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1. INTRODUCTION 

This document constitutes the Phase III Report of 
Foster-Miller. Inc. •s current contract with the U.S. Bureau ot 
Mines J0318097 - "Evaluate Fundamental Approaches to Longwall 
Dust Control." 

The overall objective of the contract is to evaluate the 
effectivensss of available dust control technology for 
double-drum shearer longwall sections in a coordinated. 
systematic program at a few longwall test sections and to 
make the results av~llable co the entirg coal mining 
industry. 

Longwalling has been the primary technique for underground 
coal mining in Europe for twenty years. With the impetus for 
increased coal production. the trend to high production long­
walling has firmly taken root in the United States. Increased 
levels of coal production on longwalls has brought with it 
higher levels of dust generation. Most Unit.P.n States lonqw·allc 
have difficulty complying with federal dust standards which are 
much stricter than those imposed in Europe. 

Longwall operators faced with a longwall that is "out of 
compliance•• have implemented a variety of practices in attempts 
to reduce dust levels. These practices may reflect ideas of 
their personnel. practices identified in literature, practices 
at other minas or mere desperation. They are usually applied 
with little documentation and even less control on important 
variables that may influence the effectiveness of their "solu­
tion." Often. two or more techniques are tried simultane­
ously. The only sampling performed during this period is the 
full shift gravimetric sampling required to establish compli­
ance - a notori~usly poor technique for establishing the 
effectiveness of a particular control technology. 

At some point. the gravimetric samplers indicate that the 
face is "in compliance." It is quite possible that the reduc­
tion in dust level is totally independent of the controls 
adopted. Nevertheless. all dust control measures in effect at 
that time are required by the regulatory agencies to be con­
tinued. 



This program offers the mining industry the opportunity to wsort out" 
and share assessments of the dust control techniques in use today and those 
proposed for the future. This objective is being achieved through 
laboratory and field evaluations of both available and proposed dust control 
practices using innovative sampling procedures and state-of-the-art 
respirable dust monitors and instrumentation. In this manner, the effec­
tivene_ss or lack of effectiveness of longwall dust control techniques can be 
quantified, thereby providing the information necessary for proper 
application of these techniques. 

This program is investigating nine different dust control 
techniques. These nine subprograms encompass a broad range of 
dust control measures ranging from administrative controls to 
new hardware. They span not only presently employed methods 
but also those recently adopted in the United States and those 
proposed for the future. This report documents the Phase III 
effort on each of the subprograms. For clarity. the report is 
divided in sections by subprogram as follows: 

• Section 2: Subprogram~- Passive. Barriers/Spray ~ir 
Movers for Dust Control 

• Section 3: Subprogram~- Practical Aspects of Deep 
Cutting 

• Section 4: Subprogram Q- Stage Loader Dust Control 

• Section 5: Subprogram.D- Longwall Automation 
Technology 

• Section 6: Subprogram~- Longwall Application of 
Ventilation Curtains 

• Section 7: Subprogram E- Reversed Drum Rotation 

• Section 8: Subprogram g- Reduction of Shield 
Generated Dust 

• Section 9: Subprogram H- Air Canopies for Longwalls 

• Section 10: Subprogram ~ - Mining Practices 

A revised schedule for this fifty-two month effort is 
presented in Figure 1-1. 
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2. SUBPROGRAM A - PASSIVE BARRIERS/SPRAY 
AIR MOVERS FOR DUST CONTROL 

The objective of this subprogram is to evaluate the dust 
control effectiveness of a passive barrier blocking the area 
between the top of the shearer and the underside of the roof 
supports. The barrier is being tested in combination with a 
modified "shearer clearer" air-moving spray system to screen 
operators from shearer-generated dust. 

2.1 Summary of Phases I and II 

The following tasks briefly described below were completed 
during the first two phases of effort: 

• Preliminary investigations· - This task consisted of 
telephone surveys of 17 mining operations. Results 
revealed that a majority of the longwalls contacted 
had used splitter arms and sprays as air movers, but 
only three had used passive barriers as a dust control 
technique. 

• Laboratory development and testing - Initial efforts 
focused on the airflow pattern modification effects of 
a variety of passive barrier systems. Results demon­
strated the need for effective control of contaminated 
air immediately upstream of the leading end of the 
shearer. Hence continued testing began with an 
emphasis on control of the "upwind plume." A number 
of passive barrier configurations were evaluated both 
"wet" and "dry" (with and without a shearer clearer 
spray system in operation) in the worst case "cutting 
against the airflow,. condition. The results showed 
that barriers without sprays cannot adequately control 
the upwind plume at the leading drum. However, the 
traditional and practical 11 gob-side 11 passive barrier 
system, combined with the shearer clearer, reduced 
contamination levels at the headgate operator's 
position by 86 percent ove~ a baseline condition of 
headgate splitter arm only, with no water sprays. The 
effectiveness of this combination system was also 
confirmed through a series of 11 CUtting with the 
airflow,. tests. 

To allow additional testing of the effects of barriers 
and sprays on contamination levels downstream of the 
shearer, the longwall gallery was extended by so ft. 
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Te~t results showed the gob-side barrier with the 
shearer clearer reduced contamination levels by 65 
percent up to SO ft downstream of the shearer. 

• Field surveys - six mine sites were surveyed 'to 
document the use of passive barrier/spray techniques 
and to search for suitabl~ evaluation sites. Resul~s 
of the surveys were included in the Phase I and 
Phase II reports. Kaiser Steel Corporation's 
Sunnyside No. 1 Mine in Sunnyside. Utah ~as chosen as 
the tirsc evaluation ~ite for the following re~sons: 

The face height would soon extend to 10 ft with a 
large gap over th~ shearer body. pLoViding an 
ideal condition for testing passive barriers in 
high seam mining 

Mining was half-face bidirectional with high 
shearer dust levels recorded at the shearer 
operator's position in both cutting directions 

Very little dust ~as contributed by head-to-tail 
shiPld. movement 

The opportunity w~s available to perform a shop 
installation of the spray/barrier system. 

2.2 First Field Evaluation - Kaiser Steel Corporati~n •. 
~unnyside No. 1 Mine 

2.2.1 Summary of System Design. Installation and 
Evaluation - Completed during Phase II 

As a direct result of the laboratory development and 
testing. a final combination system design was created for use 
in the underground evaluation. The design incorporated the 
following practical advantageR! 

• "Low-profile 11 sp'rays at shearer body leveL allowing 
for solid steel block construction 

• "Face side" spray banks of closely grouped sprays. 
allowing for sinqle. multispray manifold construction 

• A simplified. gob-side ~assive barrler system. allow­
ing for ease of instailation and maintenance. 



Figure 2-1 illustrates the combination system as it was 
installed on Kaiser's Eickhoff shearer during the shop rebuild. 

The test strategy for the underground evaluation was 
designed to determine the effectiveness of the new system in 
controlling shearer-generated dust. This was to be accom­
plished through comparative A-B pass-by-pass testing with the 
"new" and "conventional" systems in operation. Table 2-1 
outlines the fundamental A-B comparative tests planned for the 
evaluation. The comparisons were designed to determine: 

• The effectiveness of the new system versus conven­
tional system both with and without passive barriers 

• The effectiveness ·of alternatfve s~ray systems for 
each cutting direction 

• The effectiveness of rerouted cooling water sprays. 

2.2.2 Evaluation Results 

2.2.2.1 Introduction 

The 18th Left longwall panel at sunnyside No. 1 Mine was 
visited in May 1982 and again in August 1982. 

Table 2-2 provides a synopsis of dust data averages col­
lected during the two preliminary visits. During both of the 
preliminary visits the face was mining a relatively low seam 
(about 6-1/2 ft) using a Joy shearer with a fairly shallow cut 
and high drum rotational speed. 

The dust data collected during the evaluation in Feb­
ruary 1983 was rQmarkably nifferent from that discussed above. 
Very high levels of intake dust due to upstream shield · 
movement (5-10 mg/m3) were recorded during the evaluation on 
head-to-tail passes. Low levels were recorded during the 
preliminary visits. Possible reasons for this difference 
include: 

• Only one shift per day was mined during the evalua­
tion. allowing the face and roof to dry out longer 
between production shifts 

• Geological conditions in the roof may have changed 
since two coal seams merged to produce the higher coal 
encountered during the evaluation 
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EXISTING EICKHOFF 
COOLING WATER SPRAYS 

/ ~ 
I HG I cv, ® © . t~ I TG I 

.. ~J·: :: ~~i= ~@ 
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DISCHARGE COOLING WATER PLAN INTO THE PANLINE 
BENEATH THE UNDERFRAME VIEW 

PASSIVE BARRIERS 

SECTION 
VIEW 

FIGURE 2-1. - Combination passive barrier/shearer clearer 

' 
system with diverted cooling water. 



Note: 

Date 

May 
1982 

TABLE 2-1. - A-B comparative test strategy - Kaiser 
Steel evaluation 

Cuttinq Direction 

19 

Pass System Head-to-tail Tail-to-head 

Barriers Removed Removed 
A Spray system c. D only A, B, c, D 

Cooling sprays E, F, 3' 4 E, F, 3' 4 

Barriers Removed Removed 
B Spray system Drums only Drums only 

Cooling sprays 1' 2, 3 ' 4 l, 2, 3' 4 

Barriers Installed Installed 
A Spray system c. D, only A, B, c. D 

cooling sprays E, F, 3 ' 4 E, F. 3 ' 4 

Barriers Installed Installed 
B Spray system Drums only Drums only 

Cooling sprays 1, 2, 3' 4 1, 2' 3 ' 4 

A = 11 New 11 system; 
B = Mine's 11 Conventional 11 system 

TABLE 2-2. - Results of dust monitoring - May and 
August, 1982 field surveys 

Avera_g_e Concentrations (mq;m3) 
Shearer-generated 

dust (shearer 
Shearer direction Shearer Intake minus intake) 

-
Head-to-t.ail cut 4.7 1.8 2.9 
Tail-to-head cut 10.3 1.8 8.5 

A1.1gn R t. Head-to-tail cut 3. 6 0.6 3.0 
1982 Tail-to-head cut 5.8 0.5 5.3 
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• The increased height of the roof supports during the 
evaluation allowed them to be set against the roof at 
a much higher pressure. 

Very low levels of shearer-generated dust ( 1-4 mg/·m3) were 
recorded during the evaluation on ~ail-to-head passes. High 
levels were recorded during the preliminary visits. Following 
are potential reasons for this difference: 

• The increased seam height encountered during the 
evaluation ~du~~d more pTonounced race sloughaqe on 
head-to-tail passes whi ~h rP.Rnl t.Pn in l~!5S ~1')~.1 
~uLLluy during tail-to-head passes. 

• The Eickhoff shearer used durin9 the evaluation made a 
deep cut at low drum rotational speed. These condi­
tions are known to reduce dust generation. 

• Water flow through the Eickhoff drum sprays may have 
been greater than that through the Joy shearer drum 
sprays. 

2.2.2.2 Head-to-Tail Cutting Results 

Table l-J contains a synopsis of the average dust concen­
trations for all head-to-tail cutting passes. Figures 2-2 and 
2-3 show representative plots of dust concentration versus face 
location (shield no.) for both the shearer clearer and conven­
tional systems. Both sets of plots are of head-to-tail passes 
completed on the same day durtnq the first week of testing. 

The contribution of upstream shield movement to the intake 
dust levels shown in Table 2-3 and Figures 2-2 and 2-3 caused 
intake levels to be greater than shearer levels in every 
case. This made it impossible to use the analysis t.e~hniqnP. of 
subtracting intake levels from shearer levels to calculate 
11 Shearer-generated 11 dust concentrations. Nonetheless. the 
plots in Figures 2-2 and 2-3 show the shearer clearer to be 
effective in reducing the dust exposures at the operator's 
position compared to the conventional system. The shearer 
clearer ''shearer position .. dust levels are lower despite higher 
11 intake position .. levels. 

Because of the difficulty in differentiating between amounts of 
shield-generated dust and shearer-generated dust during head-to-tail 
passes. the following special tests were performed during the 
second and third weeks of the evaluation: 



TABLE 2-3. -Dust concentratioris for conventional versus 
shearer clearer system with and 
without passive barriers during 

head-to-tail cutting passes. 

Average Dust Concentrations (mg/m3) 

Shearer clearer Conventional 
system system 

Sampling Passive 
period barriers Shearer Intake Shearer Intake 

Week 

Week 

Week 
(Day 

Week 
(Day 

All 

All 

1 Removed 3.50 6.76 3.85 7.84 

2 Installed 4.01 5.88 3.81 4.47 

3 Installed 6.61 11.27 4.60 7.04 
1) 

3 Removed 3.45 4.49 4.72 5.77 
2 & 3) 

Passes Installed 4.44 6.78 3.97 4.98 

Passes Removed 3.47 5.62 4.14 7.15 

• 
11 Decay sampling 11 of dust levels at the normal intake 
and shearer sampling positions during periods of 
shearer shutdown. Readings were taken at fixed 
locations on 5 to 10 sec intervals with shield move­
ment continuing upstream. 

• 
11 Gradient sampling 11 of dust levels on a grid pattern 
upstream of the shearer during cutting. 

The results of these special tests showed that shearer­
generated dust levels were too low to accurately quantify 
shearer clearer system effectiveness. particularly due to the 
shield dust levels. 

It wac hoped that computer analysis would help to show the 
effects of shearer clearer ope~ation versus conventional system 
operation during head-to-tail cutting passes. As a sample data 
run. all head-to-tail passes for the first testing week (pas­
sive barriers removed) were input into the computer. Then the 
data was separated according to spray system in operation and 
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an "analysis of covariance" was run. The analysis of covari­
ance was designed to show the degree of confidence with which 
the spray system in use could be assumed to affect the 
shearer-generated dust levels measured at the shearer posi­
tion. Shearer position levels were a combination o£ intake 
dust levels (shield dust plus headgate intake sources) and 
shearer-generated dust levels not accounted for by variations 
in intake levels. 

The results of the analysis showed that dust levels at the 
shearer position were strongly dependent on intake position 
levels (a fact also confirmed through manual analysis). 
However. shearer-generated levels were not dependent on spray 
system operation to a degree sufficient to quantify shearer 
clearer system effectiveness. The analysis of covariance 
showed a 70 percent degree of confidence that shearer generated 
dust levels measured at the shearer position were affected by 
spray system changes. For this reason. further efforts at 
computer analysi~ were terminated. 

Extensive laboratory testing led to the shearer clearer 
design used at Kaiser. The results of this testing indicated 
that the shearer clearer would operate most effectively with 
the entire system in use when cutting tail-to-head and a reduced 
system in use when cutting head-to-tail. The reduced system 
consisted of spray banks c and D shown in Figure 2-1. 
Because of the unexpected contribution of shield dust to the 
head-to-tail results at Kaiser. it was decided to test .a 
variety of other head-to-tail systems to determine their 
potential effects on shield dust control. These included: 

• All spray banks A. B. c. and D 
• Spray banks A. B. and D only 
• Spray banks c and D only 
• Spray bank D only. 

The results revealed that because of the high shield dust 
levels. the best dust control when cutting head-to-tail is 
attained with all spray banks operating. Spray banks A and B 
appeared effective in .pulling shield dust from the walkway area 
and confining it to the face area. These results are illus­
trated in Figures 2-4 and 2-5. showing dust concentration 
versus face location for two head-to-tail passes: one with all 
sprays operating and one with only spray banks C and D oper­
ating. Levels at the shearer operator are approximately 20 
percent lower with all sprays operating despite higher intake 
levels. 
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2.2.2.3 Tail-to-Head Cutting Results 

During tail-to-head cutting, intake contamination levels 
remained reasonably constant over all passes, resulting in 
measurable quantities of shearer-generated dust. Table 2-4 
contains a synopsis of the average dust concentrations for all 
tail-to-head cutting passes. Following are highlights of 
comparisons drawn from the data in Table 2-4. 

• Shearer clearer spray system versus conventional spray 
system 

In all cases, the shearer clearer reduced the 
levels of shearer-generated dust when compared to 
the conventional system. 

The greatest reductions were realized when the 
passive barriers were removed (53 percent reduc­
tion versus an 11 percent reduction with the 
barriers installed). 

• Effects of passive barriers on each spray system 

Shearer-generated dust levels increased by 
40 percent when passive barriers were added to 
the shearer clearer system 

Shearer-generated dust levels decreased by 
27 percent when passive barriers were added to 
the conventional system. 

Dust concentration plots comparing the shearer clearer 
against conventional systems are shown in Figures 2-6 and 2-7. 
Both sets of plots are of tail-to-head passes completed on the 
same day during the first week of testing. Intake concentra­
tions were similar for both passes, averaging about 
0.60 mg/m3. 

The shearer position concentrations were considerably 
higher and more erratic with the conventional system operating 
than with the shearer clearer system operating. Excluding the 
headgate cutout, the shearer clearer reduced average dust 
concentrations at the operator's position from about 
3.0 mg/m3 to about 1.0 mg/m3, for a 66 percent reduction. 

Special emphasis was placed on the results of headgate 
cutout data due to the high levels of shearer-generated dust 
recorded during the cutouts (see Table 2-5). 
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Average Dust Con:entrations 

3heare~ Clearer System 

S<•mp l in<J Passive Shearer-Generate·] 
l'eriflll Barriers Shear~r. Inta-<e (Shearer Less Inta'-<c) Shearer 

i 

Week l Ecrnovcd 1.19 0.84 0.35 1.82 

lveek ?. Installed 1.18 1). 43 0.75 l. 35 

Wr.ek J Installed! 3.(16 .?. Tl 0.69 2.40 
(day l) 

Week 3 ! Removed 2.64 L 13 0.91 3.52 
(days 2 ! 

illld 3) 

1\11 ri1sscs Installed 1. =5 : .El o. 74 1.56 

1\ ll ptlSSCS Removed 1.67 JJ.14 0.53 2.38 
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Conventional System 

~heare:-•;e-nerated 

Intake (Sr·earer Loes.s :ntake) 

0.90 0.~2 

o. 55 0.80. 
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0.73 0.33 

1. 25 1. L3 

Shearer-Generated 
Percent Reduction 
Shearer Clearer 

Versus Conventional 

62 

6 

26 

42 

11 

53 

rt 
0 
I 

N 
I 

,c:. 

CDtl 
::r~ 
CD CD 
ll.lrt 
1"1 
CD 0 

ll.l1"10 
CD ::S 
CD 0 0 
1-'· 1-' CD 
< CD ::S 

CD 
Ill 

P'CD!l.lrt 
1"11"1 

O'CD!l.l 

0 
~ 
rt 
rt 

O.ll.l1"1rt 
1"1 1-'· 
1"1CDO 
1-'· ::s 
CD CD CD 
1"1rt 

1-' 
·::s 
~ 

~ 
CD 
CD 
CD 
CD 

• CD CD HI ao 
0. 1"1 
~ t:: 
1"1 1-'·0 
1-'· rt 0 
::s ::r ::s 

< 
Ill CD 

rt::S::S 
ll.IO.rt 
1-'· 1-'· 
1-'€:0 
I 1-'·::S 

rtlll 
P"l-' 
0 
~< 
rtCD 

1"1 
CD 
~ 
rll 



18 

16 

14 

12 .., 
~ 
"' ~ 

. z: 10 
0 

~ 
1-

i::i 
u 
z: 
0 
u 

t;; 
:::> 
0 

AIRFLOW 

CUTTING 

SHEARER POSITION 

INTAKE ~~SITJON ~ •••••• ,, ..____ -
60 70 80 90 100 liD 120 

SH I ELO NlJ-IBER 

FIGURE 2-6. - Respirable dust concentration versus face loca­
tion. Tail-to-head pass: shearer clearer 

system: without passive barriers. 

- 12 .., 
~ 
"' ~ 
8 10 
1-

~ 
1-
z: 
~ 8 z: 
0 
u 

t;; 
:::> 
0 

0 

AIRFLOW 

CUTIING 

110 
SH IELO Nl.t1BER 

FIGURE 2-7. -Respirable dust concentration versus face loca­
tion. Tail-to-head pass: conventional 

system: without passive barriers. 

' 

27 



28 

TABLE 2-5. - Average shearer generated dust concentrations at the 
headgate shearer operator•s position between sRields 

lS and 4 during headgate cutouts 

Average Shearer-Generated Dust 
Concentrations (mg/m3) 

Shearer Percent Reduction 
Sampling Passive Clearer Conventional Shearer Clearer 
Period Barrier:~ · System System Versus Conventional 

Week 1 RQmoved 4,1)1,:1 ., • h :i. 38 

Week 2 Installed 6.31 7.93 20 
-~ 

" 

Week 3 Varied l. 93 9.20 79 

All Installed 5.24 8.06 35 
Cutouts 

All Removed 3.70 8.40 56 
Cutouts 

' Analysis of the headgate cutout data confirmed the general 
results of tail-to-head cutting passes described above. 
Highlights of the cutout analysis included: 

• In all cases. the shearer clearer significantly 
reduced the leveis of shearer-generated dust as 
compared to the conventional system 

• The greatest reductions were realized when the 
passive barriers were removed (56 percent raduction 
versus 35 percent) 

• Shearer-generated dust levels increased by 42 percent 
when passive barriers were added to the shearer 
cl~ar~r syst.P.m 

• Shearer-generated dust levels decreased by 4 percenc 
when passive barriers were ~dded to the conventional 
system. 

2.2.2.4 Summary 

The shearer clearer spray system was very effective in 
reducing the levels.of shearer-generated dust during 
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tail-to-head cutting passes (especially during headgate cut­
outs). However, the combination of passive barriers with the 
shearer clearer system resulted in a decrease in its effective­
ness. The use of passive barriers with the conventional system 
caused an increase in effectiveness of that system. It was 
concluded, therefore, that a passive barrier system is most 
effective when used with an ineffective spray system which 
causes dust to boil out into the walkway over the top of the 
shearer. An effective spray system, such as the shearer 
clearer, will provide sufficient c~ntrol of ·the dust cloud over 
the shearer body and will not benefit from a passive barrier 
system. 

