO RMAT CA RD NO . I 

PARAMETER CARO 

CONTROL CARO 

Tl TLE CARO 

C:J] 
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------------------------------- H R 8 · S I N G E R . I N C . 

Col 39-40 Number of sample points (SO Maximum) 

Col 46-50 Regional Xultiplier (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. 

023 WA YNESBURG B ~E~M 5 1) 
I i ! l. ii 

1-•01 

[ T , I; 
1·80J 

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) 

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: (SF8.0) 

• 1 ·1 1·, :1 p1 22 ?1 :~ ::
1
:i .: 11 . J :-~:~· . .: ,: ; ~ : : ;: : ·:. :~ !t •. ~111 , l ~l , , .~ i•~ P !~ . ~ :i::e. :; .;: ~ . . .: >,~ .: :J :i ~:I s: :2 .;: ,:! :; ;:: s, :1 i~ -~, ! ·: .: :; ·:::£ ·: ~ 11 i~J 

5. Data Cards 

a. Initial Data Cards 

The data cards include variables from t h e previously mined 

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

-19-
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H R B · S I NG E R. 

Input 
Variables Unit Limits Examnle 

1. 01S Roof Strength lbs . in 
2 

5000 . 

2. CMS floor Strength lbs. in 
2 4000 . 

3. PMS Seam Thickness ft. 50 5.76 

4. PMS Percent Extraction Unit 100 60 

5. PMS Roof Strength lbs. in 2 5000 

6 . PMS Floor Strength lbs. in 
2 

4000 . 

7. PMS Pillar Width ft. 50 

8. PMS Span ft . 540 

9 . Distance Between Seams ft . 120 

10 . PMS Depth Below Surface f t . 2000 580 

11. Time Elapsed Between Mining years 20 . 25 1 

12 . Pillar Pattern Unit 1.0 .70 

Card Example: 

2025 . 70 
I I : j ' :Is ! i : ~ ~-~ ·; "! ;~'. ~; -~ ~: j '!1 21 :: :J !' :~pi.: !: :: :~ ~~ ·: : l :1 ::-, .~ . ! __ ; :~1~ 1 1211 u ~1;1j ti-·!~] ;~: .:: 5~ : ; .:~·t ~: ;~ rl ~: ji ! ~; ~! ~J :; .~j ii iJ d :.- . :: :;. 

( 5001) 
j I ! I I i\ 5 ' I i 

1·6 0 1 
I 

4 UU iJ 60 :.:i UU;; 4 U lj IJ ::AU i 2 U 

b . Successive Data Cards 

These data cards include var i ables from successive seams only . 

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

- 20-
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1. 

2. 

3. 

4. 

5. 

Variable 

CMS Roof Strength 

Q1S Floor Strength 

Distance Between Seams 

PMS Depth Below Surface 

Time Between Mining 

Card Example: 

Unit Limits Example 

lbs. in 
2

. 6000 

lbs. . 2 
in • 00 4000 

ft. 140 

ft. 2000 

years 

600G 401):) :,;;o 

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 

1. 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 seam. 

1 

2 

This variable can be input for specificity or left blank, 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 value from the initial seam will 
be input. 

If the seam is a reserve seam, include time elapsed from PMS mining to 
present date. 
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------------------------------- H R B - S I N G E R . I N C . 

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 ID. 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: 

OUTPUT VARIABLE 

a. PMS Strength/Load Ratio 

b. PMS Roof/Floor Ratio 

c. CMS Roof/Floor Ratio 

d. Maximum Vertical Extent of 
the Pressure Area 

e. Maximum Horizontal Extent 
of the Pressure Arch 

f. PMS Width/Depth Ratio 

g. 

h. 

i. 

j. 

k. 

Percent Subsidence1 

Maximum Subsidence1 

Subsidence Coal Loss1 

High Stress Coal Loss 

Predicted Coal Loss 

INTERNAL 
VARIABLE NAME 

PILRAT 

PMSRAT 

CMSRAT 

VERT 

HORIZ 

WDRAT 

PSUB 

SUB 

SUBCL 

HSTRES 

CMSCL 

UNIT 

Feet 

Feet 

Percent 

Feet 

Percent 

Percent 

Percent 

1 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. 
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------------------------------- H R B - S I N G E R . I N C . 

The items are averaged at the bottom of the columns 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 

b.e 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 Section 

III CS. 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 

re~pectively. The output column items are expla~ned 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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------------------------------- H R B · S I N G E R . I N C . 

Appendix C or the program listing in Appendix Dare 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,~- 5, must be equivalenced to the variable 

name IRD in the beginning of the program. This allows all read statements to 

operate llllder 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. 

