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FOREWORD 

As a part of its continuing program in protecting the health 
and safety of the nation's coal miners, the frJreau of Mines, 
Department of the Interior, presented on November 3-4, 1969, a 
Symposium on Respirable Coal Mine Dust. The Symposium was cospon­
sored by the .American Mining Congress, the National Coal Associa­
tion, and the National Independent Coal Operator's Association. 

Within recent years it has become evident that a large number 
of our coal miners develop a severe occupational respiratory dis­
ease commonly referred to as "black lung," but more appropriately 
designated as "coal wo:rker's pneumoconiosis. 11 Studies in the United 
States as well as in European countries clearly demonstrate that 
preventiqn of the disease is related to the control and suppression 
of respirable coal mine dust. 

This Symposium dealt with the various engineering methods of 
controlling dust in underground coal mines including ventilation, 
water suppression, machine design, and dust collection; and a dis­
cussion of respirators and life support systems. The merits of these 
various procedures and their potential application to underground 
coal mining were examined. In every case attempts were made to 
secure outstanding talent in each of the major areas .discussed. The 
proceedings of the Symposium should constitute a reference on cur­
rent technology for dust control. 

The Symposium helped to delineate those areas where additional 
research is needed and highlighted the necessity for concentrated 
efforts by both industry and Government for intensive research and 

. investigative programs on engineering procedures to control res­
pirable coal mine dust within prescribed hygienic limits. Hopefully, 
research will move so rapidly that within a reasonably short time 
this publication will be out of date in terms of dust control tech­
nology. 

JOHN F. O'LEARY 
Director, Bureau of Mines 
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DUS)", WASHINGTON, D. C., NOVEMBER 3-4, 1969 
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Richard M. Gooding 1 

MR. RIGG: Gentlemen, I would like to welcome you all to the symposium 
this morning. 

My name is Jack Rigg, and I am a special assistant to Hollis Dole, .Assist­
ant Secretary of the Interior for Mineral Resources. Hollis is not in town this 
morning, and I am here to pinch-hit for him. 

The first order of business this morning is remarks by the Honorable 
Russell Train, Under Secretary of the Department of Interior. 

Mr. Train. 

MR. TRAIN: Thank you, Mr. Rigg. 

Lest you think that Hollis Dole is not interested in this symposium, let 
me just say that he is flying back from Australia just to be here. He is head­
ing up a United States delegation in Australia meeting on resource problems in 
the Pacific. And I believe he will be here about noon. 

REMARKS OF HONORABLE. RUSSELL E. TRAIN, UNDER SECRETARY OF THE 
INTERIOR, AT SYMPOSIUM ON RESPIRABLE COAL MINE DUST, NOVEMBER 3, 1969, 

AT THE STATLER HILTON HOTEL, WASHINGTON, D.C. 

On behalf of Secretary Hickel and the Department of the Interior, it is my 
great pleasure to welcome you to what ·I believe will be a highly productive 
symposium. No subject could be more timely. President Nixon made improved coal 
mine health and safety a first order of business for his administration. 

In attending this meeting I believe that you and I are indicating our rec­
ognition of a powerful new force on the American scene. The idea that each of 
our citizens has a right to a safe and healthful ehvironment--as much right, let 
us say, as to an education--is now being voiced in many parts of our land. En­
vironmental quality has already become one of the prominent public issues of our 
day, demanding the attention of industrialist, legislator, and President. The 
problem of how we get, and keep, an acceptable quality of environment touches 
all of the resources •.. air, water, and land • on which we depend for 
sustenance and survivai. 

l 
Chemist, Office of Director of Petroleum Research, Bureau of Mines, 
Washington, D.C. 
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Of this all-inclusive enviropment, the occupational environment is but 
one part. But, as President Nixon has pointed out, it is a part in which work­
ing .Americans spend nearly a quarter of their lives. And in his words: 11 For 
them, the quality of the workplace is one of the most important of environmental 
questions." 

The importance of occupational health, and the necessity for taking posi­
tive measures to assure it, have not found easy acceptance. For too many years, 
unhealthful working places and conditions have been countenanced as part of the 
price that must be paid for industrial progress. Too often, our occupational 
health problems have been rationalized away with the assertion that corrective 
measures would be economically insupportable. A fatalistic acceptance of the 
problem--a too easy readiness to live, or even die, with it--has been adopted 
even by those who suffer from it most directly. This, it seems, has been at 
least partly the case with coal miner's pneumoconiosis. 

None of us here today has anything to be proud of in this respect. None of 
us can claim to have been sufficiently concerned, even a year or two ago, about 
the quality of the air going into the lungs of .American coal miners. As with 
so many other kinds of environmental problems, both government and industry had 
legitimate responsibilities in the area and both defaulted. 

It is to our credit, however, that, having recognized the problem and ac­
cepted our share of responsibility, we are attacking it with vigor and deter­
mination. I welcome your attendance here as evidence that coal miner's pneu­
moconiosis is now viewed as a serious matter by everyone connected with the 
coal industry. I apologize to our British and German guests, who have been 
hailed across the Atlantic on what must have seemed very short notice to share 
with us the benefits of their long experience in dust control. I offer industry 
the Department's complete cooperation in developing control measures that will 
give our coal miners the best protection that advanced technology can provide. 

This protection, I believe, will become a demonstrably positive asset to 
the coal industry in a very short time. For coal's ability to help meet the ex­
panding demand for energy is even now being hampered by a labor shortage. One 
obvious way to deal with the shortage is to raise the miner's working condi­
tions to a level nearer those of other major industries. 

In closing, ~ would like to express our appreciation to the cosponsors of 
this symposium, and particularly to J. Allen Overton, Jr., executive vice­
president of the .American Mining Congress; to Stephen F. Dunn, president of 
the National Coal Association; and to John L. Kilcullen, legal counsel for the 
National Independent Coal Operator's Association. Their help has ma.de this 
meeting possible. 

On your deliberations here, I wish you every success. 

Thank you. 

MR. RIGG: Thank you, Mr. Secretary. 



The second presentation on the morning session will be, "The Symposium-­
Background and Objectives, 11 by John F. O'Leary, Director, Bureau of Mines. 

BACKGROUND AND OBJECTIVES 

by 

John F. O'Leary 

3 

Delegates to the Symposium and distinguished guests, I want to begin these 
brief remarks by expressing the Bureau's gratitude for the cooperation it has 
received f'rom industry, not only in making arrangements for this symposium, but 
also in the intensive research and testing that we have been conducting coop­
eratively in recent months. These joint efforts are beginning to show promis­
ing results, about which you will be hearing JOC>re later on. We could not pos­
sibly have progressed so far so quickly without the wholehearted participation 
of management and labor at the various mines in which our studies have been . 
underway. 

I want to say also that regardless of the outcome of the pending legisla­
tion that concerns all of us here today, the Department of the Interior and 
the Bureau of Mines are dedicated to .the elimination of dust diseases and the 
menace they represent to the health of this Nation's coal miners. We know that 
our determination is shared by all of you who represent the coal mining industry 
and that we will continue to enjoy the enthusiastic cooperation of other re­
search establishments and the manu:facturers of coal mining equipment. 

In recent months, we have been working diligently to perfect engineering 
methods for substantially reducing the concentrations of respirable dust. In 
addition, we have reviewed the experiences of other countries, especially the 
United Kingdom and the Federal Republic of Germaey, to determine if these coun­
tries had technology of which we were not aware. Our progress to date will be 
reported to you during the next two days, along with accounts of some of the 
work that industry has been carrying forward on its own. 

Our first objective is to assure that all concerned parties have a common 
ground of knowledge regarding the various engineering methods for dust suppres­
sion and control and the effectiveness of each method in terms of the present 
state of technology. Proceeding f'rom such a basis, we hope to identify those 
areas where both Government and industry can best direct their research efforts. 
The transactions, which will be sent to each registrant, should serve as a 
textbook on current technology; and incidentally, a textbook which we intend 
shall be out of date by this time next year. 
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The program has been planned with a definite sequence. Session I is de­
signed to provide a baseline for the problem. It will therefore cover why and 
how respirable coal mine dust is measured, what dust concentrations are pres­
ently encountered in underground coal mines, and finally, same of the practical 
problems now confronting the industry. 

Sessions II and III deal with the four principal .methods for suppression 
and control of dust: ventilation, water, machine design, and dust collection. 
To this a discussion of respirators and life support systems has been added. 
Each method will be discussed in tenns of its theory and, wherever possible, 
its effectiveness in present practice. Every attempt has been made to select 
the best qualified individual for each subject area. 

There should be ti.me for a short discussion after each presentation. How­
ever, to expedite the progress o.f the Symposium~ to assure each speaker of 
his allotted ti.me, we are as.king that you limit your questions to matters o.f 
clarification. Each session moderator will determine whether a question is ap­
propriate for an iJmlledi.ate answer or whether it should be held for the Panel 
Discussion on Session IV. In the latter case, the questions will be recorded 
and referred to the panel. 

The Panel Discussion has been designed to .respond to your technical ques­
tions and to explore significant subjects at 100re depth. We would prefer that 
you direct inquiries to the panel through written questions using the cards 
that have been provided. This will enable us to group .related questions, and 
will perm! t the speakers to prepare 100re complete answers. Your questions may 
be either addressed to an individual or to the panel, and should be deposited 
in the boxes at each exit f'rom the auditorium. 

We do, however, ask that your questions be limited to the technical areas 
under discussion. We will not attempt to respond to questions which would etr 
croach on decisions yet -to be made by the Congress. 

When there are substantive legislative questions -that require discussion 
you can be assured that we will be consulting you. 

Thank you. 

Our first technical pa.per, ''Measureioont of Respirable Dust - The Basis for 
· a Gravimetric Standard," is by Mr. W. H. Walton .from the Institute of Occupa­
tional Medicine, National Coal Board, Edinburgh, Scotland. 



PAPER TO SYMPOOIUM ON RESPIRABLE COAL MINE DUST 
WASHINGTON, NOVEMBER 3 - 4, 1969 

THE MEASUREMENT OF RESPIRABLE DUST - THE BASIS FOR 
GRAVIMETRIC STANDARDS 

by 

W. H. Walton 

The airborne dust clouds found in coal mines are complex systems com­
prised of mixed particles, of varied size, density, shape, and state of ag­
gregation. Because these particles settle ·at different speeds, and differ in 
their composition and toxicity, only a proportion of these particles are res­
pirable. Moreover, the concentration and character of the cloud varies from 
place to place in the mine, and from time to time at the same place. 

Some of the reasons for these variations are readily apparent. Mining 
operations are often discontinuous, and their site changes. These operations 
make, and scatter into the air, particles -of all sizes. The larger, faster 
falling, particles tend to be deposited relatively near to the dust source; 
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the small, slow-falling particles are carried long distances by the ventila­
tion with little loss. The turbulence of the airflow keep some particles air­
bo::r;-ne longer than would otherwise be expected; therefore, the concentration 
falls logarithmically with time instead of linearly. The particles most per­
sistent in the air, and most difficult to remove by dust control, are the 
"respirable" ones which, for similar reasons, are capable of penetrating into 
the depths of the lungs. This respirable dust is accompanied by variable, and 
possibly, large quantities of coarse non-respirable material. Different min­
erals when broken give rise to different amounts of fine dust; airborne dust 
composition may vary significantly at different particle sizes, and may also 
differ from that of the parent material. Many airborne particles are aggregates 
or .clusters of smaller individual particles. All dust particles are weakly co­
herent, and _the presence of snia.11 quantities of condensed water greatly in­
creases their adhesion, therefore, the extent of aggregation in a cloud tends 
to depend on the violence of the dispersive process and humidity. The dust 
formed by the action of percussive tools on a hard rock may be relatively un­
aggregated; however, dust raised by debris falling from one conveyor belt to 
another may contain mainly aggregate particles. Aggregate particles, or par­
ticles of extreme shape, may have very low falling velocities in relation to 
their size. 

The amount of dust in a given volume of air can be specified by the num­
ber of particles or by their weight; further distinction can be made between 
measuring all the dust or only that within a selected size range, and measuring 
With or without dispersion of aggregate particles. The relationships between 
these measures differ from one cloud to another. These differences may not be 
.impo.rtant in the early stages of a dust control program when there is a serious 
dust hazard obviously requiring attention. Practically any method of measurement 
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will show if the concentrations are being reduced. Setting up a sophisticated 
sampling program is unnecessacy and is not a substitute for action to control 
dust. After the relatively easy first stages of dust control have been passed, 
progress becomes more difficult and expensive. If efforts are to be expended 
efficiently, it is desirable to use methods of measurement that closely -reflect 
the dust hazard. 

This precept has not always been followed. Indeed, the dust standards of 
different countries well illustrate the variety of ways in which dust concen­
trations can be measured. Some of these standards are summarised in table 1. 
The measures of concentration include numbers of particles determined in var­
ious ways; for example, between different size limits, with agglomerates counted 
as single units or dispersed (in liquid) into their component particles, with or 
without incineration or other chemical treatment to remove certain chemical con­
stituents. In other cases, the standards are based .on the weight of dust, some­
times including particles of all sizes, or in other cases within a selected size 
range. Yet other standards use an index derived from the amm.m.t of light scat­
tered or absorbed by the dust. In some cases, no accmmt is taken of the compo­
sition of the dust; in other instances, only one constituent, quartz, is meas­
ured; also, different weighting factors may be applied to different minerals. 

There have been many investigations to compare and correlate dust measure­
ments made by different instruments. Reference to a number of these have been 
given in an I.L.0. publication (I.L.0. 1967), 'where it is concluded "· •• No 
evaluation or comparison of dust contents • • • has any significance _unless the 
type of equipment, the method of sampling and the nature of the dust are pre­
cisely known ••• Except in the case of homogeneous dust clouds with. a constant 
particle size distribution, the correction factors will always vary with the 
particle size distribution or the nature, or both, of the dust examined". This 
publication also comments that standards derived by using particular dust samp­
ling instruments and methods of examination are sometimes blindly accepted for 
use when the sampling and examination are done by quite different methods. 

Some examples of dust assessment given by different methods of measure­
ments are provided by experience in British coal mines. If dust samples taken 
by thermal precipitator are counted in the range 0.5 to 5µ m instead of l to 
5 µ m, the concentrations are increased by a factor that varies from about 1.4 
to 4 for underground dusts, or up to 9 if surface operations are included (Fay 
and Ashford, 1960). The relationship between the mass concentration of respi­
rable dust (measured as described later) and the number of particles 1-5 µm 
may vary fivefold, from about 6 to more than 30 mg/m3 per 1,000 particles/ 
cm3 (Hamilton and others, 1967). If the respirable mass samples are dispersed 
in liquid and evaluated by Coulter Counter, the number of l to 5 µm particles 
recorded may be up to 10 times greater than that found in the number count of 
corresponding thermal precipitator samples when agglomerate particles are 
assessed as single units. If the total mass of particles of all sizes is de­
termined instead of the respirable mass, the concentrations are increased from 
3 to 10 times. The composition of the dust in British coal mines is also quite 
variable; the ash percentages may differ tenfold and -the quartz percentages 
twentyfold, the mean levels for coal face dusts being about 35 percent and 4 
percent respectively. Thus the use of weighting . factors for composition could 



TABLE l, - Mine Dust Standards or Various Countries 

Country SBmpling SBmpling Parameter Compositional 
Dust Limits Instrument Procedure Measured Weighting 

Average concentration of 1-5 micron 
Australia Offcn'e Jet Not less than 12 Particles/cm' < 5 µ m Dust limi to vary according '1, Silica size not to exceed 
(N.s.w.} (spot} BBmpleo to 1, free eilica in ·parent 10 175 Particlee/cm' 

taken over l hour material. 10 - 20 150 
period. 20 - JO 125 

JO - 40 100 
40 - 50 75 

> 50 50 

Belgium and Soxhlet filter Samples of at least Totol airborne dust: mg/m' Dust limits vary according Dust Class 
Netherlands 2 hr. duration to ash content of sample '1, Ash I II III 
( Coal Mines ) taken in return (interpolate between quoted 10 50 85 110 mg/m' 

airway 15 - 20 m. values}. 20 37 58 88 
from race during 40 24 35 55 
actual mining 60 17 25 37 
operations, 80 13 19 28 

100 10 15 22 

Canada. Oo.thercole J Spots at working . Particles < 5 µm visible Incinerated and acid- Low silica 500 Particles/cm' 
(Ontario} Konimeter place. Plus l in under• 150 dark field treated before counting, medium silica JOO 

intake and l in microscopy. high eilica 200 
return. 6 1,1:,nth 
intorvals ; (Mean of working place &Bmplee} 

France Soluble filter or A Logarithmic Index calcu- Only quartz in evaluated, Index i : 3,32 Log10 CQ - k, 
membrane filter lated from the concentra- C = p/cm' , 0,5 - 5 µm; Q = quartz '1, by weight in< 5 µm dust; 

tion of particlos/cm', k = 10.6 for soluble filter, or 8,9 for membrane filter, 
0.5-5µm Threshold limit, i • 5, 

Germany Tyndal Loscope and Spot samples . Mean Total fine dust ooncentra- Dirt (ash) content, b, Fina dust Fine dirt 
(Federal . · Bergbau Konimeter of measurements tion, k, measured by scat- determined fran konimeter Dust Conan., k, Conan,, kb 
Republic} taken at differont tared light valuo corrected sBmples, Class less than less than 

face positions over by calibration tables for Fine dirt concentration I 25 5 
2 hour period dur- ash content. ( Coarse dust kb • k • b, II 50 10 
ing work including removed in settlement Separate limits for I fine III 100 20 
normal short stop- chamber before light read- dust ' and 'fine dirt ' , 

,. pageo , inge are taken), No man may be employed in Clase III dust conditions tor more 
than 500 shirts in 5 years. 

India Thermal Particloe/cm' According to free silica (a} For non-coal mines and stone dri vages in coal mines: .. 
precipitator l - 5 µm content (non-coal workings), 

Threshold value 
8830 Particles/cm' 

Free silica i + 5 

Shift average exposure not to exceed 50~ of the threshold 
values. 

(b} For coal mines : -

Average exposure during shift, < 500 Particles/cm' 
Average concn. of any operation,< 800 Particles/cm'. 

Threshold value (beyond which no work permitted}. 
1000 Particles/cm', 

Poland Zeiss Konimeter or Particles/cm' Dust lim.i ta vary according ;. Quartz Particlee/cm3 
Membrane filter < 5 µm to qunrtz percentage < ~ 1,500 

I 
( Lower Silesia) I 5 - 15 1, 200 

15 - 25 850 
> 25 500 

...J 



TABLE l - Mine Dust Standards of Various Countries--Continued 

Countcy 

South Africa 

United Kingdom 

(a) To lat April 
1970, 

(b} From lst April 
1970 

Sampling 
Instrument 

Wi twatersrand 
Konimeter 

(modifiod thermal 
precipitator in · 
coal mines) 

Long-running 
thermal 
precipi tat or 

M,R,E, Gravimetric 
Dust Sampler typs 
llJA, 

Sampling 
Procedure 

Full-chift samples 
taken in return 
roadway 25 yds , 
from coal face, 

Continuous sampling 
throughout working 
shift, 
Position: Longwell 

coalfaces in re­
turn roadway 
70 m, from face, 
othor places at 
workplace, 

Para.ruoter 
Measured 

Particles/cm3 < 5 um, 
(Counted by dark-field 
micros cope at x 150) 

Light obocuration of coal 
dust samples , (Coarse dust 
eliminated by selective 
sampling), 

Particles/cm> > l pm upper 
limit set by instrument 
alutriator, 

(Approx. equivalent to 
particles l - 5 um) 

(Aggregate •particles counted 
as single units} 

Maas of respirable dust 
(M,R ,C, Elutriator) , 

U,S,A, Midget impinger 
(Standards recom-

Disporaed dust counted in 
liquid cell at x 100 mag­
nification after specified 
settlement time, Reeults 
usually expressed in mil­
lions of particleo per rt3 , 

mended by American 
Conference of Gov• 
ernmental Industrial 

Hygienists -
A,C,G,I,H,) 

Intended changes 
recommended· by 
A.c.o. I.H, (May 
1970) 

Do, 

u.s.s,R. 

Gravimetric sampler Cont inuous through- Mass of total dust 
out working shift. 

Do, with A, E. C, Do , Mass of' respirable dust, 
cyo lone e izs-
s e leotor. 

Gravimetric filter Maximum pormitted 
dust oontent in the 
atmosphere or work 
zones, 

Mana oonoentration mg/m3 
(dust of all sizee) 

Compos itional 
Weighting Dust Limits 

Acid-treated and incinerated About 250 particles/cm3• 
to remove soluble and com-
bustible material. 

All particles counted irre­
spective of composition but 
dust limits vacy according 
to type of working place , 

Type of plucs 
Stone drifts 
and scourings 

All other locations in 
anthracite collieries 

Ditto in other collieries 

Partfoles/cm3 

250 

500 

700 

{Above shift - mean values not to be exceeded more frequently 
than l shift in 10), 

Standard varies with type or Stone drivages 
working place, 

3 mg/m3 

8 mg/m3 , 

Dust limit related by 
formula ·to silica percent­
age, 

Do. 

Do. 

According to free silica 
percentage, 

All other locations 

Approval normally based on mean of las t three monthly 
concentrations. , 

Threshold limit value 

• 250 106 
~ quartz, + 5 

particles/ft3 , 

(Average exposure over a normal workday, for workers repeatedly 
exposed, day after day). 

30 mg/ 3 i Si 02 + 2 m 

10 
i Respirable Si o2 + 2 mg/m3 

70~ free ccystalline silica 
10-70 free s ilioa 
Coal or silicate dust < l0j silica 
Coal dust not containing silica 

l mg/m3• 
2 mg/m3, 
4 mg/m3 , 

10 mg/m3 , 

co 



have a major effect on the "dust index". The above figures are derived mainly 
from measurements in the 25 collieries studied ui the National Coal · Board 's 
Pneumoconiosis Field Research, and are intendea to be illustrative rather than 
representative of cond~tions in British mines as a whole . 

Dust measurements must also allow for the variation of concentration with 
time, both within the working shift and from day to day. An example of the 
variations in dust concentration experienced by a coal miner during a working 
shift is shown in figure 1. This relates to a longwall coal face worked by an 
Anderton shearer, which wins several strips of coal over the length of the 
face during t:tie shift .. The highest concentration is 3.5 times greater than tbe 
average value over the shift, and the lowest concentration is 0.3 of the av­
erage. The observed maximum and minimum values might have been quite .different 
if the duration or phasing of the individual samples had been different. 
Clearly, if only a few short samples had been taken, covering a small part of 
the shift, their average might have differed markedly from the true value for 
the whole shift. Figure 2 gives an example of the different dust levels that 
may be · found at the same working place on different, nonconsecutive days. The 
method of coal winning remained unchanged over the period of these observa­
tions. There is a difference of 3.5 times between the highest and lowest 
daily averages. Typically the day to day variation coefficient of the shift 
mean concentration is about 20 to 30 percent, but may be as high as 50 per­
cent. Figure 3 shows the relationship between shift average and maximum 
concentrations for various coal face operations at a number of different coal 
mines. The maxima vary from about 2 to 6 times the average. The difference is 
greater on the preparation shifts (during which explosives were used) than oh 
the hand-filling shifts which, in these examples were free from shot-firing. 
Thus it will be clear that recorded concentrations may vary by large factors 
depending on the choice of day, on whether average or peak concentrations are 
measured, and on the timing of short period samples. Dust concentration meas­
urements made during a single short visit, or even over the whole of a single 
shift, can have little statistical significance. Moreover, there is little 
point in striving for the precise evaluation of individual saillples when the 
statistical significance of each is low. 