The three week test period was conducted with virtually no 
required repairs, further demonstrating the system's mine­
worthiness and ~ase of maintenance. Valuable practical experi­
ence was gained to support the reliability of using system 
components specifically designed to withstand the mining 
environment: 

• Hinged and spring-loaded splitter arms 

• "Low-profile•• solid steel manifolds of closely grouped 
sprays, located beneath protective steel cover plates 

• A gob-side passive barrier system of easily removable; 
modular sections of thick conveyor ·belting. 

In addition, the filtration system (hydrocyclones and 
";, 

Y-strainers) installed for' the evaluation resulted in no nozzle 
clogging during the entire three week period. 

2.3 Mine Site Selection for the Second Field Evaluation 

2.3.1 Price River Coal Co.mpany -Helper, Utah 

Field surveys conducted at Pri~e River during 1982 had 
shown their No. 5 Mine longwall panel to be suitable as an 
evaluation site. However, delays in .completion of an existing 
panel and scheduling conflicts with other dust control evalu­
ations had resulted in the Kaiser Steel evaluation being 
performed first. Consequently in July, 1983 a return field 
visit was made to Price River's lOth West Longwall to reconfirm 
its suitability as the second evaluation site. 

Table 2-6 below contains a summary of the dust data 
collected over the five cutting passes sampled during the 
two-day visit. 
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TABLE 2-6. - Dust Concentration Survev. Price River 
Coal co lOth West Lonqwall • I 

Average Concentrations (m,g(m3) 
Cut Venturi 

Direction Sprays Shearer Operator Intake 

T-H on 1.3 0.4 

H-T on 0.8 0.5 
' 

T-H off 0.7 ---

H-T off O.R ---

T-H on 0.6 0.2 

As shown in the table. dust levels at the shearer opera­
tor's position were very low in each cutting direction. both 
with and without their external venturi spray system oper­
ating. Dust at the ~hearer operator's position is a function 
of such factors as face air velocity. spray water pressure and 
flow. cutting speed and intake contamination levels. The 
survey at lOth West revealed that all of these factors contri­
buted to the low exposure levels: 

• A high average air velocity along the face of over 900 
ft/min which provided dilution to the dust cloud and 
helped to hold it against the face as it traveled 
downstream 

• High water spray pressure and flow at the cutting 
drums {approximately so gpm at 200 psi total to both 
drrims) for effective dust suppression 

• A relatively low shearer tramming speed of approxi­
mately 15 ft/min 

• Fairly low intake contamination levels {approximately 
0.2-0.4 mg/m3 cutting head-to-tail with upstream 
shield movement). 

Becauce of the extremely low duct concentrations mcaaurcd 
in both cutting directions. Price River was rejected as an 
evaluation site. 



2.3.2 ARMCO Steel - Montcoal. West Virginia 

Three separate field surveys to ARMCO's No. 7 Mine during 
September. October and November 1983 resulted in the choice of 
ARMCO as the second evaluation site. Details of the surveys 
and the _evaluation are presented in the next section. 

2.4 Second Field Evaluation - ARMCO Steel. No. 7 Mine 

2.4.1 Field Surveys 

At the invitation of ARMCO management. a field survey was 
conducted on the 1 West. 3rd Left Longwall during Septembe~ 
1983. The 1 West. 3rd Left panel had been out of compliance 
for some time with a 1.4 mg/m3 reduced dust standard due to 
quartz and ARMCO was interested in upgrading and improving 
their dust control methods. 

Conditions on th• 3rd Left Longwall during the September 
field survey are summarized in Table 2-7. Figure 2-8 illus­
trates the layout of the combination splitter arm. passive 
barrier. and shearer spray system encountered during the 
survey. The results of dust monitoring are presented in 
Table 2-8. 

TABLE 2-7. - Conditions during the September 1983 survey 

Longwall Water Supply -'~single Jeffrey Satellite 
System booster pump with 20 hp 

motor installed at end of 
section hard pipe 

- 1-l/4 -inch water hose Crom 
booster pump to shearer 

Dynamic Water Pressure - Approximately lOS psi. 
and Flow at Shearer so - 60 gpm 
Inlet 

Average Face Air - 140 fpm; panel was new. 
Velocity gob had not fully fallen 

and consolidated 

Depth of Roof Rock Cut - Approximately 4 inches 
average 

31 



32 

3 

r-TGI 
~ 

<¢AIRFLOW 

••••• ~===;=;=:====~,.. ~, 
5 FT 4 IN. 

10 IN. BARRIER 

FIGU~E 2-8. - Layout of sh~arer spray system - September 1983 

TABLE 2-8. - Average .aust conce.nt.~ations -
September 1983 survey 

Average Concentration (mq/m3) 

Cut Direction Shearer OP.erator Intake 

Head to Tail b.~ 0.5 

Tail-to-Head 12.3 0.5 

The dust sampling results indicated that shearer-generated 
dus~ was ~he most predominant dust source on the face. Intake 
concentrations were very low by comparison. even during head­
to-tail cutting when shield dust was a component of intake 
levels. From these results specific recommendations were made 
to ARMCO management regarding the reduction and control of 
shearer-generated dust. These included: 



• Increased face ventilation to increase dust dilution 

• Upgraded water supply systems to increase the quantity 
and pressure of supply water to the shearer 

• Reoriented cooling water discharge to eliminate dust . 
11 boil out 11 into the walkway 

• Redesigned and properly oriented external water sprays 
to keep shearer-generat~d dust confined to the face 

• Effective use of drum sprays to enhance dust 
suppression. 

Modifications actually completed by ARMCO shortly after the 
September survey included: 

• An increase in airflow quantity along the face of 
nearly 100 percent 

• Installation of an additional booster pump in the 
water supply system 

e An increase in the size of water hose from the end of 
the hardpipe to the shearer from a 1-1/4 in. diam to a 
2 in. diam (hardpipe to midface) and a 1-1/2 in. diam 
(midface to shearer) 

• An increase in height of the shearer-mounted, gob-side 
passive barrier from 10 in. to 15 in., nearly always 
sealing itself against the underside of the roof 
supports 

• Relocation Of the ~eadyate-end shearer cooling water 
sprays to discharge directly into the panline 

• Reorientation of all external venturi sprays to aim in 
the direction of the primary airflow 

• Installation of large orifice, high capacity, low 
pressure drum sprays. 

To investigate the impact of these modifications on face 
dust levels, two brief additional field visits were conducted 
at jrd Left. The visits were conducted by a USBM test engineer 
and an FMI test engineer on October 26 and November 16 respec­
tively. Conditions on the longwall during the surveys are 
summarized in Table 2-9. Figure 2-9 illustrates~the layout 
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TABLE 2-9. - Conditions during the October and 
November 1983 surveys 

Conditions 

Longwall Water Supply -
System 

-

-

Dynamic Water Pressure -
at Shearer Inlet 

Average Face Air -
Velocity 

Depth of Roof Rock -
Cut 

3 FT 0 

october November 

TWo Jeffrey Satellite - Identical 
booster pumps with 20 hp to October 
motors installed in 
parallel at end of the 
section hard pipe 

2-in. water hose from 
hoost~r pump& to midfaoe 

1-1/2 in. water hose 
from midface to shearer 

Approximately 150 psi. 
pumps not operating 
properly 

270 fpm 

N/A 

~ AIRFLOW 

l5 IN. BARRIER 

- Approximately 
250 psi: both 
pumps operating 

- 360 fpm 

- Approximately 
2-3 

IHGl 
~ 

5 FT 6 

in. 

FIGURE 2-9. - Layout of shearer spray system after 
ARMCO modifications. 



of the shearer spray systems. reflecting the improvements made 
by ARMCO. Table 2-10 contains the results of dust monitoring 
performed during the surveys. For easy reference. the results 
of the original September survey are repeated in Table 2-10. 

The reduction in dust concentrations at the shearer opera­
tor's position between the September survey and those in 
October and November was dramatic (an average of 81 percent for 
head-to-tail cutting and 84 percent for tail-to-head cutting). 
Intake levels remained roughly similar at less than 
1.0 mg/m3. The significance of these reductions led to the 
decision to return to ARMCO for a 2-week evaluation to further 
investigate the major improvements which ARMCO implemented. It 
was clear that the improvements had produced a dramatic reduc­
tion in face dust levels. but it was not clear which factor 
was most important or to what extent each factor was respon­
sible for the reductions. 

2.4.2 Evaluation Testing Strategy 

The evaluation focused on "A-B-C" comparison testing to 
isolate and then quantify three of the most significant dust. 
control variables changed by ARMCO: 

• Shearer-mounted passive barrier system 
• Shearer water pressure and flow levels 
• Face airflow quantities. 

The testing strategy involved initially lowering water flow and 
airflow levels. This was done to approximate the conditions 
and face du~t levels observed in the initial September field 
visit to the degree possible. Waterflow and airflow levels were 

TABLE 2-10. - Average dust concentrations - September 
and October 1983 surveys 

Average dust concentration (mg;m3) 

Head-to-tail cut Tail-to-head cut 

survey 
Date Shearer Intake Shearer Intake 

September 6.5 0.5 12.3 0.5 

October 2.03 0.96 3.38 0.48 

November 0.45 - 0.60 -

35 



36 

then methodically changed over a variety of ranges. The intent 
was to measure the dust control effects by increasing each 
factor separately. and both together. back up to the improved 
levels. To document the effectiveness of the shearer-mounted. 
passive barrier. testing at most waterflow and airflow condi­
tions was performed both with and without the barrier installed 
on the shearer. 

An exact duplication of the conditions and dust levels of 
the September field visit was impossible. since the conditions 
on lonqwall panels change continually. Factors which may well 
have changed between the September survey and the December 
evaluation include: 

• Ext~nt of rock being cut 
• Coal characteristics (hardness. moisture. content. etc.) 
• overburden pressure. gob consolidation. 

The dust sampling methodology used during the evaluation 
was very similar to that used during the original field sur­
vey. However. in addition to the traditional "shearer'' and 
"intake" dust sampling positions. a "downstream'' position was 
employed as well. The downstream position was maintained 
approximately 25 feet downwind of the tailgate end of the 
shearer. over the center of the panline and about midway 
between the panline and the roof support canopies. The purpose 
of the downstream position was to quantify the impact that 
passive barriers and changes of water flow and face airflow had 
on total return air dust downwind of the shearer. The downstream 
position was maintained consistently tnrougnout the evaluation; 
the intake position was monitored on a periodic basis only. to 
ensure the stability of intake dust levels. In addition to 
dust sampling. test engineers also monitored: 

• General face conditions and activities such as depth 
of roof rock b~inry ~11t ~nrl ~~tivities of the shearer 

• F~~A ~i,r volume levels at every tenth shield along the 
face. 

The evaluation was completed over nine production shifts 
between 14 and 22 December 1983. A total of 32 cutting passes 
were surveyed. 18 in a head-to-tail direction and 14 in a 
tail-to-head direction (ARMCO cuts bidirectionally). 

Water pressure and flow levels to the shearer were varied 
over the following ranges: 



• High: 250-320 psi (70-82 gpm) ~- existing full water 
pressure 

• Medium: 180-240 psi (60-68 gpm) -- approximately 
26 percent reduction 

• Low: 100-150 psi (40-55 gpm) -- approximately 
56 percent reduction. 

Two water pressure test strategies were used: 

• Maintain a constant given pressure during a full 
cutting pass 

• Purposely vary the pressure over the different ranges 
within a givQn cuttin~ va~R. 

Face airflow velocities were also varied over three ranges: 

• High: 400-410 fpm: maximum a i.r velocity encountered_: 

• Medium: 350-370 fpm: approximately 11 percent 
reduction 

• Low: 250-300 fpm: approximately 32 percent reduction. 

These variations resulted from an overall ventilation change 
made by ARMCO engineers midway through the evaluation. Addi­
tional efforts by Foster-Miller test engineers to lower air­
flows in the headgate resulted in further reductions. Face 
airflow evaluations spanned full shifts: ranges were not varied 
during any given shift. However. a full matrix of water 
pressure and airflow conditions were tested. Each of the three 
airflow velocity ranges contained testing at all three water 
pressure ranges. 

2.4.3 Test Results 

2.4.3.1 Passive Barriers 

As shown in Figure 2-9 the shearer at ARMCO was equipped 
with a 15=in. high passive barrier (conveyor belting) mounted 
along the full length of the gob-side edge of the shearer 
body. A series of. A-B comparison tests were performed to 
determine the effectiveness of the barrier at reducing the dust 
exposures of the shearer operators. A-B testing was performed 
over six of the nine evaluation shifts by removing the barrier 
for one half of each shift. 
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Prior to the Foster-Miller September field survey, the 
shearer operators had apparently been subjected to large 
amounts of spray mist (and therefore dust) passing over the 
shearer body into the walkway. The body-mounted passive 
barrier was installed to alleviate this condition and was 
apparently very effective at doing so. 

Between the September survey and the December evaluation, 
however, several improvements were made to the external spray 
system and the splitter arms. When the passive-barrier was 
removed during the December evaluation, no spray mist was 
present in the walkway even at maximum water pressures. In 
addition, an analysis of the dust monitoring results has shown 
that use of the passive barrier made no significant difference 
in dust concentrations either at the shearer operator or return 
sampling positions. 

This confirmed the conclusion reached during the first 
evaluation at Kaiser Steel: that a passive barrier system is 
most effective when used with an ineffective spray system 
containing improp~rly oriented nozzles which cause dust and 
mist to boil out into the walkway over the top of the shearer. 
An effective spray system, using nozzles properly oriented in 
the direction of the primary airflow, will provide sufficient 
control of the dust/spray mist cloud over the shearer body. 
such a system will not benefit from a passive barrier on the 
gob-side edge of the shearer. Nonetheless, the shearer oper­
ators at ARMCO preferred to operate with the barrier in- . 
stalled. They had adapted to its minimal visual constraints 
and felt it helped to protect them from fallifig rock and flying 
debris from cutting. 

2.4.3.2 Tail-to-Head Cutting Results 

The greatest emphasis was placed on tail-to-head cutting 
because its impact on the dust exposure of face personnel is 
considerably greater than that of head-to-tail ctitting. Dust 
concentrations at the jacksetter~ and panline snaker positions 
are greater when cutting tail-to-head, since they are located 
downstream of the shearer. During head-to-tail cuttjng, these 
personnel are upstream of the shearer in fresh air. 

A summary of the results of dust monitoring at the shearer 
operator•s position during tail-to-head cutting is presented in 
Table 2-11. The dust concentrations shown in the table 
represent the averages of dozens of dust levels recorded over a 
variety of locations along the face while the shearer was 
cutting coal during the particular water pressure and air 



Table 2-11. - Average dust concentrations at the shearer 
operator's position for selected water 
pressure and air velocity conditions -

tail-to-head cutting 

Dust Concentration/ 
% Reduction from Baseline 

Shearer Water Pressure 

Low Medium High 
40-55 gpm 60-68 gpm 70-82 gpm 
50-150 psi 180-240 psi 250-320 psi 

Low 
250- 17.54/ 7.86/ 6.84 
300 fpm Baseline 55.2% 61.0% 

Face Medium 
Airflow 350- 8.67/ 4.03/ 3.53/ 
Velocity 370 fpm 50.6% 77.0% 79.9% 

High 
400- 4.99/ 3.77/ 2.97/ 
410 fpm 71.6% 78.5% 83.1% 

velocity conditions given. 11 LOW 11 water pressure and 11 lOW 11 

airflow velocity was the baseline condition against which the 
others were compared. The percent reduction values matched 
with each dust concentration represent the decrease in dust 
level (from the baseline level of 17.54 mg/m3) achieved when 
cutting coal at each set of conditions. 

EXAMPLE: The average dust concentration at the shearer 
operator's position when cutting tail-to-head at 
a 11 medium 11 water pressure range and a 11 mediumn 
air velocity range is 4.03 mg/m3. This is a 
77 percent reduction from the average baseline 
dust concentration of 17.54 mg/m3. 

The three dust concentrations associated with the condition 
of ''lown airflow were somewhat higher than anticipated because 
a greater than normal amount of roof rock was being cut during 
a portion of the mining shifts when the airflow was lowered. 
Consequently. the percent reductions shown in Table 2-11 may be 
slightly higher than they would have been under normal rock 
conditions. However. the data trends would remain the same. 
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An examination of the data in Table 2-11 illustrates the 
relative degrees of improvement obtained by varying water 
pressure or air velocity levels separately or together. Many 
interesting comparisons can be made. The greatest improvement 
(an 83.1 percent dust reduction} was realized when both factors 
were increased to the ••high" levels. However. an improvement 
nearly as great (77 .0 percent reduction} was attained by 
increasing both factors to only the "medium" levels. 

The same data is displayed graphically in Figures 2-10 
~nd ~-11. As shown in both figurco. chc largo3t portion of the 
dust reduction from increased airflow velocity versus water 
pressure occurred when those increases took place between the 
"low" and "medium 11 ranges. Relatively small additional dust 
reductions were achieved by increasing those factors from the 
"medium 11 to the 11 high 11 ranges. 

The results of the dust monitoring downstream of the 
shearer followed trends similar to that of the shearer oper­
ator•s position. Dust concentrations decreased steadily as 
water pressure and face air velocity levels were increased. 
The greatest improvements were realized when both factors 
together were increased through the ranges to t~e "high" levels. 

2.4.3.3 Head-to-Tail Cutting Results 

A summary of the results of dust monitoring during 
head-to-tail cutting is presented in Table 2-12 and graph­
ically in Figures 2-12 and 2-13. The organization of the data 
and the analysis techniques are identical to those previously 
discussed. 

Shearer position data trends are somewhat differt::nt than 
those for tail-to-head cutting because: 

• The percent reduction figures are considerably 
smaller. indicating that the effect of increased water 
pressure and airflow is greater on tail-to-head 
cutting than on head-to-tail cutting. 

• The dust reductions are more uniform with increasing 
levels of the two factors. 

In addition, the average dust concentrations themselves 
were dramatically lower for head-to-tail cutting than for 
tail-to-head cutting. Since the primary cutting drum (tail­
gate} was downstream of both operators. most of the dust 
generated by the shearer did not pass over their positions. 
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Table 2-12. -Average dust concentrations at the shearer 
operator's position for selected water 
pressure and air velocity conditions in 

head-to-tail cutt!ng 

Oust Concentration (mg/m3)/ 
% Reduction from Baseline 

Shearer Water Pressure 

Low Medium I High 
40-SS crPm 60-68 9'Ptn 70-82 qpm 
50-150 psi 180-240 psi 250-320 psi 

Low 
250- 1. 84/ 1. 76/ 1. 41 
300 fpm Baseline 4.3% 23.4% 

Face Medium 
Airflow 350- 1. 37 I 1.17/ 1. 09/ 
Velocity 370 fpm 25.5% 36.4% 40.8% 

High 
400•c• 1.11/ 1.00/ 0.75/ 
410 tpm 39.7\ 45.7i 59.2% 
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The upwind drum was lowered and cutting only a very small 
portion of the coal face. This illustrates the dust control 
benefits to unidirectional longwall faces of taking the primary 
cut in a head-to-tail direction. 

Return position data trends for head-to-tail cutting were 
similar to those for tail-to-head cutting: increases in water 
pressure and/or air velocity resulted in decreased dust concen­
trations in the return airstream downstream of the shearer. 

As evidenced by the data previously presented, dust con­
centrations measured during the October and November surveys 
were somewhat lower than those measured under the same face 
conditions in December. However. two primary differences 
existed in December: 

• considerably more rock was cut during most passes than 
in October and November 

• The effectiveness of the external spray system and 
splitter arms was diminished due to damage from roof 
support canopies in regions of low clearance: the 
spray system and splitter arms had been recently 
installed during the October survey. 

2.4.4 Summary and Recommendations 

It has long been known that increased shearer water pres­
sure and face airflow can be used to reduce dust concentrations 
on longwall faces. However. guidelines have not been available 
to mine operators indicating how to most efficiently use those 
techniques: how to maximize dust reductions while mini-
mizing water consumption and use of ventilating air. 

The results of the ARMCO evaluation has provided valuable 
insight to help guide in the effective use of these methods. A 
summary of the conclusions drawn from the evaluation follows: 

• Increasing water pressure or face air velocity will 
result in decreased face dust concentrations: however, 
increasing both together will significantly accel-
erate the extent to which dust levels are reduced~ 



.e Eventually a 11 point of diminishing returns 11 is reached 
beyond which further increases in either water pres­
sure or face air velocity will no longer produce 
substantial decreases in dust conceritrations. 

• Generally, increasing both factors together to 
11 medium 11 levels will provide optimum dust reductions 
while maintaining reasonable degrees of water con­
sumption and use of ventilating air. 

The key to effective use of ~hese techniques is to deter­
mine where the npoints of diminishing return .. are and which 
11 medium 11 levels of water pressure and face air velocity to 
use. These will vary on a longwall-to-longwall basis and can 
be discovered through a simple program of experimentation and 
dust monitoring. 

2.5 Additional Passive Barrier Study 

An additional passive barrier study was performed at 
Bethlehem Mines Corporation•s No. 60 Mine in September-
October 1983 during the evaluation of another dust control 
technique. At the start of that evaluation, the shearer was · 
equipped with two diagonal passive barriers on top of the 
shearer as shown in Figure 2-14. Using smoke tests to deter­
mine airflow patterns, it was shown that the barriers directed 
dust from the face side of the shear.er into the walkway and 
over the operators. This detrimental effect was confirmed 
through dust monitoring as illustrated in Table 2-13. 