2. 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 

I/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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I ' 

APPENDIX A 

FORMULAS 
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------------------------------- H R B · S I N G E R . I N C . 

1 

The CLCM uses the following equations: 

a. Maximum subsidence meas.ure in feet expected in the overlying seam (SMAX:) 1 

(1) SMAX = (. 6) (t - . 001) (DT) f (W / DT) (E) for all values of 
> 

SMAX - 0. 01 feet 

SMAX is set equal to 0.01 feet when 0.0 < SMAX < 0.01 and is set 
< 

equal to 0.0 when SMAX - 0.0 feet. 

(2) 

t = Seam Thickness 

DT = Distance Be~Neen Seams 

W = Span (maximum unsupported distance (width)) 

E = % Extraction 

In order to calculate SMAX the W/DT ration must first be 

calculated. These values are then used in the algorithm 

to calculate f(W/DT) which is set equal to 1.0 when 
> 

W/DT - 1. 2. 

Otherwise, f(W/DT) = ((_((2 .15909) (W/DT) - 6.26136) 

(W/DT) + 5.51136) (W/DT) - O. ti69091) (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 conditions 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. Tne 
packing factor .001 DT .has been modified from .OlD 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 incomp l ete 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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1 

2 

(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 

c. 

(1) 

(2) 

1 Pillar strength (JMS) 

s = 1320 W0.46 (lbs/in2) 
h0.66 

w = pillar width minimum 

h = pillar height = t (seam 

Pillar Load1 (PMS) 

L= l.lD 
(100 - E) ( .01) 

D = Depth to floor of seam 

E =%Extraction 

thickness) 

(3) Pillar strength to pillar load ratio (P ILRAT) 

PS/PL= 1320 w0
• 46 

h0.66 

1.1 Depth/(100 - % Ex traction) ( .01) 

Roof strength, Floor strength Ratio2 (PMS, CMS ) 

Roof Strength 
Floor Strength = Ratio of unconfined compr~ssive strength (UCS) 

of Roof and Floor (lbs/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 Span1 (feet) (H0RIZ) 

W = 0.15 (D2 + 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 regions, 

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. 

1 . Adler and Sun, (1968). This· is the width of the maximum pressure arch. 
excess of this calculation will be unstable and 
collapse of the cavity. 

2 

Theoretically a span in 
will result in ultimate 

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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APPENDIX B 

GLOSSARY OF VARIABLE NAMES 
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I 

' 1 
I 
I 
I 
., 
t 
I 
I 
I 
I 
1 
I 
I 
I 
I 

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 (I) 
SUBCL(I) 
t 
TIME 
TOTAL(I) 
VERT(I) _ 
w 
WDRAT(I) 
YES(I) 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

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 t o 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) 
Lithol ogy 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 t o 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 

NOTE: (12 and (I,J) are subscripts of array variables. 
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I 
APPENDIX C 

PROGRAM FLOW DIAGRAM 
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J I 

READ 
TITLE 
CARO 

WRITE 
Tl TLE 

READ 
CONTROL 

CARD 

ZERO 
ARRAYS 

READ 
PARAMETER 

CARO 

TITLE CARO 

TITLE 

CONTROL CARO 

[

UMBER OF CARO DECKS 
(NOECKS) 
USBM SEAM CODE ( IPREV) 
SEAM NAME (P1-P7 ) 

______ _, PARAMETER CARO 

USBM SEAM CODE ( ICURR) 
SEAM NAME ( Sl - S7) 
NO . SAMPLE POINTS ( NO ) 
REGIONAL MULTIPLIER ( RMULT ) 
LITHOLOGY MULTIPLIER ( LMULT) 
PILLAR ALIGNMENT (ILINE) 

APPENDIX C PROGRAM FLOW DIAGRAM 
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DATA ARRH 

1. CMS ~OOF STRENGTH 
2. CMS FLO OR STRENGTH 
J . PMS SEAM TH I C~NESS 
~- PMS PERCENT :XTRACT I ON 
j. PMS ROD F STRENGTH 
6. PMS FLO OR STRENG TH 
7. PMS PILLAR '#IOTH 
S. PMS SPAN 
9 . 0 I STANCE 8EHE:N SEAMS 

10 . PMS DEP TH 
11. TIME 8ET'H:N -~INING 
12 . PILLAR ?AfTERN 

I CONO=O 
( UND ERMINED ) 

YES 

I CURR 
I ?REV 

FORMAT CARO 

DATA CARDS 
12 VARIABLES 

- 48-

ICON0= 1 
( OVERMINEO ) 

READ 
i Tl! 