Consideration must also be given to spatial variations in dust concen­
tration. In the well-ventilated roadways of a coal mine, the dust becomes 
well mixed over the cross-section, and the point-to-point differences in con­
centration tend to be less than those occurring in surface industries. Never­
theless, concentrations substantially different from those of the general body 
of the air may be found in the immediate vicinity of dust-producing ma.chines 
or in cul-de-sacs. Furthermore, workmen may move from place to place, into 
different dust concentrations, during the shift. 

It is hoped that the foregoing remarks will have illustrated the need to 
consider carefully just what information is wanted and to choose a sampling 
procedure that gives this in as direct a manner as possible before embarking 
on a dust measurement program. The method that , I am expected to commend is 
indicated by the title of this paper, which was given to me by the organizers 
of this symposium. But before considering why one should adopt gravimetric 
(mass) sampling methods, it is perhaps pertinent to ask "why not?" 

377-?7,t ,... .. ... .. 
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The dust hazard to miners was first specifically recognized and brought 
rmder intensive study in South Africa, during the early years of this century. 
According to Boyd (1930), systematic measurements of the mass concentration of 
dust, by sugar tube, were begun in 1911. Until 1913 all the dust found in the 
samples was regarded as dangerous. The research of Dr. J. Mccrae then showed 
that only vecy- fine dust was to be fotmd in the ash of silicotic lungs, the 
partic-les ranging in size from 12 µm downwards. It therefore became necessary 
to devise some method of separating the coarse from the fine dust. A procedure 
of allowing partic~es above 12 µmin size to settle from a well-mixed suspen­
sion of the dust in water was introduced in 1915. However, the difficulty of 

. separating the gravimetric sample into large and fine dust was so great that 
it was not practicable in ordinacy routine work. Also, the sampling apparatus 
was cumbersome. To overcome some of these difficulties, a dust-count instru­
ment, the · konimeter, was devised by Sir Robert Kotze in 1916. Later, techniques 
of .acid washing and incineration to remove soluble and carbonaceous particles 
were introduced. Thus the original gravimetric method was superseded by par­
ticie counting. Despite much criticism in recent years, the konimeter remains 
the standard dust sampling instrument in South African gold mines. other dust 
count methods followed the konimeter, notably, the impinger (Greenburg and 
Smith, .1922); Owen's jet (1922), and thermal precipitator (Green and Watson, 
1935). Cotmting methods based on the impinger became standard in the United 
States; and based on the thermal precipi tator in the United Kingdom. Bulk col­
lection of dust followed by size-separation by sedimentation in liquid has 
continued to be used, particularly for surface industry in Continental Europe. 

In Britain, an extensive investigation of pulmonacy disease among coal 
m:µiers in the South Wales coalfield, conducted tmder the aegis of the ~dical 
Research Cmmcil between 1936 and 1941, led to the recognition of "coalworkers' 
pneumoconiosis", as distinct from classical silicosis, as a compensable indus­
trial disease (Hart and Aslett, 1942). From the concurrent environmental 
studies, Bedford and Warner (1943) concl~ed that standards of :maximum pennis­
sible dustiness of the coal face in anthracite mines should preferably be 
based on the mass concentration of dust not exceeding 5 µmin size. However, it 
was considered that standards in terms of the mass of dust of a restricted 
range of size would cause administrative difficulties, because such concentra­
tions could not be determined directly by gravimetric methods, and would re­
quire to be computed from co\lllts and size distributions. Bedford and Warner, 
therefore, proposed that the standards be expressed in terms of the numerical 
concentrations of dust particles exceeding 1 micron in size. A close corr~la­
tion between this parameter and the mass not exceeding 5 µm had been found in 
their studies. The dust standards introduced by the British coal mining indus­
try in 194~ were based on, but not identical with, the recommendations of Bed-

, ford and Warner. The particle count was specified in the range 1 to 5 µm instead 
of greater than 1 µm and related to ''periods of :maximum dust production" rather 
than to an average concentration for the shift. The standards were adjusted to 
equiv~lent shift average values in 1965 to provide a·better index of the 
hazard and avoid practical difficulties associated with the measurement of 
maximum . concentrations. There was a further minor revision of the values for 
anthracite mines in 1966. The 1966 standards are quoted in table 1. It was 
originally intended that all shifts, day by day, should conform to the stand­
ard, but this proved difficult to implement because of the large day to day 
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variations in dustiness already noted. A "sequential" sampling procedure, 
based on the known statistical variability of the shift concentrations was 
therefore adopted (Tomlinson, 1957). This was designed to ensure that the dust 
level did not excee~ the standard more frequently than 1 day in 10. 

Particle counting methods for dust measurement came into use instead of 
gravimetric methods because, at the time, they provided a more convenient 
means of evaluating fine "respirable" dust in the presence of grosser mate­
rial; not because they were considered to provide a better index of the hazard 
but, rather, despite -the contrary view. It was felt, however, that if detailed 
size distribution counts were made, mass and other parameters could be calcu­
lated; in practice this approach was confined to research studies. 

When the British standards were introduced in 1949, it was realized that 
further investigation was desirable into the relationship between dust ex­
posure and disease in collieries outside the South Wales coalfield. Accord­
ingly, in 1953 a large scale research project (the National Coal Board's Pneu­
moconiosis Field Research) was begun at 25 collieries that reflected dust con­
ditions throughout British coal mines. The thermal precipitator was chosen as. 
the main dust sampling instrument, because it was available and was considered 
to give a true sample of the fine dust without disruption of aggregate par­
ticles. 

At about the same time, the problem of obtaining a bulk sample of the 
fine respirable dust, free from nonrespirable particles began to receive at­
tention at a number of laboratories. The sample would be used for assessment 
by mass or other property, or for compositional analysis. This work received 
valuable impetus from the Dust Panels of the Medical Research Council which 
brought together research workers from various centres. By this time McCrae's 
early observations on the size of dust found in silicotic lungs had been fol­
lowed by more comprehensive, theoretical, and experimental investigations of 
the particle desposition in the human respiratory system (Findeisen, 1935; Van 
Wijk and Patterson, 1940; Brown and coworkers, 1950; Landahl, 1952) and the 
general mechanisms were well understood. At first it was considered how par­
ticles smaller than 5 µm might be separated (in accordance with the prevailing 
"standards") • The most practicable methods of separation were based on aero­
dynamic principles (elutriation or gravitational separation, cyclones, im­
pingement, etc.). Such devices classify particles according to their mass~ 
aerodynamic drag ratio (characterized by the falling speed in air) and not by 
size. This was seen to correspond with the separation mechanism operating in 
the human respiratory system. Neither devices based on areodynamic principles 
nor the human respiratory system can effect a sharp separation at a given size 
or falling speed. Thus there arose the concept of the selective sampling of 
respirable dust by providing the sampling instrument with a prefilter per­
mitting the passage only of particles corresponding to those which have access 
to the respiratory region of the lungs. The following quotation comprises the 
recommendations made by the M.R.C. Panels in 1952: 

(i) For the purposes of estimating airborne dust in its relation to 
pneumoconiosis, samples for compositional analysis, or for as­
sessment of concentration by a bulk measurement such as that of 
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mass or surface area, should represent only the "respirable" 
fraction of th~ cloud. 

(ii) The "respirable" sample should be separated from the cloud 
while the particles are airborne and in their original state of 
dispersion. 

(iii) The "respirable fraction" is to be de:fined in terms of the 
free falling speed of the particles, by the equation 
C/C 0 = 1 - f/Fc where C and C0 are the concentrations of par­
t:icles of falling speed fin the "respirable" fraction and in 
the whole cloud, respectively, and F is a constant equal to 
twice the falling speed in air of a ~phere of unit density 
.5 µm in diameter. 

It was noted that a selective sampling device meeting these 
requirements would have a 50 percent sampling efficiency for 
.5 µm spherical particles of unit density and an absolute cut 
off for similar particles of size greater than 7.1 µm diameter. 
It was considered that horizontal elutriators (of appropriate 
dimensions) possessed the desired characteristics. 

These developments, together with practical aspects of elutriator design, have 
been discussed by Hamilton and Walton (1960); the theory of the elutriator was 
described by Walton (19.54). 

With the selective sampling of respirable dust now a practical possibil­
ity, attention was directed to the most appropriate method for measuring this 
dust. Bedford and Warner, as previously noted, had expressed the view that for 
coal the mass of respirable dust best represented the hazard. This might be 
expected since coal dust is a relatively inert material; when retained in the 
lungs it is sequestered in foci around the respiratory bronchioles, although 
it stimulates the production of comparatively little fibrous tissue. Thus the 
bulk quantity retained would seem to be significant. This view was reinforced 
by the results of post mortem studies of miners' lungs, which showed a rela­
tionship between the average weight of dust in the lungs and the radiological 
category of pneumoconiosis (Rivers and coworkers, 1960, Rossiter and coworkers, 
1967). Silica (quartz) dust, on the other hand, is toxic to phagocyte cells 
which, when they die, appear to release substances that promote the growth of 
fibrous tissue, leading to the development of the characteristic silicotic 
nodules. It has been suggested that this activity might be associated with the 
surface, rather than with the mass, of the dust. In animal experiments, in­
jected quartz dusts of different particle sizes produced pathological changes 
that we're more closely related to the surface or mass · of the dust than to the 
number of particles. These considerations led the M.R.C. Dust Panels in 1957 
to endorse the view that mass might prove to be the best parameter for inert 
dusts such as coal and to urge the development of suitable measuring instru­
ments. It was recognized, of course, that for mixed dusts the hazard might de­
pend on the composition as well as on the total mass. 
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An.other question debated at this period was whether peaks of dust ex­
posure or_the average dust level provided the best measure of the hazard. It 
was concluded by Wright (1953, 1957) that the ''peak hypothesis" is not sup­
ported by any evidence and may lead to sane _misdirection of study in dust sup­
pression. He argued that although it could not be stated with certainty that 
the "average" hypothesis is correct, it was simple and reasonable and did not 
conflict with anything known about the mechanism of dust _inhalation and re­
tention. Later, in experimental studies using rats, one group was exposed to 
dust for 20 hours per day, and the other was exposed to a concentration 10 

- ti.mes greater for only two hours per day. Wright folllld . little difference be- . 
tween the aJOOllll.ts of dust accumulated in the lllll.gs. The M.R.C. Panels, in 
1956, concurred that the average concentration levels to which men are ex­
posed provide the most important measure of dustiness in reiation to pneu­
mocorilosis; however, this study should be supplemented by a measure of vari­
ability if possible. One possibility considered in this connection was that 

-periods . of high dust concentration might ·coincide with peaks of high work rate 
and, consequently, with larger volumes of air breathed. 

Gravimetric methods are, of course, well suited for .the measurement of 
·· 1ong term average concentrations, rather than of peak levels, because the pos­
. si:bility of obtaining "too dense" samples (as when particle collll.ting)does not 
arise. Indeed it would be difficult to collect sufficiently large gravimetric 
samples for weighing and analysis in a short time. 

The selective sampling concept received :further support from the 1959 
Johannesburg International Conference on Pneumoconiosis, the recomnendations 
of which are included the following quotation (Orenstein, 1%0): 

(i) Measurements of dust in pneumoconiosis studies should relate to 
the "respirable fraction" of the dust cloud, this fraction being 
defined by a sampling efficiency curve which depends on the 
falling velocity of the particles and which passes through the 
following points: effectively a 100 per cent efficiency at 1 
micron and below, 50 per cent efficiency at 5 microns, and zero 
efficiency for particles of 7 microns and upwards: . all the 
sizes refer to equivalent diameters (the equivalent diameter of 
a particle is the diameter of~ spherical particle of unit den­
sity having the same falling velocity in air as the particle in 
question). · 

(ii) In the light of present knowledge, dust measurements to assess 
the health hazard should be expressed as the average level of 
dustiness over an appropriate period of sampling, such as a 
shift. This measurement may be made by averaging a number of 
samples, or by using an instrument which automatically averages 
the dust over the period. Exceptional peaks of dust concentra­
tion might also be recorded. 



(iii) In the light of present available evidence, the best single 
descriptive parameter to measure be considered: (sic) 

.. 

(a) in the case of coal dust to be the mass concentration of 
the respirable dust. 

(b) in the case of quartz dust to be the surface area of the 
respirable dust. 

With regard to (iii)(b) above, it may be noted that later research in 
South Africa has indicated that mass may be the more appropriate measure for 
quartz as well as for coal (Goldstein and Webster, 1966). 

The M.R •. C. and Johannesburg criteria for respirable dust represent some­
thing of a compromise. As previously noted, these criteria are based on the 
particle selection characteristics of the horizontal elutriator operated under 
conditions which bring the curve into reasonable accord with the human upper 
respiratory deposition. The shapes of the elutriator and lung curves are not 
the same, but it must be remembered that lung curves are neither known with 
certainty nor constant. The elutriation method of size selection is simple, it 
gives results in very close agreement with theory, and is readily adaptable to 
different sampling rates. These are desirable characteristics of a "standard" 
sampling. method. 

The first gravimetric selective-sampling instrument based on the hori­
zontal elutriator was the Hexhlet (Wright, 1954). This required an external 
compressed-air power source, which is not usually available in British coal 
mines. Various portable instruments were subsequently developed and the NCB/ 
MRE GravjJnetric Dust Sampler Type lDA (Dunmore and coworkers, 1964) has been 
chosen for future use by the National Coal Board (fig. 4) • This instrument has 
a sampling rate of 2.5 1/min and weighs 4.3 kg (9 1/2 pormds); it is intrin­
si~ally safe for use in coal mines. 

In .the United States, the Atomic Energy Connnission proposed a somewhat 
different definition of respirable dust which approximates the pulmonary de­
position curve of Brown and coworkers (1950). A family of air samplers based 
on the cy9lone dust collector followed by an efficient filter to collect the 
respirable dust passing the cyclone has been described by Lippmann and Harris 
(1962). The cyclones (of commercial manufacture) and their flow rates were 
chosen, by experiment, to give samples in accord with the A.E.C. curve. Cy­
clones are essentially empirical devices, and other workers h~ve found that the 
desired performance is most nearly attained at different flow rates from those 
recon:nnended by Lippmann and Harris. Cyclones have, however, some practical 
advantages; notably, small size and insensitivity to orientation. 

Cyclones have also been used by Breuer (1961, 1967), in Germany. Breuer 
uses a finer selection of characteristics matched to a dust retention curve 
derived from the post mortem examination of dust in the lungs of coalminers. 
Another cyclone device, described by Higgins and Dewell (1967) and used in the 
foundry industry in Britain, has been adjusted to give results similar to those 
obtained with the standard elutriator. This cyclone has been incorporated in 
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the "Simpeds" personal dust sampler designed by Harris and Maguire (1968), 
which is safe for use in coal mines (fig. 5). The pump unit is built into the 
(enlarged) top of a miner's cap lamp battery and conmunicates via a flexible 
tube attached to the electric cable with a sampling head :motmted on the cap 
lamp. Undergrotmd trials with prototype instruments have shown departures 
from a 1-to-l agreement with the M.R.E. sampler in certain dusts. These de­
partures are probably due to differences between the selection curves .of the 
cyclone and elutriator. The relationships between instruments with different 
characteristics cannot be expected to remain the same in different dust clouds. 

·Impingement (May and Druett, 1953) and mechanical centrifugation (Wolff 
and Roach, 1961) have also been used to reject nonrespirable particles. These 
devices also depend on experimental calibration. against the desired selection 
curve. 

Figure 6 shows the selection curves for respirable dust recommended by 
the Medical Research Cotmcil and Johannesburg Conference, the Atomic Energy 
Commission, and as used by Breuer in the BAT 1 instrument. 

The development of the scientific view that the most suitable measure of 
the dust hazard for coal and other inert materials is the per-shift average 
mass concentration of respirable dust, selected aerodynamically, perhaps com­
bined with a measure of composition, has beeil described. In th.e United Kingdom 
it was felt that such methods would also have operational advantages over 
existing procedures based on the thermal precipitator. The weight of dust is a 
more objective and reproducible measure than is particle cotmt; and mineral 
composition can be more easily studied in gravimetric samples. Compared with 
short period sampling instruments, such as the standard thermal precipitator 
(used tmtil 1966) or the impinger, the gravimetric can be left to run without 
attention, and there are fewer samples to be assessed per shift. (The long­
rtmning thermal precipitator introduced in 1966 also had this capability). 
Work, therefore, proceeded toward changing to gravimetric methods. Standards 
and sampling procedures have been agreed upon and will become effective on 
4pril 1, 1970. 

The new British gravimetric standards for coal mines are based on the 
interim results of the Pneumoconiosis Field Research (Jacobsen and coworkers, 
.1%9) • At this stage, the correlation between the mean coalface dust concen­
trations at 20 collieries, and the corresponding progressions of pneumoconiosis 
in the coal face workers over a 10-year period, was examined. A more detailed 
analysis based on the exposures of the individual men will be made later. 

Throughout the research the dust measurements were made by thermal pre­
cipitator, as previously stated, and had to be converted to gravimetric units. 
Preliminary studies using thermal precipitators and MRE gravimetric samplers 
side-by-side showed the relationship between the mass and number parameters 
(conveniently expressed as a mass-number iJ;ldex, MNI, with units mg/m3 per 1,000 
particles/cm3 ) to be very variable; neither could the MNI be predicted from. a 
knowledge of the number concentration, size-distribution, and other data re­
corded in the routine sampling. It was therefore necessary to conduct side-by­
side sampling trials at each colliery and in different conditions within the 
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collieries. In this way colliery mean MNI's were derived, by which the colliery 
mean particle concentratiqns were converted to equivalent mass urµ.ts. 

The respective mass and number concentrations are shown in figure 7. The 
MNI's ranged from 7.8 to 38.2 mg/m3 per 1,000 particles/cm3 ; ·the number con­
centrations from ·110 to 520 particles/cm3 l-5µm, with a mean of 266 particles/ 
cm3 ; the mass concentrations from 1. 2 to 8. 2 mg/m3 , mean 4 .14 mg/m3 • 

These concentrations relate to the whole underground working shift in­
clusive of time traveling to and from the coal face; they are averaged over 
all shi:rts sampled in the various coal face occupational groups at the re­
spective collieries during the 10-year period between the first and third 
medical surveys. No direct comparison can be made between these values and 
concentrations determined by the routine system· of dust sampling. 

Statistical analysis showed a strong corr~lation between the overall 
radiological progression of pneumoconiosis for a colliery and the correspond­
ing mean coal face dust concentration expressed as mg/m3 of respirable dust. 
The correlation with particle number concentration was much weaker. The re­
sults demonstrated the expected advantages of the mass parameter: however, no 
firm conclusions concerning the role of composition could be drawn from the 
interim analysis. Jacobsen and coworkers next used the data for the 10-year 
period to estimate the probabilities of men contracting pneumoconiosis a:rter 
35 years' work at the coal face in collieries with various mean dust concen­
trations measured in the manner described. These probabilities constituted a 
basis for determining dust standards, but were not directly applicable. 

In considering the nature of dust standards and the sampling procedures 
needed to enforce them, it must be borne in mind that dust concentrations 

· vary from day to day and from place to place, and that some perhaps essential 
operations or work places may be especially dusty. Men may change their place 
of work within a shift or in the longer term. Also men differ in their re­
sponse to dust so that, given equal exposures, some may contract pneumoconiosis 
while others are little affected. The proportion affected will decrease with 
decreasing exposure, but it may not be practicable to enforce standards so low 
that the more sensitive individuals would not contract the disease if they re­
mained exposed for their whole working lives. In these circumstances, steps 
should be taken to identify the susceptible individuals at an early stage and 
to remove them from the hazard. The standards should, moreover, ensure that 
the risk is small for people in all occupations or places of work, not merely 
over the population as a whole. 

The most common method of approach is to ensure that the dust levels no­
where exceed a specified maximum. This has same practical difficulties. A 
standard th~ is enforceable for the worst places must necessarily be higher 
t~an the general run of dust levels elsewhere, and ·may lead to a relaxation of 
effort to minimize dust at these places. On the other hand, if the limit is 
lowered and a percentage of unapproved places is considered to be acceptable, 
some individuals may be exposed to an excessive risk. The use of a standard to 
define only the average level over all work places would, of course, provide 
even less control of these cases. The specification of upper limits for both 
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average levels taken over all work places and local levels for individual 
places would overcome some of these difficulties. Time~averaged concentrations 
are meant in each case. 

An alternative method · is the control of employment to regulate the in­
dividual worker's cumulative exposure. This is not applicable to contaminants 
presenting a rapid,. short~term, risk to life, but is logical for long-term 
cumulative diseases such as pneWIDconiosis. Such a system would ;present dif­
ficulties in record-keeping and in other administrative areas, but it would 
also have some operational advantages. High dust concentrations at one working 
place, where essential operations present great difficulties in dust control, 
could be balanced against low dust concentrations at other places. From the 
medical point of view, the exposure control of the individual must be the aim, 
and a system that does just this has much to commend it. The records would 
also have considerable research value. A partial system of this type has been 
in use in German coal mines for some time. Dust conditions are subdivided into 
th~e classes, and no man may be employed in the highest class for more than 
500 shifts in 5 years (this class has an upper limit above which no work is 
permitted). There are other restrictions on the employment of young people 
and persons with early symptoms of pneumoconiosis. MJre recently, Reisner 
(1967) has proposed that the sUIIIDled product (dust concentration times number 
of months worked) should be recorded for each man; and that his . employment 
should be regulated so that the total exp~sure does not exceed a given value 
in 5 years. With this approach it might still be prudent to specify an upper 
concentration limit. · 

In British coal mines, the coal is mined primarily from longwall faces. 
The dust concentrations normally increase along the face towards the return 
end, and, since 1949, the dust control standards have related to conditions in 
the return roadways. The aim is that all coal faces should conform to the · 
standard, which is a maximum for any coal face rather than a colliery average. 
Since 1965, the standards have referred to the shift mean concentrations de­
termined by continuous sampling during the time that men are at the face, in­
cluding periods of mining inactivity, but excluding time traveling to and from 
work in the mine. It was decided that the new gravimetric standard should re­
tain -these features, but that it should specify the limiting mean concentra­
tion over a number of shifts rather than for individual days. This was to pre­
vent frequent random changes in the approval status, and to reflect the hazard 
better. 