Removing the barriers resulted in a 30-percent reduction in 
dust concentrations at the operator•s position for both the 
tail-to-head and head-to-tail passes. This directly confirmed 
the results of earlier laboratory testing conducted on diagonal 
passive barriers. In those tests the barriers blocked the 
airflow over the machine directing contamination from the 
headgate drum into the walkway. Smoke tests revealed that eddy 
currents were produced behind the barriers forming contamina­
tion pockets which were also drawn into the walkway. 

2.6 Future Effort 

The only task remaining to be performed under Phase IV of 
this subprogram is completion of the final report. 
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FIGURE 2-14. - Diagonal passive barrier system -
Bethlehem No. 60 Mine. 

TABLE 2-13. Results ot A-B comparison testing on passive 
barriers - Bethlehem No. 60 Mine 

Diagonal Barrier 
·-----

cutting on Off Improvement 
direction Sampling location (mg;m3) (mg;m3) (%) 

Headgate- Shearer operator's 3.30 2.31 30 
to-tailgate total dust 
pass concentration 

··-· 

Shearer-generated 2.35 1.18 49 
dust at operator 

Tailgate- Shearer operator's 11.28 7.94 30 
to-headgate total dust 
pass concentration 

. 
Shearer-generated 10.36 7.25 30 
dust at operator 



3. SUBPROGRAM B - PRACTICAL ASPECTS OF DEEP CUTTING 

3.1 overall Program Objectives 

This subprogram was o~iginally conceived with the aim of 
explaining and promoting the use of "deep cutting" on United 
States longwalls. Deep cutting is defined in this context as 
increased pick penetration cutting achieved by a combination of 
slow drum speed and high shearer haulage speed. 

Operating with a drum speed of less than 40 rpm was adopted 
as a working definition of deep cutting. Sixty percent reduc­
tions in the concentration of respirable dust generated have 
been documented in field trials through the use of deep/slow 
cutting. This reduction is attributable to both the larger 
fragment sizes resulting from deep cutting and the reduced 
fanning action of the drums at the lower rotational speeds. 

The original program was to consist of surveys of United 
States practice and equipment availability, mining and engi­
neering impact studies, and technology transfer activities. 
This last was considered to be the most important part of the 
effort. The program started with an initial survey of the 
application of deep cutting on United States longwalls, which 
revealed that appropriate equipment was available and that 
although deep cutting was not extensively practiced, there was 
a relatively wide appreciation of its utility. In light of 
this information, the program was rescoped to include the 

. following principal components. 

• A complete survey of United States longwall practice 
with respect to deep cutting. 

• A survey of equipment availability. 

• A review for publication of the benefits and con­
straints associated with deep cutting. 

The review referred to above was to include a treatment of both 
the mining and engineering impacts of cutting with slower drum 
speeds. 
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3.2 Phase I Results 

The Phase I effort consisted principally of the preliminary 
survey of current United States longwall practice with respect 
to deep cutting and an initial survey of equipment availability. 

The survey of United States practice consisted of telephone 
interviews during which the operators of 43 longwalls were 
questioned regarding current practices, future plans and 
beliefs relating to drum speed and dust levels. 

Although only a quarter of this survey sample used deep 
cutting (defined as slower than 40 rpm drum spe~q~). the 
majority of the remainder planned to use slow drum speeds in 

·the future. Three quarters of those questioned accepted that 
slow drum speeds lead to lower dust levels. 

A survey of equipment suppliers showed that most of the 
modern high capacity machines (300 kW or higher) are available 
with low arum speeds. This was not true of low seam or medium 
capacity machines which tended towards higher drum speeds. 

3.3 Phase II Objectives 

At the conclusion of Phase I, the scope of work was redrawn 
to include the following: 

• Complete the survey of operators to remove the uncer­
tainty due to a limited sample. 

• Gather further information from equipment suppliers to 
obtain more reliable estimates of current availa­
bility. enqinP.P.rin~ ~onstraint~ and futuro 
developments. 

• Produce and disseminate a state-of-the-art review of 
deep slow cutting to the longwall community, to define: 

The benefits to be achieved 

The equipment which is availahle 

The engineering constraints 

The prevailing misconceptions and pitfalls. 

Particular attention was to be paid to pointing out the effect 
of speed change on drum design and cutting parameters, since 



this is an area in which even the most progressive operators 
are prone to misconceptions. 

3.4 Phase II Results 

The survey started in Phase I was completed by contacting 
the majority of the remainder of U.S. longwall operators. The 
results of this survey were tabulated and included in the Phase 
II report. 

A similar exercise was conducted with respect to the 
shearer manufacturers who supply the u.s. market. There were 
contacted and information was gathered to update the picture on 
the availability of equipment for deep cutting. 

At the same time that this information was being obtained 
an analysis was performed on the impact of deep or slow cutting 
on the performance of the shearer and on the longwall mining 
system as a whole. At the end of Phase II this information was 
assembled into a draft review of the effects of deep/slow 
cutting which was to form the basis of a publication 

3.5 Phase III Objectives 

The objectives of Phase III of this subprogram consisted 
solely of refining the draft review of .the "state-of-the-art" 
of deep/slow cutting into a form suitable for publication in a 
mining journal. The journal Mining Engineering (a publication 
of the Society of Mining Engineers) was identified as a suit­
able medium and a draft submitted for their consideration. 
Following various editorial revisions, a feature article was 
accepted for publication in the March 1984 edition. This draft 
article is reproduced below. 

3.6 Technology Transfer Article 

A longwall operator can make few changes to increase 
output, significantly reduce respirable dust, and decrease 
power consumption. Reducing drum speed, and thereby cutting 
with increased pick~penetration, is one. 

This article defines the benefits of deep cutting in terms 
of reduced dust production and power consumption. It also 
identifies the practical aspects of high pick penetration i.n 
terms of shearer performance and coal loading. 

Before examining some practical aspects of reducing drum 
speed and looking at the theoretical background, it is 
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worthwhile to summarize what is meant by high penetration and 
deep cutting, and what potential benefits and pitfalls may be 
expected. 

Deep cutting (in the sense of high penetration rather than 
wide web) can be defined in one or more of the following ways: 

• Cutting with an average pick penetration distance 
higher than that used in ther past. 

• Cutting with a pick penetiation higher than the 
longwall operator would have used if the adv~ntages of 
deep and slow cutting were not consider~~-

• Cutting with a well-d~signed shearer drum below 40 rpm. 

All these definitior1s are slightly arbitrary. They are 
given to provide a basis for discussion and to make the point 
that any move towards deeper, more efficient cutting can result 
in operational benefits. 

The benefits of deep cutting appear in many different 
areas. The most noticeable benefit, provided suitable instru­
ments are available, is the reduction of airborne respirable 
dust. During an experiment on a longwall in the Pittsburgh 
seam, a nearly four to one reduction in dust levels was seen 
when drum speed was halved. Not all studies have shown s~ch a 
big reduction, but it seems that some benefit is almost always 
obtained when drum speed is reduced. 

Production rate. and specific power consumption are also 
affected (in a positive sense) by reducing drum speed or 
increasing pick penetration. Although these changes may not be 
as spectacular as those in dust level, they contribute to the 
economic return of the longwall operation. Similarly, improved 
washability through fines rennr.tion may have a h~n~fici«l 
econumlc e~f~~t. 

Cutting with shearer drums operating at lower speeds does 
have some possible d~letQriouc impacts that dll operator should 
be aware of. 

For example, cutting reactions -- loads imposed on the 
picks by the coal being cut -- will be increased as a deeper 
cut is used. Steps must, therefore, be taken to ensure the 
stability of the shearer and provide an adequate haulage 
effort. These increased cutting re~ctions also result in 
higher loads on the power transmission system (gearboxes, 



ranging arms, pick boxes, etc.) from the shearer motor(s) to 
the pick tip. These higher loads must be anticipated and 
provided for with the necessary hardware. In particular, extra 
haulage power must be provided with low drum_speeds, since 
haulage effort required increases roughly in proportion with 
pick penetration. 

Because the drum will be rotating more slowly or will have 
fewer picks, the load on shearer components will also be more 
variable. If suitable, robust equipment is not used, this 
increased vibration will decrease reliability. 

Benefits of Deep cutting 

Lower dust levels, decreased specific power consumption, 
and improved product washability are the most noticeable 
benefits of reduced drum speeds. Although the benefits will 
vary greatly with mining conditions and the type of coal, some 
examples of what can be expected are described below. 

Reduced Dust Levels 

Figure 3-1 shows principal results of a study on the 
effects of reduced drum speed conducted on a longwall in the 
Pittsburgh seam (Ludlow, 1981). This figure shows that average 
dust production was reduced by about 70 percent when drum speed 
was halved. By making some assumptions about such quantities 
as coal density, it is possible to apply this proportional 
reduction to the quantity of ~espirable dust liberated per ton 
of coal mined. When this is done, two kinds of results are 
obtained: 

• At 70 rpm about 1 g (15 gr) of airborne respirable 
dust is created for every ton mined (roughly one part 
per million). At 35 rpm, only 0.28-0.37 g/t (3.9-5.1 
gr per st) of coal mined became airborne respirable 
dust. 

• At 35 rpm, nearly four times the amount of coal may be 
mined before the compliance level is exceeded, com­
pared with 70 rpm. 

These results depend on many factors, such as ventilation 
velocity, dust monitor position, and mining cycle. They show 
however, the tiny proportion of coal that becomes air.borne 
respirable dust, and the potential impact on achievable produc­
tion that results from reducing dust make. 
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Specific Energy Reduction 

Although the theoretical association between specific dust· 
make and specific power consumption is widely accepted. it does 
no harm to point out that when the two quantities are derived 
from observed measurements. the expected relationship does 
occur. 

During the deep cutting shearer trial. the average values 
for shearer speed and power consumption were obtained at each 
drum speed. It was possible. therefore. to derive the follow­
ing estimates of specific power (or energy) consumption 
at each of the four drum speeds: 

Drum speed 
{rpm) 

35 

45 

55 

70 

Specific energy 
(kW per st) 

0.28 

0.30 

0.42 

0.41 

These figures show a reduction of about 35 percent in 
overall specific energy between higher and lower speeds. This 
difference was due to a reduction in overall power consumption 
and an increase in production rate at lower drum speeds. 

There have been few direct measurements of the power 
required to cut and load coal. In moderate cutting conditions. 
however. the required shearer power commonly used is 
0.33-0.5 kW/pert. (0.3-0.45 kW per st). The results referred 
to above confirm this practice. 

These results and conclusions again relate to a single set 
of measurements in a mine chosen to represent an ••average" u.s. 
longwall. Although they cannot be presented as definitive. 
they do confirm widely accepted principles. 

Improved Washability 

All available evidence suggests that increasing the cut 
depth produces a product containing few fines. Depending on 
the kind of washing or preparation used. deep or slow cutting 
will either cut costs or improve coal preparation efficiency. 
Principal coal preparation areas where improvement or economic 
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savings may be achieved are fugitive dust control, fines 
dewatering, replacement of separating media, and tailings 
disposal. 

What Happens at the Pick When Drum Speed is Reduced? 

The maximum pick penetration per revolution is determined 
only by shearer haulage speed, drum speed (rpm). and number of 
picks per line. Figure 3-2 shows how these are related. 

In deeper cutting. as the pick engages a bigger bite of 
coal, the force requir~rl to removQ the chip of coal in front of 
the pick increases. This increase is about in proportion with 
the increase in penetration depth. Figure 3-3 shows wh~re the 
forces (F) acts and how it may be broken into two components. 

When pioko are arranged around a drum as shown in 
Figure 3-4, the normal component (FN) and tangential 
components (FT) of the cutting reaction act in many different 
directions with respect to the shearer hub. These forces can 
be summed to yield two perpendicular forces and a torque at the 
drum hub. 

Drum torque (Tc) and the reactions FHc and Fvc 
increase as the depth of cut increases. If, however, the pick 
is made to bite deeper by slowing down the drum•s rate of 
revolution (see Figure 3-5), the power required to cut the coal 
(proportional to the product of Tc and N) may not increase. 
In reality, the increase in Fe is nearly always smaller than 
the teduction of N. T~1s. the power required to cut a specific 
volume of coal is reduced as drum speed is reduced. The 
increase in the horizontal component (FHc> is not matched by 
any reduction in the shearer haulage speed (V). The haulage 
power required (proportional to FHc times V) will, therefore. 
increase as depth of cut increases. 

Engineering Impacts 

Cutting and Haulage Loads 

The manner in which the cuttinq forr.P.s chanqe witn pick 
peneLration depth was noted above. In summary. cutting torque 
(tangential force) requirements will be greater as penetration 
increases. This rise, however. will be less than the increase 
in pick penetration (and material removed). Horizontal reac­
tion will also increase nS pick penetration increases. This 
results in a steady increase in the required haulage effort. 
Therefore; at high drum speeds, the machine's ability to 
produce is limited by the high overall power requirements of 
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inefficient cutting~ At low drum speeds. the ability to 
produce is likely limited by required increased haulage effort 
and the high torque (not power) requirement of deep cutting . 

. Changes required to reap the benefits of deep cutting with 
slow-speed drums are: 

• Increase the haulage effort that the shearer can 
safely generate to take advantage of a situation in 
which horizontal reaction forces increase with cutting 
efficiency. 

• Provide a haulage system that is mechanically or 
hydrodynamically capable of propelling the shearer at 
a speed high enough to take advantage of efficient 
cutting. 

• Recognize that. although cutting power may be reduced 
as drum speeds are lowered. there will be an increase 
in average torque levels in all parts of the power 
transmission patch. 

The trend towards higher haulage efforts has continued 
since the introduction of the shearer. Chainless haulage has 
the potential to absorb higher haulage loads. It also does not 
present the safety hazard or dyn3mic instability problems 
caused by energy stored in a stretched haulage chain. 

A shearer•s ••top speed" is often avoidably limite~ by 
haulage system design. Most modern systems are hydraulic or de 
electric traction driven. In hydraulic haulage. speed is 
determined by pump input speed (fixed) and maximum pump dis­
placement (variable). The need to reduce flitting time when 
unidirectional cutting is employed also suggests that tramming 
speeds should be increased. 

Changes in the horizontal force balance. as a consequence 
of reduced drum speed. increases the crabbing moment. which 
must be resisted by the shearer•s trapping and guidance 
system. This moment is a consequence of the horizontal reac­
tion (at the drums) and the haulage forces being in different 
vertical planes. The result is a moment around a vertical axis 
through the shearer. which tends to crab the shearer into the 
face. 

Gear Loading and Reliability 

As drum speeds are reduced. the mean value of the torque 
tran~mitted to the drum by the gear transmission will be 
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increased. A more radical increase will also take 'place in the 
momentary peak values of torque, since cutting loads are shared 
between fewer picks. This change in the mean value of load and 
the dynamic duty cycle will have considerable impact on the 
performance and reliability of power transmission gearing. 

Gear tooth failure may then occur as a result of fatigue 
from high peak loads and surface effects due to high contact 
loads. Both modes are exacerbated by the need to choose deep 
tooth profiles that will accept the distortion occurring in the 
ranging arm. If drum speeds are reduced, bearings will also 
experience additional duty. 

T~~ ~h~~t~t desi9ner taces ~he prnhiAffi ot incorporating a~ 
much speed reduction as possible in the final gear stages close 
to the cutting drum, enabling the remainder of the transmission 
~o Operate at high speeds and low torque. !n a conventional 
machine, initial speed reduction occurs at bevel gears on the 
motor•s output. Further reduction occurs at the fixed 
gearhead. Little or no teQUCtion occurs in the rnnqinq nrm, 
where the gears are coplanar to minimize ranging arm thickness 
and the effects of bending. The final speed reduction occurs 
at the end of the ranging arm within the drum hub. Volume con­
straints present the greatest challenge t6 designers of ihearer 
transmissions. 

Epicyclic gearing is used to maximize the reduction that 
can be taken in a given diameter. The useful speed ratio of a 
single stage epicyclic gear set is in the range of five or six 
to one. Therefore. if a minimum speed of 7.00 r.pm is specified 
for ~he ~ransfer gears in the ranging arm, a lower limit to 
drum speed in the 30-40 rpm range must be accepted. 

" As a response to this constaint, Gebruder Eickhoff has 
employed a two-stage planetary gear in the special ranging arm 
for the EDW 300 shearer. It operates at 27 rpm. As a con­
sequence of the two-stage gear•s axial length, the shearer drum 
is offset slightly. As a result, the distance between the roof 
support and new coal face is increased. 

Tool Loading 

When drum speeds are reduced, overall cutting loads 
increase. The number of picks sharing this overall load is 
decreased. Higher cutting loads usually first reveal any 
inadequacy in picks and pick boxes (lugs). Lat~r. some latent 
transmission problems will become apparent. 

As pick penetration increases to 70-100 mm (3-4 in.), the 
number of picks employed to achieve a vane pick line spacing to 



penetration ratio of 1:1 falls to less than 10. Since the 
cutting process is discontinuous. it is possible for the full 
cutting effort to fall on a small number of picks. This is 
especially true if a discontinuity. such as a sulfur ball. is 
suddenly encountered. If 224 kW (300 hp) is delivered to a 
single pick. the resulting cutting load can be about 178 kN 
(40.000 lbf). with no allowance made for the torque multiplying 
properties of an induction motor or inertia loading. · 

Special attention must. therefore. be payed to pick speci­
fication. pick box design. and mounting on the shearer. The 
forward attack pick has some significant structural advantages. 
since cutting loads are usually directed along the axis of the 
pick and are born in compression rather than bending. 

The detail design of the transmission of cutting load to 
the pick holder is of great importance. If the load is trans­
mitted by line or point contact. local distortion of the pick 
box will occur. The resulting sloppy fit of the pick in the 
box will result in rapid deteriotation and possible breakage. 

Side loads on picks will also increase. along with loads in 
the cutting plane and loads in misaligned pick boxes. When low' 
speeds and lower pick densities are used. the consequences.· in· 
terms of increased loads on adjacent picks of a single damaged 
or missing pick. are much greater. Particular attention must 
be paid to timely replacement. 

Mining Impacts 

Effect of Drum Speed on Drum Design 

The shearer drum performs two functions. First. it trans­
mits torque to an array of picks that are arranged in a suit­
able manner for coal cutting. Second. it removes broken coal 
from the cutting zone and deposits it on an armored flexible 
conveyor. The overriding constraint on drum design is that a 
pick must be located where there is a vane to support it. 

Coal Loading from Shearer Drums 

The modern shearer drum can be thought of as a short-length 
screw conveyor with a large diameter hub and flights of rela­
tively low height. This screw conveyor usually has two or 
three starts. The flights never achieve more than one complete 
revolution around the hub. The flights terminate as a circular 
end plate (referred to as the back plate) that has the 
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same overall diameter as the flights. The trough, or shroud, 
within which the screw conveyor is located, retains the con­
veyed material and is formed by uncut coal and the loading 
cowl. Various shearer drum components are shown in Figure 3-6. 

The limited amount of information available on the perform­
ance of the shearer drum as a screw conveyor seems to agree 
with the rules and recommendations incorporated in various 
design guides for screw conveyors (FMC Corp, 1973). The most 
important guidelines are that the maximum speed determined by 
conveyor dimensions should not be exceeded, and the conveyor 
should not be more than about 30 percent full. These two 
considerations set an upper and lower speed range for reason­
ably efficient loading. Above the maximum speed (determined by 
diameter and vane angle}, the material will not slide on the 
vane but will be carried with the vane on a radial path and be 
recirculated or thrown out of the drum somewher~ along its 
length. Below the minimum speed, the drum will choke and 
overfill. Consequently, there will be recirculation, abnor­
mally high power consumption, and considerable dust-p~oducing 
mechanical coal breakage in the drum. 

Drum Design for Low Drum Speed 

The "fill factor" is the most important parameter when low 
drum speeds are considered. If it exceeds a critical value 
(about 30 percent), the drum will choke. 

The fill factor is determined by the volume of coal passing 
through the drum, divided by the volume available for loading. 
Although no accepted model is available for the loading action 
of shearer drums, some guidance can be obtained from simple 
geometry. For instance, if numerous small effects are neg­
lected, the fill factor can be approximated by the volume of 
(cut) coal loaded per minute divided by the volume swept by the 
vane helix in one minute. 

To keep the fill factor low as production increases, three 
changes can be made to drum design: 

• The drum speed can be increased 

• The vane depth can be increased by increasing overall 
drum diameter or reducing the drum hub di~meter (or 
both), and 

• The vane angle can be increased. 



BACKFACE RING 
OR 11 SUMPING RING 11 

FIGURE 3-6. -Shearer drum components (most picks omitted). 

The first approach is patently undesirable. The second is 
likely constrained by practical considerations, such as the 
diameter of the ranging arm hub or seam height. An increase in 
drum diameter is, however, an effective way of reducing the 
drum fill factor. The increase in swept volume is proportional 
to diameter cubed, while the increase in volume of coal to be 
loaded is proportional to the first power of diameter. 

Increasing the vane angle is a viable means of counter­
acting the effect of reduced drum speed on loading efficiency. 
Care must be taken, however, to avoid increasing the pitch to 
the point at which recirculation becomes excessive. 

The need to avoid choking the drum is only one factor that 
must be considered as drum speed is reduced. Steepening the 
vane angle has many significant effects. The most important of 
these is the reduction of vane length, which can result in the 
vane wrapping around less than half of the drum circumference 
(180 deg) between the face side and the gob side. The portion 
of the circumference covered by a van~ is refer~ed to as the 
"wrap". For a two-start design, the minimum feasible wrap is 
about 200 deg - each vane must overlap by 20 deg. If vane 
angle is steepened and a shorter wrap results, the designer is 
forced to a three-start design, which has important 

61 



62 

implications for pick spacing and lacing. Since a two-pick per 
line design is no longer feasible, a choice must be made 
between one and three picks per line. At a haulage speed of 
6 m/min (20 fpm) and 30 rpm, the drum advance per revolution is 
203 mm (8 in.). At this speed, there is excessive penetration 
at one pick per line. However, at three picks per line, the 
penetration achieved (68 mm or 2.7 in.) is lower than optimal. 