DATA DEC~ 

I ?REV 
I CURR 

DATA CARDS 
5 ~ARIABLES 

~

MS ROOF STRENGTH 
MS FLOOR STRENGTH 
IS TANCE 3ETWEEN SEA MS 
MS OEP TH 
IME aEnEE~ -~I NING 

OAT A( I , I)= 
TOTAL ( I ) 



ZERO 
TOTAL & 
COUNT 

YES 

YES 

YES 
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WRITE 
ERROR 

MESSA GE 

WRITE 
ERROR 

MESSAGE 

WR I TE 
ERROR 

MESSAGE 

WRITE 
ERROR 

MESSAGE 

MESSAGE 

MESSAGE 

MESSAGE 

l,fESSAGE 

76-65 



CALCULATE 
DATA 

AVERAGES 

BLANK 
BUMP 

ARRAY 

m 

HEADING 

om 

-so-

CMS RDO F STR EllGTH 
CMS FLOOR STRENGTH 
P!IIS SElM TH I C~NESS 
PMS PERCENT EXTRACTION 
PMS ROOF STRENGTH 
PMS FLOOR STRENGTH 
PMS Pl LUR '11'10TH 
~S SPAN 
DI STANCE BETWEEN SEAMS 
~S DEPTH 
TIME BETWEEN WINING 
PILLAR PATTERN 

76-6 5 



BEGIN SU BSI DENCE 
TESTS 

YES YES ( J )= 1 

YES YES (J ) = 1 

CALCULATE HOR I Z 

YES 
YES ( J) • 1 

YES YES ( J ) • 1 

YES 
YES ( J ) = 1 

76-65 
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YES 

CALCULATE SMAX 

CALCULATE PSUB 

YES 

NO 

YES 

-52-

WRITE 
ERROR 

MESSAGE 
MESSAGE 

76 -65 



NO 

SUBCL= 
PSUB/ 1.667 

SUBCL 0. 301 

YES 

YES 

-5 3-

SUB CL 
PSUB- .2x . 5 

76-65 



BEGIN HIGH STRESS 
ZONE TEST 

CAL CU LA TE YERT 

YES 

YES 

YES 

YES 

YES 

YES 

SUB CL• O. 05 

HST RES • . 301 

76 -65 
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YES 
HSTRES=. 25 

HST RES=. 20 HSTRES= . 15 

HSTRES= . 15 

76-65 

-55-



HSTRES= . 10 

HSTRES= 
HSTRES* . 25 

YE S 

YES 

-56-

HSTRES= . 10 

HSTRES= . 05 

76 ' 76 



CMSCL=HSTRES 

CMS CL-CMS CL 
*RMULT 

YES 

-57-

HST RES= 
HSTRES • 
P ILPH 

HST RES= 
HSTRES* 

D 

400 

CMS CL= SU BCL 

76-6 5 



CMSCL= CMS CL 
*LMULT 

CMSOT = OT - 0 

WRITE 
I CURR 
S1-S7 

YES 

YES 

YES 

-58-

CMSOT O + OT 

BUMP ASTER 

I CURR 
S1-S7 

76-6 5 



• J 
PILRAT 
PMSRAT 
c:ASRAT 
VERT 
HORIZ 
'HDRH 
PSUB 
SUB 
SUBCL 
HSTRES 
BUMP 
CMS CL 

COM PU TE 
AV ERAGES 

LNO = 0 
XND = llO* . 75 

TO T=TOT·X 
COUNT• COUNT +\ 

YES 

YES 

YES 

HEADING 

OUTPUT OUTPUT 

•• J 

PI LRAT 
PMS RAT 
CMS RAT 
VERT 
HOR I Z 
'NORAT 
PSU B 
SUB 
SUBCL 
HSTRES 
BUMP 
'GT 30 PER " 

LNO= LHO· I 

76-65 

- 59-



TOT = TOT / COUNT 

~RI TE 
AVERAGE 

I GO I GO'"-1 

YES 

YES 

AVERAGE 
(REGULAR} 

WRITE 
BUMP 

MESSAGE 

STOP ENO 

- 60-

WRITE 
AVERAGE 

AVERAGE 
75¾ OBS . 

>JO ¾ 

76-6 5 



------------------------------ H R B - S I N G E R . I N C . 

APPENDIX D 

PROGRAM LISTING 

-61-



I 

°' N 
I 

ons FOIHR/IN IV V,ON-ro-1,7q 3-b H/IINPGII OllfE 0bl?.'l/1h TI HE 

000\ 

0007. 