To derive such a standard from the results of the pneumoconiosis field 
research, it was necessary to examine the relationship between the mean con­
centration of a coal face as determined by the P.F.R. method and as measured 
(over a somewhat shorter shift period) in the return roadway. The average ratio 
was found to be 1:1.4. The distribution of face concentrations within col­
lieries was also studied, and it was found that the concentration on the most 
dusty face (in a colliery with about six coal faces) was 1.32 times greater 
than the mean of all faces. Thus the highest return , concentration, taken during 
the time that men are at the face, on a number of shifts, can be expected to 
be l.4 x 1.32; that is, 1.85 times greater than the corresponding P.F.R. mean 
face concentration for the whole colliery. 



The value of the new gravimetric dust standard is 8 mg/m3 of respirable 
dust, as measured by the MRE instrument over the time that men are at the face 
(Jacobsen and coworkers, 1%9). The normal sampling point for longwall coal 
faces will be in the return roadway 70 meters from the face (to avoid damage 
to instruments from shotfiring at the ripping lip) • It is intended to sample 
faces monthly, and to classify them as approved if the mean of the last three 
monthly concentrations does not exceed the 8 mg/m3 value. 

Adoption of the gravimetric standard will hopefully achieve for all face 
workers an overall mean dust concentration not exceeding 8/1.85; that is, 
4.3 mg/m3 , portal to portal. Few people at any given time would be exposed to 
levels as high as 8 mg/m3 at their places of work, and none should be so ex­
posed consistently over a long period. Data on the distribution of long term 
individual exposures corresponding to a given colliery mean will be available 
later from the pneumoconiosis field research. 

As indicated by Jacobsen and coworkers, this standard does not eliminate 
all risk of contracting pneumoconiosis during a 35-years exposure to coal mine 
dust. However, it should be remembered that many face workers would not, in 
the normal course of events, remain on the coal face for as long as 35 years. 
Moreover, it is anticipated that any workers who do show evidence of radiolog­
ical change due to dust would be identified at an early stage by the periodic 
X-ray examinations. 

The new British gravimetric standard for stone drivages will be 3 mg/m3 • 
This is intended to preserve the previous differential between the standards 
for stone and coal pending further information from the pneumoconiosis field 
research concerning the relative hazards of these dusts. 

In coal_ and stone drivages, and at other "elsewhere underground II work 
places, samples are taken in the vicinity of representative workmen throughout 
the shift. Hitherto, in places other than stone drivages, the standard applied 
has been the same as for longwall coal faces; this is now being reconsidered. 

The normal British system of sampling the return air from longwall coal 
faces is not applicable to "room and pillar" methods of mining. Here, a number 
of headings will be worked in a given district. They will have been driven 
various distances from the through-ventilated galleries, and the dust concen­
trations may vary correspondingly. Machine crews may work in a number of dif­
ferent headings during their shift, while workers engaged in transporting the 
coal may also traverse a variety of dust conditions. Similar considerations 
will apply during pillar extraction. Under such circumstances, sampling in the 
vicinity of representative workmen, perhaps with personal sampling instru­
ments, would seem to be the best way of assessing dust exposure. The formula­
tion of appropriate SaJI!Pling schedules and dust standards to ensure that no 
individuals or -groups receive long-term mean dust exposures exceeding an 
agreed "safe" level would require some knowledge · of the statistical distribu­
tion of dustiness between shifts, between men and between operations. The re­
lationships given by Jacobsen and coworkers (1969) between mean respirable 
dust concentration and the probabilities of contracting pneumoconiosis after a 
35-year exposure, although derived under different conditions, should provide 
guidance. · 
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Figure S.-"Simpeds" Personal Dust Sampler. 
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MR. RIGG: .Are there any questions for our speaker? 

QUESTION: On what basis do you determine the percent of silica in the 
dust samples? 

MR. WALTON: We measure quartz by infrared absorption spectrometry. The 
dust is washed from the membrane filter using ultrasonics (r~covery is normall~ 
about 90 percent), and the ash percentage of the recovered material is deter­
mined. A known weight of ash is then ·mixed with potassium bromide and pressed 
into a disk whose- infrared transimission at the quartz absorption doublet 
(780 and 800 cm~i) is recorded and compared with that of standard preparations, 
Alternatively, the dust and membrane fil.ter can be ashed together. Samples 
containing as littl.e as 50 micrograms of quartz can be eval.uated in this way . 
or to l. microgram using micro,nethods. 

QUESTION: What is your standard for the probability of contracting 
pneumoconiosis based on? 

MR. WALTON: The results of the Pneumoconiosis Fiel.d Research over 10 yeart 
were projected to give estimates of the probabilities of men contracting Cate­
gory l. or Category 2 pneumoconiosis after 35 years ' exposure to various concen­
trations of colliery mean coal face dust. The curves wil.l. be given in a paper 
by Jacobsen, Rae, Walton and Rogan, to be publ.ished shortl.y. At a col.liery 

·mean concentration of 4.3 mg/m3 , the probability of contracting Category 2 or 
more pneumoconiosis in 35 years is, I bel.ieve, a littl.e over 3 percent, but I 
must remind you that many men will. not work on the coal face as long as this 
and that any developing cases of pneumoconiosis should be detected by the 
periodic X-ray examinations before Category 2 is reached. 

QUESTION: You indicated that portal-to-portal sampling was not done. You 
have about 15 percent • • • • • • • · 

MR. WALTON: The colliery mean coal face concentrations, measured in the 
Pneumoconiosis Field Research, were based on portal-to-portal. sampling. The 
corresponding concentrations, measured only over the time that men were at 
their places of work, would be on average about 15 percent greater. This dif­
ference is embraced within the factor used to derive the standard for return 
roadway sampling over the time that men are on the face from the research data 

QUESTION: Dqes that mean that your standard corresponds to a mean working 
place concentration of 4.9 to 5 mg/m3? 

MR. WALTON: · Yes, about that for the colliery mean face concentration, if' 
measured over time at the working place instead of portal-to-portal. 

QUESTION: In weighing the filters, did you dry them first or not? 

MR. WALTON: It is necessary to take precautions against changes in the 
moisture cont~t of the filters • We do not dry them but use controls from the 
same batch. Both sample filters and controls are conditioned in the same labo­
ratory atmosphere before and after sampl.ing. It is of course desirable that 
there should be no large difference in atmospheric humidity between the two 
sets of weighings. 

MR. RIGG: Our next speaker, on ''Dust Concentrations in the Mines" is 
Henry N. Doyle, Acting Assistant Director, Mineral Industry Health, Bureau of' 
Mines. 
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By 'l966, based on work of .Bl:'itish and E.lropean investigations _and a 
Public Health Service study, it was abundantly clear that coal pneumoconiosis 
was a .major heal th problem in the .American coal mines. The cause of the 
disease was, without doubt, the inhalation of coal mine dust. In U.S. mines 
about 10 percent of active coal miners had X-ray evidence of the disease: 
6-1/2 percent had evidence of the early stage of pneumoconiosis, and 3-1/2 
percent showed signs of the complicated stage. Furthermore, evidence pointed 
'to a gr-ow~ng problem if corrective action were not taken. 

In November 1968, the Bureau of Mines established as one of its goals 
the development of engineering procedures for the prevention of coal pneu­
iooconiosis, in the shortest possible time frame. To attain an objective of 
this nature, the following three criteria must be fW.filled: First, the 
problem must be defined; secondly, the magnitude of the problem in some de­
finable parameter must be known; and thirdly, procedures for its solution 
must be developed. 

Through the efforts of many investigators, the problem had been defined 
in clear and concise terms as the prevention of a chronic respiratory disease 
caused by the inhalation of coal mine dust. Although scientists may not be 

.· in full agreement on the relative importance of coal and quartz dust in its 
etiology, this fact was only of academic interest since all biologists would 
agree that coal mine dust should be controlled to the maximum limit possible 
to minimize worker exposure. 

To meet the second criteria, it was necessary to establish a health 
standard for a safe concentration of coal mine dust and to evaluate dust con­
ditions in the mines relative to this standard. 

Bas~d on the best available epidemiologic ·evidence, the Public Health 
Service, in December 1968 reconnnended the value 3 mg/m3 of respirable coal 
mine dus-t · as a hygienic standard. The gravimetric standards are based on the 
Mines Research Establishment (MRE) instrument, also _ known as the Isleworth 
sampler. 

In .April 1968, the Bureau had initiated a study to measure the exposure 
~r various occupations in underground coal mines. The original measurements 
were to have been taken in 34 mines (32 bituminous and two anthracite) 
(e~ected :rom various mining areas. The criteria for selection were that 
0 } the ~ne ~loy more than 20 men undergr~und_and (2) the ~r~uctive life 
· the IIU.ne be in excess of 10 years. The obJective of the original study =~ to d~velop exposure_ data on various occupational groups for correlation 

o~t . med1:cal information on individual workers; thls information was to be 
t ained by the Public Heal th Service. This was a long range study planned 

0 develop a hygienic standard and to determine the effect of coal mine dust 
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on the development and progression of pneumoconiosis. In view of the need for 
additional data, the study was altered to some extent so that meaningful data 
in terms of other parameters could be obtained. 

Two basic instruments used in conducting this investigation were as 
follows: The Mines Research Establishment instrument (MRE), an instrument 
developed by the National Coal Board (United Kingdom) and used primarily to 
evaluate dust conditions in the environment; and the personal sampler, 
another gravimetric instrument, but one that could be used to evaluate the 
exposure of the individual. Both instruments will be described in more detail 
in a later paper by Mt-. Jacobson. Laboratory studies have demonstrated the -
reliability and comparability of the two instruments. The difference, in re­
lationship to this data, is that under identical dust conditions the MRE 
instrument will collect 1.88 times more dust than the personal sampler. In 
other words, the value of 3 · ng/m3 , when measured by the MRE, is equivalent to 
1. 6 mg/m3 when measured by the personal sampler. 

The significant findings from this study were as follows: 

1. A large portion of the underground occupations had exposures in ex­
cess of the reconunended Public Heal th Service standard of 3 mg/m3 • 

2. The mining machine operators and helpers generally had the highest 
exposure to respirable coal mine dust. 

3. Higher environmental dust levels were associated with the continuous 
mining machines. 

4. Control measures in general use were limited to ventilation and water 
sprays. 

5. Some mines were using dust-laden air for ventilation. 

Detailed exposure data was obtained on 16 undergramd occupations, re­
sulting from 1,976 samples obtained in 29 mines. 'Ihis data is shown in 
abbreviated form in table 1. The concentration of respirable coal_mine dust to 
which the underground worker was exposed during a single shift ranged from 
.36 mg/m3 to 103 ng/m3 • The mean dust concentrations measured over an 8-hour 
period was in excess of 3 mg/m3 for 13 of the 16 underground occupations • 

.Another parameter of the investigation was to compare . the dust generating 
characteristics of the various underground coal mining machines. The limita­
tions of the data only permitted a comparison between the_ continuous mining 
machine and the cutting machine. In each case, the sampling instruments were 
located reasonably close to the operators. The comparison of the dust concen­
trations between these two mining machines is illustrated in table 2, which 
shows the average dust concentrations for each of these machines. In every 
case, the mean respirable dust concentration found on the continuous miner was 
in excess of that found on the cutting machine, generally by a factor of 3. 



Mine dust concentration by occupation 
(personal sampler) 

No. of No. of Range Occupation mines samples mg/m3 

Continuous miner 
operator .••••.••••. 21 178 0.02-21.44 

Continuous miner 
helper ••••••••••••• 19 131 0.44-18.90 

Cutting machine 
operator ••••••••••• 15 98 0.71-15.42 

Cutting machine 
helper •••••.••••••• 8 37 0.77-14~70 

Coal drill 
operator ••••••••••• 9 59 0.42-12.94 

loading machine 
operator ••••••••••• 18 97 0.25-39.56 

loading machine 
helper ••••••••••••• 6 31 0.50-14.48 

Roof bolter 
operator ••••••••••• 25 296 0.09-38.50 

Shotfirer •.••••••.••• 12 83 0.62-56.97 

Section foreman •••••• 28 236 0.14-14.51 

Mean MRE 

mg/m3 mean 
mg/m3 

4.08 7.7 

3.47 6.5 

3.69 6.9 

4.45 8.4 

3.55 6.7 

3.75 7.1 

3.17 6.0 

2.46 4.6 

3.15 5.9 

1.69 3.2 
....___ 

1, 

Mine 

B-1 

B-6 

B-7 

C-2 

C-3 

C-5 

C-6 

Comparison of dust concentrations in mines with 
cutting machines and continuous miners 

(MRE, mg/m3 ) 

Continuous miner Cutting machine 

Mean Range Mean Range 

5.92 1.20-13.92 2.07 1.66- 2.48 

11.80 3.98-22.16 11.68 4.09-23.47 

16.30 1.79-36.71 5.17 4.18- 6.34 

15.62 1 • .54-27.06 2.75 1.59- 4.12 

10.68 6.28-15.08 3.27 1.62- 6.17 

12.70 5.36-28.19 5.33 3.33- 7.33 

13.47 8.93-18.90 4.72 4.10- 5.33 

Ratio of 
means 

2.86 

1.01 

3.15 

5.68 

3.27 

2.38 

2.85 
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.Another parameter of interest was the concentration of the total airborne • 
dust. Data in table 3 demqnstrates several interesting comparisons. First, the 
mean respirable dust concentration with the personal sampler was 3.02 rng/m3 ;; 

with the MRE it was 5. 95 mg/m3 or a ratio of ; : ~~ or 1. 97. This compares very 

favorably with the theoretical ratio of 1.88. The same comparison made on the 

continuous mining machine yields a ratio of 1~:~5 = 1.98. Thus, the reliability 

of the two instruments, in terms of the translation of results, is well vali­
dated. 

The total airborne dust at. the cutting machine averaged 63 .1 rng/m3, and 
128 ng/m3 for the continuous miner •. It was evident that the continuous miner 
produces about twice as much dust as the cutting machine. This same 2 to 1 
ratio was apparent for respirable dust when measured by either instrument. 

Comparison of mean dust concentration between cutting machine 
and·continuotJs miner 

Personal Sampler 

No. Dust concentration, Average Average rng/m3 respirable 
Sample site of dust con- total 

mines dust 
<1-6 1.6-2.9 >2.9 centration 

cutting machine 15 4 4 7 3.02 63.1 
Continuous miner 21 2 1 18 5.25 128.0 

MRE 

No. Dust concentration, Average 

Sample site mg/m3 respirable Average 
of dust con- total 

mines centration dust 
3.0 3.1-5.5 5.5 

Cutting machine 15 3 8 4 5.95 63.1 
Continuous miner 21 1 3 17 10.4 128.0 

Ratio 
respir-
able/ 
total 

20.9 
24_.4 

Ratio 
respir-
able/ 
total 

10.6 
12.3 
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The standard for respirable dust as recommended by the Public Health 
Service was based on coal mine.dust containing less than .5 percent .quartz. 
Therefore, it was important in this investigation to know the concentration of 
quartz in the respirable dust. The data in table 4 compares the ash content of 
the coalbed wi tli .the ash content of both respirable and gross dust. There is a 
significant difference between the ash content of airborne· dust and the ash 
content of coal. Doubtlessly, this is caused by the machine cutting into the 
rock strata and the noncombustible fraction of the dust contained in the in­
coming air. The quartz content of the respirable dust ranged from 0.4 percent 
to 3.1 percent with an average value of 1 • .5 percent quartz. It is obvious that 
the quartz content of the respirable dust was well below the recommendation of 
the Public Heal th Service. 

Quartz and ash level in respirable and total dust - weight percent 

Respirable and total dust 
No. Coalbed 
of .Ash QJ.artz ( Si02) 

mines Volatile ' .Ash matter Respirable Total Respirable Total 

i 

t.· 
29 1.5-40.3 3.0-13.9 4.4-44.3 3.0-38 • .5 0.4-3.1 0.4-2.4 

L 

In all mines studied, the intake air was monitored for the concentration 
of respirable dust. Wide variations were found ranging from 0.06 .mg/m3 to 3.3 
mg/m3 • In one of the 29 mines measured, the mean concentration of the incoming 
respirable dust was greater than 3 mg/m3 and in seven of the 29 mines, it was 
greater than 1.0 mg/m3 • In 22 mines, however, the concentration of the incoming 
dust was less than 0 • .5 mg/m3 • Thus, a concentrated effort must be made in many 
mines to clean up the incoming air. 

This data is presented in complete detail in the expanded paper that 
follows this presentation. It should be emphasized, however, that it is not 
presumed or implied that the data is representative of the entire underground 
coal industry. The data is presented as being indicative of the relative dust 
concentrations and the dust control problems to be encountered in the industry. 

The third criteria in the Bureau's plan was a determination of the engi­
neering procedures that would control respirable dust in underground mines to a 
hygienically safe level, through one or more of the following engineering 
control methods: 

1. The design of the coal mining machine to minimize dust production. 

2. The· effective use of ventilation to remove respirable dust from the 
work are_a~ 
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3. Water infusion of the coal seam. 

4. liberal use of 'wat~r on mining equipment and at dust generating points. 

5. The use of wetting agents to allay dust. 

6. The use of dust collecting equipment at points of dust generation. 

7. The use of respirators or life support systems to provide personal 
protection for underground workers. 

A detailed review was made of these methods in terms of their feasibility 
and available technology. Based on this review, it was evident that the two 
most promising methods of approach were ventilation and the use of water. In 

· both cases, the technology was available and no significant delay would be 
encountered in its application. Studies by the Bureau coupled with the experi­
ence of other investigators indicated that water, both alone and in connecti.on 
with wetting agents, had definite limitations • .Although water sprays on mining 
machines have beneficial effects as a suppression measure for total airborne 
dust, current spray techniques have little effect on dust in the respirable 
ranges. Since ventilation appeared to offer the greatest degree of success, in 
.August 1969, the Bureau undertook a concentrated study on the feasibility of 
improved ventilation techniques for reducing the respirable dust concentration 
to an acceptable level in the underground mining environment. These studies 
have proved the feasibility of this method of approach, and later in the 
Symposium, you will be informed of the results of this investigation. 

()Ir research, coupled with that of the industry, is beginning to demon­
strate the ~easibility of substantially improving environmental dust condition 
in underground coal mines and the possibility of meeting hygienic standards 
which only a short time ago seemed virtually impossible. We are now of the 
opinion that adequate dust control can be attained in most mines, frequently a 
~ minimal cost. If this can be accomplished within a reasonable time, there is 
little doubt that many lives will be saved., many cases of simple pneumoconi­
osis will be prevented from progressing into the more serious form of the 
disease, and great economic loss, to the companies, the workers, and the publi 
will be averted. · 



QUESTION: I would like to ask Mr. Doyle if the 1.88 to 1 ratio between 
the MRE and AEC cyclones is now considered final by the Bureau of Mines? 
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MR. DOYLE: It is not considered as a final ratio by the Bureau of Mines. 
This ratio is based on a fixed sampling rate by the two instrmnents, in this 
case two liters per minute. If either sampling rate is changed, this ratio 
will also be changed. 

So until a definite sampling rate has been established for the personal 
sampler; the 1.88 holds as the present sampling rate. 

QUESTION: What density of sprays would you use for dust control? 

MR. DOYLE: Sprays will be talked about in a later paper, so I would 
appreciate your holding that question • 

.All seven methods of control that were mentioned in lI\Y paper are con­
trol , methods around which this whole program was prepared. So, there will be 
discussions on each of those points that I brought up. 

QUESTION: In the sampling techniques used by the Bureau, do they dif­
ferentiate between the rock dust and coal dust in your measurement? . 

MR. DOYLE: No. The amount of dust deposited in the filter is what is 
weighed. This could be, of course, rock dust, coal dust, or any other kind 
of dust that was taken into the filter. 

We can make some kind of differentiation in the laboratory between the 
various dusts. This is done on many samples but not on all samples. 

QUESTION: How would you sample and analyze the silica in the content of 
the coal dust? 

MR. DOYLE: Q.iestions of this kind will be covered after Mr. Jacobson's 
presentation. 

Ql!JESTION: I am very interested in why, of the eight methods you talked 
about, ·why you dismissed No. 8 so quickly? 

MR. DOYLE: I think most of you would agree that respirators are not a 
basic method of engineering control. The use of respirators in the past, and i am sure even in the context of the present proposed legislation, would be 
~ use them as an auxiliary control measure. This is the way it has been 

viewed in practically all industrial health situations. 

b QUESTION: I was speaking of pneumoconiosis -- not so much as a control 
u~ as a method of eliminating pnewroconiosis. Doesn't your respirator do 

this? 

DR. DOYLE: A properly designed respirator, ·worn and taken care of prop­
erly, is ~esigned to prevent the inhalation of penumoconiosis-producing dust. 
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PERSONAL RESPIRABLE DUST SAMPLER 

by 

M. Jacobson and J. A. Lamonica 

ABSTRACT 

Fquipment for evaluating the respirable dust exposure of indi viduai 
underground coal miners was designed, constructed, and tested by the U.S. 
Bureau of Mines. As a result, the guidelines for sampling and evaluating 
respirable dust concentrations in the breathing zone of individual miners were 
finalized, and the equipment' was made comnercially available. The equipment 
and techniques, which are described in this report, are consistent with the 
provisions of pending coal mine health legislation governing respirable grav­
imetric dust concentrations. 

INTRODUCTION 

Recent experimental findings indicate that all airborne dust :inhaled does 
not enter the lungs; the dust of hygienic significance is that portion which 
reaches the terminal airways of the lungs. This portion, called the respirable 
fraction, contains no particles larger than 10 micrometers (10 microns) .and 
about 50 percent of the 3.5-micrometer-size particles. (A\micrometer is about 
1/25, 000 of an inch. ) Since particles of this size range cannot be seen by the 
human eye, instruments used to evaluate the dust hazard should simulate the 
respiratory tract in its selectivity for the respirable fraction of dust par­
ticles. Since understanding of the physiological mechanics aseociated with 
dust retention in the lungs is 1imi. ted, the criterion for selecting dust sizes ' 
of hygienic significance is the generally accepted deposition curve .for dust 
in the terminal airways of the lungs. The weight of dust extracted from the 
lungs of miners examined in autopsy shows good .,correlation with severity of 
pneUIOOconiosis based on X-ray categorization prior to death. It is believed 
that the weight of the respirable fraction o£ airborne dust is the parameter 
of primary interest for the hygienic evaluation of dust exposure. A size cri­
terion for the respirable fraction has been defined by work performed\ within 
the U.S. Atomic Energy Commission. 1 This is described by the sampling effi­
ciency curve, shown on figure 1, which is dependent on the aerodynamic behav­
ior of the particles. 