A second effect of shorter vanes is that vane length may 
not accommodate the number of picks that must be mounted on 
it. Each pick box (lug), water spray, and supporting vane 
material may require 255 to 305 mm (10 to 12 in.) of vane 
lenqth for each pick. 

This analysis suggests that when drums are specified for 
deep-slow cutting, attention must be paid to optimizing their 
design. Strategies that might optimize drum performance 
include using graded pick lacing and vanes 'that are steeper on 
the gob side. 

Other Mining Impacts 

When low drum speeds are used, there may be other impacts 
on the mining environment, such as roof and floor condition. 
If significant coal or rock is left between adjacent pick lines 
at the roof or floor, the phenomenon is referred to as coring. 
The use of high pick penetration will promote the use of widely 
spaced cutting lines to achieve the optimum penetration to 
spacing ratio. At the roof and floor where penetration is 
zero, spacing is excessive and coring may result. If coring is 
extreme. difficulties in roof control due to deteriorated 
contact between the canopy and the roof may be encountered. 
Similarly. a badly cored floor may affect conveyor advances. 

Effective horizon control is a second potential difficulty. 
since unbalanced cutting forces will increase at lower drum 
speeds. If these increased forces make it more difficult to 
maintain or change horizon smoothly, difficulties in roof 
control or support operation may be encountered. 

Equipment Availability 

Until recently, the longwall shearers market has been 
dominated by foreign manufacturers who have not found it 
necessary to design specifically for U.S. longwall mine condi­
tions. Shearers delivered to the United States have, there­
fore, reflected mine requirements of the manufacturers• 



home market or other dominant markets. Anderson Mavor (United 
Kingdom), Eickhoff (West Germany), and Sagem (France) are 
dominant foreign manufacturers. Joy Manufacturing Co. of 
Franklin, PA, has recently joined these companies as a leading 
manufacturer. 

When high-powered machines are considered - 335 kW (450 hp) 
- all these manufacturers offer equipment that will operate 
with drum speeds of 30 to 40 rpm. Eickhoff, Anderson Mavor, 
Joy, and Mining Supplies (American Longwall) can supply 
machines with low drum speed settings in the high 20s to low 
30s, which represents the lower limit of drum speed currently 
supplied and warranted. 

Smaller machines, ironically, tend to be available only 
with 45 rpm or higher drum speeds. Eickhoff offers a double 
planetary version of the EDW150-2L. It has a drum speed of 
~1 rpm. althouqn none has~ so far, been put into service in the 
United States. 

When shearer manufacturers were questioned about the lowest 
feasible drum speeds, it became apparent that the amount of 
torque that could be carried by the gear train in the ranging 
arm was seen as a major constraint. Although answers were no:t 
unanimous, it was clea~ that if a 300 to 375 kW (400 to 500 hp) 
machine is considered, 25 rpm might represent the lowest 
feasible speed. If a more modest power consumption was con­
sidered ( 150 kW or 200 hp), speeds in the 15 to 20 rpm range_ .. 
might be achievable. In fact, such a low speed ranging arm has 
recently been tested by the National Coal Board. 

conclusions and Recommendations 

The use of low drum speeds to achieve deeper cutting is 
becoming more widespread in the United States. Longwall 
operators should, therefore, consider using low drum speeds in 
light of the following factors: 

• Slower drum speeds and increased pick penetration will 
lead to a reduced dust make. This will likely be 
coupled with an appreciable increase in production, if 
other constraints are not encountered. 

• Achieving increased pick penetration by reducing the 
number of picks per line does not seem~to be as 
effective as obtaining the same increase by reducing 
drum speed. 
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• ·The impact on the shearer's operating environment 
should be examined when low drum speeds are con­
sidered. In particular. the tendency of machines 
operating at low drum speeds to require increased 
haulage effort and improved trapping must be 
recognized. 

• The drum•s capacity to adequately load coal at reduced 
speed should be examined, and appropriate changes be 
made in drum design. 

• The principal engjneering impacts of reduced drum 
speed are increased loads on all power and load 
transmission ~lements, from the pick up to the shearer 
gcarhead. Picks anu pick boxes (lugs) must be 
designed for this load, as must the qearhead and 
ranging arm gearbo~es. The lack of significant 
reports or reduced shearer reliability by u.s. long­
wall operators using low drum speeds suggests that 
shearer suppliers have been cautious in ensuring 
adequate. design margins. 
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3.7 Completion of Final Report· 

The only remaining substantial activity on this subprogram 
will be the completion of the final report. This will be based 
upon the state-of-the-art review assembled in Phase 2 and 
updated as necessary. The outline of the report which is given 
in Table 3-1 lists the major topics which this report will 
address. 
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TABLE 3-1. - Outline of subprogram final report 

1. Introduction 
•, 

2 . Theoretical and Experimental Background to Deep/Slow 
Cutting 
2.1 Theoretical Approach 
2.2 Experimental Results 

3. Underground Experience with Deep Cutting 
3.1 The Large Pick Shearers 
3.2 Deep Cutting Continuous Miners 
3.3 rr:he Deep Cutting Shearer Evaluation 

4. Benefits of Deep Cutting 
4.1 Reduced Dust Levels 
4.2 Reduced Specific Energy 
4.3 Improved washability 

5 . Engineering Impacts 
5.1 cutting and Haulage Loads -

5.2 Gear Loading and Reliability 
5.3 Tool Loading 

6. Mining Impacts 
6.1 Coal Loading and Drum Design 
6.2 Coal Loading from Shearer Drums 
6.3 Drum Design.for Low Drum Speeds 
6.4 Other Mining Impacts 

7. Equipment Availability 
7.1 Current Equipment 
7.2 Future Trends 

8. Conclusio.ns and Recommendations 
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4. SUBPROGRAM C - STAGELOADER DUST CONTROL 

4.1 Overall Objective 

Intake air contamination on antitropal longwall panels has 
been documented as representing as much as SO percent of the 
eight (8) hour time weighted respirable dust exposure for face 
personnel. An important goal of dust control research on 
longwalls is to reduce intake contamination levels originating 
trom tfi~ ~t~O~lO~d~t. erusn~r. and transt~t points. TO meet 
that goal, the specific objectives of this subprogram are to 
design, develop and evaluate a system to control airborne 
respirable dust generated by equipment in the headgate area. 
These objectives are being accomplished through the following 
tasks: 

• Field Evaluations of various dust control measures at 
three mine sites to quantify the effectiveness of a 
total stageloader dust control system. 

• ·Laboratory Investigations of system components which 
appeared to be practical and effective after the first 
two in-mine evaluations. This study will result in an 
optimized dust control package for the third and final 
field trial. 

• Manufacturer's Survey to determine design parameters 
for the control ayatem components and to document dust 
control features (current and future) being designed 
into and supplied with stageloader equipment packages. 

4.2 Summary of Phase I and Phase II 

During Phase I, a three week field evaluation was conducted 
at Emery's Deer Creek Mine. A water powered scrubber was in­
stalled outby the crusher on an uncovered staqeloader. Early 
in the investigation the need for additional techniques to 
control the major sources of intake contamination became 
apparent. This resulted in the development of a system of both 
active and passive controls consisting of spray air movers and 
brattice and belting. The final system reduced intake contami­
nation levels along the face by 50 percent while reductions at 
the headgate operators controls approached 85 percent. Opera­
tional problems at the mine during the study prevented the · 
determination of the effectiveness of each component sep­
arately. A detailed account of the first field investigation 
was included in the Phase I report. 



During Phase II a second evaluation was conducted at Price 
River Coal Company at Helper. Utah. The evaluation was planned 
so that the effectiveness of specific dust controls could be 
evaluated. The system design was forwarded to Price River in 
preparation for the installation and evaluation. Prior to the 
start of the evaluation. Price River enclosed the st~geloader 
and installed a commercial water powered scrubber on the. outby 
side of the stageloader crusher. 

The evaluation attempted to quantify the effect of the follow­
ing conditions on dust levels within the headgate and in intake 
to the face. 

• Open stage loader 

• Partially enclosed stage loader 

• Fully enclosed stage loader 

• Fully enclosed stage loader plus spraybars 

• Fully enclosed stage loader plus commercial scrubber 

• Fully enclosed stage loader plus spraybar and commer-
cial scrubber. 

The following conclusions were drawn from the Price River 
evaluation and a confirming laboratory evaluation: 

• Respirable dust concentrations as an average of 
measurements at the first 20 shields were reduced by 
approximately 81 percent by: 

Enclosing the otageloader with a steQl top 

A "J-SAM" scrubber outby the crusher 

A spraybar within the stageloader enclosure inby 
the crusher 

A venturi spray at the transfer point to the main 
belt. 

• Most of the respirable dust within the enclosed 
stageloader was generated on the inby side of the 
crusher. Inby the crusher is. therefore. the pre­
ferred location for installing a scrubber. and outby 
the crusher location may not have been a fair test of 
scrubber performance. 
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• . Within an enclosed space. such as a stageloader. a 
spraybar with BD8-1 or BD-5 nozzles is more effective 
for reducing respirable dust concentrations than a 
"J-SAM" scrubber with 1/4 W4002 noz:zles at comparable 
water pressures. 

A detailed account of the Price River evaluation and 
confirming laboratory study was included in the Phase II Report. 

4.3 Phase III Activity 

Th~ ~ffort du~ing Phase III foouocd on loeatinq a site to~ 
a tnitd evaluation of stage loader dust controls and prelim­
inary test planning for the evaluation. 

The following subsections present the results of prelim­
inary site visits to: 

• Florence No. 1 Mine - North American Coal co. 
• Wilberg Mine - Emery Mining Co. 

Preliminary plans for the third evaluation are also presented. 

4.3.1 Florence Mine - Preliminary Visit 

un. June B and 9. 1983 a preliminary visit was made to the 
Florence No. 1 Mine. North Ameri~an Coal Corp. During the 
visit dust concentrations were sampled within the headgate and 
a1onq tne tace to establish the' contribution of the stageloadet 
to intake contamination on the face. The stageloader was fully 
covered and fitted with spraybars. Sprays were also fitted on 
all ~he ~ranstet points. 

Dust levels measured close to the crusher averaged approx­
imately 1.5 mg;m3. Intake dust levels measured over the 
first twenty shields on the face ~veraged 1.6 mq(m3, The 
ventilation in the headgate. however. was only 12,000 cfm. 
This ventilation rate was half the airflow normally on the face 
and was considered only temporary. It was concluded. 
theraforQ, that when the full ventilation airflow wa~ r~stored 
dust concentration within the headgate and in the face would be 
approxim~tely 1/2 of these measured. 

The predicted lower levels of dust within the headgate and 
on the face.made this site margin~l for the evaluation. 



4.3.2 Wilberg Mine - Preliminary Visit 

On February 2. 1984. a preliminary visit was made to Emery 
Mining Corp•s .• Wilberg Mine. The face was equipped with an 
Eickhoff EDW 400 double ended ranging drum shearer that cut 
approximately 9 ft. The primary cutting pass was from tailgate 
to headgate. with cleanup on the headgate to tailgate pass. 
Every other shield was pulled up. on the cutting pass with the 
remainder advanced during the clean-up pass. During normal 
operation the shearer cuts with the leading drum lowered and 
trailing drum raised. 

During the survey. two cutting passes were monitored. Dust 
levels upstream of the shearer and at the shearer operators 
position were measured. The results showed low intake dust 
levels as the shearer began its cutting pass from the tail­
gate. By the time the shearer had cut to shield 20. however. 
the intake dust was above 2 mg/m3. 

Figure 4-1 shows dust levels measured in the intake. {upwind 
of the shearer) and at the shearer operators position as a 
function of shield number for the cutting pass. Intake dust 
levels were contributing up to 75 percent of the dust level 
measured at the operator. In a meeting after the underground 
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~SHEARER OPERATOR 
~--~INTAKE 

SHEILD NUMBER 

FIGURE 4-1. - Dust concentrations. shearer cutting from 
tailgate-to-headgate - Emery Mining 

corp's .• Wilberg Mine. 
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visit, mine management expressed interest in cooperating with 
Foster-Miller in a stagelo?der dust control evaluation. 

Since the visit a letter has been sent to Wilberg Mine 
officially requesting their cooperation for the evaluation. 
The request is currently being reviewed by Emery's cooperate 
headquarters. 

4.3.3 Test Planning for Third ·stag~loader Evaluations 

Previous stageloader evaluation~ nave been conducted by 
mapping the headgate and intake regions using instantaneous 
dust monitors. This technique was the best available approach 
when the last evaluation was performed. The problem with this 
method, however, is that conditions within a headgate are 
dynamic. ·Manual sampling takes 20 min to completely sample all 
points within the headgate. During this time conditions can 
change and influence the test results. To minimize the effects 
requires simultaneous sampling and recording at each test point. 

Since the last survey. Foster-Miller has been granted MSHA 
approval for an instrumentation system using a multichannel 
data logger. This system will allow the placing of continuous 
monitors in strategic location~ within the headgate and the 
face. Using this system it will o~ possible tu characterize 
the dust. levels under changing conditions. 

We currently plan to conduct the third evaluation in three 
phases: 

• Baseline testing with open stageloader and no controls 
applied 

• Tnt~lly ~n~losed stageloader, with no controls applied 

• Totally enclosed stageloader with spraybars placed to 
achieve optimum control. 

4.4 Phase IV Effort 

The remaining major tasks on this subprogram include: 

• Third in-mine evaluation of a stageloader dust control 
system 

• Transfer of technology to industry and final reporting. 



It is expected that an agreement will sop~ pe reached w~th 
Wilberg Min~. T~e proposed ~c~edule fOF the evaluation shows 
it be~ng co~pleted by May. 19~4. · 

Once the. th~~d ~v~+~atlo~ is completed, the ~esults will be 
documented in ~ mine report.· The ~e~ult~ of ~~e enti~e effort 
will be prepared fPF iqql~sion iQ th~ Fin~l ~epo~t. A p~per 
Will al~O b~ prep~r~d ~Q~m~~izing the re~~lt~ pf' thiS program 
and o~~ recomme.nda~~on~ to ~rans~er ~he: ~e.c~nolqgy to t~e 
minin9 i~du§try. · · 

.. 
'• 
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5. SUBPROGRAM D - LONGWALL AUTOMATION TECHNOLOGY 

5.1 Overall Program Objectives 

The automation of the longwall face is an elusive goal that·. 
has been pursued intermittently during the last twenty years. 
The potential benefits of automation are in the areas of 
improved production and increased safety. 

Although automation has not yet been widely adopted on 
United States lonqwalls, it appears that several components of 
the automated longwall have significant potential for reducing 
dust exposure of face personnel. The Longwall Automation 
Technology subprogram was conceived to assess the benefits of 
automatic and remote operation of longwall equipment and to 
identify the problems, both real and perceived. stalling its 
introduction and use on United States longwalls. 

5.1.1 Phase I Results 

The princip~l areas in which automation can be applied on 
longwall faces are as follows: 

• Horizon control 
• Face alignment 
• Support advance 
• Shearer control. 

At the initial stage of this subprogram, the last two methods 
of automation were identified as having the greatest potential 
for actual application and impact on operator dust exposure. 

The first practical step taken was to conduct an industry 
survey to identify the equipment that was available and the 
extent of its application. To this end, contacts were made 
with various manufacturers and mine operators. 

The principal conclusions of this initial survey were: 

• Automated roof SUR£Orts had several advantages relat­
ing to roof control and face operations. The most 
obvious disadvantage was the complexity of the automa­
tic systems relative to current systems and the level 
of expertise available for maintenance. Penetration 
of the United States longwall market was, at that 
time, currently limited to two or three faces.· 



e Shearer remote control systems were much more common: 
since most manufacturers offer either radio or remote 
control. Actual use of radio remote control appeared 
to be very limited since. most installations appear to 
be specified as insurance against future dust problems 
or against face spalling and 11 rock throwing .. hazards 
in high coal. 

• Umbilical remote control was found to be more prac­
tical and was in use on several faces. 

5.2 Phase II Objectives 

The initial aims of the second phase of this subprogram 
were to: 

• Determine the availability of longwall equipment 
suitable for automation or remote control. This was 
to be achieved by meetings with equipment suppliers 
and review of appropriate ·publications 

• Further investigate the acceptance of automation and 
remote control by the longwall community by means of 
telephone contacts and mine visits 

• Quantify the reduction in operator dust exposure that 
could be expected through the combination of various 
types of auto/remote control equipment with different 
mining cycles and mining conditions. 

The effort on each of these investigations was to be 
divided between automation of roof supports and remote control 
of shearers. 

5.2.1 Synopsis of Phase II Results 

5.2.1.1 Availability and Acceptance 

Shearer Remote Control 

The meetings that were held with shearer manufacturers 
confirmed that ail manufacturers offered some kind of remote 
control. Where the method of remote control was by radio. 
there was a ve~y low level of utilization even when it was 
fitted to.the shearer. The reason for the low level of 
utilization was the relative complexity and low reliability of 
the equipment. Some shearer designs such as the Joy lLS allow 
umbilical remote contact to be implemented with comparative 
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ease. It appears that where umbilical remote control is 
provided it will be used for at least part of the cutting cycle. 

Automated Roof Supports 

In the Phase II report the availability of the Dowty 
electronic automatic control system was noted. This sy~tem 
greatly simplifies the "plumbing•• of automatic (strictly 
speaking - remote) support operation while increasing its 
flexibility. During Phase II none of these systems had been. 
installed in the united state although several ate reported to 
be in use in the UK and Australia. At the time of the Phase II 
report the only automatic support systems employed in the 
United States were at AEP's Martinka mine in West Virginia. 

5.2.1.2 Impact on Dust Exposure 

Two mine site visits occurred in Phase II which resulted in 
data that compared conventional and remote shearer operator 
dust levels. Data from Meigs Mine showed that the headgate 
shearer operator experienced 46 p~rcent less dust during 
cutting (to the tailgate) if he operated the machine with a 
15 ft umbilical. 

A more detailed study at Quarto No. 4 compared exposure of 
operators on each segment of the longwall cycle. This study 
shOwed nQ benefit to the tailgate drum operator trom moving 
20 ft outby. This was due to dust generated by the upwind 
drum. The operator at the headgate end of the machine was 
spared 75 percent of potential dust exposure by moving 20 ft 
upwind. 

5.3 Phase III 

5.3.1 Phase III Objectives 

The longwall automation subprogram was conceived as being 
conducted with intermittent effort. It was expected that the 
program schedule would be designed to maximize potential for 
cost-sharing by taking advantage of meetings and visits 
arranged for other subprograms. With this in mind a relatively 
limited scope was defined for Phase III of the subprogram. 

In the area of shearer remote control this included: 

• The generation of further data on the benefits and 
practicality of shearer remote control 



• A meeting with a user of radio remote ~ontrol to get 
the user's point of view on the maintenance/ 
reliability issue. 

Similar goals were set with respect to automatic/remote 
support operation. Specifically these included: 

• Measurements to establish the benefit of remote 
support operation 

• A meeting with the sole current United States user of 
remote operation 

• Evaluation of the use of canopy extensions to provide 
immediate roof support (IFS). 

An additional objective .of Phase III was the generation of a 
"Tech News Brief" on remote shearer operation. 

5.3.2 Shearer Remote Control 

5.3.2.1 In Mine Studies 

Two studies were conducted during this phase which were 
aimed at further defining the effect of moving shearer 
operators further away from the shearer. 

ARMCO Walhonde No. 7 

The first of these took place at the ARMCO Walhonde No. 7 
mine in Montcoal, west Virginia. At tnis mine an Eickhoff 170 
shearer was employed to extract 66 in. of coal. The mining 
cycle employed was full bidirectional. The situation on this 
face at this time was notable for the high level of dust at the 
shearer operator's position. Foster-Miller observers ascribed 
this to the following factors: 

• The extraction of several inches of roof and 
floor/rock and an 8 in. thick midstream parting 

• A low ventilation velocity of under 150 ft/min 

• Low water pressure and flow to the cutting drums 

• A shearer configuration that produced a very distinct 
~pwind plume of dust. 
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Two pairs of measurements were made in an attempt to define 
the effect of moving the operator to different positions. In 
these measurements the actual shearer operator's exposure was 
monitored along with the exposure at a nominal "remote" 
operator's position. This procedure was repeated for remote 
positions 12.S and SO ft upwind of the shearer. The results 
which are shown in Table S-1 suggest that in this situation 
only slight relief was available by moving a modest distance 
(10 to 1S ft) from the machine while at a mucn qreater distance 
{~0 tt) a notional opcr~tor was in a much imptov~d ~nvlronmen~. 

This survey was co~ducted as part of another evaluation and 
the results above are based upon a very small data set. 
However, it is clear that in this case the operator would have 
to move a significant distance from the machine in order to 
avoid the upwind dust cloud. It is unlikely that the machine 
could be adequately controlled from the kind of distance 
(greater than 30 ft) that this would require . 

A more extensive evaluation took place at Quarto No. 4 
which involved measurements on both the 4 south and 3 North 
Longwall at that mine. 