000} 
0001, 

OOO'i 
0006 

C 
C 
C Cfllll I O'iS Cllt(UUITION MOllfl 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r. 
r. 
C 
C 

IHHHISION Tlflfl201, Ft1ll7.0I, O,"Al12,501, sun(501, PILR/ITl501, 
l(MSCLl501, YFSl'>OI, l'HSnllf('iOl,.IISlltfS(~o,.x,so,111. SUIICLl501, 
21111P I 71501,Vfll Tl 'iOJ ,CHSII/IT ,~o, ,I/ORAi 1501 ,PSUlll ~o 1,llllHPI 501, 
J tn 1 l I II , TOT II t ll 2 I ,<: OUN T 1121 

f 011 IV Al. f NC F. I JC I I , I I , P IL RA rt I I I , I XI I , ? I • 1''4S RAT 1111 , IX I 1, 31 , CHSR AT I 1 I 
11 •IX I I,', I• VERT I I 11, IX 11, 51, 111111 I l I 11 I, IX 11, t,l, 1/llllA T 111 I, IX 11, 71, 
21' SIii\ I I I I , IX I I , II I , SUII I I 11 , IX 11,? I , SUI\Cl I l I I • I JC I l , lO I , IIS T Rf S 111 I 1 

31 X 11, 11 I ,C:HSC l I 111 
01\TII l\LANK/'•11 /,IISIF.11/\lt+/ 
Rf Ill l HlJL T 

GLO'iSARY OF Vl\1111\IILES 

/IST~R= ASTERIS~ V/llUf 
Ill /INK= IILANK V/11.llF 
llllMPII I• INIJICATION or l'OTfNTIAL Ol)Hf' DUE TO EXISTING CONDITIONS 
CHS ■ CURRENTLY MINEO SEIIH OR RfSFRVf SEIIH 
r.HSCLI I I• CMS COAL LOSS 
CMSllT= CMS Ofl'TII 
(MSllHI 11= (MS ROOF TII FLOOR STRr:Nr.TII R/ITIO 
0111111 I ,JI• llATA VIIUlfS 
fllN C= CIILClJLI\Tlf.lN TO Or:TFRMINE SllllSIOfNCF FOR A f.lVEN W/0 RATIO 
IIIH\11111= c111rtr.11r Sl'AN 011 HAXIHIIH IIORIZONTAL EXTENT OF TltE PRESSURE ARCII 
IISrtHSI II = lllf.11 ST Rf SS COAL LOSS 
ICONO= ClVERMl"l(O Ill\ UNllfRMINEO CO"lOI TION 
l(IJRP = USIIM SFAM cnnE l(UIII\ENTI.Y HIN[O OR f\ESERVE SfAHI 
ILINF= rill.AR llllf;NMf:NT 
IPRFV = USflH SFAH COIIE IPP.FVIIIUSLY HIN(O SEAHI 
LHULT % I. ITIIOl.llf.Y HUI. Tl ru F.R 
NIJH~S = NIJMI\Ell Of OAl/1 Sr:TS OR IIFSEPVE SEAMS 
NO= NUHDFR OF SAMrLE POINTS 
PIIPATIJI= l'lllllll PATlff\N o\NO UNIFORMITY HIJLTlrLIEll 
l'flPAf( I I = PMS rill AR <;TflFNf.TII TO L0/10 RATIO 
PMS = i>ntv I flll'il. y HI Nfl) Sl:/IH 
Pl'SHATI I le f''IS ROUf TO FLU!lll STIHNGflt RI\Tlll 
P\IJl\111= MAXIMIIM SUIISll.l[NCE OIVIOF.0 IIY Sf/lH TIIICKNf:SS ISHAX/T) 
Rl'III.T = PEf.lONAL MUI. Tlf'll l:R 
SNlllt(~ Sf AM NAl'f 
SIii\ I .l IC 1"/1 XI MIJM SlHIS I l)E"lf E 
Slll'I. L(l lc Slll\SIOFNCf Cllf\l LOSS 
lllT ~ TOTAL Ulfll LO'iS 
Vfll llflc 1'/IX(f111H Vrflll<:"L FXTENI OF Tllf l'RfSSURf ll'IClt 
1/llHATI II = P"S IIIOTII TO llErTII RAflO 

c•••••~•••••••••+••••••••••••••••••••••••••••••••• 
C 
C 

I PU="> 
I r>P= f, r.••············· (APO INl

1
1Jf ••• , ........... . 

r. 
C A Tllll" fAIIO MIIST llf !Nf. llll'f 1l. IT IS lllf l'if Cl\lll) llfAO. OILS. I-PO 
f. CAN l'f A"IV llF'ilP.FIJ Tl flf. 

l'AGF. 0001 



I 

°' w 
I 

0007 
0001) 
0000 
flOJO 

C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
C 
C 
r. 
C 
C 
C 
C 
r. 
r. 
C 
r: 
C 
C 
r. 
C 
r. 
C 
C 
C 
r. 
C 
C 
C 
C 
C 
r. 
C 
C 
C 
C 
C 
C 
C 
C 