As part of its continuing program of promoting health and safety in U.S. 
coal mines, the Bureau 9f Mines has been studying the concepts of respirable 
dust sampling since early in 1%5. Sampling equipment and procedures were 
developed for evaluating the respirable dust exposure of individual miners and 

1 Lippmann, M., and w. B. Harris. Size-Selective Samplers for :Fstimating 
11Respirable 11 Dust Concentrations. Health Physics, v. 8, 1962, p. 157.\ 



have been tested in surveys conducted in 46 underground coal mines; about 
6,300 samples were collected. 

SAMPLING EQUIPMENT 
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The Bureau of Mines personal respirable dust sampler is a two-stage 
device. The first stage, a 10-millimeter nylon cyclone, performs as an 
elutriator or size-selector whose penetration conforms to a curve which is in 
close agreement with the criterion reported by the U.S. Atomic :Fhergy Commis­
sion (this curve is obtained when the sampler is operated at 2.0 liters per 
minute). The second stage is a membrane filter that collects the respirable 
fraction of the dust. The dust collected is weighed to the nearest 0.1 milli­
gram, and concentrations are expressed as milligrams of dust per cubic meter 
of air s·ampled. · 

The personal sampler continuously samples air from the worker's breathing 
zone during the full working shift. The atmosphere is drawn through the device 
at 2.0 liters per minute by a portable, battery-operated diaphragm pump. 

The individual components of the personal sampler before assembly are 
shown on figure 2. A listing of equipment and associated components necessary 
for assembling personal dust samplers is as follows: 

A. Approved battery-operated sampling pump. 

It is essential that the pump be approved by the Bureau of Mines for use 
in underground coal mines. The pump must be capable of operating for a minimum 
of 8 hours at a flow rate of 2.0 liters per minute. The following equipment 
meets _the above requirements; costs shown are approximate. 

l. Casella Mark II Model B Pump without sampling head, $200. 
Willson Products Di visio ·n 
P.O. Box 622 
Reading, Pa. 19603 

2. M-S-A Monitaire Sampler, Model G, $200. 
Mine Safety .Appliances Company 
201 North Braddock Ave. 
Pittsburgh, Pa. 15208 

3. Unico Model CllO Pump, $200. 
Unico :Fhvironmental Instruments, Inc. 
150 Cove St. 
Fall River, Mass. 02720 
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B. Sampling head. 

The sampling head consists of a 10-millimeter nylon cyclone and filter 
assembly mounted in a suitable holder for attaching to the worker. The fol­
lowing equipment meets these requirements: 

1. M-S-A Gravimetric Dust Sampler, $30. 
Mine Safety Appliances Company 
201 North Braddock Ave. 
Pittsburgh, Pa. 15208 

2. Respirable Mass Lapel Sampler, $30. 
Unico :Environmental Instruments, Inc. 
150 Cove St. 
Fall River, Mass. 02720 

c. Filter assembly. 

The filter assembly consists of a 37-millimeter vinyl membrane filter 
retained in a suitable filter holder. These parts are available from the sup­
pliers or the sampling heads mentioned above and from other sources. 

D. lldditional equipment. 

1. . Battery charger, $35. The above.:mentioned pumps have rechargeable 
batteries. The price of a battery charger supplied by the pump manu­
facturers may not be included in the pump price. 

2. Volt-Ohm-Milliampere Meter, $35. To be .used for checking battery 
voltage and electrical trouble-shooting in the· field. May be 
obtained from any electronic supply house. 

SAMPLING PROCEDURE 

The recommended procedures for collecting and evaluating respirable dust 
samples are outlined as follows: 

A. Preparation of filter assembly and personal sampler. 

1. Clean all parts thoroughly prior to assembly. It is suggested that 
filt~ holders be used only once. This will prevent possible leak­
age resulting from damaged rims occurring during filter removal. 

2. .Assemble the component parts shown in figure 2 into the completed 
sampling unit as illustrated in figure 3. Collecting surface of 
filter mist face cyclone. 

a. Make sure the filter has been preweigned. 
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b. The red and blue plastic plugs are used to seal the filter 
holders before and after sampling; use red for inlet, and blue 
for outlet. 

3. Calibrate and adjust pumps to provide 2.0:!.0.l liters per minute. 

a. Pressure drop of sampling head must be considered during 
calibration. 

b. Recheck pump calibration at least IOOnthly, or· as needed. 

B. Placement of . equipment for sampling. 

1. Attach the pump to the subject's belt at the IOOst suitable location. 
Position the pump so that it does not interfere with normal work 
operations. 

2. Place the sampling head in the pr~ximity of the subject's breathing 
zone, as shown in figure 4. The unit can be clipped or pinned to 
the subject's lapel or work garment in such a manner that the sam­
pling head is maintained in a vertical or upright position during 
the sampling period. 

C. Operation of equipment. 

D. 

1. Turn on the pump and record the time. 

2~ On pumps having integral flowmeters, adjust airflow to 2.0 liters per 
minute. 

a. Check the flowmeter reading after 1/2 hour of operation and at 
midshift to insure that equipment is operating properly • .Adjust 
as needed. 

b. Sampling is conducted during the full working shift. 

3. Turn off the 9ump and record the time. 

4. Disconnect sampling head and recharge battery. Do not invert sam­
pling head during reIOOval from pump. 

5. Remove and clean cyclone. 

Pertinent information: The following is an example of the information 
generally needed to properly evaluate the sample. 

l. Sample No. and date sample collected. 

2• Pump No • . 

3 • Time on. 
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4. Time off. 

5. Total sampling time, minutes. 

6. Rate of sampling, liters per minute. 

7. Volume o:f air sampled, (lpm)_ X (min). 

8. Occupation sampled. 

9. Subject's name. 

10. Social Security No. 

11. Section location. 

12. Type of mining machine (Model No.). 

13. Type o:f ventilation used (blowing, exha.usting, auxiliary). 

1.4. Type o:f mining operation (development, retreat, longwall). 

_15. Mine No. 

16. Preweight, mg. 

17. Final weight, mg. 

18. Weight of dust, mg. 

E. ·Determinati,on o-.r Concentration. 

1. Remove -.rilter -.rrom -.rilter holder. Care should be taken not to lose 
any o-.r the sample or tear the -.rilter. 

2. Weigh the filter to the nearest 0.1 mg and record the weight on the 
in-.rormation sheet. 

3. Determine the respirable dust concentration using the -.rollowing 
-.r ormu.1.a: 

Dust concentration (u,r/m3 ) = l,OOO (W2 - Wi) 
'% T~R ' 

where W1 = initial filter weight, mg. 

W2 = -.rinal -.Cilter weight, mg. 

T = sampling time, minutes. 

R = rate o-.r sampling, liters per minute. 



100 r----.--~---.-------,,----.-----r--------,,--------....---

- 80 C 
Cl) 
0 
~ z Cl) a. o .. 60 

I-: z 
<to a::-
1-I-

~~ 40 
WQ. 
Q.w 

0 

~ 20 

0 

AEC penetration 

2 4 6 10 
AERODYNAMIC ~RTICLE SIZE AT 

UNIT DENSITY, micrometers 
Figure 1.-Respirable mass deposition curve. 

12 

39 



40 

Figure 2.-Personal sampler unassembled. 

Figure 3.-Personal sampler assembled. 
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Figure 4.-Personal sampler ready for use. 
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MR. RIGG: Our next speaker,, on "Assessing of Respirable Dust in United 
States Coal Mines", is Murray Jacobson, Acting Chief of the Pittsburgh Field 
Health Group of the Bureau of Mines. · 

ASSESSING RESPIRABLE DUST IN UNITED STATES COAL MINES 

by 

Murray Jacobson 

INTRODUCTION 

The inhalation of alloost any dust should be regarded as potentially 
dangerous to health. Of primary importance is the quantity and composition 
of the dust inhaled and retained in the lungs for extended periods. 

During the past 10 years, changes have occurred in the philosophy of 
assessing the health hazards of pneumoconiosis-producing dusts. Therefore, 
new dust sampling techniques and analytical procedures have been developed 
to provide the necessary data for evaluating underground working environments. 

Recent experimental findings indicate all ·the . _airborne dust inhaled is 
not deposited in _the lungs; the dust of hygienic significance is that portion 
which reaches the terminal airways of the lungs. This fraction is generally 
referred to as respirable dust. Therefore, instruments used to evaluate the 
health hazard in dusty atJIDspheres should simulate the respiratory tract in 
selecting the respirable fraction of the dust particles. 

Since understanding of the physiological mechanism associated with dust 
retention in the lungs is limited, ~e criterion for selecting dust sizes of 
hygienic significance is the generally accepted deposition curve for dust in 
the terminal airways of the lungs. The mass of dust extracted from the lungs 
of miners examined in autopsy shows good correlation with severity of pneu­
moconiosis based on X-ray categorization prior to death.(]) Therefore, it is 
believed that the mass of dust in the respirable fraction is the parameter of 
primary interest for hygienic evaluation of dust exposure. 

At present, there are two criteria for the respirable fraction. The first, 
resulting from work performed within the U.S. Atomic Energy Commission, (_g) · is 
defined by a sampling efficiency curve that passes through the following 
points: effectively 100 percent efficiency at 2 microns and smaller, 50 per­
cent eff~ciency at 3.5 microns, and zero efficiency for particles 10 microns 
and larger. 

The other criterion for the -respirable fraction of dust, recoIIllilended·and 
adopted by the Johannesburg Pneumoconiosis Conference,(~) is defined by a 
sampling efficiency curve that passes through the following points: effectivel; 
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100 percent efficiency at 1 micron and smaller, 50 percent efficiency at 5 
microns, and zero efficiency :f"or :particles of' 7 microns and larger •. Particle 
sizes reter to equivalent diameter, which is defined as the diameter of' a 
spherical particle of' unit density having the same falling velocity as the 
particle in question. · 

Comparison of' the two recommended respirable size criteria with the pul­
m:>nary deposition curve is shown in figure 1. The purpose of' both criteria is 
to approximate dust deposition in the nonciliated portions of' the lung. 

INSTRUMENTS 

To e:f":f"ectively assess respirable dust concentrations encountered in the. 
coal. mine environme11t, two-stage sampling instruments have been devel0ped • 
.currently, there are two types of' respirable gravimetric sampling instruments 
being used in coal mines. · · 

The. personal respirable dust sampler {4) (fig. 2) is one of' these in­
atruments. The first stage, a ID-millimeter cylon cyclone, per:f"or:qis as an 
elD.triator whose collecting efficiency closely approximates the criterion 
reported by the U.S. Atomic Energy Commission. (This e:f":f"iciency is obtained 
with the sampler operating at a flowrate of' 2 liters per minute.) The second 
stage is a membrane filter that collects the respirable f'ractiai of' dust that 
passes through the cyclone. The dust collected is weighed to the nearest 0.1 
lid.ID.gram, and the concentrations are expressed as milligrams of' dust per 
cubic meter of' air sampl.ed. Each miner can be equipped with_a personal sampler 
(fig • .3) to determine- his dust exposure during the work shi:ft! · 

.Another device (fig. 4) is the Isleworth Gravimetric Dust Sampler, or 
MRE, (.5) which was developed at the Mining Research Establishment of' the 
Rational Coal Board at Isleworth. The :f"irst stage of" the MRE, a :f"our-plate 
.horizontal elutriator, has a collecting efficiency that close~ approximates 
the criterion recOllllleDded and adopted by the Johamiesburg PneUJOOconiosis 
Conrere~e. This· efficiency is obtained with the sampler operating at a now­
rate of' 2-5 liters per minute. The membrane filter used as the second, or 
collecting stage, is treated in the same manner as the filters from the per­
sonal sampler, and concentrations are expressed as mill.igrams of' dust per 
cubic meter of' air sampled. · · 

These size-selective, two-stage gravimetric sampling devices are being 
USed :f"or evaJ.uating the work environment and the worker's exposure in coal 
lllines. Each instrument has its advantages and disadvantages, some of' which 
are as :f"ollows: 

Personal Sampler 

.Advantages: 

l.. Light weight. 

2. ReJ.atively inexpensive. 
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3. Can be attached to miner to measure his dust exposure during the 
work shift. 

4. Preweighed filter cassettes or assemblies can be utilized for ef­
ficient handling in high speed, automat~c weighing system. 

5. Cyclone can be readily disassembled to remove the coarse f'raction 
for analysis. 

6. Calibration of instrument readily determined in field. 

7. Normal positioning of sampler does not affect its operation. 

Disadvantages: 

1. Collection characteristics of cyc~one cannot be precalculated • 

.. 2. Airflow through the cyclone materially 0affects the collection • 
efficiency. (Some disagreement exists as to the correct air­
flow tliat is required for achievipg the desired collection char­
acteristics.) 

3. ·particle penetration through the cyclone is reported to decrease 
with concentration. 

4. Agglomeration and disaggregation can occur within the cyclone, 
causing the characteristics of the sampler to change. 

MRE 

Advantages: 

1. Nonrespirable f'raction separated by sedementation; therefore, 
aerodynamics behavior of particles is readily determined. 

2. Collection characteristics of elutriators can be precalculated. 

3. Recommended dust standards in the United States and in the United 
Kingdom are based on MRE results. 

Disadvantages: 

1. Bully and heavy (9-1/2 lb.). 

2. Relatively expensive. 

3. Cannot be attached to miner·to measure his dust exposure during 
work shift. 
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4. Filters are difficult to handle and cannot be easily handled in 
high-speed, automatic weighing system. 

5. Instrument is relatively sensitive to horizontal. positioning. 
. . . 

Vinyl membrane filters, or equivalent, are used in all the gravimetric 
sampling instruments. This material was selected. because there is a negligible 
change in weight when sampling is done in the high-humidity atmosphere en­
countered in coal mine face areas. 

Membrane filters were selected instead of "in-depth" filters for two basic 
-reasons: First, the resistance to airnow is low and does not change materially 
with the quantities of dust collected; secondly, the dust can readily be re­
Jll)ved f"rom the filters for chemical and physical analysis. 

The instruments and procedures described have been tested during studies 
conducted in operating underground mines. The instruments have all proven to be 
rugged ~nough for use underground at the working face, · and,have given reliable 
resu1ts that can be employed in assessing environmental dust exposures of coal 
~rs. 

To correlate resu1ts obtained with the various types of sampling devices, 
instrument sampling packages, each containing four samplers ( personal, MRE, 
total .airborne dust, and long running midget im:pinger) are positioned. in the 
selected working section. Figure 5 shows such a sampling package. One package 
1s positioned adjacent to the operator on or near the coal-cutting equipment; 
the second package is placed in the immediate vicinity of workers who are in- · 
directly ,involved with the coal-getting operation (primarily, the roof bolters); 
and the third is placed in the intake airway to the sect:j.on. All samplers op­
erate the entire time the working crew is in the section. 

Figure 6 shows the linear relationships between the personal gravimetric 
Sampling data and the data collected with the MRE and the midget im:pinger at 
continuous mining and cutting ma.chine operations in 29 mines, during the envi,­
ronmenta1 dust survey. The correlation coeffic;l.ent, 0.9, was calculated, for the 
regression lines; the average ratio of individual .MRE to personal gravimetric 
Sampling data is approximately 2. · 

The importance of the relationship between data collected by personal and 
=:spirable dust samplers must be emphasized. The proposed interim dust · 

ards are specified in terms of mg/itrl as sampled by the MRE; therefore, this 
empirical relationship permits data obtained using the personal sampler to be re­
l>Orted in terms of equivalent MRE values. 

on ( 1~he precision of the measureD!nt of respirable dust concentrations depends 
tlewr the accuracy of the pump calibration, ( 2) the maintenance of constant 
s i1te, and (3) the accuracy of the weighing of the fiiters, before and after 
~ s ngi The sampling instrumants are designed to operate within ±,5 percent of 
bet~c f'ied f'lowrate; maximum deviation. in weighing is about _±0.05 milligram., 
in dust and ai'ter sampling. These factors can result in a statistical variation 

.concentration ranging up to ±0.4 mg/m3. 
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Figure 3.-Personal Gravimetric Sampler Ready for Use 
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Figure 4.-MRE Sampler 
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- QUESTION: In regard to the system described by Mr. Walton --

MR. JACOBSON: The system that Henry Wal ton described is the same one we 
use, primarily because of the smallness of our samples. 
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We initially started with X-ray diffraction, trying to squeeze down to a 
small enough quantity, and we were running into a lack of precision problem. So 
we went over to the infrared system, using the ash of the coal mine dust and 
picked off the silica peaks. This is correlated with the X-ray and also cali­
brated against free crystalline silica standards. 

~ION: You mentioned you had some data on moisture on your filters. Did 
it vary during the high humidity and low humidity seasons? 

MR. JACOBSON: What we did was to determine the change in weight on the 
filter at 90 to 95 percent relative humidity ·to see whether there was an effect. 
I think our increase in weight was about 2/lOOth 0£ a milligram immediately, 
and as you let it set for a half hour, the change in weight decreased until it 
was within the weighing precision of the balance we are using. So this is why 
we -neglected the slight change in weight that you would get during the sampling 
time, 'because this essentially disappears on standing. 

QJESTION: What is the effect of the cleanliness of the worker's clothes 
on the sample? After a week, the worker's clothes get pretty dirty. I£ he s~es 
dust 0££, he can contaminate the sample. 

MR. JACOBSON: We have collected about 2,000 individual personal samples in 
addition to our instrument package samples, and there is spme effect. But, during 
Bizy" short period of time, we are only sampling 2 liters per minute out of a total 
of 960 liters on an eight-hour d~. He would have to beat for one devil of a t~ 
to get enough to really materially affect the sample. I mean, it woul.d haye to 
be an outright intentional bias that he is trying to produce which can be in­
troduced in JDaizy" other ways, much quicker and much more simpler. 

QUESTION: Do you have _a procedure for eliminating aey individual bias? 

MR. JACOBSON: I can s~, by way of experience, that when sampling in a 
norma.1 run on a ten-shift survey, you may ,find one extremely high. When this 
sample is examined and you look at the particle size distribution on .the filter, f'1 will find that there are some large particles, indicating that this sampling 
eaa has been turned over. So, you automatically throw out that sample. 

We have had some cases in which we did have extreme highs but di_d not find 
=se l.arge ].)articles. Therefore, we must retain high ones just as well as low 
it s, if You are sure that there is no intentional upset as part 0£ the turning 

over. 

<irasTION: What are the current standards to be based on? 

or th MR. JACOBSON: In nzy- last reading of both the Senate and the House versions 
me-~ill, it says concentration of "X'' number milligrams per cubic meter as 

by the MRE, or its equivalent, as specified by the Secretary. 
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QUESTION: What are the mechanics for removing the dust from the filters? 

MR. JACOBSON: The,vinyl filters that we have been using cannot be ashed 
very well. They do not give you an analytical ashing. We developed a different 
technique. o 

We remove the dust from the membrane filter, using an ultrasonic washing 
technique which was developed in our laboratory, and within two minutes, we re­
move better than 99.9 percent by weight of the dust from our filters. There is 
still some of the extreme fine left in the pores, but it's a very, very small 
fraction of the weight of the material. 

MR. RIGG: Our next speaker, with a paper entitled, "Practical Problems ·1n 
Implementing a Dust Control Program in Coal Mines," is William Kegel, who is 
Assistant General Manager of Raw Materi~ls of Jones & Laughlin Steel Company. 



PRACTICAL PROBLEMS IN IMPLEMENTING A DUST CONTROL PROGRAM IN 
COAL MINES 

by 

W. G. Kegel 

Congress and the administration in_Washington have just presented the 
.American mining industry with serious and complex new operating problems. 
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: This paper is concerned with one ·or those problems, the program for con-
tiolling and 10011:J;toring the fine dust now known to be a possible cause of 
miner's pnewooconipsis.- We are faced with a rigid new standard, and must pre­
pare for . regular ~ frequent dust surveys. 

First, let us review some facts. We may be required to hold dust levels to 
a maxi:umm of 4 • .5 milligrams per cubic meter and even less in a year or two. 
Respirable dll.f:lt is that which is 5 microns or less in size. 

A micron is one-millionth of a meter, or • 000039 of an inch. By compari­
son, a human hair is about .50· microns in diameter. ni.ere are 453,000 milligrams 
in a J)OU.lld, so that 4 • .5 milligrams is equal to one, one hundred thousandth of a 
pound. This is the weight of respirable dust that will be permitted in a volume 
of air equal to a cube 39 inches on each side. 

This standard is attainable under maey conditions. It is ambitious under 
others, and impossible to attain in some situations in some of our mines. 

'Many- question whether, within the present sta~e of our knowledge, these 
arbitrary limits are realistic. I think we can all agree that a recent state­
ment by· John E. Swearingen, Chairman of the Board of Standard Oil of Indiana, 
applies to coal mine dust as it applies to the problem of pollution generally. 
He said, "No one can argue that wherever pollution can pe scientifically dem­
onstrated to be a genuine hazard to human health, it should be eipninated. 11 

I would add that in order to .get the maxiuum value out of the dollars spent 
on control programs, those who formulate policy and administer the programs 
Should set realistic standards that will accomplish the goal without imposing 
unnecessary burdens upon those paying the bill. · 

. Our problem is to bring our mines into compli~e with the new regulations 
and. still maintain the coal industry as a pillar of the national ecoDOJey". The 
l)roductivity of our deep mines, 14 tons per man-day, has not been duplicated 
al\YWhere else in the world. This productivity has been of great benefit to our 
c~ry and its economy. It is responsible, for example, for the low cost of 
e ctricity that we all enjoy. 

llnde Ameri:an ingenuity, coupled with the .American sense of cooperation and 
rstanding, -- cooperation and understanding between labor, management and 

~~nt -- exercised in an atm:>sphere of reason and the knowledge of the high 
8 involved, can and will solve our problem. 
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Much will depend on sampling -- how and where samples are taken, and how 
the samples are interpreted. To appreciate this problem, we nru.st first have a 
broad understanding of Unit~d States mining practice. 

The most prominent mining system is the room and pillar, which can create 
multiple dust-producing areas when worked conventionally or with continuous 
mining machines, whether in the development or retreat phase of mining. 

Presently, there are two systems for face ventilation: One uses an auxil­
iary fan and tubing; the other uses line brattice cloth to establish a parallel 
passageway for oppositely coursed air. There are three types of continuous 
miners, and when considering dust make, each of these presents different prob­
lems as to the dust produced, the ability to wet the face, and the ability to 
route the dust via the air stream. The development and retreat phases each pre­
sent different ventilation problems. Since many companies, and sometimes in­
dividual mines, find a need for all three types 0£ miners, and also do retreat 
mining, the multiple situation problem is common. The following examples illus­
trate the situations likely to produce dust in our system of mining: 

The latest of the modern continuous miners is the milling type. It has 
found acceptance throughout the industry due to its ready adaptability to the 
room and pillar system. Like its predecessors, it is the product of much re­
search for safe and efficient operation under a variety of mining conditions. 
When working under a weak roof, it will generally alternate working places with 
a roof drill. Each machine is a dust-producing source in its respective place, 
will require simultaneous ventilation, and quite probably, · will become an ac­
ceptable monitoring point for the dust control program. This method of operation 
is presently the most desirable under the roof conditions mentioned. 