North American Coal Quarto No. 4 

The 4 South Longwall at Quarto operates in the Pittsburgh 
seam and extracts approximately 66 in. with a Joy 1LS cutting 

TABLE S-1; - Summary of remote control data from 
ARMCO Wa thOI1~~ ...... n.Q .. : ... _.1 .... 1!l.ill 

Mcaourement Average level 
number Measurement position (mg/m3) Percentage 

... 
:~ 

l ShearP.r operator 13.7 100.0 

1 Shearer operator 9.3 68.0 
+ 12.S ft 

2 Shearer operator 16.7 100.0 

2 Shearer operator 1.1 6.1 
+ so ft 



with a full bidirectional cycle. Once again. simultaneous 
measurements were made at both conventional and potential 
remote_control locations during representative parts of the 
cutting cycle. Table 5-2 shows the relative dust exposures 
that were calculated for these positions. It is apparent that 
the headgate·operator will benefit greatly from a move 20ft 
upwind but that a similar move for the tailgate man would 
result in a substantial increase in dust exposure. In order to 
determine the reason for these changes the dust profiles around 
the shearer were examined. These profiles. which are illus­
trated in Figure 5-l. show that. when the shearer-is cutting 
into ventilation. there is a large peak in dust level close to 
the headgate operator. If the tailgate man moves from one end 
of the machine to the other he will in this case be moving from 
a low to a high dust concentration. Unfortunately data was not 
available to fully describe the dust profile around the shearer 
during head to tail cutting. 

The 3 North Lonqwall at Quarto ciffered from 4 south in 
that it was fitted with a "shearer clearer•• system which is 
designed to confine dust to the face side of the shearer. 
thereby providing improved operator environment. The opportu­
nity was. therefore. taken to compare exposures at the two 
operators• positions with and without the shearer clearer. 

TABLE S-2. - Summary of remote control data from Qua~to No. 4. 
4 South Lonqwall 

-- -·-··-···-. -· ···--

Dust exposure at measurement position -
(mg/m3) X min 

Tailgate Headgate Headgate operator 
Activity operator operator plus 20 ft 

Cutting to headgate 44.7 91.3 10.5 
(shield 75 to cutout) 

Cutting to tailgate 30.7 41.8 19.2 
(shield 25 to cutout) 
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FIGURE 5-l. - Shearer dust profiles Quarto No. 4, 
4 South Longwall. 

Table 5-3 shows the dust eYposurQ& calculated for the 
various conditions. These data, which were based on only one 
full cycle of cutting in each direction, show that the shearer 
clearer ~as apparently very effective in reducing dust exposure 
at both operator positions. While the sh~arer clearer waG 
operating, the two operators received similar exposures. With 
the system turned off dust exposures were much higher and the 
tailgate operator received sliqhtly higher exposure than the 
headgate operator. 

The brief measurements (two full cycles) made on this race 
suggested that there is a smnll potential improvement in 
environment to be obtained by moving the tailgate operator 
20ft upwind (to the headgate position). This conclusion only 
applies if the shearer clearer is not operating. Once it is 
used the exposure at both ends of the machine becomes 
comparable. 

5.3.2.2 Shearer Remote Control Conclusions and Recommendations 

The results of the mine studies of shearer remote control 
have been incorporated in a "Tech News Brief" that is currently 



TABLE S-3. - Comparison of dust exposure levels at 
Quarto No. 4, 3 North Longwall 

Dust exposure at 
measurement position 

- (mg;m3)x min 

Shearer clearer Tailgate Headgate 
Activity status operator operator 

Cutting to headgate Shearer clearer on 77 88 
(shield 75 to cutout) Shearer clearer off 353 269 

Cutting to tailgate Shearer clearer on 64 60 
(shield 25 to cutout) Shearer clearer off 114 135 

awaiting publication. The note presents the data from the 
studies on the two Quarto longwalls together with the conclu­
sions that: 

• Moving the headgate operator 20 ft upwind to a posi­
tion from which the machine is easily controlled will 
normally result in a substantial drop in dust exposure. 

• A similar move applied to the tailgate operator in the 
absence of other means of reducing dust around the 
machine may produce an increase in exposure. 

The Tech N~ws Brief recommended umbilical remote control to 
longwall operators as a "low-tech," relatively rugged means of 
removing at least one operator from a region of high dust 
exposure. 

5.3.2.3 Planned Radio Remote Studies 

U.S. Steel's Lynch, Kentucky, mine is believed the only 
operation in the United States that routinely uses radio remote 
control on a shearer. The equipment in question is fitted to a 
AM500 shearer cutting approximately 10 ft of coal. A formal 
request has been sumbitted to U.S. Steel for a visit to this 
operation to discuss radio remote control and to obtain data on 
its effectiveness as a dust control measure. The proposed 
measurement strategy is similar to that used for the previous 
remote studies with the exception that the "remote'' position 
will be that of the actual shearer operator. ~ 
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5.3.3 Longwall Roof support Auto~ation 

5.3.3.1 Planned Mine Studies 

The lack of an operating automatic/remote longwall roof 
support system in the United States during most of this year 
has greatly hampered this part of the subprogram. Earlier in 
the year agreement was reached with Martinka for a visit which 
would combine discussion of thP pta~ticalitie& ~nd maintcn~hcc 
aspects of automated support operation with a data qatherinq_ 
effort aimed at quantifying the improvement in support operator 
environment. This would be achieved by simultaneo~slY monitor­
inq the actual (automatic) support operator position and the 
location required for manual operation. 

Unfortunately. each time that a potential cost sharing mine 
visit was available. the visit to Martinka had to be post­
poned. This was due either to face moves or problems with the 
support control equipment. A suitable opportunity to visit 
Martinka is still being actively sought. 

5.3.4 Immediate Forward Support 

The potential for using canopy extensions to reduce or 
eliminate the need of support operators to work downwind of the 
shearer was identified in the Phase II report. In the United 
States it is unusual for roof supports to be fitted with canopy 
extensions. Instances where extensions are maintained and are 
used in day-to-day operation are even rarer. Vepco•s Laurel 
Run mine in West Virginia has a face that is so equipped and 
the management of this mine report that the extensions are used 
routinely. Agreement in principle has been reached for a visit 
to examine this operation and to discuss the practical aspects 
of usinq canopy extensi'ons as a ro·utine part of the mining 
cycle. 

5.4 Phase IV Autlvit~ 

It is anticipated that the remaining field work required on· 
this subprogram can be completed in a single trip. This will 
involve visits to the following mines for the stated objectives: 

• Lynch. Kentucky 

• Martinka. West Virginia 

- Radio remote control study 

Automatic support operation 
study 

• Laurel Run. West Virginia - Canopy extensions study. 



Each of these visits will. consist of underground data gathering 
to assess the efficiency of automation or remote control. and 
discussion with mine personnel to obtain information on prac­
tical matters such as maintenance requirements and reliability. 

At the same time a contact will be maintained with support 
manufacturers who currently report a renewed interest in · 
automatic/remote support systems. Several such systems have 
recently been bid. There could be a large relative increase in 
the number of United States longwalls with automatic supports 
in the near future. These installations. if they occur. will 
be of the electronic type described in the Phase II report. 
The stimulus to this renewed interest may well be the reported 
success of these systems in Australia. An effort will be made 
to obtain definitive information on this Australian experience. 

The subprogram will conclude with a report that will 
cont~in a full description of the results.of the evaluations 
and other aspects of the investigation. The requirements of 
further technology transfer will also be addressed. 

< • 

. . 
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6. SUBPROGRAM E - LONGWALL APPLICATION OF 
VENTILATION CURTAINS 

Brattice curtains can be used in a number of specific 
applications on longwall faces to improve ventilation and dust 
con t r o l . The s.e a r e : 

• A "wing" curtain to provide localized contr.:ol of 
vent1lattng air during t.he headgate "cutout" 

• A "gob" curtain at the headgate shield line to mini­
mize "short-cirouiting" of primary ventilation into 
the gob 

• "Walkway" curtains along the face suspended from 
shields perpendicular to the airflow - keeping shearer 
gener~ted dust near the face 

• An "extended spillplate" technique used to partition 
the contaminated face air from the walkway. 

The objective of this subpr.:ogram_is to conduot laboratory and 
field evaluations of these techniques and to recommend improve­
ments in their application. 

6.1 summary of Phases I and II · 

The tasks completed under thA first two Phasea of effort 
included the following: 

• Preliill.illd.E:Y lnvest.igation._E;_ - This task consi.sted of 
telephone sur-veys to 17 longwall operations. The 
results showed that most min9& used or knew of qob 
curtains: only a few used wing curtains. and none used 
walkway curtains. 

• Laboratory testing - Walkway curtain effectiveness was 
evaluated in the longwall gallery using a variety of 
curtain lengths. angles and spacings. Testing results 
indicated that all curtain configurations caused · 
eddying of the airflow into walkway spaces and an 
increase in walkway contamination levels. Further 
effort to study the technique was terminated. 

Preliminary extended spillplate tests. conducted in 
the old longwall gallery without a shearer in place. 
showed that only a full height spillplate produced an 

' 



improvement in walkway contamination levels.· Subse­
quent tests were performed in the new longwall g~l­
lery. with a shearer in place. both with and without a 
combination shearer clearer/passive barrier dust 
control system in operation on the shearer. With the 
dust control system off. walkway contamination levels 
around the shearer were actually higher with an 
extended spillplate than with a standard height 
spillplate. The higher spillplate helped to contain 
contaminated air within the headgate drum region: the 
contamination simply poured over the edge of the 
shearer into the operator's position. producing higher 
levels. With the dust control system on. virtually no 
difference was recorded in contamination levels around 
the shearer between the standard height and extended 
spillplate. Because of the lack of improvement when 
using an extended spillplate. further study of the 
technique was terminated. 

• Field surveys - Three mines were visited to gain 
information on the use of wing and gob curtains and to 
search for suitable evaluation sites: 

Price River Coal Company. No. 5 Mine. Helper. UT 

U.S. Steel Corp .• No. 34A Mine. Chesapeake. WV 

Southern Ohio Coal Company. Meigs No. 1 Mine. 
Athens. OH. 

u.s. Steel's No. 34A Mine was selected as the first 
evaluation site. 

• Field evaluation - The first evaluation. completed at 
U.S. Steel's No. 34A Mine. focused on two wing curtain 
configurations: a novel design used by U.S. Steel and 
the traditional design more commonly used in the 
industry. Following is a synopsis of the results: 

Shearer operator dust surveys were performed 
during two headgate cutouts. one with the u.s. 
Steel wing curtain installed and one with it 
removed. Use of the curtain reduced peak dust 
concentrations during the cutout by approximately 
70 percent. 

Smoke trace and air velocity surveys demonstrated 
the ~ing curtains• effectiveness in channeling 
intake air around the headgate cutout region. 
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Air volume surveys indicated that the use of wing 
and/or gob curtains made very little difference 
in the amount of air volume available at speci­
fied locations along the face. 

The u.s. Steel curtain configuration proved to be 
a more effective and streamlined desig~ than the 
traditional configuration. allowing for more 
uniform flow of air around the curtain r.orner. 
It also offered the ability to 11 peel b~ck 11 the. 
gurt~in over several cuLvuts betorA ~AP.ding to 
completely rPpn$1tion if. . · · ·· 

6.2 r:t:\~!5e III Eff_or.t Sit.Q ~elegtion fot: the 
Second Field Evaluation 

Two ventilation curtain field evaluations are called for 
under this subprogram.· ~he results of the first evaluation at 
U.S. Steel during Phase II pinpointed several areas of study on 
which the second evaluation should focus: 

• A-B compar~son dust data during headgate cutouts 

• Further investig~tion of the interactive effects of wing 
and gob curtains on face velocities a~d airflow volumes 

• Further stuqies on the effects of wing and gob cur­
tains on transfer point dust entrainment 

• The feasibility of a permanent wing curtain design 
which advances with headgate equipment. 

Phase III effort was confined to a search for suitable evalua­
tion sites. Screening surveys were conducted at three mines as 
part of general program dust sour~e surveys or during other 
evaluations. Sites visited include: 

• Price Rive~ Coal Company: No. 5 Mine: Helper, Utah 
• ARMCO Steel: No. 7 Mine: Montcoal, West Virginia 
• Kaiser Steel: York Ca~yon Mine: Raton, New Mexico. 

6.2.1 Price River Coal Co~pany - Helper, Utah 

During a field survey at Price River's lOth west longwall 
in July 1983, the headgate was analyzed as a potenti~l site for 
the second ventilation curtain evaluation. The results-of the 
analysis showed that shearer-generated dust levels were too low 
under present face conditions to permit a ventilation ~urtain· 



evaluation at that site. The maximum headgate cut-out dust 
level recorded was approximately 2.5 mg/m3. Figure 6-1 shows 
plots of dust concentration versus face location (shield 
number) for two headgate cutouts monitored during the survey on 
t~il-to-head cutting passes. Both plots illustrate co~sistent 
shearer operator dust concentrations of approximately 
0.5 mg/m3 approaching the cutouts. with peak cutout concen­
trations of only 2.0 mg/m3 and 2.5 mg/m3. The low concen­
trations were the result of high face air velocities. high 
shearer water pressure and flow. low tramming speed and low 
intake contamination levels. 

6.2.2 ARMCO Steel - Montcoal. West Virginia 

A major evaluation in progress under another subprogram 
precluded consideration of ARMCO as a ventilation curtain test 
s{te. A period of downtime during the other evaluation. 
however. provided an opportunity to document ARMCO's use of 
brattice and belting to control headgate-to-face airflow 
patterns. As shown in Figure 6-2. an angled curtain on the 
off-face side of the stageloader. combined with belting hanging 
into· the face conveyor from the tips of the second and third 
shields. helped divert iritake air away from the gob and direct 
it over the top of the shearer. Smoke traces showed the system 
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FIGURE 6~2. ·ARMCO's use of brattice and belting to 
control headgate airflow patterns. 

to be very effective in rerouting air patterns as illustrated 
in Figure 6-2. Very little gob leakage occurred between Shield 
No. 1 an4 the chain pill~r rib. However, eignificunt gob 
leakage did occur between Shields 1 and 2 due to the gap 
between the curtain and the belting and the large gap between 
Shielus 1 dud 2. When ~he curtain was removed. airflows of 
200-300 fpm short-circuited directly to the gob between 
Shield 1 and the chain pillar rib as well as between Shields 1 
and 2. 

uuring the headgate cutout. the belting on Shields 2 and 3 
appeared visually to help reduce the amount of dust and spray 
mist impacting the headgate shearer operator. 

6.2.3 Kaiser Steel Corporation. York Canyon Mine -
Raton. New Mexico 

A general dust source survey was performed on the longwall 
at Kaiser's York Canyon Mine during February. 1984. The 
purpose of the survey was to delineate dust sources and pin­
point appropriate control techniques. which would coincide with 
subprograms in need of evaluation sites. During the survey. it 
was noted that Kaiser had designed and used a unique 



combination of the wing curtain/gob curtain ventilation tech­
niques. As shown in Figure 6-3. the system consisted of three 
separate components: 

• A removable gob curtain positioned at the traditional 
location between the first shield and the chain pillar 
rib 

• A semi-permanent "stageloader" curtain located along 
the off-face side of the stageloader extending for 
about 36 ft from the inby end of the stageloader past 
the crusher 

• A sliding "shower-curtain" wing curtain extending from 
the face rib. over the stageloader. and intersecting 
with the stageloader curtain. 

During the majority of Kaiser's cutting sequence (head­
to-tail primary cut with a tail-to-head clean-up pass). the gob~ 
curtain was installed and the wing curtain retracted ("bunched 
up" against the face rib). This allowed the primary airflow to 
pass around the face corner while being blocked from short­
circuiting to the gob. As the shearer appr.oached the headgate 
cutout during the tail-to-head pass. the headgate operator 

SHIELDS 

N0.3 

N0.2 

NO.1 OPEN STAGELOADER 

"---sTAGELOADER CURTAIN 

FIGURE 6-3. - Kaiser's use of a unique wing curtain - gob 
curtain - stageloader curtain system for 

headqate cutout dust control. 
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pulled the wing curtain tight across the stageloader and 
removed the gob curtain. This effectively blocked n~arly all 
of the intake air from passing over the headgate drum during 
the cutout and purposely short-circuited a portion of the 
primary airflow to the gob. The short-circuited airflow 
reentered the face downstream of the headgate. 

During dust monitoring. as .the shearer approached the 
headgate for a cutout, the shearer operator's dust concentra­
tion started to increase. When the shearer was at shield 
numb~r io. ~he wing curtain w~R \nstalled artd thc.gob curtain 
removed. This resulted in a dramatic decrease. approximately 
55 percent, in the dust concentration at the shearer operator's 
position, as illUstrated in the plot of dust concentration 
versus face location (shield number) shown in Figure 6-4. 

The preliminary survey at Kaiser showed the potential of 
their unique curtain system to control headgate airflow 
patterns and reduce headgate cutout dust concentrations at the 
shea~er. operator's position. The system warrants further study 
and Kaiser has agreed to allow a full evaluation to be 
completed under Phase IV. 

6.3 Planned Phase IV Effort - Second Evaluation at 
Kaiser Steel 

Dust from shield movement was shown to be a major duot 
source at Kaiser's York Canyon Mine. and a·two-week field 
evaluation of shield dust is planned for the Spring/Summer of 
1984. It is expected that the se~nn~ v~ntilation ourt~in 
evaluation will be 11 piggybacked 11 onto this evaluation to 
document and quantify the effectiveness of Kaiser's curtain 
system. Emphasis will be placed on airflow pattern modifica= 
tions and headgate cutout dust control effectiveness of a 
variety of curtain scenarios, including: 

• Kaiser's existinq procedure: wing curtain pulled 
tight: gob curtain removed 

• Wing curtain tight, gob curtain remaining intact 

• Wing curtain retracted, gob curtain intact 

• Both curtains removed. 

Because of the mineworthiness of Kaiser's existing system, the 
evaluation will likely require no installation and maintenance 
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of new hardware or curtain hanging methods. Any appropriate 
system modifications or curtain usage practices that may be 
identified, however, will be investigated. 

Specific tasks to be performe4 under Phase IV of this 
subprogram will include: 

• Completion of a cooperative agreement and test sched­
uling for the Kaiser-York canyon evaluation 

• Submission of a formal te~t ~lan to thA TJRRM 

• Performance of the evaluation, data analysis and 
drafting of a mine re~ort 

Once the evaluation at Kaiser is completed, the results of 
the entire subprogram effort will be prepared for the Final 
Report. A technology transfer paper describing the use of 
ventilation curtains, including practical recommendations and 
specific curtain design alternatives, will also be written. 



7. SUBPROGRAM F - REVERSED DRUM ROTATION 

7.1 Overall Objectives 

There is reason to believe that shearer operator's dust 
exposure can be significantly lowered by reducing the amount of 
dust generated and liberated during the loading process. The 
technical literature and various experiments suggest that 
loading conditions will be significantly improved if the 
direction of drum rotation is reversed. This is because with 
reverse rotation. both drums will experience less obstructed 
loading. In the case of the leading drum. the time that the 
coal remains in the drum and the distance travelled by the coal 
within the drum will also be reduced. Reverse rotation will. 
therefore. reduce recirculation and coal breakage by allowing 
unobstructed loading and increasing the cap~city of the drum. 

The objective of this subprogram is to conduct an evalua­
tion of this hypothesis which will provide guidance for the 
application of this principal to other longwalls. 

The rna jor tasks necessary to achieve 'this goal are: 

• Preliminary planning 
• Field trial planning 
• Instrument selection and approval 
• Installation 
• Underground evaluation 
• Data analysis 
e Technology transfer and reporting. 

The first three tasks were initiated during Phase II. These 
were completed and the underground evaluation was carried out 
during Phase III. The current report contains a brief descrip­
tion of prior activity and a full report on the work completed 
during Phase III. 

7.2 Phase II Summary 

The primary tasks in Phase II consisted of gathering 
background data that re~ated to reverse drum rotation and 
establishing the criteria for underground evaluation sites and 
procedures. 
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The background search was undertaken by approaching the 
three u.s. longwall operators with experience using reverse 
drum rotation and obtaining information on their experience. 
Two of these operations (Consol/Itman and u.s. Steel-Gary 
District) had withdrawn their longwalls due to the depressed 
coal market. In the third case. practical input was provided 
by a visit to u.s. Steel's Morton No. 34 mine where a single 
drum shearer was operating in reverse drum mode. Figure 7-1 
indicates the loading zone observed at the Morton installation 
with reversed rotation in each direction of cutting. "Although 
the preliminary su~vey at Morton did not quantify the utility 
of reverse rotation. it did provide an example of an operation 
where it had proved feasible from a mining and mechanical 
·standpoint to use reverse drum rotation. 

CUTTING 

LOADING ZONE FOR 
CONVENTIONAL ROTATION 

LOADING ZONE 

LOADING ZONE 

FIGURE 7-1. - Reversed drum rotation. 



Mine site selection criteria were developed during the 
Phase II effort to assist in identifying a suitable site for 
the underground evaluation. The list of criteria included: 

• Cutting cycle 
• Bench extraction 
• Drum size 
• Drum speed 
• Ventilation 
• Mechanical feasibility of the drum switch and reversal. 

Near the end of Phase II the management of both Consolidation 
Coal Company and North American Coal Company expressed an 
interest in the. reverse drum concept although no formal agree­
ment was reached. 

7.3 Phase III Activity 

The major objective of Phase III was to conduct a compara­
tive underground evaluation of the reverse drum rotation 
concept. In order to do this the following tasks had to be 
completed: 

• Refinement of mine site criteria 

• Determination of suitable mine site 

• Conclusion of agreement with the operator of a suita­
ble mine 

• Preparation of ~ test plan. 

The paragraphs that follow describe how these objectives were 
achieved. 

7.3.1 Mine Site Selection 

Although mine site selection criteria had been previously 
developed. these were further refined when the search for a 
mine site began in earnest. The criteria established in 
Phase II centered around two requirements: mechanical.feasi­
bility and mining environment. 