DATE Ob / 2R/16 T I HE 06 . 53. 1 ', 

CONlftOl f.ARO. ltlNE CIINlflOL C APO PER RUN ) 
CIH 1-7 NllM ll fR OF CAllll llHKS . (EQIIALS NII. OF RES(flllf SEAMS ) 
Cftl. ',-I• IISl\11 Sf AM Cllllf I PIIFV l ll ll SLY HI Nfll SEAHI 
Ct1L 0 - 35 SfM1 NIIM I' ll'IH VlllUSlY MI NEO SF II MI 

PAPAMfTEP C.\fl!l. II NCll)l)f: 11Mf FOIi FACII l'FSEIWE SEAM IIEFIIIH FACII CARO OECK I 
CIIL 1-~ USIIH Sl'l1H CODE IC1l1Ulf:NTLY HINfO 011 RF.SERVE SF.AH i 
CIJL 5 - 30 Sf.A'1 NAHf (UWllfMTI Y H I NEO OP IHSERVE SEAH I 
Clll. 3'1- ',0 NIJMl\fR Of S.\141'1f. l'O I NfS 
COi. ',t.-5 0 111:G I ON II L MlJLl l rlfffl ( If NONE, LEAVE BL ANK ) 
COL 'ib-60 l lfHClLOGV MUL l lPI.IER I I F NUtlE, LEAVE flll\NK I 
(Ill. 10 AI. I GMMfNT OF l' I LLAAS 2 I 

llf MOf AL I GNED , LEAVE ALANK I 

I Nl'Uf llATA fOll'IAf CARI> NO . I, COi. 1-llO EG, IIOfll,0/2FU , OI 

F I RSf SEAM OATA CARl>S 
l111ES( l)AfA AIIF llMLY I Nrur ONCE EV EN JltOUG II DATA fROH SE VE!IAL 
RESEP VE SEAMS l<'AY FIILLOIO 
CHS POOF Sl'IIEMGlll 
CHS HOOA STIIHIGTII 
PMS SEMI J'IIICKNf:SS 
PHS PFRCFNT EXTIIACT ION 
PMS fl 0011 S fllOIG lit 
PMS Ptlrlf SfRFNGTII 
I' HS I' I L L II R 11 1 ll I II 
1•HS $1'AII 
l'MS fH' I' fll lift.O Ii lllf SURF ACE 
VfRfl(AI DISTANCE BETWEEN THE SEAHS 
TIHF ELAPHll llfHIEEN MIN I NG I IF TIIE SEA'4 IS A RESER VE SEAM • • , 

IN(ltJJ)f l(HF. ElhPSEO FROM l'HS HIN I NG TO PRESENT DAIEI 
PILI.Ml PATfEPN MIJLTll'Lll' R II.EAVE llLANK IF NOT OES IRfOI 

SECOND Oil SUCCESSIVE l'ARI\ME TER CIIRO 

I Nl'Uf OAIA fllRHAT (JIRO NO. 2 

Sll(CFSSIVE SfAH ClATA C/\ROS 
CHS llfHJF STRf"IG Ill 
f.HS flflOR STRHIC.Tll 

COi. 1-00 [G. 15fl0,0I 

VIPTIC:IIL lllSTAMCE llElWEfN Tltf SEhHS 
PH S flEPTII llfLOII Tllf SllRf-A(F 
TIME Hlll'S(O l\fll-lffN M(NIMG IIF Tllf Sf/1'1 IS II RES[RVE SEAM,., 

INCIUllf ffllE fl.Al'SfO FJIOM l'l<'S HINING TII PRESENT OArfl 

c•• •••••• •••••••••••••• ••••••• ••••••••••• •••••••• • 
r. 
C 
C REAU ANll 1-Jllll[: !Ill f. (/\Ill) 

C 
REAllll"O • 11 f fl Lf 
flll'1'41\l I 20A 1, I 
~Ill llf II PP, 7.1 II fl f 

2 flJllMhl I 1111 /// //////////////////////SOX,201', I 
C 
C IHAII (llNI 1<111 CAHll 

I' AGf 0002 



I 

°' ~ 
I 

()fl<; HHlffl4N IV lbON-F0-479 3-6 MAINPGH OllfE 01,/ 211176 TIME 

0011 
0012 
0011 

0014 
001~ 
0011> 
0017 
001'1 
OO}Q 
0070 
01121 

oon 

oon 

0074 
00 2 '> 
0026 
0027 
002R 
0029 
on JO 
no ·11 
OOH 

00 31 
1)11)4 
0035 
0') ~,, 
oon 
0011:1 
0111'1 
0040 

004 l 
001,7. 