Another type of continuous miner is the borer. In mines where the roof is 
good, the borer can drive up a series of entry advances, each 80 to 100 feet 
long, then turn a crosscut, which permits straight ahead mining for 500 to 700 
feet. Since the borer drives an entry only inches wider than the machine's 
width, tubing best serves the ventilating problem. 

As the machine advances, the tubing nru.st be lengthened, and to do so means 
momentarily opening it and thereby momentarily stopping the air current that 
removes the dust. While this is being done, a greater dust concentration might 
be expected in the area of the operator. 

A coIIIIOC)n operating procedure for borers is to follow the ma.chine with a 
drill conveyor and then with a pick-up loader. Each of these ma.chines could be 
considered a dust-producing source and, because of their individual positions 
relative to the tubing end, could possibly beco:ire monitoring points. The speed 
of this operatio~ and the high concentration of machinery in a small area make 
moni tqring very difficult, unless personal samplers are used. 

When doing retreat work, the large close-fitting borer is moved forward a~ 
backward frequently enough to make the job of maintaining an uninterrupted air 
flow more difficult. Again, morentary higher. dust concentration could result. 
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The third type miner is the ripper, which nay, on development work, utilize 
roof drills ahead of the operator. Three men are in positions where dust monitor­
ing nay be advisable. · 

For . some years, U.S • . mines have been using a dust ·collecting system on 
these roof drills. This system does a good job when no water is present in the 
roof. However, if water is present in the roof, the drill operator switches to 
a scrolled auger. This brings the slurry down the outside of the auger, and if 
the hole goes dry, the cuttings could produce a cloud of dust. The operator can 
avoid this momentary dust cloud and usually does; a positioned sampler would 
not. 

The ripper-type miner can be ventilated well with either tube or brattice 
line, but if drills are being used and can be considered a dust source for the 
reason jJl.St mentioned, additional attention will have to be given the position 
of the tube or brattice line. The drill operator on the canvas or tube side will 
be in the dust stream UDJ.ess the tubing or brattice end is ·~ept in by the man. 

This explanation should point up the importance of the sampling procedure, 
and the need f'or a system of' averaging dust counts in an area for some period 
or time rather than a spot determination which could falsely condemn an opera­
tion. It is also necessary that we be able to maintain a f'lexible system for 
the placement of samplers. 

Where conventional mining equipment is being used, three -:- and sometimes 
£our -- places can be dust-producing areas. These would be the cutting machine, 
the loader, the roof drill ( where used), and the place being shot or blasted. 
In conventional work, ventilation to each of these places without momentary in­
terruptions would be rather difficult to accomplish. 

In many conventional sections, doors are used to separate intake and return 
--airways. These doors are f'requently opened by shuttle cars hauling coal or by 
men moving aboµt the section. When this is done, momentary breaks in the air 
.tlow result. It air sampling for dust were being done on a spot check basis, 
very irregular results would be recorded • 

• While considering miners and cutting machines, one must also investigate 
~ cutting elements and the spray water system to be used. It is not the in­
/ ion of this paper to discuss that field, but its :illlportance should not be 
a~tten. We ~t also remember that much has been done in the United States to 
to talkcoa1 dust with water and to inert coal dust with rock dust. I would like 

about rock dust in some detail. 

obJ~ ~en a program ~f dust suppression for respiratory reasons becomes the chief 
Bibi: ~ we certainly should try to minimize the use of rock dust where pos-
our ~ ensive tests here have proven that from 22 percent to 32 percent of' 
dust ~ dust is in the minus 5-micron range. With 5 percent silica in this rock 

' ere are some disturbing implications. 

dust ~~~er a mine producing 8,000 tons per d~ .and using 15 pounds of· rock 
. nor coal mined. This means that 60 tons of rock dust are distributed 
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throughout the mine each day • .Assume that 25 percent is minus 5 microns, or 
respirable dust. Then 13,600,000,000 _milligrams of respirable dust are being 
put into the mine atmosphere each day, 5 percent of which could by law be silica, 
True, not all the dust is dispensed in working areas; more than half is dis­
tributed in return airways where no one works, but still the ilnpl;Lyation is 
staggering. This is not the product we are mining, but one we must bring into 
the mine and use in addition to the dust produced by the cutting action in coal. 
The questions are as follows: Will these additional particles complicate the 
procedure? Will they be considered as detrimental as coal dust? And finally, 
should we discount them when taking into consideration a man's lungs? 

It becomes obvious that the rock dust procedure will have to be given care­
ful consideration as to its effect on the dust survey program and, more impor­
·1;ant, the men. We must not forget that the silica content of rock dust is very 
har.m.f'ul. Couple this with the realization that limestone is being used for acid 
i;ieutralization today at a rate never before equaled. Large amounts of silica­
f'ree rock dust 'JNJ.Y be very hard to get as time goes on, and increased output of 
this product can be had only with large capital outlays. 

Considering all these complexities, we feel strongly that the U.S. Bureau 
of Mines should reconsider its attitude toward the use of water for dust con­
trol. ·There are same places where water can do an excellent job, with no harmf'ul ' 
effects on the men. 

The U.S. Bureau of Mines has not yet worked out all the details of the dust 
survey program, but we do know some of them. Sampling will be done on some sched­
uled basis by the operator. The sampling will last one full shift and preferab]J · 
include one sample from each production section each day. This appears to be 
nn.ich more than adequate and should probably be relaxed before a final decision 
is made. The whole series of samples f'rom a particular section would be averaged 
over some reasonable period for establishing the actual dust level. This, of 
course, is the proper system to use in view of the facts related earlier in this 
paper. It will, however, involve cooperation between men and mnagement because, 
whethe.r the sampler is carried by a man or mounted on a machine, some care will 
have to be exercised to see . that it is properly used and cared for. 

The procedure will involve a unit known as the personal respirable dust 
sampler. This unit was chosen _because of its light weight, lower cost, and the 
fact that it can, if necessary, be carried on the individual's person. We must 
be concerned, however, for a program that requires additional equipment to be 
carried on a miner's belt. Certainly a machine mounting would be more desirable 
and would undoubtedly represent a less vulnerable position. Any miner, operator, . 
or laborer is expected to perform and does perform tasks that seemingly would 
jeopardize the unit when carried by the individual. More important, it seems 
very unwise to impose upon .the miner an additional piece of equipnent that would 
jeopardize his comfort, his efficiency, and very possibly his safety. 

Only time and experience will determine the be~way to position the 
samplers. There are places where they can accomplish their purpose only if 
carried by an individual. On the other hand~ some res stance to this is sure to 
result. Machine or stationary mounting will not al~ be truly representative, · 
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since a man can protect himself' by his mobility. The compromise is most likely 
to be a flexible combination of' the two, agreed upon by the Bureau and the mine 
personnel. 

This particular personal sampler :requires a -battery and charger setup that 
,rill increase to some degree the general maintenance being_carried on in the 
lamp house. The sample is collected on a 37-millimeter, vieyl membrane filter. 
These are to be sent to the Bureau with a list of' pertinent information. Hope­
:t'Ully, a method f'or computerization can be devised that will minimize the paper 
work. Also necessary is some careful handling of' the sampling head during the 
removing process. 

Some inf'ormation regarding Britain's method f'or sampling is appropriate 
and will point up our problems by way of' comparison. A document titled F.4000, 
issued by the National Coal Board in 1966, has been revised ef'f'ective October 
1969. The f'ollowing pertinent £acts were taken :from that report: 

Sampling :frequencies f'or coal £ace production shif'ts will be on a monthly 
basis, along with coal and stone headings or entries. Loading and transf'er points 
in return a.irwey-s would be monitored once each quarter, and coal £ace prepara­
tion shif'ts once each year. A place requiring monthly samples will be considered 
approved if' the mean of' dust concentrations f'or the last three months (or first 
or seco,na. · 100nth, if' the area is new) is less than the standard agreed upon. 
This is now .known to be 8 mg/m3. Places requiring quarterly or yearly samples 
will be considered approved if' the initial sample is less than 8 mg/m3, or if' 
the mean of' all samples taken in a calendar 100nth is less than 8 mg/m3. 

Here we see the use of' average :readings, taken over a :representative 
period of' operation, that I mentioned earlier. This level of' 8 mg/m3 can be 
construed to reflect a standard of' 5.7 mg/m3 an average f'or all workers at the 
working £ace. However, as we understand the British progr~ there is an impli­
cation that 8 mg is the figure that will generally be applied in practice. 

The British have a provision in F.4000 f'or the equivalent of' our room and 
pillar 'WOrk. It reads as f'ollows: 

Work in bord and pillar districts shall be sampled contimrously over the 
~rking shif't. The sampling instrument shall be set up at a position close 
to a workman so as to obtain a sample which is representative of' dust co~ 
ditions at the working place, :from the time that the men arrive to the time 
that they leave. When the men 100ve :from one working place to another during 
the shift, the sampling instrument shall be 100ved with them and sampling 
BhaJ..l continue during the travelling periods. 

Their -reporting procedure is as f'ollows: 

All sampling data including a description of' the working place and opera­
tions in progress, etc., are recorded and processed by computer. Print-outs 
lrill proyide management with info~tion on dust conditions and summaries 
Wi.11 be provided f'or quarterly and annual reports. The computer data bank 
Will also provide information required f'or general statistical and research 
P\lrposes as :requested by the Board's Departments. 
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The dust sampler's report shall provide the information required to com­
plete the computer input f'orm, as f'ollows: 

1. Area, colliery, seam, working place, operation sampled. 

2. Date of' sampling. 

3. Instrument serial mmiber, sampling time, volume sampled. 

4. Thickness of' the seam and of' the extracted section, presence of' dirt 
bands and f'aults, cutting in dirt, operations in progress and ma.chines 
in use other than those sampled. 

5. Air quantity and air velocity. 

6. Dust suppressive .measures applied which may have bearing on dust con-
ditions in the working place on the day of' sampling. 

7. Sketch of' the working place sampled. 

8. Any remarks relevant to the dust conditions on the day of sampling. 

As stated bef'ore, the British standard will be 8 milligrams per cubic meterJ 
The standard is not mandatory. This f'act makes the dif'f'erence in systems. Since 
the British standard is not mandatory, there is no great need f'or rapid report­
ing of' the results. Al.so, in the great percentage of' British mines, advance 
longwalliDg is being do~. A single entry system f'or air movement exists; gen­
erally, there is no great change in dust-producing conditions f'rom day to day. 
The section does.not change rapidly. 

In the United States, room and pillar sections where 50 to 70 tons per 
f'ace man-day are being mined, section conf'iguration, air currents, and mining 
conditions change al.Ioost hourly. With a mandatory dust level rule, it is most 
necessary tha~ an average or mean method be used as a basis f'or determining 
compliance, and that caref'ul consideration be given f'or monitoring locations. 
It would appear that a room and pillar section would easily require two to three 
times the samples needed f'or an-advancing longwall system if' each man's posi­
tion were to be adequately considered. 

An example of' British experience might give an insight as to the size of' 
our job. ·.An area in Britain mining 10.5 million .tons per year · finds it necessaiy 
to take 200 samples per .100nth. With 360 million deep mined tons annually and the 
room and pillar system as our major mining system, we could be looking at 5,000 
samples per day, or 100,000 per month. The processing of' the 200 samples in the 
British example required one ·woman-mmth of' labor to handle and list. Unless 
we can do much better in the laboratory, the U.S. Bureau of' Mines would need 
500 additional people for this work alone. 

In going into this program, it is certain that problems will beset us from 
the start. A personally carried .monitor will be resisted by the men. Rough or 
improper handling of the samplers may produce false readings. It may be wise f'or 



individual companies to start gaining experience immediately, and we·hope 
that the Bureau of Mines will accept information which, because of special 
conditions, becomes pertinent to certain operations. 
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AB operators, we-must be concerned about a program -that contemplates 
alloost continuous ioonitoring. We have been served a tight· standard. It will, 
in .maey mines, require changes that will result in cost iricreases and perhaps 
affect productive capacity. Hopefully, we can find ways to ease the impact. 
First of all, I would suggest that we look at the British standard, which is 
nonmandatory. At the very least, we should consider a m:>re practical period 
between dust level surveys. 

- I must point out here that our mines are mu.ch cleaner today than they 
were 15 to 25 years ago. Most surveys prove that pneUJIX)coniosis is m:>re · 
prevalent in older miners who worked during the days of hand loading and 
semi-mechanization, and before the advent of the superior ventilation systems 
in use today. Our problems arise from the fact that the concept of 5-micron 
dust control is new. The standard is very low. There is very little printed 
lDB.tter on the subject as it applies to U.S. mining, and because our methods 
are so different, we can't expect mu.ch help from the British. 

United St~tes mines have not been operated in a manner that neglects 
their working force. Dust control has always been a major concern of respon­
sibly operated mines, for various reasons. It is an explosive; it creates 
discomfort and lack of visibility; and it is generally a nuisance from a 
JDaintenance viewpoint. Much research has gone into dust control by using 
water at the face. Fifteen years · ago, a family of small gallonage ( high­
:pressure) spray pumps was introduced to do this job. Cutting bit speed and 
shape have been continuously experimented with and, ioost important, better 
ventilation from surface to face has been developed and used by the United 
States coal industry. 

The dust surveys carried out heretofore by State and Federal agencies 
have not been designed along the lines of a regular and frequent program. The 
new program will have to be blended into our present system of mining so as 
to get the best possible results. While we can, in some cases., change the 
system of mining, we mu.st remember that the wide variety of situations., the 
Ultimate use of the product, the geographical. area, and .ma.ey other factors 
dictate the realization value of coal in a privately owned industry. If broad 
or radical changes are indiscriminately or rapidly enforced, irreparable 
damage to a portion of the industry.could result. Cooperation, based on a 
full understanding by the operator and the inspecting agency of al.l the prob­
lems involved., will be essential. We are facing a mandatory standard al.IOOst 
from the start. It will mean learning to conform while conforming. Certainly, 
the imustry will require the patience and the indulgence of all concerned. 

QUESTION (D. C. JONES): I observed a very fine exhaust fan with an 
eJChaust tube on a rotary machine in your mine. , Have you tried to check what 
the dust count was at the operator's station under those conditions? 
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MR. KEGEL: We are ,using auxiliary fans at three of our mines in con­
junction with continuous miners. We have been concerned with dust levels and 
have been trying to evaluate the ability of these fans to cope with dust. At 
two of our mines, tests have been conducted by the inspection agencies. We 
performed parallel tests using our personnel. We find that ;in :rrost cases a 
4.5 mg./m3 standard could be met, but everything must be right. It is impos­
sible to maintain ideal conditions during a complete shift. The room and 
pillar system of mining necessitates the contimious movement of equipment 
and thereby sets up different problems all during the shift. 

QUESTION ( J. D. SHREVE) : How do you determine the exhaust point for 
your fans? 

. MR. KEGEL: I would like to defer this questio;n, since a paper covering 
this will be given later today. 

QUESTION ( J. D. SHREVE) : How about the positioning of the exhaust fan 
in the return? 

MR. KEGEL: I would prefer to pass this question. There will be a paper 
presented on the subject this afternoon. 

QUESTION: I would like to know what your reasoning is on the situations 
you described wherein older methods of mining cause more silicosis. 

MR. KEGEL: I would prefer to say that more chance of pneUJIOconiosis, 
rather than silicosis, existed with older mining methods. 

I firmly believe tp.at mining equipment and practices · 15 to 20 years ago 
produced more dust primarily due to less efficient ventilation at the face. 
We have operations, which we have carefully reviewed, that bear out the 
theory. Some of our mines completely span the practices and equipment comple­
ment of the industry from theri until now. Hand loading and the premechaniza­
tion era certainly couldn't boast the ventilation we use today. 

QUESTION: What size tubing do you use on auxiiiary fans? 

MR. KEGEL: We started-with 16-inch tubing on 5 horsepower fans. We are 
now working with 24-inch tubing and 15 horsepower fans; 24-inch tubing will 
not be practical on boring machines, we will probably have to settle for 1.8-
inch tubing on this type of machine. 

QUESTION: What kind of cooperation do you get from your people on a 
compa.ny-sJ?Onsored sampling program? 

MR. KEGEL: I'm afraid we haven't had enough experience with this to 
make a firm statene;nt. I have heard of isolated resistence. I would say this 
is minimal. You must remember any program performed up to now has been looked 
at as an experiment more or less. When done on a regular basis, cooperation 
could wear thin. 
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MR. RIGG: The question to Mr. Doyle is, was the practical standard 
considered as practical awlication? · 

MR. .DOn.E: The standard was established on the basis. of a request to 
the Public Heal th Service. This request went :from the Bureau of Mines to the 
Public Health Service last July 1968, and it further requested that such a 
standard be given to the Department of the Interior by December 1969. The 
recOJDJOOndation of the Public Health Service was 3.0 milligrams per .cubic meter 
of air. 

Their recommendation was based largely on the experience in the British 
mines. Prior to making this recOJDJOOndation, they had sent several of their 
experts to visit Great Britain. Although much of the .information that you 
heard this ioorning from Mr. Walton was not available at that time, tlµ.s esti­
-mate was made on the best information that was available at that particular 
time. 

. . 
The standard was not considered in terms of the practicability of the 

JD:i.ning industry to JIEet this standard. This is mt what we asked the Public 
Health Service. We asked them for a health stamard, and this is exactly what 
we received. In terms of practicality, if we look at the present-day situation 
in those mines where inadequate dust control procedures are in effect, this 
is going to be a difficult standard to meet. 

We must · decide on technology to meet the particular problem at hand. 
Based upon the experience of some of the mines with adequate control, using 
a combination of control JIEthods, such as water, ventilation, and adequate 
machine design it was indicated that at the present time 3 milligrams is not 
an impractical operating standard · in many mines. 

Qll'.STION: In using auxiliary fans, do you have problems from the in-
creased air velocity? · 

MR. KEG.EL: This is a definite problem and will be taken up in one of 
the later ·papers. · 

I have definite ideas about increased velocity and what it may bring 
about. I certainly feel that the use of rock dust in shuttle car road~, 
for instance, can create ioore disadvantages. It becomes airborne in the intake 
airways and adds to the problem at the operator's station, while creating · 
false information duripg sampling procedure. In a borer type installation, 
SU.ch as I d~scribed in :nzy- paper, we would subject quite a few people to extra 
dust. 

QUFSTION: Has there been any attempt to sample the dust in the return 
airway-a which would somehow represent dust exposure of the individuals ahead 
of that sampling point? I am certain we could use that as a representative 
eamp1e for the exposure. What I am talking about is ·sampling that exhaust 
Point somewhere in the return airways. · 
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MR: KEGEL: The question is whether or not we have taken readings on the 
return airways in the room and pillar system. Unfortuna.tezy, we have not, but 
the Bureau undoubtedzy has in ·its surveys. 

I am not personalzy familiar with any particular readings taken in the 
return airways of the room and pillar system. To some degree, we would prob­
abzy minimize this, because our system doesn't necessarizy involve as many 
men there. In our system·we must concentrate on the miner operator and the 
drill operator, in particular. · 

QUESTION: What I am saying, is it possible to nxmitor the entire dust 
consumption and the dust generation in the return airways that would repre­
sent, say, the nain standard? 

MR. KEGEL: The British are sampling 70 yards back from the face line in 
the return airway on their longwall units. Theirs is an advancing longwall 
system and therefore is limited to two entries. They are permitting 8 mg./nr1 
in this area or, as you heard earlier, _the equivalent of 5.7 mg./nr'. It cer­
tainzy can't be considered an average location relative to anyone on the face. 
I think we could do our sampling job in the vicinity of the individual in 
question. 

I£, for instance, a driller were being checked, we could set up a per­
sonal sampler in a stand as indicated in ll\Y paper. The unit would occupy a 
position that best represented this man's prominent location. A driller is 
pretty well_placed for the duration of his particular operation period. 

Brattice men and general men will require other arrangements. We can't 
overlook them; in this instance, a personal sampler has to be used. I feel 
that a personal sampler is going to be resisted in maey cases. It will create 
various problems. 

· I tried to show i;n. one of my slides what a man would look like when he 
ultima:tezy donned all of this equipment; h~ is so loaded down that his .mbility 
would be jeopardized. Particularzy in low coal, the addition of a. battery and 
the section of tubing will create problems for the man. 

I realize that there are places where a personal sampler will have to be 
used, but wherever a munted unit can do the job, I think we should endeavor 
to use it and keep the added weight and responsibility f'rom the man. 

CJ)ESTION (Jim Scott): It has been .said that we need 500 inspectors just 
to read the dust comrt. We are in the process of trying to suppzy you techni­
cal talent and mining engineers in particular. We have these odds. Where, 
f'rom a practical viewpoint, are we going to get all the people that are neces­
sary to run this equipment to implement your program and the standard mining 
inspection program? 

. MR. KEGEL: I think this is a real problem. I would onzy ask that the 
people we get have the ability to do the job. I think it is mighty important, 
particularzy in the coal mines. 
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AB £ar as working inside the mines, you have touched on something that 
I think is m::>st :important. We had better get the right kind 0£ people to do 
this, or we are going to create ma.cy-, ma.cy- m::>re problems than we have tod~. 
Only those people who are totally aware 0£ the problem can f'u1ly appreciate 
what I am saying. 

MR. RIGG: Henry, would you like to say something? 

MR. OOYLE: Bill's estimate 0£ it taking 500 people to do this particular 
job is considerably in excess 0£ the estimates that have been made by the 
Bureau 0£ Mines. 

0£ course, how we do it depends upon the legislation. At this time we 
are not attempting to outguess either House·o£ Congress on what the legisla­
tion is going to be. Certainly, i£ the standards were based on a single­
shift measurement, we will have quite a di££erent problem :from that i£ the 
standards were based on a multi-shi£t average. 

The manpower estimates we have ma.de relate to a multi-shi£t average. 
F.t-ankly, ·1 have £orgotten the number 0£ people estimated £or this job. But 
Bill's estimate 0£ 500 is f'ar in excess 0£ what we calcul.ated. 

I might also point out that we are seeking the advice 0£ the industry 
and the labor unions in this matter. We have called a meeting 0£ selected 
illdividuals .from both groups to advise us on this particular problem. 

So, I think it is quite £easible £or us to meet either method 0£ inter­
pretation with a reasonably smaller group 0£ people. We have planned an 
automated laboratory which would do the weighing and record the results on 
an ADP system. It would take out a certain number 0£ samples, which has yet 
to be determined, £or chemical analysis 0£ silica, including size distribu­
tion, the ratio between volatile and nonvolatile material, and other essen­
tial data that we need. Again, I assure you we are still in the planning 
stage. 