The mechanical feasibility consists mainly of the ability 
to reverse the direction of drum rotation with reasonable ease 
and without compromise to other shearer functions such as 
auxiliary drive or tramming motors. The other concerns fell 
under the heading of mining environment and related to the need 
for the site to: 
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• Operate in a mode where the trailing drum loads an 
appreciable quantity of coal 

• Employ a drum of modern design with adequate van~ 
height and which operates with at least average pick 
penetration 

• Provide seam conditions which allow consistent produc­
tion. 

During inrurmal discussions wtth potential m1n~ sitQ& it became 
apparent that the obvious additional criterion - the willing­
ness of potential mine sites to ta~e ~art in the Pv~luation -
was strongly determined by the mining organization's perception 
of the degree of risk (of lost production) associated with a 
drum change. Once this was perceived a further component was 
added to the mine site search strategy. This was to seek out 
sites where the shearer type and the availability of spare 
dru~s allowed the direction of one drum at a time to be 
changed. This can be achieved on a "two motor" shearer such as 
the Joy lLS and the Eickhoff 150-2L by changing the direction 
of one motor (such a~ the headgate motor) and mountinq the 
~pare drum from the wrong (e.g. tailgate) end of the machine. 

The suggested procedure in this case is to change the 
ditection of the headqate drum alone until it could be estab­
lished that the performance of thQ machine was not unduly 
compromised. The attraction of this procedure lies in the 
relative ease with which the headgate drum can be accessed and 
changed compared with the tailgate end of the machine. 

In the early stages of planning of the evaluation. the 
following mining organizations were identified as actual or 
potential users of reversed drum rotation. 

• u.s. Steel. Gary District 
• Consol/Ilrnau · 
• U.R. Steel. Dakota Diotrict (formerly Cdrbon Fuel). 

By the time that the program was established the first two 
companie~ were no longer opera.t ing longwa lls. The third mine. 
u.s. Steel's Morton No. 34. was using a single drum machine 
which was not suitable for a full scale trial. 

In order to broaden the search for a mine site. discussions 
were held with the following organizations: 



• Consolidation Coal (headquarters) 
• North American Coal Company (Quarto) 
• Kaiser Steel Mining 
• u.s. Steel (headquarters) 
• Eastern Associated Coal Company. 

At an early stage in the proceedings. Quarto indicated interest 
in providing a mine site·and a two-day visit was arranged in 
June of 1983. During this visit data was gathered o·n both 
longwalls at Quarto No. 4. Following the visit a report was 
prepared for Quarto management which described the potential 
benefit of reverse drum rotation. This was hypothesized by 
demonstrating the disproportionate exposure suffered by the 
trailing drum operator during head-to-tail cutting. The basic 
situation is shown in Table 7~1. 

TABLE 7-1. - Comparison of operato~·s exposure showing 
disproportionate exposure of upwind 

(headgate} operator 

Exposure at operator's position . 
[(mg/m3) x min] 

Longwall Activity Headgate operator Tailgate operator 

2 Cutting to HG 91.3 44.7 
2 Cutting to TG 41.8 30.7 
1 Cutting to HG 87.5 77.0 
1 Cutting to TG 59.8 63.7 

Despite their original interest Quarto. citing economic 
conditions. eventually declined to participate in the evalua­
tion. Following renewed inquiries a similar response was 
received from u.s. Steel and Consol. 

At about this time Kaiser Steel agreed in principle to 
provide a site on a face equipped with a Joy 1LS at sunnyside. 
Utah. Unfortunately this mine was then closed due to a combin~ 
ation of natural disasters (mud slides) and soft markets. 
Eastern AGGociated Coal was then approached. The response 
received was positive but Eastern declined to express a firm 
interest due to being "overbooked'' with other research programs. 

A decision was then taken tv approach Jim Walter Resources 
Inc .• (JWR). which. despite operating in conditions that are 
not typical of U.S. longwalls. offered a number of advantages 
as a mine site. Among these was a machine that was by this 
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date operating normally with reversed drum rotation and a 
management who regarded 11 floor-to-roof 11 cutting as a·realistic 
alternative to current practice rather than defiance of conven­
tion. As a consequence. an agreement was reached that would 
allow FMI to monitor a changeover from reverse to conventional 
rotation that was scheduled to occur at Jim Walter•s No. 4 
mine. This visit was originally conceived as a small scale 
pilot study since a change of rotation would also involve a 
change of drums. The drums involved. however. were built to 
the same basic specification. 

~Ollowing further diocuasions. JWR agree~ Lu change direc­
tion with the existing set of drums. thus allowing an evalua­
tion in which the effect of drum direction would not bQ con­
fused with that of changing to new drums. It should be noted 
that JWR management consider the reverse rotation setup to be 
the less dusty option· and also believe that other practical 
advantages result from this approach. 

7.3.2 Reverse Drum Evaluation at Jim Walter 
R~sources. Inc .• No. 4 Mine 

7.3.2.1 Site Description 

The site cclected for the evalUdLiun at JWR was the No. 2 
Longwall at JWR No. 4 mine near Brookwood. Alabama. This 
longwall operates in the Warrior basin at a depth of approxi­
mately 2000 ft. The vital statistics of the longwall are given 
in Table 7-2. The salient features that affA~t th~ evaluation 
are summarized in the paragraphs below. 

• Ventilation - This face is ventilated in the homo­
tropal (tail-to-head) direction. This fact. taken by 
it~elf has littlA Aff~ct on the reverse drum evAlua­
tion except in that it results in intake dust levels 
that are lower than they might otherwise nave been. 
The ventilation quantity. however. was very high with 
a nominal so.ooo cfm on the face. This results in a 
face velocity over the panline in the region of BOO to 
1000 ft/min. 

• Mining cvcle - The mining cycle used is a variation of 
the conventional modified half face method. The 
modification involved is the inversion of the cycle so 
that the bulk of cutting is done from tailgate-to­
headgate (with ventilation and coal flow). Some 
supports are pulled behind the shearer on the 



TABLE 7-2. - Reversed drum evaluation site description 

Jim Walter•s No. 2 mine 

Panel depth 

Panel length 

Extraction height - face 
- face 

Ventilation direction 

Ventilation quantity 

Face cross section 

Roof support type 

Mining cycle 

Shearer type 

Drum - diameter 
- web 
- loading vanes 
- sprays 

Face conveyor 

No. 2 longwall 

ends 

2000 ft 

600 ft 

66 in. 
96 in. 

Tail-to-head 

50,000 cfm (typical) 

60 ft2 

Thyssen, 2 leg lem­
niscate shield (IFS 
canopies) 

Modified half-fac& 

Anderson Manor 500, 
DERDS 

62 in. 
32 in. 
2 start ' 
Conflow staple-lock, 1 
per pick 

Mining supplies 2x26 mm 
inboard chain 
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tail-to-head (cutting) pan. The remainder are advanced 
during the flit from head-to-tail. 

• Extraction height and seam condition - The longwall 
operates at a nominal extraction height of 66 in. At 
this height the main seam (of just under 60 in.) is 
extracted fully along with some floor. The immediate 
roof is formed by the 11 middleman 11 stone parting which 
supports a rider seam. Both parting and rider average 
about 12 in. At the face ends both rider and parting 
are taken to provide additional headroom. The number 2 
longwall is in its second panel and front and side 
abutmenti lcadG are fully developed. As a consequence 
of this and other factors, the face sloughed exten­
sively both between passes of the shearer and immedi­
ately in advance of th~ drums when the machine was 
-cutting. Delays due to large lumps hanging up at the 
headgate transfer point were common on the cutting run 
while stoppages due to slabs jamming under the shearer 
tended to punctuate the flit to the tailgate. 

• ~ace equipment - The roof supports consist of Thyssen 
two leg lemniscate 11 0ne web back 11 shields of conven­
tional Jesign. The shearer is an Anderson Manor AM 500 
double ended ranginq drum machin~, In the context of 
this trial the machine had four notable features. 

Two drum rotation speeds were selectable at each 
gearhead. The 11 high 11 and 11 lOW 11 speeds were 39 and 
27 rpm respectively. The machine was normally 
operated in the low speed setting at 27 rpm. This 
speed is on the lower boQnd of current practice. 

A form of shearer clearer was fitted to the 
machine. This consisted of spray bars located 
just outboard ot each gearhead and two venturi 
sprays mounted on the face side of the shearQr 
body. A passive barrier approximately 6 in. in 
height was mounted 9 in. from the qob side edge of 
the machine. · 

No cowl was fitted to the headgate drum. 

The operators• positions at both ends of the 
machine coincided with the ends of the 



gearheads. The operators were. therefore. within 1 or 
2 ft of the plane of the trailing edge of the drums. 

7.3.2.2 Evaluation Planning and Strategy 

Two principal concerns had a major effect in determining 
the content of the test plan. The first of these was the 
requirement that the drum change be scheduled in advance to fit 
in with other mine activity. There was. therefore. little or 
no leeway if good data was not gathered in the first week 
(reverse condition). It was assumed that at least four good 
shifts of data would be available during this -week and that 
between five and ten cycles of data could be obtained. A 
similar effort would then follow during the week of operation 
with conventional rotation. Following this week the drums 
would be changed to an experimental drum with a larger pick. 

The other main concern was the need to define measurement 
locations and methodology that would maximize the potential for, 
detecting dependence of dust levels on drum rotation direc- · 
tion. It was decided that this would best be achieved by 
sampling with RAM-1 instruments at three positions that would 
move with the shearer. These positions were: 

• Upwind of the shearer (intake position) 
• Downwind of the shearer (return position) 
• At a shearer operator's position. 

7.3.2.3 Underground Evaluation 

The reversed drum evaluation commenced on Monday. 
16 January. The plan at that time was to sample for the 
b~lance of that week in the reverse drum condition. to swap the 
drums during the weekend of 21/22 Januar·y and to gather data in 
the conventional rotation mode during the week beginning 
23 January. 

On Monday. 16 January the face was operational. and upon 
arrival of the team at the longwall it was surveyed to allow 
measurement locations to be chosen. This procedure involved 
the measurement of shearer dust profiles to allow a suitable 
measu~ement position to be chosen at the shearer. and the 
taking of data at two positions on the return side of the 
shearer to allow the correct downwind position to be located. 

The initial profile along the shearer indicated that a 
position approximately at the center of the machine was repre­
sentative of the operator's exposure. The intake sampling 
location was set at 20 ft upwind of the sheare~ drum leading 
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edge while the downwind location was located 30 ft from the 
drum edge. The upwind sampling point was approximately 9 in. 
above the spillplate. The choice for the downwind location was 
between the spillplate position and one that was biased towards 
the face above the panline. 

Following an initial cycle of data gathering in each 
position the 11 above the pan 11 location was selected. This was 
because the plane of the spillplate represented the mixing zone 
between the dusty air from the machine and the relatively clean 
air that had passed around the machine in the travelling way. 
The decision to use the panline position was made despite some 
procedural difficulties that had to be overcome. These 
involved taking special care to ensure that the cyclone intake 
did not block and that the cyclone itself was not inveted 
accidentally when it was held out over the conveyor on an 
anemometer wand.· When sampling began the procedure employed 
was to take data at each shield from the lOOth to the 20th 
shield (Figure 7-2). This range represented normal cutting or 
tramming and was not influenced by sumping or variations in 
ventilation at the face ends. 

During the first week valid data was obtained on each of 
the next three days (Tuesday through Thursday). on Thursday. 
however, it became apparent that the shearer had suffered 
bearing failures that required the full attentiori of the JW~ 
maintenance crew during Friday and the weekend. No data was 
gathered on the Friday due to the tailure, and the decision was 
taken to return to Boston since JWR would not be able to swap 
drums during the coming weekend. 

Following the repair of the shearer. the drums were swapped 
on Saturday. 28 January and data was taken during the subse­

_quent week from 30 January to 3 February. 

7.3.2.4 Evaluation Results and Analysis 

The evaluation resulted in a data set with the following 
major components: 

• Full cycle mobile dust data sampled on a once per 
shield basis at three positions around the shearer 

• Shearer dust profile data taken in 11 floater 11 positions 

• Gravimetric sampler data from a return crosscut. 



f-24"J 
T 
10 11 

,..--,.--........ ...., l.. 

18 11 

~,. .. 

~T 
gn 

...1 
INTAKE SAMPLING 
POSITION: ABOVE CABLE 
HANDLER ADJACENT IS 
WALKWAY. . 

SHEARER SAMPLING 
POSITION: ABOVE SHES 
POSITION: ABOVE SHEARER 
BODY CLOSELS GOBSIDE EDGE­
BETWEE~ SHEARER OPERATORS 

DOWNWIND SAMPLING 
POSITION: 30 FEET FROM 
SHEARER DRUM TRAILING 
EDGE-OVER PAN LINE. 

' FIGURE 7-2. - Location of sampling positions. 
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The first analysis involved the shearer dust profile data. 
These consisted of three and four passes in the reversed drum 
and conventional condition respectively. The profiles for each 
condition were superimposed and the mean value calculated for 
each 5 ft increment between the position approximately 35 ft 
downwind at the shearer headgate drum and 25 ft upwind of the 
tailgate drum. These average values are tabulated in Table 7-3 
and are shown graphically in Figures 7-3 and 7-4. The figures 
also include an indication of the range of values encountered. 
The measurements. which were made in the vertical plane that 
includes the spillplate. allow a commparison to be made of the 
distribution of dust around the shearer. 

While the shearer is cutting it would appear that dust 
levels both upwind and downwind of the machine arQ broadly 
s~milar in both t~e reverse~ ~utation and the conventional 
configuration. There is a big difference. however. along the 
body of the machine. This is manifest over the upwind two­
thirds of the machine by conventional rotation dust levels that 
are several times higher than those for reverse rotation. The 
position used for the mobile sampling was within this area. 
The other noticeable difference is the peak that occurs for 
reverse rotation near the leading drum (and just downwind of 
i t } . 

There is lP~s difference between th~ dust protiles for 
tramming and loading (from headgate-to-tailgate}. though there 
is some suggestion that levels are more variable during conven­
tional rotation. 

The main data set from the mobile sampling was analyzed by 
taking five cycles of data representing complete reversed 
rotation mining cycles. and six conventional cycles. These 
were tabulated and averaged so that "average dust levels•• were 
available for each shield. broken ~own as followa: 

• For each measurement pooition: e.g .• 30 f& oown~ind on 
the shearer and 20 ft upwind 

• For each d.irection of rotation 

• For cutting (tail-to-head} and tramming (head-to-tail}. 

These valves were calculated for each shield between 
shield 20 and shield 100. Tne results are plotted in 
Figures 7-5 to 7-8 which show the rel~tionship between the dust 
levels measured at the three positions relative to the shearer 



TABLE 7-3. - Dust levels around the shearer during cutting 
under reversed and conventional 

rotation conditions 

Avera_ge dust level (mg/m3) 
Position ~eversed rotation Conventional rotation 

-40 1 7.9 

-35 10.8 

-30 8.3 6.1 

-25 8.6 6.3 

-20 8.0 7.1 

-15 6.7 6.6 

-10 6.2 5.3 

- 5 10.7 6.5 

Drum leading edge 13.5 6.9 

Drum centerline 5.7 4.9 

Drum trailing edge 3.5 -
Operator position 3.9 2.9 

Gear head 1.2 2.0 

Dust monitor 0.9 2.8 

Haulage control 0.5 -
Gear head 0.6 2.2 

Operator position 0.7 3.7 

Drum leading edge - -
Drum centerline 0.7 4.4 

Drum trailing edge 0.7 4.7 

+ 5 0.4 0.7 

+10 0.4 0.7 

+15 0.3 0.4 

+20 0.4 0.5 
l 

+25 - -
+30 - 0.3 

Note: Negative indicates downwind of the shearer, positive 
indicates upwind (intake side) of the shearer: the 
machine is cutting with ventilation. 
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and under the two rotation regimes and shearer travelling dir­
ections. 

Figures 7-5 and 7-6 allow comparison of the dust levels 
measured during cutting from tail-to-head. Comparison of these 
figures yields the following conclusions: 

• Intake dust levels on both weeks were comparable 
although there was slightly more intake dust during 
the conventional rotation week. 

• Intake dust levels tend to be higher on the tailgate 
half of the face. This reflects the practice of 
pulling every other shield in this area. 

• Conversely, the downwind dust levels in both cases 
tend to be higher at the headgate end of the face. 
This probably reflects some underlying mining con­
dition. 

• Finally, when reverse drum rotation is employed, the 
dust level at the shearer operator's position closely 
reflects the intake dust level. When conventional 
rotation is used, the shearer operator levels are 

·several times higher and approach those measured 
downwind of the shearer. 

Figure 7-9 shows a comparison between the ihearer operator 
position dust levels during cutting in each rotation condition. 

Figures 7-8 and 7-9 show similar dust profiles for the 
tramming run from headgate-to-tailgate. In both cases intake 
dust levels were low and largely invariant. Dust levels 
measured at each sampling position were comparable under both 
the reverse and conventional rotation condition. The only 
excursion from normality is a single "hump" in the downwind 
face dust profile at shield 75 in the reversed drum condition. 

The comparisons that were made above in terms of graphical 
data can also be made on a numerical basis. In order to do 
this, average dust levels for each cycle we~e calculated and 
the mean taken to provide an overall average dust level for 
each condition and measurement position. 

Table 7-4 shows the results of this activity and provides a 
numerical basis for the conclusions mentioned above. For 
example: 
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TABLE 7-4. - Summary of average dust levels 

Type of operation Average dust level (mg;m3) 
(cutting T-H Measurement Reverse Conventional 
or tramming H-T) position rotation rotation 

Cutting1 Return 8.53 8.05 

Intake 0.81 1. 33 

Shearer 0.83 5.48 
.................... --.. -

Trammingl Return 1. 54 1. 20 

Intake 0.15 0.31 

Shearer ·0.90 1.0 

Note 1 Avera~es are based upon 5 or 6 passes with measurements 
·made between the 100th and 20th shields. 

• The average intake dust levels during reverse and 
conventional operation were 0.8 and 1.3 mg/m3 
respectively. 

• The downwind dust levels averaged 8.5 mg/m3 for 
reversed rotation and 8.1 mg/m3 for conventional 
rotation. 

• The shearer position averaged 0.8 mg/m3 for reversed 
rotation which is the same (after rounding) as the 
intak8 uu~t level. 

• In conventional mnnA thQ &arne pooition recordeu 
s.s mg/m3. This is 68 percent of the downwind level 
and 412 percent of the intake level in this mode. 

• The average dust level at the shearer position during 
reversed rotation was 15 percent of that at the same 
position during conventional rotation. 

The tramming to the tailgate data in Table 7-·4 does not show 
any consistent variation between reversed and conventional 
rotation. 



7.3.2.5 Reversed Drum Evaluation Conclusions 

The use of reverse drum rotation on the No. 2 longwall at 
Jim Walter•s No. 4 mine results in a significant reduction in 
dust levels. during cutting with the ventilation. in the areas 
occupied by the shearer operators. 

This conclusion is supported by both the dust profile data 
(Table 7-3) and the full pass data (Table 7-4). It is also 
strongly evident in terms ~f visual observation (float dust) 
supported by comments from the shearer operators. 

At this site the reduction of dust level produced by drum 
reversal (at the point halfway between the operators• posi­
tions) was in the ratio of 6:1. This degree of reduction was 
determined by the ratio of shearer dust make to intake dust 
levels since there was little or no evidence of shearer gener­
ated dust at this position in the reversed ~rum mode. 

There was no evidence that the dust levels downwind (on the 
return side) of the shearer were different in the reverse 
rotation or conventional mode. Similarly. the direction of 
rotation did not have any significant effect on dust levels 
during tramming from head-to-tailgate. 

The use of reversed rotation did have a slight negative 
impact on the operation of this particular face. This was due 
to the relatively inefficient way in which a reverse rotating 
drum loads rocky lumps or slabs. This problem can be viewed in 
terms of the varying results which occur when the drum meets a 
lump of strong material. In the conventional case. the drum 
vane picks are descending and will trap and probably cut (or 
break) the lump against the AFC or floor. A reverse rotating 
(tloor to-roof) drum will introduce picks under the lump and 
may move it without breaking it. 

On the Jim Walter•s face it was observable that stoppages 
to clear blockages at the AFC/stageloader transfer point 
occurred more frequently during reverse rotation. This problem 
was. to an extent. due to the temporary absence of a lump 
breaker from this position. It is noteworthy that the ~ine 
management did not consider this increase of short stoppages to 
be too high a price to pay for the other benefits of reverse 
rotation. 

·rn addition to the reduced operator dust levels. these 
benefits include ~ better size range of run-of-mine product 
from reversed drum cutting. The mine operator reports that the 
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reversed mode reduces the proportion of fines in the product. 
and that the preparation plant throughput. which is governed by 
fines handling capacity, is greatly improved when reverse 
rotation is used. 

The results of this evaluation provide documented evidence 
of a significant reduction of operator dust levels that 
occurred when reversed rotation was used during cutting with 
ventilation. While there can be no guarantee that the results 
obtained on one coal face will be repeated on another. there is 
strong circumstnntial evidence th~t a large part of the redUC­
tion in dust level was a re$Ult of the improved loading ability 
of the trn\ling drum. Unfortunately, the~~ ls another tactor 
which may have had some influence on loading from the trailing 
drum. This complicating factor is the variation of the amount 
of coal left unloaded by the leading drum which was not 
fitted with a cowl. In this condition. it is reasonable to 
expect that a conventionally rotating leading drum would leave 
more coal on the bench to be loaded by the trailing drum. The 
poorer loading conditions in the trailing drum during conven­
tional rotation might, therefore. have been exacerbated by 
having to handle a higher volume of coal. 

Even allowing for this factor, this evaluation has pre~ 
sented strong empirical evidence for the thesis that states 
that when loading from an upwind trailing drum is improved, a 
substantial reduction in airborne dust will result. This 
improvement can be produced by adoJ?ting 11 reverse 11 floor"'""to-roof 
drum rotation. The extent of the reduction vis ~ vis conven­
tional rotation will depend upon drum design, mining conditions 
and cowl layout. 