oo ,, l 
0044 
00 1,'> 
004" 
0047 
004A 
00 1.,, 

00 ~0 
00 5 1 

C 
flEAOIIP0,71 NllECKS, ll'flEV, Pl,1'2,1'3,1'4,l''i,1'6,1'7 

7 fOPMAfll2,IX,13,IX,lA',I 
IGO = O 

C 
C HIU1 APIIAYS 
C 

SCR on 9005 J • 1,50 
Oil 9001> I= 1,11 
Xl .1,11=0,0 

900/i CONJ INUF 
9005 CONJINUF 

LIii 5 00 t~ 1,50 
YfSI 11 =O,O 

500 (f)NflNUE 
C 
C READ PARAMflfR CARil 
C 

REAllllP0,31 ICIJllR, Sl,S2,S3,S4,S5,S6,S7, NO, RHIJL J, lHlll T, 
I I LINE 

3 f0PMAf113,IX,6114,A2,'IX,12,5X,f5,0,5X,f5,0,9X,lll 
C 
C r Es T I' rm C llNll I TI ON 
C 

C 

IFll·PflEV,LT,lflJP.111 GU TO 1010 
1r:m10 =O · 
GO TO IOI I 

1010 ICONO = l 
I 01 I CONJ INllf 

lfllGO.LE,01 Gil TO 2049 
Wllllf:( 11'11,7.0461 

2048 FORMAlllltl,/////////////////////////1 
2049 IFll(ONO,NE,01 GU ro 2050 . 

C UNDERMINffl (llNlll TlflN 
C 

C 

1111 I I E I IPfl ,20 ';\ I 
2051 fflflMAll//,52X,'llNOERMINffl COMHTION'/ 52X,201!11-)/II 

lfll CUflR,ll,1001 Gil rn 007~ 
Wflll f llf'f!, J 0'>21 IC\JRR, Sl,S2,S3,S4,S!-,Sb,S7 

20~2 fllflHA113'iX,ll,2X,l, A1,, .A2,2X,'CIJflfl(NIIV MINEO OR RESERVE SEhH'//1 
Go ro 001, 

f.\075 lfll f.ll l'P.LT,IOIIIHITflll'P,'111'11}1 ICIJRll,Sl,S2,.S3,S4,S5,S6,S7 
91190 fllPMAll :V,X,'llf)',ll,2X,l)A'o,A2,7X,'(IJlll1ENTLY MIN EO on PES[ftVE SEAM'/ 

1/1 
I f I I f UH fl , f;J , q I Wll I I f I I I' II , 8 0 7 0 I I C 111111 , S I , S 2 , S ) , S <, , S 5 , SI, , S 7 

11010 r1 1n'<AIIV,x,•o•,1 ? , 2 K,bh',,A2,2X,'Cllf\PlNII.V l'l/1. ff) ftll P f SERVE SF AH 1 // 

11 
f\071 lfllf'f\tv.11.10111 GIi rn fl/)ijl) 

W 11 I I E I 11' f\ , 2 0 ~ 11 I I' fl l: V , P I , I' l , I' J , I' 4 , I' 5 , Pt, , P-, 
(,I) 10 20'i'l 

IIOHO l f lll•ll( V.LT,IOIIIPll [ IIPlt,'IA')II ll'II E V,1'1,P 2 ,f> l, 1''••"<;,p/,,P7 
'IR 'l l fllfl HAll~',X,'110',11,2X,1At,,2X,'l'f\l'VIIIIISIY MIN EO SEAM 1 //I 

r r I r 1•11 F v. r. r. 'l I w~ 1 1 r 1 11•1• , non 1 1 1 rn c v, r 1 , r ?. , ,, 3, 1•4, rr,, 1• 6, r• 1 
OO!tl ro11••All)~x,•o•,12,;,x, ·1<\4,7X,'l-'RFVJOIISLY •IIN[fl S E /\'1 1 //) 

f.11 Ill 20'>5 
7fl5 0 fllNl ftllff 

06, 53, I 4 PAGE ooo·, 



I 

°' L/1 
I 

IIIIS HlRTPAN IV Jt0N-ffl-4J'l 3-t, HA I Nl'f.H [),Hf. Oh I 28 /71> 

0052 
0051 
0054 
ooo;,; 
00'>6 
ooc, 7 
OO'i~ 
005'1 
001>0 
001>\ 
0067. 
00h3 
0(1/, 4 
OOl>'i 