We must have a great deal of £lexibility built into any system. Again 
I assure you at this time that we have no f'ixed system £or implementing our 
Plans. We do have a InlIIlber 0£ alternatives, and it depends upon the law and 
how it is interpreted as to the alternative which we would suggest. 

QJF.STION: The Bureau 0£ M.Lnes recruits the better superintendents, £ore­
men, and engineers from the mining companies to implement the laws we work 
~er. How do they expect us to keep the mines in the condition they want 
doem, when they come in and recru.i t and take our best people and take our tax 

llars and pay them? 

re It seems to_ me that you set up a program between your own people and 
t Cairu.i t people away £rom the companies. You ought to set up a program to 
r n Your people. · 

I 
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MR. DOYLE: We have plans for recruiting and training individuals to 
come into this program. I don't think that we in the health field will be in 
too mu.ch competition with you -in the industry, because I don't think you have 
too many of these kinds of individuals in the industry. 

With respect to implementation of the·health staff we are going to have 
to recruit largely from outside the mining industry. These individuals will 
have to be trained to do their jobs. · 

I expect the shoe is going to be on the other foot before too lpng; you 
are going to be taking people away from us to get your job done. I hope so 
anyway. . 

QUESTION: The problem is we can't match ·your dollars, because you are 
taking our tax dollars and paying them, and we are trying to keep our salaries 
up to a point where we have got to require our people to work longer hours and 
do harder work than required of your inspectors: 

MR. DOYLE: You are talking to someone who has DO control over salaries. 
I am sorry Director O'Leary is not here because I am sure-he would like very 
mu.ch to comment on this mattE:r of training. 

We have some very definite plans, and I would be very reluctant to dis­
cuss those plans. However, the Director will be here toioorrow afternoon at 
tlie time of the panel, and I would suggest at this time you bring up the 
question of training with him. I am sure he would be very pleased to elaborate: 
on the Bureau I s total training pl.an. 

MR. KEGEL: I would like to remind you that in 100st cases, mining engi­
neers are taken through the assistant mine foreman status inside the mine to 
give them the experience the industry feels is necessary for top management. 
I can•t see ma.ey good mining engineers stEcying on as assistant mine foremen, 
but they certainly need that experience. This is the way we operate, and I 
feel 100st people do likewise. 

A good man is not held back, and certainly you can't overlook the experi­
ence he gets at the face. You can also see the inter-relationship with every­
thing that's been talked about here today. We need good foremen, and we need 
good comrmmi cation throughout our system. · 

We have three or four college boys DOW in our program. They ultimately 
get the best experience at the face, and this is best accomplished by some 
100nths of face bossing. 

LUNCHEON .ADDRES.S 

MR. FR.EWAN: When Harry Perry invited me to speak· today, he gave me 
only a little bit of . insight as to why I was invited. He said I was the only 
person in Government he could find that he was sure would be optimistic about 
the future. So, I appreciate Harry's optimism in me. I think there might be a 
few others. 
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If Rip Van Winkle were a coal expert and had gone to sleep in 1954, he 
would be a very surprised man if he woke up today. Af3 a matter of fact, even 
if he had only been sleeping for the past 5 to 10 years he would still be 
ISU!'Prised. He would have gone to sleep assuming that the coal industry was 
slowly but surely going to vanish from the .American energy scene, only to 
awaken to news stories of a market demand so great that there is actually a 
shortage of coal. In the short span of time that I have been following these 
matters, coal has emerged from its status as a depressed industry to a growth 
industry sharing in the booming growth of the nation's demand for energy. 

Actually some members of the coal industry in prior years may have con­
tributed to the feeling of gloom and doom as to the industry's future. I can 
recail attending meetings of coal.groups where more time was spent talking 
about atanic energy than coal. At least we are now talking about coal -- its 
problems as well as its opportunities. To my mind this reflects the more con­
fident mood of coal industry leaders. Af3 far as problems are concerned, there 
are enough to go around for everyone in all parts of the energy business. 

FQSSIL FUEL MARKETS 

Before looking into the future, I think it might be instructive to spend 
a mi:nute or two looking back because history is usually helpful in analyzing 
the future. We often forget the very recent origin of large-s~ale use of fossil 
fuels in this nation. Af3 recently as 100 years ago wood still provided 75 per­
cent of this nation's energy supply. It was the industrial revolution that 
triggered the large-scale use of energy and it was coal that was the primary 
source. By the turn of the century coal had pretty well displaced wood as our 
source of energy and accounted for about 70 percent of our energy supply. 

Through 1920 coal was king, supplying nearly 75 percent of our energy in 
the first two decades of this· century. After 1920 coal's share of the energy 
market peteriorated rather rapidly as first oil products, then natural gas, 
and more recently atomic energy have joined the energy family in canpetition 
rth coal. The coal industry's share of the energy market fell from 76 percent 
hn 1?1~ to a low point of about 22 percent in 1962. Since then it has been 

Olding its own and perhaps gaining somewhat. 

l>l'od Th7 share of the energy market is perhaps not as important as the actual 
en Uction figures. The growth in energy demand is so great that a source of 
n~rgy can lose percentwise and still increase in actual quantities. Bitumi-

8 coal production reached its peak output to date of 631 million tons in 



1947. Its low point in recent history was 392 million tons in 1954. The road 
back has been bumpy but since 1%1 coal has shown a steady upward trend. 

As we break down the various markets for coal, we get a more incisive 
preview of coal's future. Since 1950 the market for bituminous coal in the 
electric power industry has more than tripled, while all the other markets 
combined are little more than half of what they were in 1950. 

This general pattern and the reasons why it occurred are all too famil­
iar to everyone in this audience. However, the sharpness of the growth pattern 
in electric utility use, as well as the· downward plunge in other uses, tell us 
something. The message these facts seem to convey is that the future of coal 
is largely tied to.the expanding use of electrical power in this nation. As we 
shall later discuss, the present market for oil and gas may also be part of 
coal's future. I guess some would say there would be some poetic Justice in 
such a development since oil and gas have grown largely at coal's expense in 
the past 50 years. 

FUTURE OPPORTUNITIES 

The first step in exploring the future opportunities for coal, as well as 
the obstacles that must be overcome, is to take a look at the broad dimensions 
of the energy market of the future. 

Last year the United States used the energy equivalent of 10.6 billion 
barrels of oil or 2.4 billion tons of coal. These numbers are so large as to 
be meaningless, but they do give some indication of the scope for growth 
available to coal if it could tap the present markets for oil and gas which 
account for 75 percent of the total. One rough way to visualize this amount of 
energy is to assume that each and every car, truck, and bus in the United 
States has hitched· behind it a trailer carrying about 20 tons of coal. This 
coal would be roughly equal to our energy requirements for a year. The pro­
liferation of motor vehicles provides a graphic picture of the widespread 
nature of energy use, so we get a rough idea of where the energy is used. 

Some feeling for the rate of growth in energy use can be portrayed if we 
realize that in the next 20 years this nation will probably consume more 
energy than has been consumed in the previous 70 years of this century. If we 
look to the past, all of the energy that was consumed in this nation prior 
to this century would not equal next year's consumption. 

The most striking fact about our energy resources is that while oil and 
gas dominate the energy market, they are the two energy sources for which 
there are the smallest known potential supplies. U.S. oil and gas reserves 
are only a small fraction of the energy content of coal reserves. On a Btu 
basis, the energy in coal reserves is at least 10 times as large as natural 
gas and oil. 

In broad terms, U.S. energy resources of natural gas and oil are suffi­
cient to meet growing needs for decades, but certainly not centuries. Natural 
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sources can be supplemented by shale oil and the tar sands in Canada. But look­
ing to the future, as I have mentioned, we need not think of coal separately 
from oil and gas, for we are confident that it is technically possiQle to con­
vert coal into liquid or gaseous form, although it is not yet economical to do 
so. After all, "coal oil" was used to run the first inte~l canbustion en­
gines, and we may well cane full circle in the next decade. 

0UTIOOK FOR COAL 

_We come then to the question of just what are the future growth prospects 
of coal. In my judgment, the short-term prospects are more promising than at 
any point in the industry's recent past. I make the statement in full recogni­
tion that nuclear power is likely to capture a rapidly increasing share of the 
electric power market in the future. 

One of the reasons one can be optimistic about the short-term future of 
coal i~ that coal's major market -- electric power -- is the fastest growing 
segment of the energy market, at least for the next few years. Thus, even if 
nuclear power grows -- as it will -- coal will be sharing a bigger and bigger 
market • .Another reason is that the coal industry has already suffered its 
losses to competing forms of fuel and is now largely confined to ~kets where 
it has the inherent ability to compete. 

~ 

It is therefore quite clear that coal's near-term future growth must come 
fran the electric utility market. This market accounts·for 60 percent of coal's 
total and it is one in which coal has shown major growth. Coal consumption by 
the utilities increased at the rate of over 6 1/2 percent per year from 1%0 
through 1968. This is a very healthy rate of growth when one considers that the 
utilities were at the same time increasing the technical efficiency of power 
production and that coal's share of the market fell fran about 66 to about 62 
percent. 

The orders by the electric utility ind,ustry which have already been 
placed would appear to assure the coal industry of a steady increase in the 
electric utilities' market through the early and middle 1970 1 s. If the rate of 
growth~is . some 5 percent per year, which does not seem unreasonable to me, 
electric utilities could be consuming some 400 million tons by 1975. If other 
markets hold their own, bituminous coal production in the United States could 
exceed the 1947 peak and be on the order of 650 million tons. 

When we look beyond the next 5 years, the future of the coal industry 
becanes a great deal hazier. In my view, the possibilities for growth, and I 
:ress the word possibilities, are perhaps even more promising than the short-

l'Jn_prospects. However, I would be less than candid if I did not add that 
~re are same very large obstacles which will block that progress unless the 
hiiluatry:, its customers, and all levels of government roll up their sleeves 
and Work together to solve them. 

'lri Let us talk about the opportunities first and then perhaps the problems 
ll seem-worth solving. First of all, in the electric utility market it seems 
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reasonable to expect that in the coming years, nuclear power plants will sur­
mount the present difficulti~s of delays in their manufacture and constructioti 
and will be providing fossil fuel plants with even stiffer competition througb, 
out the nation. I doubt that nuclear power will . sweep the market to the extent 
that many people -- including some in the coal industry -- thought a couple 
of years ago. But it is reasonable to assume nuclear plants will capture a 
larger share of the utility market as the years go by. 

· Nuclear power's growth will not be entirely at the expense of coal, how­
ever. Natural gas now supplies about one fourth of the fuel for electric 
power. Natural gas supplies are short, as compared to demand and in the late 
70 1 s its ·share of the utility market will probably begin to drop as available 
natural gas is diverted to more lucrative markets. However, residual oil will 
also be an active competitor. While there are opportunities for growth in the 
electric power market, beyond the mid-seventies, coal is going to be faced 
with stiffer competition than it has experienced in the past. 

Coal consumption is apt to continue to increase in the utility market 
through most of the decade of the 70's, but the extent of that growth is very 
much a question mark. The answer depends on whether the coal industry will 
continue its trend of increased productivity while meeting the new health and 
safety requirements, whether economical technology to remove the oxides of 
sulfur from stack gases can be perfected soon enough, and whether we develop 
more efficient methods of power generation such as MlID that will better enable 
coal to compete. That is a rather imposing series of IFs, but we must face up 
to all of them. 

RESEARCH AND DEVELOIMENT 

The key to success in all three areas -- miner health and safety, air 
pollution control, and more efficient coal generating-methods -- is research 
and development, a subject which the industry has understandably neglected 
during the years it was struggling desperately for survival against new com­
petitors. If the coal industry is to remain a vigorous competitor for new 
powerplants in the future, then it must mount a more extensive research and 
development effort. The Federal Government should be a paying partner in this 
research effort, but it cannot do the job alone. And federal funding is much 
more likely if the research efforts are also attracting funds from the in­
dustry most vitally concerned. 

The Federal Government has neglected its responsibilities for research in 
the fossil fuels, but so has the coal industry. We must both turn the corner 
together if the nation is to derive the benefit of the enormous resources of 
coal .which could play such a useful role in meeting the energy needs of the 
future. 

AJ3 the coal industry looks to its future, the entire energy market, not 
just electric power production, is open territory for coal. I.believe that 
penetrating the market for energy in liquid and gaseous form is essential to 
coal's long-term growth. This is true because no matter how hard coal tries, 
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sanewhere down the road -- sooner or later -- there will undoubtedly be more 
and more nuclear powerplants that will be able to undersell it. But,- .even if 
the growth in the electric power mark.et for coal were assured to continue, 
there is every reason for coal to make a play for part of the oil and gas· 
mark.et, which today is over three times as large as the market for coal. 

AB you, of course, know coal is potentially a source of both oil and gas. 
Of the two, it seems to me that gas is the market which coal has the greatest 
P,PPOrtunity for tapping in the foreseeable future. The economical liquefaction 
bf coal may come in time, but the recent crude oil discoveries in the .Arctic, 
the abundant supplies of crude at low cost on the world market, and the po­
tential of shale and the tar sands suggest that the camnercial liquefaction 
of coal is at least a decade or more away. The research effort should be pur­
sued, but the marketing opportunities Just don't seem as :illlnediate as the 
market for gas. 

The supply and demand situation make coal and gas a perfect match. Gas now 
supplies over 30 percent of the energy market, but our existing proven re­
serves of gas represent less than 7 percent of our total fossil energy re­
serves. Many are predicting that reserves of natural gas in the contiguous 48 
States cannot support industry growth for more than another decade. Coal, on 
the other hand, supplies sane 20 percent of the market but represents about 
85 percent of our known fossil energy reserves. 

I~ coal could be converted into gas ecananically, the acute problem of 
gas supply which threatens the very life of that industry in the next couple 
of decades could be eliminated for many more decades to come. And the coal in­
dustry wouid have a new market, larger than all its present markets, for the 
late 70's and 80 1s. This new market could more than offset any tapering of its 
rate of growth that may occur when nuclear power really gets established. 

In my Judgment, developing the technology to convert coal to high-Btu gas 
at economical costs is by far the best bet on the horizon to assure the long­
term viability of the gas industry. There are pilot plants now under con­
struction to test new technology to gasify coal. We need to speed these re­
search projects and push them through the development stage as fast as 
l>OSij+~le. We need to pursue other good ideas for coal gasification on an 
urgent basis. Feasibility studies suggest that the coal gasification processes 
under development could well be economical i.f they prove out teclinically. 

. . The point I wish to stress is that the gas supply problem should not be 
00nsiderea. as solely the gas industry's concern. Fran coal's perspective, it 
~st: gas supply opportunity. The coal industry should mobilize its forces 
~~ technical and financial -- to speed the coal-gas gasification research 

e .i.ort along. The industry should be looking ahead to the siting problems for =i gasification plants and locating large blocks of economic coal reserves 
~n,_,:~Uld be made available at strategic locations close to consuming markets. 
~~ that coal is available -- if indeed .it is -- would itself excite 

a er interest in speeding coal gasification efforts along. 
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One of the most attractive features of coal gasification to the general 
public and to the coal industry as well is that this process would completely­
bypass most of the environmental problems which now face the coal industry. In 
converting coal to high-Btu gas, the sources of air pollution will, of course, 
be removed and the conversion process could take place at a rather high effi­
ciency. It would be a clean fuel as attractive as natural gas for air pollution 
control. 

Transportation will, of course, be ccmpletely underground in pipelines so 
that aesthetic concerns which EHV transmission lines face would not be present. 
The coal gasification plant should be designed as an integral part of the min­
ing process so that costs and environmental concerns could here, too, be held 
to a minimum. 

I would like to suggest that the coal industry appoint a special camnittee 
whose purpose would be to map out a concerted coal industry effort to speed the 
economical gasification of coal.. One function it could serve is to work with 
the gas industry in earmarking sites for coal gasification plants. Another 
would be to raise money to fund the necessary research. By focusing on this 
enormous marketing opportunity, the coal industry could help itself and also 
help solve a major national problem of future gas supply. · 

· Let me make clear that coal gasification is still scme years away and by 
no means a certainty even then. However, the opportunity is there and could 
became a reality in the next 5 to 10 years. It is a potential market that 
could account for hundreds of millions of tons of coal annually in the l980's 
and more in the years beyond. Ir coal were the source of 3 trillion cubic feet 
of gas in 1980, which would constitute about 10 percent of our projected gas 
requirements, it would mean an additional 200 billion tons of coal. Thus, it 
is obvious that a maJor penetration of the gas supply market by coal would 
move coal into a whole new ball game. 

I have tried today briefly to sketch out what I believe are the broad 
dimensions of coal's future. The need for energy is large and it is growing 
fast. Olr coal resources are large and the cost of coal in place is very small 
indeed. One need not spend large sums exploring for coal. We know that there 
are vast resources available even though we are not at all certain as to the 
quantities available at particular prices. If we devote the necessary research 
and development to new m:i,.ning methods that will improve efficiency as well as 
meet health and safety requirements -- and they are not incanpatible -- there 
is every reason to believe that our vast coal resources can be extracted fran 
the earth in a safe and efficient manner. 

There remains a major hurdle in converting coal into a convenient and 
clean· form. Here, too, the Job can be done if the necessary research and de-
velopment is undertaken on an intensive enough basis. · 

In one sense, the future of coal lies with ~he scientists and engineers 
whose task it is to develop the hardware to mine aDQ burn coal econcmically 
and with minimum damage to people and to the environment. The problem is to 
put more of our best scientists and engineers to work on the problems. I can 
assure you that our Office will be exerting every effort to see that the Fed­
eral Government increases its efforts toward these ends and carries out its 
fair ·share of the job. The question before the house is whether -the coal in­
dustry will Join this effort which holds the key to its future. For the sake 
of the industry:, its custaners, and the nation, I hope the answer is Y.ES. 
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AFl'ERNOON SESSION 

DR. POI'TER: We are :faced with a law limiting dust, and it is the con­
sensus o:f a great many operators who have been working on this problem that 
the best solution is the matter o:f ventilation. or course, ventilation can be 
aided and assisted by wetting agents, water in:fusion, et cetera. 

There will be no biographical sketches o:f the authors this afternoon, the 
reason being that I can assure you that each person who is speaking is an 
authority on his subject. 

The :first speaker this afternoon is Don~d Kingery, .Acting Director, 
Health and Safety Technical Support Center, United states Bureau of Mines, in 
f>l,ttsburgh. His topic will be ''Ventilation, Theory and Principle." 

VENTILATION: THEORY AND PRINCIPLE 

by 

Donalds. Kingery 

INTRODUCTION 

The establishment o:f- environmental dust control requirements necessitates 
a hard look at the adequacy o:f operating primary ventilation systems. :roost 
present primary ventilating systems simply grew over a period o:r years or were 
designed with the principal criteria being the expected :face-methane liberation 
and the proposed mining system • .Air volumes at the last open breakthrough usu­
ally are greater than that required by law and, in gassy mines, speci.al e:f:forts 
are directed to :race-methane dilution control. However, little thought has been 
given to respirable air .contamination by coal dust. In nongassy or slightly 
gassy operations less attention has been given to insure that adequate air vol­
umes are available to control :face ventilation. 

Control o:f respirable coal dust in con:formance with proposed standards 
Will necessitate.new concepts in .both primary and :face ventilating applica­
tions. Many o:f these may be di:f:ficult to realize with the basic systems avail­
able. The fundamental requirements o:f ventilation are large air volumes at the 
faces, \lllcontaminated intake air, split systems o:f ventilation for major and 
secona.ary splits, and :face ventilation changes and improvements. 

1'17-274 0 - 70 - 6 
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VENTILATION THEORY 

Mine ventilation is not a new art, although a better understanding and 
application of the basic principles will probably be necessary to control 
coal dust. These principles are as follows: 

1. .Airflow in a mine is induced by pressure differences between intake 
and exhaust openings. 

2. The pressure difference is caused by imposing some form of pressure 
at one point or a series of points in the ventilating system. 

3. The pressure created must be great enough to overcome frictional 
resistance and shock losses. 

4. Passageways, both intakes and returns, must be provided to conduct 
the airflow. 

5. .Air always flows from a point of higher to lower pressure. 

6 • .Airflow follows a square-law relationship between volumes and pres­
sures; that is, twice the volume requires 4 times the pressure. 

7. Mine-ventilating pressures: with res~ect to atioospheric pressures, ' 
may be either positive (blowing) or negative (exhausting). The connnon method 
of measuring the ventilating pressures producing air circulation is either 
equivalent feet of air column or equivalent inches of water. In ioost calcu­
lations, pressures must be reduced to inches of water, where 1 inch of water 
equals a pressure of 5.2 psf. 

8. The pressure drop for each split lef;lving from a common point and re­
turning to a common point will be the same regardless of the air quantity 
flowing in each split. 

Mine resistance constitutes the ioost important factor of the ventilating 
system. This resistance is established by the size, nuni>er, length, and con­
dition of airways ... Multiple airways, both intake and return, substantially 
reduce mine resistance, as does reduced length of air travel. These two fac­
tors are probably the greatest concern of engineers attempting to increase 
airflow in existing mines. New and expensive air shafts may be necessary to 
shorten air travel;· additional airways and reduction of resistance in entries 
are expensive, and results are o.ften disappointing •. This problem is serious 
in many operating mines and will limit the air volumes available for face 
ventilation. The installation of larger fans or increasing fan speeds can, 
at bes~, be considered temporary expedients. 
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AIR VOLUMES NEEDED 

Dust control requires both su:fficient air velocity and air quantity. For 
example, su:fficient velocity must be available in face areas to confine, cap­
ture, and transport generated coal dust; sufficient quantity.must be available 
to dilute contaminated air that may· pass workers. 

The delivered. air volume may vary with the same velocities in different 
coalbeds; consequently, design criteria should be based upon reasonable air 
velocities. The Bureau of Mines has found that adequate confinement of res­
pirable dust at the generated source and protection of the machine operator 
require entry velocities of approximately 100 £pm. This requires a delivered 
air quantity at the mining machine of 5,000 to 12,000 cf'm. For adequate dilu­
tion, these air quantities shoul~ be double at the last open breakthrough. 

Such air volumes are exceeded in many of the new mines. However, in older 
mines, particularly in low coal, volumes of this magnitude may necessitate 
.major improvements to the ventilation system. This could require additional 
air shafts, more aimrays, and new fan installations. 

UNCONTAMINATID AIR 

For respirable dust control the air •delivered to the working face must 
be as free of contaminants as possible. Bureau of Mines' studies have shown 
dust counts in intake air ranging from one-half to more than 2 milligrams of 
dust per cubic meter of air. 

Air contaminants of small, respirable size will remain a part of the air 
current until they are either collected or dissipated by sane method. This 
means that any dust that is picked up at any point along intake air courses 
may be carried to the working face. Dust sources are usualJ.y open coal dumps, 
coal transfer points, uncovered coal trips, belt transportation systems, and 
haUlage roads, particularly shuttle car roadways. Reduction in airborne con­
·teminants will result from sprinkling roadways and from efforts to allay or 
Confine dust at dumping, loading, and other coal transfer points. The fact 
that intake air may travel several thousand feet along ·such roadways before 
reaching the working face complicates the problem. 