Longwall operators should be encouraged to actively con­
sider this low cost dust control option if their minin~ cycle 
ls appropriate. 

7.4 Phase IV ActivlLY 

Various tasks remain to be accomplished Letu~~ the reverse 
drum subproqram is complett?d. These include the following: 

• Completion of analysis of data from Jim Walter 
Resources No. 4. This will involve examination of the 
gravimetric sampler data and addition of the data on 
coal size distribution that will shortly be available 
from the mine. 



• Preparation of a report on the evaluation. This 
report will consist of a complete description of the 
evaluation and a full record of its conclusions. 

• Technology Transfer. The best means of disseminating 
the results of this evaluation will be determined. 
This may take the form of a journal article or a Tech 
News Brief. 

• Final Report Preparation. 
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8. SUBPROGRAM G - SHIELD-GENERATED DUST 

8.1 Introduction 

As shield-type supports become more popular and experience 
with combatting shearer dust improves. many mines have noticed 
that a principal respirable dust contributor is associated with 
support movement. This observation is confirmed by the 
European mining community (ECSC) and has caused the formation 
of a special committee to study suppo~t related dust abatement 
techniques. 

Although the ECSC committee has studl~d Lh~ support ~ust 
problem since the early 1970's. the rapid development and 
acceptance of shield-type supports has made much of the more 
specific recommendations obsolete This is particularly true 
of the well published but chock-oriented British research. 
Eighty-seven perc~nt of all United States longwalls use shield­
type supports. Furthermore. the geologic and operating condi­
tions in the United States differ considerably from European 
situations. 

The study of shield dust is made difficult by the com­
plexities of the myriad variables and their interactions. 
While numerous studies have been made on general face ventila­
tion. the more subtle effects of eddies. cross flows. blockages 
from equipment components (other than the well documented 
shearer and spillplate) and gob leakages (in and out of the· 
tace) are not well established. As a result. the simple 
mechanics of shield dust mobilization and pathways are neither 
well documented nor understood. 

Furthermore. the tremendous range in lithologies. mech­
anical properties. stress and rubblization histories. moisture 
contents. rates of consolidation. etc .• complicates the simple 
identification of the caus• of support dust. Finally, the 
differences between support models. set and advance pressures 
between adjacent supports. and operator variables make simple 
extrapolation of research results impossible. 

The principal objective of this program. therefore. is 
twofold: 

• To isolate and document the mechanics of support dust 
generation and mobilization 



• Devise procedural or physical control methods 
applicable to United States mining conditions. 

This will be accomplished by: 

• Reviewing the state-of-the-art 

• Testing various hypotheses under laboratory conditions 
in the longwall gallery mockup 

• Field test and document the more prom1s1ng candidates 
in operating mines which are experiencing shield dust 
problems. 

8.2 Phase II - summary 

Subprogram initiation efforts during Phase II focused on 
the following tasks: 

• Literature review 

State-of-the~art review 

Probable sources 

• Laboratory studies 

Documentation of airflow patterns around canopies 
under varying conditions 

Evaluation of water sprays and passive barriers 
for shield dust redirection 

• Development of field test plan 

Map shield dust pathways 

Isolate and define mechanisms 

Evaluate procedural changes. 

The literature search. as expected. turned up some inter­
esting concepts for shield dust abatement: but none which were 
both practical and effective. The laboratory tests examined 
the cause and effect of flow patterns in detail so they could 
be readily identified in the field. Additionally. potential 
dust avoidance techniques were assessed. This effort provided 
the basis for a Phase III field investigation. 
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8.3 Phase III - Activity 

The level of the Phase II effort was reduced from the 
original schedule due to the closure of many of the potential 
mine-test sites. Reports of foreign research are continuing to 
be collected and evaluated. however. no new revelations appear 
to have emerged. 

Brief mine surveys at North American's Quarto. and Armco's 
No. 7 mines confirm the ~ir flow patternc observed in the 
longwall gallery. Both sites were cuttinq up to ~n~ into roof 
4UCk at ~he ~imA hf the ~urvay so that little shiel~-I~lated 
dust was noted. Another survey performed at Kaiser's York 
Canyon Mine did indicate significant shield dust levels and a 
lettor of intent describing a more detallad survey and test 
program was sent. Initial verbal conversations indicate that a 
field test will be approved for the latter part of April or 
early May. Old Ben C6al had also been contacted regarding a 
test comparison of their shield mounted •walkway• sprays and 
FMI's shield gap sprays .. While a letter had been sent and 
initial contacts appeared favorable. no further progress has 
been made. 

An Automated Data recorder ML-10 has been modified for the 
field experiments. The frequency of sample readings have been 
increased from 10 sec to 2 sec in order to insure better 
definition of dust plumes. 

8.4 Literature Search/Discussion of Roof Geology 

The French mining community (Chercher) is presently 
assigned the task of investigating shield dust for the ECSC. 
while the West Germans have recently published the results of 
their. 5-year study. The West German report notes that dtist 
generation is as much a function of the local geology as it is 
of the shield design. While they did not quantify the geologic 
variables. the friability of the roof rock. and the caving 
characteristics of the gob appear to be the. significant 
contributors. 

Referring to the West German investigation. it is their 
opinion that shield dust enters as much from the gob side as it 
does from the canopy. Unfortunately no quantitative data was 
presented to substantiate this feeling. The cause of ••gob-side 
shield dust•• was also not discussed: however. FosterMiller 
feels that three sources must be considered. including: 



• Simple gravity entry during support advance and. 
picked up by eddy currents 

• Wind generated by roof fall during advance 

• Back flushing of gob ventilation into the face area 
which typically occurs in the midface region. 

The West German researchers concentrated on redesigning the 
shields to minimize the gob shield gaps. and to supply water 
sprays on the shields as a quick-fix knockdown system. Other 
techniques were also attempted including the use of foils and 
vacuum collection systems which did not offer any practical 
advantage and were described in the previous phase report. 

Numerous combinations of sprays were attempted. but all 
used the principle of dust capture or knockdown. In all cases 
the sprays were oriented perpendicular to the plane on which 
they were mounted. The spray systems were tested at four mines 
with varying degrees of success. ranging from 35 to 60 percent 
reductions. The amount of mist introduced into the walkway 
aggravated the workers and it was noted that maintenance of the 
system would probably be of the last priority. 

Although the French have only just begun their research. 
they appear to be concentrating on water spray knockdown 
systems initially explored by the German research community. 
As many as 10 sprays are located on a given shield. pressuriz~d 
at 15 bars and producing a flow of 20 1/min. Figure 8-1 
illustrates the location of the sprays. 

Spray actuation occurs automatically via hand plumbing to 
the shield advance and control hydraulics. As a transducer 
senses a pressure drop of 150 bars in the support legs. the 
sprays are activated. The check plate sprays on the already 
advanced. adjacent shield are also turned on. while the gob 
sprays of the other adjacent still retreated shield are run. 
·Initial reports indicate a significant reduction (80 to 
90 percent) in dust. however. a danger of drowning has been 
introduced. Further work is presumably being done on opti­
mizing the water flows and spray locations. 

In the United States. it has been noticed that high produc­
tivity shifts tend to produce less support dust. A theory 
explaining this phenomena is that the roof is still damp from 
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FIGURE 8-1. - Chercher shield spray system. 

the shearer pass which tends to bin~ loose dust. It also may 
be that the roof did not have a chance to break up, or that the 
roof was inh~rently stable permitting a high production ~hift. 
Experiments are beinq contemplated that wn11ld examine the 
relative du~t make of wet and dry roofs. 

Foster-Miller attempt~d to determinA th~ ~rushing ch~rao 
teristics of typical roof lithologies, namely shale, siltstone, 
sandstone and coal, in order to develop a relationship between 
lithology and respirable dust generation. While s~veral 
qualitative reports are available. a more quantitative rela­
tionship cannot be drawn. The deqree of brittleness is to a 
large part, a function of the local geology (the binding matrix 
and mechanics)~ and the mechanics of loading. 

In essence, it would appear that coals and sandstones tend 
to deform in a more brittle fashion and therefore would create 
more dust during crushing. The sandstones would naturally be 
associated with high quartz or silica contents. The siltstones 
and shales are more plastic and do not fail as catastrophi­
cally. Quartz generation with shales should be minimal, 



however. the very definition of siltstones {particle sizes less 
than 0.062 mm) indicates that respirable factions will be 
generated with comminution. In summary. not taking local 
geology variations into account. dust penetration should be in 
the order of coal. sandstone. siltstone and shale. 

The rate of energy application and the geometry of the 
loaded specimen will also have some bearing on the degree of 
fines generation. Assuming a constant rate and magnitude of 
load application. a point loading condition will tend to crush 
the specimen in contact with the loading platens (e.g. roof and 
canopy). Small stiff specimens will fail explosively in 
tension (Brazilian condition) if the rate of internal energy 
increase is high. will fail in shear if the aspect ratio is 
low. and in compression if the aspect ratio is very low. Since 
the canopies are essentially load control systems. further 
.crushing of the diminished particles will occur until the set 
pressure limits are achieved 

At some point the integrated strength and surface area of 
the canopy debris will match the set pressure and no further 
crushing will occur. At lower set pressures this occurs sooner· 
(theoretically less dust). Also where the strata are con­
formable with the canopy surface little crushing should occur 
due to the low unit pressure applied. Lithologies such as 
competent shales tend to exhibit strong cleavage parallel to 
the bedding plane and incidently to the canopy top. Again 
competent shales should generate less dust due to the tendency 
for slow convergence and even loading. Coal on the other hand 
or other friable roof strata (such as weak shales) will form 
natural asperities in addition to the machine irregularities 
(e.g .• pick grooves) which will cause uneven loading and 
subsequent crushing. It is out of the concern to minimize 
loading of asperities and producing a more even stress distri­
bution that the idea of using compliant canopy materials is 
born. Several support manufacturers hinted that compliant 
materials were being investigated. however. it is being done on 
a priority basis. 

This all would imply that contact advance should in fact 
produce less dust by limiting the amount of debris pile up and 
subsequent crushing. Contact advance should also limit the 
amount of canopy drop and cross-canopy flow which would mobilize 
the dust. The potential fallacy in the above discussion is 
the grinding action associated with contact advance. Most 
shields are not true contact advance systems. and must be 

. 119 



120 

lowered a few inches to relieve pressure on the leminscate 
structure. The small gap therefore promotes rolling or abra­
sion of the canopy debris and this action is an even more 
efficient producer of dust than compressive loading. The 
French have been talking about designing a system with 
hydraulic linkages which would yield under nigh loads and 
permit advancing while under greater vertical loads. 

It is the difference in the above two philosophies that 
need to be monitored in field trials. The experiment should 
include different roof lithologies to insure that the model is 
not more sensitive to rock type than advance procedures. 

9.5 Mine Site Selection/Pilot Studies. 

several field investigations were scheduled for this past 
phase of work: however. the failing market conditions delayed 
or cancelled all of the potential test sites. Hawk's Nest 
appears to be closed for the long-term. Kaiser•s·Sunnyside 
Mine is on a severely reduced work schedule: however. they are 
still interested in participating in any field trials. For the 
moment. sunnyside has been bypassed as an evaluation site until 
a more consistent. work schedule can be assumed. 

Wilberg had also expressed some interest: however. they 
felt it was more prudent to concentrate on shearer-related dust 
first. Other mines including Carbon County. Armco. u.s. Steel. 
and Consol were also contacted; however. either market o~ 
security reasons prevented a more active role. 

Preliminary site visits were made to North American's 
Quarto No. 4. 34 South and 3 North longwalls and Armco's No. 7. 
3W longwall in order to determine whether any of FosterMiller•s 
g~s.t s.ubproqrams could be beneficial to the mine operation. At 
both mines smoke tracer studies were performed as well as 
instantaneous dust readings upstream and downstream of shield 
mu \lt!IYLe n t . 

The following qualitative observations were made from the 
smoke tracer experiments: 

• Cross-canopy flow (first noted during Phase II 
laboratory studies) is a well developed phenomena. 
particularly during advance. 



• Some cross-canopy flow exists even in the set posi­
tion. primarily as a function of the inter-canopy gap 
and the degree of canopy-debris pileup. 

• Shield advance parallel with airflow did not appear to 
cause as strong a cross-canopy flow as those sequences 
advancing into the ventilation (tail to head). 

• Re-entrance of gob-side air in the midface region 
appears to increase the inter-shield dust infiltration. 

• Gob-side airflow appeared to be less for shields 
advancing tail-to-head. 

• Increased canopy gaps tended to produce stronger 
(cleansing) eddies than tight gaps. 

• Smoke introduced in the walkway remained in the 
walkway and did not drift out into the face region. 

• Higher airflows tended to exaggerate all of the above 
effects. 

While it must be emphasized that all of the above obser­
vations were highly qualitative. they tend to confirm the 
results noted in the gallery tests. and must therefore be 
considered as guidelines for further experimentation. 

A series of dust readings were taken upstream and down­
stream of shield movement during a head-to-tail pass to 
quantify shield contribution to face respirable dust levels. 
Shield movement was delayed so that the shearer advanced far 
enough downstream to eliminate any effects from shearer­
generated dust. .A fixed sampling position was located approxi­
mately 60 ft downstream of shield movement and dust levels were 
recorded manually as shield movement approached. A second 
sampling position followed upstream of shield movement in order 
to subtract out transfer point. crusher and conveyor related 
dust. All readings were recorded manually on 15-sec intervals 
using GCA RAM style instruments. 

The results from the Quarto evaluation indicated shield­
related dust levels in the range of 0.6 to 0.8 mg/m3. while 
at Armco downstream readings ranged from 0.24 to 0.55 mg/m3 
for the limited three sets of (ten) number of shields 
reviewed. It must be noted that the above experiments were 
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extremely limited in nature and only occurred in the headgate 
area of the face. In both cases roof rock was often cut 
leaving a very clean. stable roof with no canopy buiidup. By 
being stationed near the headgate region where face velocities 
were lowest. cross-canopy flow was insignificant. At Armco. 
the basic face air velocity was so low (100 to 130 fpm) that 
air movement had little general effect. 

The above experiments were made in conjunction with many 
other observations as part of an initial investigation for 
selection of the most appropriate subprogram. While the 
individual sites were not a~~ropriate for further shield dust 
evaluations, they did ccrvc t~ VQlidQte many of the assumptions 
made in gallery testing. 

Additional surveys performed by Foster-Miller have indi­
cated potential shield dust problems at Old Ben Coal and Kaiser 
Steel's York canyon Mine. Both operations have been contacted 
and appear willing to participate in a more extensive examina­
tion of shield-generated dust. Old Ben is particularly inter­
esting since they are evaluating a spray system which is 
structured to move ~pstream dust laden air oUt into the walkway 
and into the face azea. The sprays are to be mounted on every 
fifth shield. Foster-Miller had-previously developed a similar 
approach of installing sprays within the canopy gap on every 
shield which would draw any cross-canopy flow out into the face 
area. From initial test trials in the longwall gallery. the 
Old Ben - every fifth shield approach. is set too far apart and 
may actually aid iri the introduction of gob-related dust. 
However. the system does warrant further investigations. 

The York Canyon Mine typically leaves roof coal which is 
felt to cause higher levels of shield dust. The results of a 
quick survey involving 10 shields indicate that shieldgenerated 
dust often forms the majority component of nonshearer-related 
dust. 

0.6 Objectives/Strategy (OI Fi~ld EVdludLlon 

The principal objectives of the u~coming field evaluation 
remain the same as previously stated namely: 

• Map the pathway of the dust flow. from the entry poirit 
(zone) to downwind mixing 
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• 

Isolate and define the mechanisms which influence dust 
creation. mobilization and migration (e.g .• roof 
lithology. debris accumulation) 

Evaluate the effectiveness of several procedural 
changes namely: 

Contact versus noncontact advance 

Check plate pressure or gap variations 

Wetting the roof 

• Evaluate spoiler systems. and in particular the canopy 
gap spray concept. 

The test methodology remains essentially the same as noted 
in the previous phase report. The major modification has been 
the altering of Automated Data's ML-10 data logger. The 
system. which could previously sample on only 10-sec intervals~ 
has been revised to sample at 2-sec intervals (with the sacri-;' 
fice of five channels). Since the identification of dust 
pathways is a critical component of the program and shield 
movement is cyclic in nature. it is necessary to sample at 
faster intervals. This will permit a clearer definition of the 
shape of the dust plume-pulse during shield movement. For 
example. if airflow is 300 fpm. a puff of shield dust released 
during initial canopy drop would have travelled 10 shields 
using the standard sampling interval. Another version would be 
if a dense plume of 6-sec duration was caused by shield 
advance. It is enti~ely possible that the entire pulse would . 
be missed and is highly probable that the peak would not be 
recorded. Since the dust plume-peak probably will flatten out 
with distance the measured difference would appear to be 
slight. The change .in recorder mechanics should considerably 
improve the sampling procedure. 

8.7 Future Effort 

The major thrust of future work will be a detailed field 
evaluation of the mitigation concepts. In particular the 
canopy gap spray system needs in-field testing. As previously 
noted. Old Ben and Kaiser's York Canyon Mines appear to be the 
mo$t likely candidates. although other sitQ& ars being 
contacted. 
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9. AIR CANOPIES FOR LONGWALLS 

The effort on this subprogram has been completed. The 
results are included in the Phase I Report. 
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10. SUBPROGRAM I - MINING PRACTICES 

10.1 Overall Objective 

Many longwall faces in the United States have difficulty in 
complying with the Federal dust standards. The regulations do 
not control the amount of respirable dust produced, they only 
limit the.maximum exposure level personnel can be subjected 
to. This permits reductions in personnel exposure by relocat­
ing personnel in less dusty environments .. 

In order to achieve this result, the overall objective of 
this subprogram is to identify and evaluate: 

• Ventilation systems 
• Cutting cycles 
• Operating ~echniques 
• Face systems. 

which inherently subject face personnel to lower levels of dust 
exposure. 

10.2 Phase I and II Summary 

The initial Phase I effort concentrat~d on the development 
of a model through which cutting cycles could be evaluated for 
potential dust exposure to personnel. The model categorized 
the personnel, major dust sources, mining cycle segments, and 
durations. The model enabled prediction of the levels of 
exposure that personnel were subjected to during each segment 
of various standard cutting cycles. Once baseline levels were 
established, moqifications were then implemented and the 
resulting changes in exposure were calculated. In this manner, 
levels of improvement for each modifi.cation were determined. 
The study was divided into two sections. The first section was 
aimed at changes and techniques that could be performed with 
existing equipment. The second section highlighted changes in 
the mining cycle requiring new equipment. 

During the first portion of the study, three mining cycles 
were examined: 

• Unidirectional cutting - headgate-tn-tailgate 
• Unidirectional cutting - tailgate-to-headgate 
• Bidirectional cutting. 
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Each cycle was analyzed for antitropal and homotropal 
ventilation in addition to various changes in operating tech­
niques and procedures. The most significant improvements were 
achieved by introducing homotropal ventilation. The high risk 
occupation, shearer operator, showed 67 percent improvement by 
using homotropal ventilation in conjunction with modified 
operating techniques. Significant improvements were also shown 
for the headgate operator position. 

The second section of the modelling program examined 
fundamental changes in the mining cycle requiring the purchase 
of new equipment. A number of techniques were examined but the 
most promising was the use of ~symmetrical cuttinq drums. A. 
USBM survey highlighted the potential of large/small drums tor 
transferring tfie shearer generated dust downstream of the 
operators. This is accomplished by locating the larger drum on 
the downwind ranging arm and cutting less coal with a small 
drum on the upwind ranging arm. The model incorporating 
asymmetrical drums showed that by maximizing the size ratio 
between the two drums the operators• exposure could be reduced 
by as much as 60 percent. 

The results of the Phase I effort study highlighted the 
potential of homotropal ventilation and asymmetrical cutting 
drums for reducing longwall dust exposures. The Phase II 
effort was, therefore, directed toward further investigation of 
the application and utilization of homotropal ventilation and 
asymmetrical cutting drums. 

The Phase I effort had highlighted the potential benefits 
of homotropal ventilation system§. There was. however, little 
documented operating experience and its use appeared to be 
limited. A short field survey consisting of four one-day mine 
visits was conducted in central Pennsylvania. The mines all 
had been operating homotropal faces for a number of years. The 
visits consisted of a face tour and discussions with mine 
management. 

The following conclusions were drawn from the survey: 

• Nnne of the mine~ ~ncountered difficult problems in 
applying and operating homotropal ventilation. 

• The main reason for implementing homotropal ventila­
tion was to overcome methane problems. 

• Reduction of intake dust contamination was considered 
an additional benefit. 
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• A few mines had to develop some simple techniques 
(cribbing} to cope with the air split in the headgate. 

• Most mines had to install fire protection equipment 
required by Federal Regulations (if belt air exceeded 
100ft/min}. 

• Homotropal ventilation made it possible to maintain a 
·track entry in the tailgate. This allowed access for 
materials and workers on both ends of the face. 

While homotropal ventilation was being successfully used by 
these mines. its use was limited to the central Pennsylvania 
area. This limited use was suspected to be due to restrictions 
imposed by either federal or state regulations. Further 
investigation. however. showed that compliance with regulations 
was not a factor. 

A general lack of knowledge concerning the positive bene­
fits of homotropal ventilation appeared to be the primary 
reason why its use was not more widespread. In response to 
this need for information. a handout describing the critical 
features for successful homotropal ventilation was prepared ·and 
distributed. As a result. several mines started to implement 
homotropal ventilation on their faces. 