OOM, 

001>7 
001,11 
001>'1 
0070 
001\ 

00"12 
0073 
0074 

C OVfRHINfO CflNlllTlllN 

C 
IIR I TF l IPfl, 205 (, 1 

2C5t, fllflHAll// 'i2X,'0VFIIH(Nfll CflNlllftrlN'/ 52X 191111-1//1 
IFC IPllfV.LT.\001 GO rn 8tlf12 
llllllFl 1Pfl,7.0'i71 IPREV,Pl ,P7,f>3,1", 1 1'5,Pb,1'7 

?05J frtRHAT 1)5X.1],lX,7A4,2X 1 '1'flfVIOUSLY HINrO SEAH'//1 
f.11 10 flOAl 

11 c 02 1 Fr 1 ""Ev.'- r. 1o11111 1 r f I r rn, •10 '1111 l'Rf v, ,, 1 , r 2,113 , P4 , f> 5. 1'6, I' 7 
IFI lrPEV.f.f,'Jllllll lf:l IPR,60011 ll'RFV,1'1 ,P2,P3,P4,1'5,Pb,P7 

ROR3 I F ( l((Jllll.l r. 1001 GO ro 60fl4 
11111 H I 11' R , 2 0 5 2 I IC llfOI , SI , S 2, SJ, S 4 , S 5, St,, S 1 
Git ro 2055 

R O 8 4 I l'I I ( ll fl R • I. l • l O I II fl I TE I I P II , 'IO 9 0 I I C llfl R , S I , S 2 , S ·1 , S4 , S 5 , S 6 , S 7 
I f I I C lJ fl fl • c; l • 9 I 1111 I TE I 11' R I II O 7 8 I I C IJR II , S I , S 2 , S 3 , S ', , S 5 , S t, , S 1 

2055 CIINT INUE 
C 
C REAO FORMAT CAIIO FOR DATA 

C 
READ( IRO, 11 fHT 

r, 
C . Rfllfl OAIA CARllS 
C 

C 

!fl IGO.GT.01 Gil ro 9I 0 
on IO J: I ,NO 
IIFAOI I 110, FM TI 

10 CONTINIJE 
IOATACl,JI, 1~1,121 

C IIEAO CAPOS FOil 2NO 10 Nllt SFAH 
C 

'l IO nn 'l I I J = I, NO 
II r: A 111 IR O, r Ml I OA I A I I , JI , [)II TA 12 1 JI , 0 AT A 19, JI , OAT A I t O, JI, DAT A 111, JI 

911 CONTINIJf 
C 

Of>,53.1', 

C HIii II SfAH llllll ONLY ONE 011S[IIVI\TlflN , lR/INSFER /\VERA.GE PHS OATA VI\LUES 

0015 
OOH> 
0077 
Ofl71\ 
007'1 
00110 
00111 

C ltl TO DIITAll ,JI 
C 

C 

If u,n. Nf. II r. n Tfl 'I I 2 
Oil 100 U I 3 I , I 2 
tFtt.F.c.1.,rn.1.r,1.2.on.t.F.().'l.nA.1.ro.111 r.o TO 1000 
I Fil .F.O. IO,IINO.!lAlAIIO, 11.C. T .0,01 GO TO 1000 
1)1\TAll,ll; rnrALIII 

3000 CONJ INUF. 
'112 (llNTltlllf 

C Clll'Ck llhl/. tNrlJT 
( 

OOH? 1)1) 1\0':it, J= 1,Nll 
OlllH I F II IAll\l',, .ll.l;J.)00.01 lllllfflll'll,110 5 °/I J 
O()fl', H051 lllllHAll/////40X,'Pftl(fNIAf,f fXlllA(lt(IN C.flfATEII TIIAN 100--SAHl'l.f NO 

0085 
OOtlh 

00117 

( 

f. 

l. •, 17 I 

If lllA I /II 3 ,JI .GT .<;0.01 \Ill I ff I IPfl, tlO'itll J 
flO<;~ ffllHl/.ll/////l,OX,•f>HS SF/.H TIIICKNESS f.llfAlfP 1111\N 50 r£ET--SA'11'lf N 

!fl. ', 1 2 1 

lflllAIAIIU,.J).f.1.2000.01 llflllfllf''l,110"91 .I 
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OOR/l 

00'1'1 
00'10 

00•11 
00'1? 
00111 
00•)1, 

00'1'> 

flO'll. 
on•n 

00'111 
00'1 ') 

0100 
0101 

I 

°' CJ\ 
I 

010? 
010'\ 
0101, 
0 IO'i 

0101, 
0107 
01011 
0 IO'l 
0110 
0111 
fll 12 
O I l '\ 
0 l 14 
Ill l'i 
01 lb 
011 7 