Belt entries, coal dumping stations, and coal transportation storage 
~cks should, wherever possible, be on separate air splits with air directed 

returns. Intake velocities should be maintained as low as possible. A com­;on practice has been to reduce the number of intake entries at overcasts, 
1~reby greatly increasing intake air velocities at that point. Velocities of 
c' OO fpm or more will scour dust :rrom coal trips. Respirable dust then be-

anes an airborne contaminant. 
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SPUT VENTILATION SYSTEMS 

The Bureau of Mines has always recommended split systems of ventilation 
as the safest and most efficient methods for methane control. Such splits 
basically provide each working section with an individual air current; where 
air volumes and face ventilation systems are adequate, excellent methane 
dilution for multiple working faces results. 

The problem of dust control is substantially greater since, with con­
ventional mining units, several concurrent activities -- cutting, loading, 
timbering, and other work -- are performed on the same air split. In contin­
uous miner operations less men may be expo6-_ed to return air from the miner, . 
yet a common practice has been to operate two miners on a single face air 
current. 

To provide maximum_protection and insure the minimum working places on 
a face air current, air should also be split at the working faces. This re­
quires a multiple entry panel with two outside entries for face ret~s. In­
take air should be brought up the middle entries and split at the last open 
breakthrough returning both right and left. Two rows of permanent stoppings 
and two regulators are necessary. With such a system, a six entry system will 
have only three working places per air current. Air control at the face is 
usually easier, and shuttle .cars need not pass through check curtains. M:>re 
air may be required with such a system, yet in dusty operations this may be 
necessary for proper control. 

FACE VENTIIATION 

Face ventilation will be covered in a subsequent paper. However, I want 
to touch on certain fundamentals that may influence decisions within the in­
dustry. 

Blowing face-ventilation systems, either line brattice or auxiliary fans 
and tubing, provide the . easiest methane dilution control. However, they are 
poor for dust control beca~se dust is carried back over workers. Exhaust sys­
tems, while best for face coal-dust control, require special attention to in­
sure adequate methane control. Such systems will handle both methane and coal 
dust provided air volumes are adequate and are maintained. · 

SUMMARY 

. · As previously discussed, ventilation for dust control may require exten­
sive and expensive modifications of existing ventilating systems to assure 
that adequate air volumes are available at working faces. Each mine is a sep­
arate problem. The high ventilation requi~ents proposed can be reduced, but 
respirable dust control nevertheless improved, by good mining practices and 
the suc~essful application·of water or other dust-allaying media. 
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The ultimate in respirable dust· reduction will probably develop from the 
application of a combination of factors. This canbination of factors could be 
du.st capture at its source by foam, improved dust allaying techniques, and, of 
course, other approaches. At present, however, adequate uncontaminated air 
volumes and air velocities, perhaps in canbinatjon with these developing aids, 
appear the most important factors for coal dust control. · 

QUESTION (J. D. Shreve): How_ do you decide on the requirements of 70 to 
lOO_feet per minute velocity? 

MR. KINGERY: You will hear more· about this in subsequent talks. This was 
developed empirically fran a large number of tests in which we checked both 
air velocities and air volumes and dust counts. This was what the answer 
seemed to be. 

These tests were conducted in different operating coal beds, under va­
rious mining conditions, and using different t,pes of mining· machines. We are 
basing this recamnended air velocity on the energy necessary to confine res­
pirable coal dust in advance of the machine operator. If you study face-now 
'&lr patterns, there is backward airflow, and, as Bill Kegel said today, face 
Yentilation is changing constantly. 

DR. POTTER: But this ls not for blowing t,pe of face ventilation? 

MR. KINGERY: lfell, I didn't discuss blowing t,pes of ventilation, be­
cause I consider this system impractical for dust control. I would say, fran 
our observations, I don't see how anyone can meet the proposed dust standard 
by using blowing-t,pe face ventilating systems. 

DR. POTTER: The next paper, "Ventilation, State of the Art," will be 
given by Kenneth M. M::>rse, Director of Environmental Health, U.S. Steel Cor­
poration, Pittsburgh, Pa. 

• 
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FACE VENTILATION PRACTICES IN BITUMINOUS COAL MINES FOR 
QUST CONTROL, THE ST ATE OF THE ART 

by 

K. M. Morse and R.R. Godard 

IN.l'RODUCTION 

Even though ventilation practice in some bituminous coal mines is largely 
empirical, the aerodynamic forces that govern general ventilation design apply 
equally to coal mine ventilation. There is need of greater understanding and 
application of these principles to achieve the degree of dust control we all 
desire. However, it should be recognized that a number of coal operators have 
long recognized that the initial objective of ventilation for gas control was 
not always satisfactory for dust control, and they have continually improved 
ventilation practices to achieve both good dust and gas control. · 

The objective of any bituminous coal mine ventilation system is twofold. 
First, the pr:ima.ry ventilation system must course air through the main airways 
to the last open crosscut outby the working faces, thus making air available 
for face ventilation, and then return the contaminated air through return-air 
courses to the surface. Second, the face ventilation system must be designed 
to effectively utilize the available air in the last crosscut to sweep the 
working face, to capture and remove the dust, and- to dilute and carry away 
gas emitted during coal-cutting and auxiliary operations. The main ventila­
tion system may be well designed, but if the available air brought to the 
last open crosscut is not properly utilized for ventilating the faces, the 
total system has failed. Conversely, if the main .ventilation system does not 
provide sufficient air volume at the last crosscut, the system is equally 
inadequate. 

The advent of the continuous mining ma.chine resulted in exposing more 
coal per working face in a given period of time, which increased the possible 
gas emission. This has resulted in increased attention to the improvement of 
face ventilation. Adequate face ventilation requires control of both dust and 
gas, both of which are simultaneously generated at the coal face. It is the 
intent of this paper to discuss the present state of the art in face ventila­
tion and to indicate possible areas of research to improve our knowledge and 
subsequently the effectiveness of mine ventilation systems. 

BASIC CONSIDERATIONS OF FACE VENTILATION DESIGN 

Methods of dust suppression, such as water infusion and sprays on the 
machines and at the bits, while highly important, are ccmiplementary to basic 
ventilation needs and merely reduce the dust load that the ventilation sys­
tem must handle. In other words, ventilation of the face is the most important 
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,single measure for dust control, and no other dust suppression measure should 
cause relaxation in attE'.!ntion to the ventilation system. 

The effective ventilation of a working face requires knowledge of both ­
the aerodynamic principles involved and practical experience in their appli­
cation. The problem cannot be treated in a casual manner by simply putting 
same air to the face. Air nows between two points because of a pressure dif­
ferential. Energy is required to move air within a confined space, such as a 
tu.bing, behind a brattice, or through any airway. Certain pressures are de­
veloped, such as velocity and static pressures, and certain requirements for 
distribution of the air must be met. Effective ventilation design depends 
upon knowledge of the factors which determine these requirements and upon 
their correct determination and balance in the design·of a ventilation system. 

The pertinent considerations in the design of face ventilation systems 
are these: · 

First, air should be mechanically exhausted from zones of dust genera­
tion, if dust is to be _effectively controlled. Contaminant control ventila­
tion cannot be generally effective by inducing the now of air into a roam 
or entry with the hope that it will thoroughly mix with or dilute the con­
taminant. Therefore, air should be exhausted from the face by a line brattice 
or tubing located as close as practical to the zone of dust generation. 

Second, the range of influence for a blowing_system is considerably 
greater than it is for an exhaust system because in the former the air re-
tains its directional effect over a longer distance, whereas at a short . 
distance fran an exhaust opening, ·the airflow becomes largely nondirectional. 
This is shown in figure 1. · · · 

This illustration shows that for a blowing and exhaust opening having 
the same face velocity, 10 percent of the face velocity is reached at a dis­
tance of 30 diameters from the blowing or discharge opening; whereas the 
same reduction is developed only one diameter away from the inlet of the 
exhaust duct. 1 This demonstrates why an emaust opening :mus-t. be close .. to the 
bBOurce of dust generation to be effective and why, for methane control, a 

l-owing opening can be effective at a greater distance from the face. 

Third, the movement of air into an opening, such as an exhaust tubing or · 
~ a line brattice,-requires a pressure difference to both accelerate the :t 1'ran rest to a required velocity and to overcome certain turbulence loss 
Ulg the <>pening. This loss, known as the entrance loss, is caused by the open­
a and varies with its shape. For example, in the case of a tubing in which 
~locity of 3,500 fpn is to be provided, this loss is approximately 0.7 

of water, based upon a hood-entry loss of 0.9 velocity pressure. 

,Jf:e Fourth, the most important area for ventilation is the working face. 
11 ective control of dust generated in this area will provide control of the 

' ~ttial_ V.;;,tilation llilinlal.. .Ame,cican Con£e,:.,nce of llldustrial llygienists 
· ttee on Industrial Ventilation, P.O. Box 453, Lansing, Mich. 
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major dust hazard. Roof bolting, drilling, and conveyor transfer points are 
other significant dust sources. However, the use of approved dust collectors 
and wet drilling readily control the former, and water sprays are effective 
for the latter. Dust exhaust systems with an efficient dust collector may 
also be applied to conveyor transfer points where the use of water sprays is 
not desired. 

Fifth, in controlling respirable dust we need to concern ourselves only 
with dust particles having a diameter of 1/5,000 of an inch (5 microns) or 
less. Once these very small particles are airborne, they are mainly carried 
with the ventilating currents out of the mine through the returns. In gassy 
mines the ventilation rate must also be adequate to prevent methane accumu­
lation and should be also adequate to move the dust toward the exhaust brat­
tice or tubing, where it can be captured and transferred into the returns 
and out of the mine. However, many larger particles are also produced. These 
must also be moved away from the face for visibility and directed.to areas 
where they can be made inert as a precaution against dust explosions or dust 
propagation of an ignition. Therefore, the ventilating current must also ac­
complish this objective. However, once these particles are in the returns, 
they settle out at various distances proportional to the air velocity and 
the mass of the particle. The basic ventilation requirement is to dilute 
methane to safe concentrations and to move respirable dust away from the face 
workers. The air volume and velocity that meet these objectives should pro­
vide the secondary need for visibility and prevention of explosive concentra­
tions of dust. 

Sirth, a blowing system carries dust over the worker and, for safety, a 
very large air volume is necessary to dilute the dust concentration. This 
method of ventilation may be adequate only in the case where dust generation 
is kept to a minimum by water flushing of the bits or where water infusion is 
effective. However, this practice is generally contrary to good environmental 
engineering. Finally, air returning from one continuous miner face operation 
should not be used as intake air to course over another face operation, but 
should be directed immediately to a return. 

FACE VENTILATION SYSTEMS 

We have emphasized the important relation of the primary or main venti­
lation system to the face ventilation system; a few pertinent comments on the 
main ventilation system are indicated. As previously stated, air flows from 
one point to another because of a pressure differential between the points. 
Air is supplied and distributed through the airways of the ma.in system based 
upon pressures developed by, and resistance to, airflow in such airways. Rel­
atively small, sudden changes in the pressures at one or more points can af­
fect the distribution of air in the various splits and consequently in the 
last open crosscuts. Therefore, major attention should be directed to the 
resistances at various points in the return airways, particularly in older 
mines, because roof falls and falls from the rib can substantially reduce the 
size of airways and thus sharply increase resistance. This problem does not 
generally arise in intakes because they are used for transportation and are 
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maintained in good condition. Therefore, it would be prudent to conduct peri­
odic ventilation surveys of main ventilation systems. The surveys _should de­
termine airway pressures and a:i,r volumes in intakes and returns. This is most 
impOrtant, for ventilation systems are undergoing constant change as mining 
operations progress. • 

Another point regarding the main ventilation system relates to leakage in 
t,rattice-type systems. In many of the older mines .relatively narrow ( 12- to 
.14-ft) entries were driven. In order to maintain sufficiently wide roadways 
.for the movement of equipment, a small distance, such as 2 ft, between rib and 
brettice was maintained. Maintaining a tight roof and bottan seal on such a 
brattice to prevent high leakage results in a high-resistance brattice system. 
Same-people are of the view that too tight a brattice will alter the pressures 
between various sections and thus the air available for face ventilation. They 
prefer a brattice system with higher leakage, which-is of lower resistance, 
provided that a high air volume is supplied to compensate for the air loss. 
This type of system can be effectively applied for good face ventilation . 
.However, in view of ' the fact that equipnent movement in narrow entries causes 
appreciable brattice maintenance, it is concluded that driving wider entries, 
i,Jlere permitted by roof structure, to afford-a greater rib-to-brattice distance 
(4 f't) will yield improvement in ventilation control, in addition to the 
llOmally anticipated benefits. 

Finally, let me say a word about endeavors to increase the airflow at the 
face by.high-capac~ty exhaust tubing and auxiliary fan systems. Incr~asing the 
air volume available at the last open crosscut by this means could unbalance the 
main ventilation system by altering the pressures between sections and conse­
quently tl}.e section regulation. This practice may affect dust and gas control 
in another section. 'Ib.e available air in the last open crosscut is the maximum 
that can be made available to the working faces on a split, which·must be con­
tinuously ventilated with intake air. 

Two-Split System 

It has been stated that each continnous mining ma.chine should operate in 
a·separate split of air to prevent dust from that operation passing over work­
ers in another face. Such a system was described by Connor in 1961. 2 In this ?stem the air is coursed ~er the cont~uous miner and is returned behind a 
1ne brattice directly to the return airways. A minimum of 8,000 cfm is 

COUrsed down the entry and exhausted behind the brattice. A minimum of 50,000 
ctm is provided to the developing sections. The mining sequence in this venti­
,:ion system allows one machine to work two or three places on cycle with two 
By ttle cars working with the machine and being loaded directly by· it. This 
drietem applied to a developnent section is shown in figure 2. Entries are 
bei:en about 16 ft wide with 12-ft roadways, resulting in a 4-ft distance 
as.r/en rib and brattice. The advance of the continuous miner i_s limited by 
The ty- requirements to the last -roof bolt, which results in a 16-ft advance. 
ente teontinuous miner then moves out to the other face, and the roof bolters 
• r the room to support the roof over the newly developed entry making the 

~or, C. W., Jr. Sequence Developnent and Ventilation With Continuous 
r rs. Mine Inspectors Institute of America, Pittsburgh, Fa., June 1961. 
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place safe for return of the miner. As shown, the roof bol ters are also pro­
vided a separate clean intake. Figure 3 depicts the same ventilation method 
applied to a pillar extract'ion section. Figure 4 shows a closeup of the · vent1.._ 
lation of a cutting face and a roof bolting entry in pillar extraction work, 
indicating the distribution and return of clean air in each working face. We 
believe that this type of two-split ventilation system, with each mining ma­
chine on a separate split of air, is most desirable for face ventilation 
purposes. This system provides uninterrupted face ventilation, reduces air 
leakage, and provides optimum control of the air delivered to the face. 

Types of Systems 

Face ventilation systems may be generally categorized into two types, 
namely, line brattice systems and auxiliary fan and tubing systems. Either 
may be of the blowing or exhaust type. A blowing system is best for methane 
control because it will effectively provide a good air sweep of the face. It 
is not a desirable system for dust control because dust-laden air is blown 
over the workers at the face. However, in conventional mining systems employ .. 
ing cutting machines, a blowing ventilation system is considered necessary to 
prevent gas accumulation in the kerf. In this instance, dust generation may be 
controlled by the use of water Jets along the cutter bar. The best system for 
dust control with continuous miners is an exhaust system, for it will remove 
the dust from the breathing zone of the face workers. However, this is not the 
best system for methane control. As previously mentioned, an exhaust ·opening 
has a limited effective zone of influence. In any exhaust system the face ve­
locity at the intake drops off sharply with distance, approximately according 
to the formula V = Q X2 + A, in which V is the velocity in feet per minute, 
"Q" is the air volume in cubic feet per minute, X is the distance from the 
opening in feet, and A is the area of the opening in square feet. For practi­
cal use the area of the opening in the formula can be dropped when it is 
small, as it will have little influence on the calculated velocity. 

In view of the above limitations, the optimum face ventilation system for 
both dust and gas control may be one that combines the advantages of both the 
blowing and exhaust systems. This would be an exhaust tubing or a line brat­
~ice on exhaust system with a diffuser fan or intake curtain on the opposite 
side fran the exhaust system and with the discharge as close to the face as 
practicable. The supply air will sweep the face diluting the methane and move 
the dust-laden air into the effective zone of the exhaust system. Such a 
"push-pull" system allows the entry into the tubing or brattice to be a little 
further outby the face than an exhaust system not complemented by a diffuser ... 
With such systems positive precautions must be taken to insure against the 
possibility of recirculation. One such. precaution is to insure that the ex­
haust . opening is always inby the machine operator and the inlet of the dif­
fuser fan. It is not implied that this system is the only effective face ven­
tilation system. We have found, based ·upon airborne.-dust measurements, that 
either the exhaust tube or brattice method of face ventilation can be effective 
without a diffuser fan, provided a sufficient volume of air is made to course 
down the entr, to the face and is removed by the e%baust system. The required 
air volume is greater than that in the exhaust system with a diffuser fan 
mounted on the machine. 
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In considering air volume, attention must also be given to the .velocity. 
Too high a velocity may be self-defeating in that it may pick up dust already 
-deposited. British coal mine ventilation authorities3 indicate that such pick­
up is minima.I if the velocity does not exceed 500 fpm. Using this limiting air 
velocity in a 12- by·6-ft active entry, the air volume would be 36,000 cf'm, a 
volume well above that necessary to provide good face ventilation. However, 
this fact limits the velocity of a blowing system discharge if the air is to 
achieve a maximum dilution of the face-generated dust. 

Line Brattice System 

This t;ype of .fac~ ventilation system is in .wide use. The exhaust type is 
shown in figure 5. It may be the exhausting or blowing type. Exhausting types 
.may be complemented by a ma.chine-mounted auxiliary or diffuser fari. The line · 
curtain should be of woven duck, plastic, or fabric-reinforced plastic to 
limit loss of air through the curtain! The location of the line curtain with 
respect to right or left rib i~ establishe9 by the location of. the air intakes 
and returns. An exhaust brattice system generally requires a high ventilation 
rate to compensate for air leakage around the curtain. In addition ·to leakage, 
deformation of the curtain toward the rib can materially reduce the air now 
into the brattice intake because of the increased resistance caused by the -re­
duced area. Good dust and gas control require major attentton to preventing 
,excessive leakage and deformation of the curtain. This. may result in more time 
required for brattice erection in order to frame it or to install telescopic 
posts ·by which it can be supported. However, with a continuous mining machine 
on a separate split of air and with an exhaust brattice with a 2-ft tight rib 
distance in a 12--to 16-ft entry, good dust control has been achieved with 
8,000 -to 10,000 cfm coursing down the active entry when leakage is kept within 
30 percent. This can be accomplished without framing the brattice if posts are 
used to prevent excessive deformation. · 

Aitriell-erected, minimal-leakage, exhaust brattice system will provide, in 
our opinion, better performance than an equal-capacity system of the exhaust 
tube type. This is due to the fac~ that the area of the exhaust opening is · 
greater and, therefore, is effective over a larger cross-sectional- area of the 
active entry. However, it generally requires more maintenance and installation 
time than the exhaust tube system. The effective application of the exhaust 
~rattice system requires that the curtain intake be located as close as pos­
sible to the face. However, in practice it is difficult to maintain a distance 
closer than 10 ft, and performance may be improved, if necessary, by a greater 
v,d~tilation rate through the active entry or by the use of a ina.chine-mounted 

.&.1. fuser fan. 

on Recently Luxner4 of the U.S. Bureau of Mines published interesting data 
, airflow and methan~ patterns achieved by an exhaust and blowing brattice, 

y--
, ''"::-Jones, H. Practical Aspects of Dust Prevention and Suppression. Pres-
, lond tion before Dent Committee, Subcoomdttee of House Labor Conmdttee, 

, lJune on, Eng1ana, May 12-15, 1969. 
fl r, James v. Face Ventilation in Underground Bituminous Coal Mines: Air­
~ and Methane Distribution Patterns in I.nnnediate Face Area-Line Brattice. 

8 Rept. of Inv. 7223, 1969, 16 pp. 



84 

handling 5,000 and 10,000 cfm of air, for various brattice distances outby the 
face. The work was done in equipment-free entries with simulated methane emis..

sion rates of 10 to 30 cfm. This data is useful, but conclusions derived 
therefrom relating to actual operating faces must at best be limited. The 
study did not consider the effects of high-speed bits creating turbulence at 
the face, the entrainment of air by high-velocity water jets, the absorption 
of methane by spray water, and the reduced cross-sectional area of the entry 
caused by the presence of mining equipment. Despite these limitations, the 
data is a contribution to our knowledge of face ventilation and should be 
reviewed by those responsible for mine ventilation. Figure 6 shows the airflCN 
patterns for a line brattice on exhaust. Under the conditions of the test, 
Luxner claimed that the areas inby the primary air stream are practically non­
ventilated. However, he concluded that an exhaust brattice system can provide 
reasonably good methane dilution and excellent dust capture when it is in-
stalled within 5 ft of the face, provided the air velocity in the active entr, 
approaches 100 fpm. Therefore, for an entry height of 6 ft, an air volume of 
6,000 cfm entering the active entry would be necessary. This air volume is 
relatively in line with our experience. However, it should be emphasized that 
significant brattice deformation must be controlled and leakage kept minimal. 
It would be more practical to undertake this type of ventilation research 
under conditions more representative of a working face and to record the mag­
nitude of the primary and secondary air velocities. 

Auxiliary Fan and Tubing Systems 

This type of face ventilation system has found favor among some operators 
for use in continuous-mining entries. In their view, face ventilation can be 
more adequately provided under the conditions existing in an entry. The size 
of continuous miners and the rate at which the machine advances in a 14- to 
16-ft entry require continual extension and modification of the face ventila­
tion system. The movement of shuttle cars and of the continuous miner in and
out of an entry require increased attention to brattice systems of ventilation
when the �ntry is relatively narrow.

In this type of face ventilation system, the exhaust tubing may be hung 
along the rib from spads driven directly into the coal. In some applications 
the tubing intake is mounted on the im.chine as shown in figure 7. In this in­
stallation a 16-ft section of 18-in-diam tubing was collapsed and slipped over 
a metal sleeve mounted on the machine. As the machine advances, the tubing 
extends to the full 16 ft, which is the maximum distance allowed for machine 
advance in this instance before moving out for roof support operations. 