The effectiveness of asymmetrical cutting drums is achieved 
by locating a small cutting drum on the upwind ranging arm and 
a large drum on the downwind arm. Thus. the bulk of the 
cutting is performed downwind of the shearer operators. The 
USBM has identified the use of this technique at Barnes and · 
Tucker's Lancashire No. 20 mine.· The B&T application. however. 
uses a large downwind drum the same size as the seam. For many 
mines this method of cutting is not practical. because the 
system cannot easily accommoOate changes in seam section. A 
fea~ibility study was conducted to examine the application of 
asymmetrical drums in thicker seam sections for both bidirec­
tional and unidirectional cutting. The study also examined the 
practical limitation of the drums' peripheral speed and the 
practical minimum drum sizes for the various types of shearers. 

10.3 Phase III Activity 

The Phase III effort included: 

:• Full homotropal evaluation at one mine 
• Homotropal follow-up studies 
• Asymmetrical drum investigation. 
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The results of these efforts are discussed in the following 
sections. 

10.4 Homotropal Evaluation at Old Ben 

The initial approach for the homotropal evaluation was to 
locate a cooperative mine which would change from antitropal to 
homotropal ventilation part way through the life of the panel. 
An A/B evaluation conducted in this manner would use exactly 
the same equipment and be in the same seam section and thus 
minimize other variables. 

This test plan, however, would have required changing the 
adjacent hydraulic control of roof supports, re-orientating the 
external spray system on the shearer and installation of the 
new ventilation system. Implementing all the changes plus 
retraining the face crew to operate under a different sequence 
of tasks was not considered practical and likely to disrupt 
production. The test plan, therefore, was modified to ini­
tially evaluate an antitropal face to establish baseline 
conditions and then follow-on with a homotropal evaluation at 
some later date under similar face conditions on a different 
panel. Old Ben, however, was able to offer Foster-Miiler a 
site, ··Mine No. 25, that had both a homotropal and antitropal 
face. 

The two faces at Old Ben, No. 25, had similar stageloaders,. 
face conveyers and shields. The extraction height was approx­
imately 7 ft for the two faces which were both in the Her~in 
(No. 6) seam. The antitropal face, Longwall No. 2, was 
equipped with an Eickhoff 300 shearer equipped with 66 in. 
diameter cutting drums. The homotropal face, Longwall No. l, 
was equipped with a smaller shearer, the Joy ILS which was 
fitted with a 60 in. tailgate drum and 57 in. headgate drum. 

The two faces, although in the same seam, did have dif­
ferent strata conditions. The antitropal lonqwall entries 
stood well and the shearer rarely had to mine any stone. 
Conditions on the homotropal longwall were slightly worse. The 
entries, both in the headgate and tailgate, had roof control 
problems. The tailgate entry, next to the rib, was heavily 
cribbed and posts were also used for additional support. The 
shearer on the homotropal face frequently had to cut some stone 
towards the tailgate end of the face. 
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10.4.1 Sampling Methods/Evaluation Plan 

The evaluation on each of the two faces completed during 
the period July 18-29. 1983. consisted of the following: 

• Sampling intake dust levels upwind of the shearer 

• Sampling dust levels at the various operator positions 
to determine the impact of intake dust on their 
exposure 

• Mapping ventilation airflow patterns and dust concen­
trations in the headgate 

• Documenting face air velocities 

• Measuring dust concentration profiles in the walkway 
around the shearer. 

10.4.2 Evaluation Results 

Intake Dust Concent~ation Data 

Dust samples were taken simultaneously between the two 
shearer operators and in the intake (upwind of the shearer) to 
document the shearer operators• exposure to intake dust. On 
the cutting pass the intake data was obtained immediately 
upwind of the shield movement. on the cleanup pass the intake 
data was gathered immediately upwind from the shearer since no 
shield movement was taking place. 

The data for two typical passes on the cqnventional face 
are plotted in Figure 10-1 as a function of face position. The 
intake concentration on the cutting pass averaged 0.6 mg/m3; 
on the cleanup pass it averaqed 0.25 mg/m3. The lower 
concentrations on the cleanup pass are thought to be due to two 
factors: 

• There are less large lumps passing through the crusher 
on the cleanup pass. 

• The coal on the conveyor during the cleanup pass is 
more thoroughly wetted by the shearer water sprays. 

Data for two typical passes for the homotropal face are 
plotted in Figure 10-2. On the cutting pass intake dust levels 
averaged approximately 0.2 mg/m3. while on the cleanup pass 
they averaged 0.1 mg/m3. 
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FIGURE 10-1. - Compari~on of fa?~ inta~e dust levels. 



Comparing data from the two faces (Table 10-1) shows 
significantly lower intake contamination on the homotropal 
face. Intake dust levels on the homotropal face average 
60 to 70 percent less than those on the conventional face. 

Headqate Dust Profiles 
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Conditions in the headgates of both faces were evaluated by 
mapping the dust concentrations using a RAM-1 dust sampler. A 
typical map for the conventional antitropal face is shown in 
Figure 10-2. 

On the conventional antitropal face the dust levels in the 
headgate were higher than normally expected. The primary dust 
source appeared to be the stageloader to panel belt transfer 
point, in the belt entry. High concentrations of dust were 
also recorded in the vicinity of the headgate crusher. The 
dust generated - by the crusher, however, had minimal effect on 
the headgate conditions due to rapid dilution by the intake air 
stream. 

Conditions on the homotropal face were highly dependent on 
the location of the intake crosscut. When the return crosscut 
was inby the stageloader operators position the conditions in 
the headgate were excellent. In Figure 10-3 the dust concen­
tration of the intake air was below 1 mg/m3 even though heavy 
concentrations of dust were present in the face air. 

As this face advanced the return crosscut became closed off 
by the gob. To maintain an airflow path to return for the face 

TABLE 10-1. - Comparison of average intake dust levels for 
the conventional and homotropal face 

Conventional Homotropal, Percentage 
Pass (antitropal), mg/m3 improvement 

mg/m3 (\) 

Cutting tailgate- 0.6 mg/m3 0.4 mg/m3 60 
to-headgate 

Cleanup headgate- 0.25 mg/m3 0.1 mq/m3 66 
to tailgate 
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FIGURE 10- 2 . - Headgate dust concentration map. 
antitropal venti lation during 
head-to-tail ( cutting) pass. 
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air, an outby crosscut was opened up by advancing the ventila­
tion curtain in the second entry. The face air now flowed over 
the stageloader to reach the new return crosscut, thereby 
exposing the headgate operator to contaminated face air 
(Figure 10-4). Under good conditions this should not have 
occurred since the crosscut in the gob ideally would remain 
open. 

At this mine, however, the roof conditions in the headgate 
had deteriorated since the start of the panel. The gob against 
the rib side had initially stood well but at the time of our 
survey would collapse close behind the supports. There was no 
room between the la9t headqate support and the rib side to 
buil~ cribblny. Th~ only cribbing that was built wac in the 
crosscut. 

In an attempt to improve cond1~1ons !or Lhe ~Ldy~lua~er 
operator a line curtain was installed by Foster-Miller to 
provide intake air to that location. The curtain and resulting 
conditions are illustrated in Figure 10-5. Conditions are 
greatly improved for the operator by the use of the curtain but 
it did interfere with his view of the stageloader delivery end 
onto the belt. 

Summary and Conclusions of Old Ben Evaluation 

The evaluaLluu Le~ults showed that homotropal ventilation 
reduced intake contamination at Old Ben by 60 to 70 percent. 
The homotropal face, however, was not an ideal example of 
homotropal ventilation because of the gob conditions and 
control of conditions in the headgate were difficult. 

10.~ Uomotropal Followup Studiee 

In addition to the full evaluation at Old Ben, a series of 
short follow-up visits to other mines using homotropal ventila­
tion were conducted. The objective of the visits was to record 
the ventilation system, document any par~icular mlnlny L~~ll­
niques implemented by the mines for homotropal ventilation and 
to perform a brief survey of dust and ventilation conditions. 

The mines visited included: 

• Bethlehem No. 33 
• Jim Walters No. 4 
• Beth-Elkhorn No. 26L. 



10.5.1 Evaluation of Bethlehem Mining Corps .• 
Mine No. 33, Cambria Division 
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The survey at Mine No. 33 was conducted between December 5 
and 9, 1983. The shearer was a single ended fixed height rope 
haulage machine which cuts in both directions. The extraction 
height was so in. and the face was equipped with four leg . 
chocks. At the headgate end of the face every second crosscut 
was broken through to route intake air down the headgat~ entry 
and over the headgate operator. Prior to each crosscut ente­
ring the gob, a substantial crib was built to support the 
crosscut entry. Those stoppings that remained were knocked 
through when the face conveyor was adjacent to the crosscut. 

Ventilation surveys of the headgate were conducted with the 
return crosscut in the gob region. All surveys showed an 
average intake airflow through the headgate of 200-300 ft/min. 
giving excellent protection to the stageloader operator. The 
headgate air combined with face air at the end of the face and 
formed a combined airstream through the gob to the return 
crosscut. 

A ventilation survey on the face monitored the air as it 
migrated through the chocks to-~he gob. It was reasoned that 
with the face air bleeding through the supports to the return a 
region of low airflow would occur at the end of the face. The 
survey (Figure 10-6) shows some decrease in ventilation veloc­
i~y. but even under the worst situation the velocity did not 
reduce below 100 ft/min. 

Dust surveys of the headgate showed the intake dust concen­
tration outby the stageloader/belt transfer point to be below 
0.5 mg/m3. As the air progressed up the headgate, dust 
levels increased slightly but remained below 1 mg/m3. 

Dust ~urveys of the face showed the intake dust levels 
averaging only 0.07 mg/m3 during the head-to-tail pass and 
0.3 mg/m3 in the tail-to-head pass. 

The face at Bethlehem No. 3 was an excellent example of 
homotropal ventilation. The face did not normally require any 
special techniques to ensure airflow into the gob. Occasion­
ally poor headgate roof conditions require additional cribbing 
built between the last chock and the rib to keep the gob open. 
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10.5.2 Evaluation of Jim Walter Reso~rces, Inc. 
Mine.No. 4, Longwall No. 2 

The survey at Mine No. 4 was conducted in conjunction with 
the reverse drum rotation evaluation. The survey was conducted 
over two separate weeks, January 16 through 20 and January 30 
through February 3, 1984. The face was equipped with an AMSOO 
double ended ranging arm shearer fitted with 52 in. diameter 
cutting drums. The primary cutting was from tailgate-to­
headgate, with a cleanup pass. from headgate-to-tailgate. The 
height of the face was 60 in. and it was equipped with two leg 
shields. The height of the entries was 8 ft 6 in. Every 
crosscut was knocked through at the headgate end of the ~ace to 
route intake air into the headgate. 

During the survey the return crosscut was always located 
adjacent to the end of the face or slightly into the gob. The 
crosscut was always open during the survey and was supported by 
three aets of con~~~L~. wire reintorced cribs. 

The face air quantities recorded during the survey showed 
that the face air fluctuated from 35,600 to 60,000 cfm. The 
cause of the fluctuations was due to changes in the size of the 
opening onto the face at the tailgate. Conditions in the 
tailgate were temporarily abnormal due to strata control 
problems. The tailgate had experienced considerable roof 
convergence and the tailgate conveyor drive frame tended to 
climb. Consequently, the opening onto the face was severely 
reduced and its size varied depending on how effectively the 
shearer could cut out. 

Ventilation surveys always showed a positive airflow from 
the auxiliary intake at the headgate. Having combined with the 
face airflow, no difficulty was experienced by the ventilation 
entering the return crosscut. Since both the face and headgate 
intakes originatQ from the same supply, fluctuations in face 
air quantities resulted in changes in the auxiliary headgate 
air. 

Dust levels in the headgate ranged from 1 to 4 mg/m3. 
These levels were higher than expected with no face air contam­
ination. The reason for higher dust concentrations was the 
reduction in auxiliary intake air and dust sources within the 
headgate. 

Intake dust levels for the face were measured upstream of 
the shearer, headgate-to-tailgate (clean-up pass) 0.15 mg;m3 
and tailgate-to-headgate (cutting pass) 0.43 mg/m3. The 
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intake dust levels measured during the cutting pass were higher 
than expected. These higher levels are suspected to be due to 
the face conveyor recirculating material to the tailgate during 
the cutting pass. With the exceptionally high velocities 
present at the tailgate. it is believed that some of the 
recirculated fraction ot the respirable material became 
airborne. 

10.5.3 Evaluation of Beth-Elkhorn. Mine 26L 

The third mine visit was conducted at Beth-Elkhorn Mine 26L 
on March 6~7. J.984. The data has not yet been fully analyzed 
but the following general information can be repor~ed. The 
intake dust. as with other homotropal faces. was extremely low: 

Intake dust levels 

Shea~er. cutting direction 

Headgate-to-tailgate 

o 14 mg/m3 

Tailgate-to-headgate 

o 18 mg/m3 

The shearer was a single ended ranging shearer that cut in 
both directions. During the head-to~tail pass the operator was 
exposed only to intake dust (0.14 mg/m3). When cutting into 
ventilation his exposure increased slightly to 0.51 mg/m3. 
These low dust levels at the operator are largely attributable 
to the homotropal ventilation system. 

On the first day Of the su£vey there was a positlv~ airflow 
up the headgate providing protection to the stageloader opera­
tor. On the second day. however. the face ventilation had 
increased and there was less auxiliary air in the headgate. 
The change in ventilation conditions caused an increase in dust 
levels in the headgate due to less dilution. 

On this face the gob stood well and there was no apparent 
problem routing the ventilation into the gob. There was a 12 
ft gap between the last chock and the rib side within which 
cribs could be built if necessary. The mine had ~maller pillar 
sections than usual and. therefore. the return.crosscut only 
had to pass into the gob a short distance before the next 
crosscut was able to become a return. 

To protect the stageloader operator his controls were 
positioned further outby than normal. In the event that the 
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face had to prematurely open up a return crosscut and route 
face air a short way up the headgate the operator would still 
be in intake air. 

· 10.6 Homotropal Evaluation Conclusions 

The completed evaluations have clearly shown that 
homotropal ventilation significantly reduces intake air 
contamination. The majority of mines have also indicated that 
the system provides them with better methane control. 

One key to the successful application of homotropal venti­
lation is the control of the auxiliary intake air to the 
headgate. It has to provide sufficient air to both dilute dust 
in the headgate and must also provide a positive airflow 
towards the face to prevent contaminated face air entering the 
headgate. The balancing of the face airflow and auxiliary 
airflow is critical. 

Another key to the successful application of homotropal 
ventilation is an open return through the gob at the headgate 
end of the face. In several of the mines the gob stood well 
enough that a path to the return crosscut was always open until 
the next return crosscut advanced beyond the stageloader. In 
other mines. cribbing was installed between the first shield 
and the rib to keep the gob open. In those mines. where 
maintaining an open gob is difficult. other techniques will 
need to be applied to maintain a fresh air split for the 
stageloader operator if homotropal ventilation is to be suc-
cessfully applied. · 

10.7 Asymmetrical Cutting Drum Investigation 

The Phase I modeling task quantified the potential dust 
reduction benefit of asymmetrical cutting drums. The reduction 
was achieved through the application of a small cutting drum on 
the upwind ranging arm which cuts less coal. thereby generating 
less dust. which may pass over the operators• positions. The 
majority of the cutting (and dust generation) is transferred to 
the larger drum on the downwind ranging arm. 

The objective of this project was to investigate the 
applications. define the limitations. and evaluate the effec­
tiveness of asymmetrical cutting drums. 

During the Phase II effort the following tasks were 
performed: 
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• Analysis of field operating experience 
• Feasibility study of asymmetrical drum 
• Analysis of practical considerations and limitations. 

The analysis of field operating experience examined the use 
of asymmetrical cutting drums by Barnes and Tucker at 
Lancashire No. 20 Mine. The use of asymmetrical drums at 
Barnes and Tucker was identified by a USBM survey. Barnes and 
Tucker introduced large/small drums to improve horizon control 
for the shearer. The longwall had a homotropal ventilated face 
and the large downwind headgate drum was the same diameter as 
the seam (Figure 10-7). Steering of the shearer. therefore. 
only required one operator. His task was to keep the large 
dLum in the coal seam. The smaller drum. which·cuts the middle 
of the seam. requires little if any control. 

Several mine operators expressed concern as to whether the 
mechanical reliability of the shearer would be impaired by 
using unequal sized cutting drums. According to Barnes and 
Tucker personnel. there were no detrimental effects on their 
shearer. 

11111( AIRFLOW 

~ AIRFLOW 

' 
FIGURE 10-7. - Asymmetrical drum application -

Barnes & Tucker. 

II 
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The application of asymmetrical drums at Barnes and Tucker. 
while successful under their conditions. may not be as success­
ful in thicker seams. The thin seams at B&T allowed taking the 
full seam height with the downwind drum and the type of shearer 
allowed the use of a very small drum on the upwind side. In 
thicker seams this type of application may not be possible. 

The size of the large/small cutting drums have certain 
practical constraints on their maximum and minimum sizes. On 
the large size drums the peripheral speed should be limited to 
600 ft/min if problems with material recirculation are to be 
avoided. Limiting the peripheral speed to 600 ft/min and using 
a practical minimum rotational speed of 30 rpm gives a maximum 
drum diameter of 76 in. for the large drum. 

The minimum diameter of the small drum is dependent on the 
hub size of the ranging arm. Since.most manufacturers have an 
epicyclic final reduction gearbox in the hub of most ranging 
arms the minimum drum size is quite large (46 in. to 54 in. 
depending on the type of shearer). 

In the thicker seams it is desirable to load the majority 
of the coal onto the conveyor with the headgate cutting drum. 
Thus the material does not have to pass through the limited 
aperture of the shearer underframe which can result in stop­
pages and reduce shearer haulage speed. The large drum. 
therefore. should be located on the headgate side of the 
shearer. The face·ventilation then should be from tailgate­
to-headgate (homotropal) to position the shearer operators 
upwind of the larger drum. 

The maximum and minimum sizes of the two drum diameters are 
approximately 76 in. and 50 in .• respectively. If these size 
drums were used to replace a standard set of 60 in. drums on an 
average United States face of 7 ft seam height. the change in 
amount of coal cut by the upwind drum on a homotropal face can 
be ~alculated (Table 10-2). This is the maximum change that 
could be expected. By applying large/small drums 66 percent 
less cutting is performed upwind of the shearer operators 
during a tail-to-head pass. 

During cutting from tailgate-to-headgate the use of a 
large/small drum only reduces the amount of coal extracted by 
the upwind drum by 17 percent. In many cases. such a small 
improvement would be undetectable. In addition. if the smaller 
drum cuts the seam section next to the roof. the distance that 
the cut coal falls to the conveyor is greater. This increase 
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TABLE 10-2. - Improvements obtained by applying 
asymmetrical drums 

Percentage reduc-
cutting seam section cut Seam section cut tion in seam 

direction by headgate drum by tailgate drum section taken by 
small ·drum 

60 in. conven- 24 in. conven-
.Tailgate-to- tiona! drum tional drum 
head gate (16 in.) 66% 

76 in. large 8 in. small 
drum drum 

24 in. conven- 60 in. convcn-
Headgate-to- tiona! drum tiona! drum 
tailgate {10 in.) 17% 

34 in. large 50 in. small 
drum drum 

in height may tend to produce more airborne dust. thus reducing 
the gain from cutting 17 percent l•ss coal. 

10.8 Strategy for Locating a Cooperating Mine Site 

since methods of operatioll were defined for the asymme.t.ri­
cal drums a handout has been circulated to the following 
companies: 

• Quarto Mining Company 
• Eastern Associated Coal Corporation 
• Consol (Fairmont Division) 
• Consol (Blacksville Division) 
• Old Ben Coal Comp~ny 
• Kaiser Steel Corporation 
• Island Creek Coal Company. 

The handout prompted some initial responses but as yet has 
failed to produce a cooperative mine site. 

The test plan for evaluating the system will be an A/B type 
comparison. The initial weeks' testinq with conventional sized 
cutting drums will provide data on the baseline conditions. 
The drum changeover to asymmetrical drums woul.d be planned for 



a weekend and the assessment of the drums would follow 
immediately. 
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The location of a suitable site is becoming more critical. 
As stated earlier. to maximize the benefits of asymmetrical 
cutting drums while minimizing the potential for any production 
losses the face should have·homotropal ventilation. Therefore 
the cooperating mine has to either already be operating with 
homotropal ventilation or be prepared to adopt both homotropal 
ventilation together with asymmetrical drums. Assuming that it 
is more likely that agreement will be reached with a homotropal 
mine. there are relatively few sites available with a suitable 
seam height. The alternative is to persuade an antitropally 
ventilated mine to accept a complete package of homotropal 
ven~ilation. plus asymmetrical cutting drums. 

10.9 Phase IV Effort 

The homotropal project is almost complete. The recent 
visit to Beth-Elkhorn Mine 26L is the last of the followup 
visits. The data from the visit will be analyzed in the near· 
future and a mine report will follow. A detailed account of 
the findings and conclusions of the homotropal survey will b~ 
produced for a journal article. The objective of the article 
will be to provide the mining industry with the technology and 
information required to successfully implement this ventilation 
system. The section of the final report documenting and 
r~cording the effect performed in homotropal ventilation during 
the program will also be prepared. 

The asymmetrical cutting program requires a field evalua­
tion during Phase IV. A revised technical handout will be 
produced and circulated to all mines with suitable seam sec­
tions. A telephone survey will follow to locate int~test~d 
mines. The evaluation of the asymmetrical cutting drums will 
take two weeks. The first week will establish baseline data · 
using conventional sized drums. the following week will eval­
uate the asymmetrical drums. On completion of the evaluation a 
mine report will be produced. At the end of Phase IV a final 
report will be produced documenting the mine results and 
providing recommendations for the successful application of 
asymmetrical drums. 
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