01 I fl 
01 l'I 
01 2 0 

C 

llATE 0(>/211/76 TI HE 

~05 ' • fflRHATl/////45X, 'l'H ~ OF.PTII f.lHATfR Tlli\N ?000 fEET--SAHPLE NO. ',12 
11 

IF I IIA TA I I 2, JI, f. T, I, 0 I WR I If I I PP, 1101>0 I J 
llOt.Cl HlRHATl////40X,'PHS PILI. AR PATHIIN VALllf: f.REAfER TIIAN 1.0--Sr.Hl'LE 

I Nil , •, 12 I 
1105t. CflNI I NIIE 

l)f) 1015 1 2 1,12 
10 l Al I I I s O, 0 
CflllNII I) ; 0.0 

1015 CntHINUE 
C 
C 1/RIIE OAIA CAPOS 
C 

IIR I TF I I PR, 4 l 
4 fllllHATlllll,51,X,'HIE Jt>ll'UT 11ATA CARDS• /I 

C 
C ltl' AOINf. 
C 

C 

C 

1/R I TE I I I'll,/,')') I 
6 'I') f llHHA T I l 3 X, 1 I • , 'l X , • 2 • , 'l X, • 3 • , 'lX, • 4 1 , 'IX 1 • 5 • , C)l(, • b • , 9 X , '7 •, 'lX, • II' , 'lX 

1,•'l•,ox,•10•,Rx,•11•,ex, 1 12•1 
IIIHlfllPfl,701 I _ 

7 0 I fflHHA T I I 2 x, •CMS• 1 7X, •CHS• , 7 X, • PH S •, 7 X, • I' HS' , -, X, 1 PMS • , 7X, • l'HS •, 7 X, 
I • PH S' , I 4 )(, 'II I ST A NC E 1 , l 4X, •TI HF'/ I IX, • ROIi F' , b X,' FLOOR' , 6X, •SE 4 H' , ', X 
2, 'Pfft(. ENT ' , 5 X, 'llllOf' , 5 X, 'FLOOR' , 5 X, 'PI l L AR' , 5X, 'PHS' , ', X,' BE Tllf f:N' , 
l5X, 'l'HS' ,5X ,• "ETIIEEN', 5X, 'PILLAR' /1,X, 'NO' ,;,x, •s TRENGTII' ,2X, 'STRENG 
'olll' ,2X, 'llllCKNfSS EXTllAC T STIHNGTII STllENGTII Ill Dfll' ,5X, •SPAN', 
5 5 X, ' Sf AH S ' , 5 X, 'llE I' Tit' , 'iX , 'HI NI NG' , 'o X, 'PAT TE llN' /, 6 X, 12 11 I II- I I 

no 5 J•l,NU 
1/RITE(IPfl,bl J, lll,'IT,\11,JI, l s l,121 

t. r11n11r.Ttt-x,12,r<i.2,11F10.21 
5 fllNI INIJE 

C CALCUIATF AVFllr.~fS 
C 

llfl 1001 1 2 I, 12 
()0 10o z J =l,NO 
Ir I llA TA I I , JI • LI: , 0. DI co TO I 00 2 
l•l!ALIII x lllfAl.(f) • llAT41l,JI 
COUNT I I I ~ C llllN T I I I• I 

1002 CUtlflMUf 
I 00 I Cl)Nl I NUF 

nn 10113 I x 1,12 
ll1lh1. I I l • TOTAi . i i I/ CIIUNfl I I 

1003 CIINflNUE 
Wll IT E I I I' fl , IO Z O I If O I AL II I , I = I , I 21 

10 ? 0 (111lHAIIIX,l21,(l11-l/lX,'AVEPAGf',f'l.2,llf10,21 
f. 
C IILANI( IIIJI fllJMI' AllllhY 

C 
IHI '/'ill J = l,NO 
Rrn,Pt .Jl = lltr.~:I' 

'lSI) LIINIIMllf 
C 
f. C r.t ( Ill Alf PA I I II~ 
f. 

Ot,. 53, 14 PAGE ooor, 



I 
Q\ 
-.J 
I 

0171 
0 I 7.7 
0 1 .?l 
0124 
0125 
0121, 
0127 
ll I 211 
012'> 
01 10 
0131 
0132 
0131 
OJH 
011'> 

01)1, 

OIH 
on1, 
0 I 19 
0140 

0141 
01',2 
0143 

0144 
() 1,,5 

0141, 
OlH 
01 '•ll 

0149 
0 I '>0 

O I '>I 
01'>2 

01 '>1 
lll"i', 
Ol 5"i 

01~1> 
01 <;J 

tl I" n 
015'1 

M4JNl'f.M 

()0 1>00 J • I, NII 
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