The use of the auxiliary fan and tubing system of ventilation does not 
eliminate the need for maintenance and extension and retraction of the system 
as mining progresses. In addition, a tubing system is a high pressure loss 
system and this effect can be materially increased by excessive kinking of the 
tube, excessive sagging, and the use of bends having centerline radii of less 
than 2-1/2 tube diameters. Furthermore, unless a large-diameter tubing is 
used, and entry conditions can limit this, such pressure losses in a system 
may require quite large motors to deliver the necessary system capacity. In 
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addition, care must be taken that the system does not interfere with the reg­
ulation or airflow between splits or sections. Precautions I1D1St be ta~en .to -
1ocate the discharge or the ran at sufficient distance in the .return to pre­
vent recirculation when cutting through from one face to another and . to make 
the discharged dust inert. However, properly installed and properly maintained, 
en exhaust tubing and auxiliary fan system can provide good face ventilation, 
particularly when canplemented by a machine-mounted diffuser fan. Generally, 
tbe exhaust system should provide a roinimmu flow or 5,000 c:f'm into the inlet 
or the tube, the diffuser ran should have a capacity or 1,000 to 11 500 c:f'm, 
and the tube diameter shou1d be 18 inches or greater. An example or such a. 
system is shown in figure 8. 

One or the problems associated with the design· or a tubing and auxiliary . 
ran system is the lack or data on tubing resistance and entry and bend loss. 
The data. available fran tubing manu:facturers is meager. This information is 
:tmdequate because it does not allow for sagging, kinking, or bending or · the 
tubiDg, conditions that cannot be totally prevented in an actual mine instal­
lation. Peluso' has developed information on the tubing friction loss; entry 
loss, and 9<:f' bend losses for jig-supported tubing and on the friction loss 
for -sl..ing-supported tubing. This work was also conducted in a machine-free 
entry. Therefore, the data are more representative or ideal conditions than 
actual mine conditions, because they do not indicate the effect or misalign­
ment, sagging, kinking, or the characteristic bending fmmd in practice. 
Hevertbeless the data materially add to our knowledge or the resistances in a 
flexible tubing face ventilation system and should be reviewed by anyone in­
at&J J 1ng an auxiliary fan and tubing system. The importance or a fairly taut 
tube to friction loss is shown in this data. The loss in sling-supported, 
18-in-diaII). tube handling 4,000 c:f'm was 1.7 inches or water per 100 rt; in 
Jig-supported tube, the loss was O. 85 inches of water per 100 rt. This implies 
that resistance loss is increased 100 percent when sling-supported tubing is 
used. However, this loss is small compared with those resu1ting from ld.nldng, 
sharp bends, and poor Joints. Therefore, the maintenance or an exhaust tube 
is as :important as the maintenance or a line brattice. 

The airflow patterns for an exhaust tubing system measured in a machine­
free entry reported by Lumer6 are shown in figure 9. They appear to be aP­
E~tely similar to those ~this work indicated for an exhaust brattice. 
""'Wl show the importance or maintaining the entry into the tubing or brattice 
&a· close as practical to the race to minimize secondary airflow, which may 
contaminate the primary airflow to the face. This work has resulted in a rec­
~tion that the entry to the tubing shou1d be maintained at distances 
~~~ ~ face no greater than 3 to 4 tube diameters, or approximate~ 5 feet. 
~11 has stated that, when the exhaust tubing is maintained at this race 
,:-

'8l11So, R. G. Face Ventilation in Underground. Bituminous Coal Mines: Airflow 
t81"acteristics of Flexible Spiral-Reinforced Ventilation Tubing. BuM:lnes 

6 ~ ~- or Inv. 7085, 1968, 13 pp. · 
7 or~ cited in footnote 4. 
~ll, R. W. Face Ventilation by Line Brattice and by Auxiliary Fans. Pres. 
1969 th National Safety Congress and Exposition, Chicago, Ill., Oct. 27-'30, 
by the. To be piblished in Transactions or the National Safety Congress ( 1969) 

National Safety Council. 
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distance and sufficient system capacity is available to maintain an air vei~ 
ity through .the active entry of 100 fpm, face-produced contaminants can be· 
confined to the immedia\ie face area and captured. This view appears to be baa 
upon Luxner's previously mentioned work in determining airflow patterns in 
machine-free entries. As we indicated, such airflow patterns were obtained. in 
a machine-free entry. We undertook some limited studies several years ago in 
an entry occupied by a milling-tn,e continuous miner and an_exhaust tubing 
auxiliary fan face ventilation system. Velocity measurements were made betw~ 
the machine and face with and without the cutter disks rotating and with the 
exhaust tubing 4 ft and 20 ft outby the face. The velocities that we dete~ 
are shown in figures 10 and 11. It is obvious that the location of an 18 in 

. tubing, for the ventilation shown, at a distance of 20 ft from the face did 
not indicate good face ventilation, whereas the converse was the case for a 
4-ft location of the tube. Adequate ventilation would probably be achieved wi"tl 
the tubing located at 6 to 8 ft from the face. However, we wish to e:mphasi~ 
that this work was a limited study, and while the bits were running, the effect 
of high-velocity water jets in entraining air to the face could not be evalu~ 
ated. This could be done in future studies by mounting high-velocity air Jets 
on the machine to simulate the action of water jets. 

An exhaust tube and auxiliary fan system can provide adequate dust control · 
and gas control only when methane emission is low. Therefore, it is better . ' 
practice to complement this tn,e of system with a machine-mounted blowing fan . 
of . l,OOO-to-1,500-cf.m capacity. The outlet of this fan should be extended as 
close to the face as possible. Not only does such a diffuser fan provide a 
better air sweep of the face for methane dilution, but it provides improve~ 
dust control and allows the entry end of the tubing to be from 10 to 15 ft 
outby the face. The capacity of the diffuser fan should not exceed about 25 
percent of the capacity of the exhaust tube system. Several applications o~ 
this tn,e of system have been made by the Bureau of Mines. Figure 7 shows one 
such system which may be the most practical. In- such an arrangement, the dis­
charge of t~e diffuser induces additional air to the face, by acting as an 
ejector, than would be the case if the discharge was closer to the face. The 
same tn,e of system applied to ventilating the face during a box cut and slab 
cut is shown in figure 12. 

In designing an exhaust tube and auxiliary fan system, it is important 
that the pressure losses be calculated to permit determination of the necessary 
power requirement of the system. These losses consist of the resistances to 
airflow developed in the system by tubing resistance, bend loss, joint loss, 
and entrance loss. The sum of these losses is the total system loss, which 
must be known to select the fan and motor. 
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Figure. 3.-Two-Split Ventilation System in Pillar Extraction Section of Mine. 
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Figure 5.-Exhausting Line Brattice Ventilation System. 
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Figure 7.-Exhaust Tubing Ventilation With Intake Tube Mounted on Mining Machine. 
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Figure 8.-Modified Auxiliary Face Ventilation System Designed for Methane and Dust Control. 
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Figure 10.- Average Velocities at Face With Tubing ·4 Feet From Face. 

Figure 11.- Average Velocities at Face With Tubing 20 Feet From Face. 
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for Methane and Dust Control. 



95 

CONCLUSION 

We have endeavored to indicate that a :face ventilation system is dependent 
upon the main ventilation system, since the design o:f the latter determines 
the available air in the last open crosscut. The :factors th.at determine the 
effectiveness o:f brattice and auxiliary :fan and tube systems o:f _:face ventila­
tion have been discussed. These :factors include the air volume handled by the 
system, . the volume o:f air coursing to the :face through the active entry, and 
the location o:f the entry o:f the system with respect to the distance :from the 
face. Maintenance problems exist in both types o:f systems and must be con­
trolled i:f the system is to be e:f:fective. An exhaust system is much more 
ettecti ve. An exhaust system is much more e:f:fecti ve :for dust control than a 
blowing s,stem, but the latter type may be utilized in those instances where 
dust generation is appreciably controlled by water :flushing o:f the machine bi ts 
or water intusion. The :former is being practiced in some conventional mining 
.operations with water applied to the cutting bar. Dust and gas control may be 
improved in continuous mining by using a single ma.chine on a single split o:f 
air and by utilizing an exhaust-type :face ventilation system with a machine­
JIDlllted .di:f.fuser :fan directing air to the :face. There is need :for considerable 
research on face ventilation \lllder conditions more nearly simulating actual 
mine conditions and :for development o:f a dust collector o:f adequate e:f:ficiency 
that can be mo\lllted on the ma.chine. 

DR. POTTER: We have a change in the program at the present time. Henry 
Doyle., Acting .Assistant Director, Mineral Industry Health., Bureau o:f Mines, 
will present a paper on "Studies on the Control o:f Respirable Coal Mine Dust 
by Ventilation." 
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STUDIES ON IBE CONTROL OF: RESPIRABLE COAL MINE DUSI' BY VENTILATION 1 

by 

D.S. Kingery, H. N. Doyle, E. J. Harris, M. Jacobson, 
R • . G. Peluso:,· J. B. Shutack, and D.· P. Schlick 

.ABSTRACT 

Experiments initiated by the Bureau of Mines on August 26, 1969, and 
recent work·of others, _liave demonstrated the effectiveness of ventilation for 
controlling concentrations of respirable coal mine dust. Substantial reduc-, 
tions in dust concentrations have been attained by increasing the volume and 

' rate of air movement across the face a?d by controlling the airflow pattern. 

Ventilation experiments conducted by the Bureau using high-pressure fans 
as auxiliary ventilation units showed that face-generated dust . could beef­
fec~ively controlled in five mines employing continuous mining machine~. Ad­
ditional data were obtained on industry installations in two mines using 

·_ similar ventilation systems. By maintaining an airflow approaching 100. fpm 
_across the entry, the experimental system reduced the concentration of res-

. pirable _ c;Iust by factors as great as 6.4. In all mines where the system was · 
used, the face-generated dust concentrations were reduced to below 3 mg/m3 • 

Total respirable dust in two cases was above the 3 .mg/m3 value because of the 
dust content of the intake air. In some mines, depending upon the type of 
coal being mined and other dust control factors in use, it was possible to 
obtain co~centrations of less than 2 mg/m3 • · · 

Although the technology for the application of the dust control system 
investigated is readily available, it is evident that additional engineering 
studies should be made in each mine where the system is to be applied. 
Conditions in some mines may require a modification of the system. On the 
basis of the Bureau's experience to date, further studies will be made so 
that the various engineering parameters encountered in underground coal min­
ing can be evaluated. 

CONCWSIONS 

The folloring conclusions can be made fran this investigation: 

1. Controlled face ventilation employing a high-pressure auxiliary fan 
together with other canponents of the system will substantlally reduce the 

1 H. N. Doyle gave a short version of this paper at the 'symposium. The full 
report, previously published by the Bureau of Mines (Tech. Prog. Rept. 19, 
1969), is reprinted here. 
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concentration of respirable coal dust at the working face or underground coal 
mines. By maintaining an airflow fran 70 to 100 fpm across the entry, results 
showed in all instances that the average respirable dust concentration at the 
continuous miner was reduced to less than 3 mg/m3 • Total respirable dust in 
two cases was above the 3 mg/m3 value because of the dust content or the in­
take air. In some instances~ however, respirable dust concentrations were 
reduced to less than 2 ·mg/m •. · 

2. Through proper engineering design or the auxiliary and main venti­
lating -system of the mine, the .hazard due to methane will also be reduced. 

3 ~- Because or the effects or concentrations or respirable dust in the 
incoming air the system investigated, by itself, is not a complete solutipn 
to the respirable dust problem. For the system to be totally effective, dust 
controls must be applied at dust generating points in the incoming air pas­
sageways. 

INTRODUCTION 

Pneumoconiosis, a respiratory disease which is caused by inhaling fine 
particles or coal mine dust, is recognized as a major occupational heal th 
problem in underground bituminous-coal mines. Consequently, the Bureau of 
Mines has launched a major effort to find ways for controlling respirable 
coal mine dust. Studies by the Bureau and other mining research agencies have 
indicated ~t the efficient use or water and ventilation represent the fun­
damental approaches to effective dust control. Although water sprays on mining 
machines have beneficial effect as a suppression measure for total airborne 
dust, OUJ,Tent spray techniques have little effect on dust in the respirable 
range. 

Cal.cUlations based on the theory of small particle behavior and air 
motion ;ID.dicated to Bureau investigators that an airfiow or between 70 and 100 
fPD across the entry should result in significantly lower dust concentrations. 

· .Af'ter analyzing engineering studies by the Bureau of Mines and the indus­
:try,- it became apparent that a method for achieving the desired entry velocity 
was by using a high-pressure auxiliary ran and by maintaining the end of the 
~uet tubing about 5 feet from the face. This assertion was supported by the 

0 Uowing concepts: 

or th l. Adequate airflow at the face confines coal mine dust generated ahead 
tbe e operator and captures dust particles. Dust can then be transpor:t,ed by 
00,, system and discharged into the return entry~ where it can be treated or 
, •41,ected. 

nee 2• PreVious studies conducted by the Bureau demonstrated the err~ctive-
8~ or ventilation for the control or methane released at the working face. 
1~ • • artechniq~es could be effective for dust control. 
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METHOD OF INVESTIGATION 

The Bureau's inve~tigation was centered upon the use of an auxiliary 
high-pressure axial-now direct-driven fan with variable pitch blades. The 
original estimated power requirements were frcm 20 to 40 hp. An approved fan 
with such requirements was not available and could not be quickly supplied 
by a manufacturer. Therefore, two fans, operating in parallel, each with 
horsepower sufficient to produce 5,000 c.t'm, and a fan with a 10-hp motor 
capable of producing 9,900 c.t'm, were used in the first experiment. This 
series was conducted in a mine where coal was being extracted by a conti­
nuous miner frcm the Pittsburgh coalbed averaging about 6 feet in height • 

.Al though favorable results were obtained in this initial study, the fans 
used could not produce the desired entry velocities originally specified by 
Bureau engineers. A second study was conducted using a 60-hp auxiliary fan 
from the Bureau's experimental mine in order to obtain lµ.gher entry veloc­
ities. Because of the fan's size and power requirement, i~ could only be 
used in mines capable of accamnodating it. In the second mine studied, coal 
was extracted with a continuous miner fran the Sewickley coalbed averaging 
50 to 54 inches in height. Subsequent studies were conducted in mines in the 
Pocahontas No. 3 and No. 4 and Illinois No. 6 ·coalbeds. 

Dust measurements were made according to standard Bureau procedures. For 
the purpose of this report, samples collected with an MRE instrument contained: 
iµ the instrmnent package mounted on the continuous miner were used as a basis 
for comparison. It would have been desirable -to. use a personal sampler on-the 
machine operator as the reference point. However; in some mines studied, the 
machine operators performed multiple tasks, requiring several different op­
erators for each machine on a given shift. Therefore, the operator's exposure 
could not be used for obtaining representative data. Baseline studies of •" 
respirable dust concentrations were. ·made wherever possible in the Bureau' s · 
studies to establish the effectiveness of the ventilation system being tested. 

Figure 1 illustrates the system used throughout this investigation. 

VENTILATION THEDRY2 3 

Following the introduction of continuous mining equipment .to the bitu~ 
minous coalfields, increased production rates and rapid face advance led to 
increased frequency of methane ignitions from improper or poor face ventila~ 
tion • .AJ3 a part of a program to ~uce this hazard, the Bureau of Mines 

2 Luxner, James V. Face Ventilation in Underground Bituminous Coal Mines: 
Airflow and Methane Distribution Patterns in Imnediate Face Area-Line 
Brattice. BuMines Rept. of Inv. 7223, 1969, 16 pp. 

3 Dalzell, R. W. Face Ventilati9n·by Line Brattice and by Auxiliary Fans. 
Pres. at 57th National Safety Congress and Exposition, Chicago, Ill., 
Oct •. 27-30, 1969. To be published in Transactions of the National Safety 
Congress (1969) by the National Safety Council. 
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obtained in.formation relative to air.flow patterns developed in the immediate 
face area by various combinations of ventilation methods and devices. Follow­
ing these studies, basic systems of air control were devised for dilution and 
removal of methane face emissions without accumulations of high concentrations 
in the occupied .face.region. Methane control and dilution was in all cases 
achieved by planned air circulation. 

Although continuing progress has been made in face ventilation · tecbniques, 
dust loading in the face atmosphere clearly indicates that ventilation systems 
n01r used are often inadequate to maintain respirable dust concentrations with­
in acceptable limits. 

Settling rates of airborne particulates less than 10 microns in diameter 
show that dust in the respirable size range may be transported for great dis­
tances by air currents. Because respirable dust generated at the face is 
transported by the air stream, ventilation techniques originally designed to 
control distribution and accumulation of methane face emissions can be used 
to confine, capture, and remove airborne dust produced at the .face. 

The theory for the control of coal mine dust is that dust particles 
smaller in size than 10 microns tend to behave in the S8Jlle manner as a gaseous 
contaminant such as methane. Thus, the control of respirable dust is a func­
tion of the volume and velocity of air moving across the coal face •. Another 
requirement is to maintain the zone of contaminated air as close to the face 
as possible to minimize the exposure of face workers. 

Bureau studies on methane control methods have revealed definitive air­
now patterns. These patterns are shown in .figures 2 and 3. At the start of 
the investigation, information given on figure 2 was used to determine tha½ 
exhausting air from the face in sufficient volume to assure a sustained ve­
locity approaching 100 .fpm across the entry, would result ·in minimizing the 
concentration of respirable dust. Diagrams shown on figure 3 established the 
need for maintaining the tubing within 5 feet of the coal face • 

.Experiments per.fonned at the Bureau's experimental coal mine related 
~rsepower requirements to air velocity and air volume under a variety of 
'Dperating conditions as shown in figure 4. · 

Fran the data incorporated in figure 4 it was estimated that for entries 
haVing a 56 sq ft area, a 15-hp, high-pressure, auxiliary fan, used in con­
Junction with a 2O-inch diameter tubing, would be required to minimize the 
ioncentration of respirable coa~ mine dust; for entries of 96 sq ft, a 30-hp 
an used with 24-inch tubing would be required to achieve the same result. In 

bhaotb cases noncollapsible tubing is specified, due to the effects of high ex­
Ust pressures generated by the system. 

t Based upon this investigation and past Bureau experience, where condi-
ions of extreme methane liberations override respirable dust control require­

Jllents, both dust and gas control objectives can be met by using a machine­
lllounted diffuser blower and an auxiliary fan system, as illustrated in figure 5. 
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For the ventilation system investigated in this study to be effective, 
these criteria must be met: 

1. Intake to the exhaust system must be maintained within 5 feet of the 
face and the volume of air induced by the system must be adequate in pro­
vidi~g a mini.mum velocity of 70 fpm across the entry. 

2. Recirculation of methane and respirable dust must be prevented by 
insuring that the volume of air being delivered to the crosscut is in excess 
of the demand of the exhaust system. 

3. Coal should not be permitted to accumulate at the tail of a continu 
ous mining machine, thereby restricting airflow, rior should other obstructioD 
be permitted to restrict the airnow. 

4. Incoming air should be relatively free of respirable dust. 

DUST SAMPLING 

Dust sampling instrument packages were placed in strategic areas -- one 
on the continuous mining machine, and another in the intake airway. To obtati 
ccmprehensive data on dust concentrations, these packages contained a variet,j 
of sampling equipment, including long-running midget impinge:rs, personal sam 
plers, total airborne dust samplers, and MRE instruments. In addition, per-, . 
sonal samplers were placed on the machine operator • 

.All gravimetric samplers were operated continuously and provided inte­
grated values for the full face shift. _ To determine interim or cyclic values, 
long-running midget impingers collected periodic samples. Thus, by relating 
midget impinger to respirable gravimetric samples, it will be possible to diE 
cern mining practices which result in unusually high dust concentrations. 

SULNARY OF FIEID CONDITIOOS 

Studies were conducted in developing sections of five mines using con­
tinuous mining machines in five coalbeds of three different States. Coalbed 
height varied frcm 52 to 78 inches in the Bureau's tests. These tests were 
conducted in the Pittsburgh, Sewickley, Pocahontas No. 3 and No. 4, and Illi­
nois No. 6 coalbeds. Water applied by sprays -at rates varying from 5 to 15 
gallons per minute was monitored by Bureau engineers using meters installed 
in the supply line. 

In the tests fan pressure and air quantity ranged from 3.75 inches of 
water at 5,000 c.f.m to 15 inches of water at 15,000 c.f.m. In one instance, fans 
were employed in parallel systems. The exhaust systems tested produced air 
face velocities from 35 to more than 100 tpa. At each mine the maximum prac­
tical size tubing ranging from 18 to 24 inches was used in order to obtain 
maximum airflow volumes. 
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DISCUSSION OF TEST RESULTS 

se experiments demonstrate that in the mines studied it is possible to ~_,'!:1e substantial reduction in concentrations of respirable coal mine dust; 
at~ 8

irable-dust-concentration-reduction factors range from 1.7 to 6.4. The 
tbe re~udied represented, in our opinion, difficult dust problems, either due aill:e type of coal being mined_ or for other reasons. In all mines studied 
to ction rates did not deviate significantly from normal during the survey 
~~ as indicated in table 1. The study was limited to mines employing con­
peiDUOUS mining machines. The technology of the ventilation system described 
:ere should be applicable to all types of underground coal mining. 

TABLE 1.--Basic data on mines studied 

- Production (raw tons) Shifts surveyed · 

Bed Normal Improved Number of shifts 
)tl.ne Coalbed height ventilation ventilation 

(inches) Normal Improved 
Aver- Range ·Aver- Range venti- venti-

age age lation lation 
t 

.. 

A Pittsburgh.-.••••• 78 536 384-600 540 490-660 4 7 
B Sewickley •..••••• 54 210 150-225 178 165-204 3 3 
C Pocahontas No. 4. 78 190 108-228 160 128-204 6 6 
D Pocahontas No. 3. 52 332 144-480 330 252-404 9 5 
E Illinois No. 6 ••. 72 370 342-396 460 387-648 2 5 

Figure 6 presents Bureau results obtained by measuring the respirable 
dust concentration on the continuous mining machine at a point near the op­
erator. Mines A through E are studies conducted entirely by the Bureau. In 
these mines dust studies were made before and after the ventilation system was 
in operation. Mines F and Gare mining industry installations using in general 
the techniques described in this report with the notable exception that the 
fans used in the industry installations had less capacity than the one used 
by the Bureau of Mines. Also, baseline dust data were not available for these 
two mines. 

In all mines studied, the inccming air was contaminated with respirable 
dust. Based on the assumption that it is possible to minimize this contami­
nation by dust control or suppression at the appropriate dust generation 
Points, the data shown in figure 7 was derived by subtracting the dust load of 
incoming air frcm the concentration of the respirable dust measured on the . 
continuous mining machine. By using the adjusted concentrations for respirable 
dust, all average concentrations -- _with one exception in which the velocity 
of incoming air was only 35 fpm because of the small-size fans -- were below 
2 mg/m3 • 
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Uncontaminated intake air is necessary for respirable dust control. . 
Actual measurements have shown dust concentrations in intake air ranging frQII] 
one-half to over 2 milligrams of dust per cubic meter of air. Respirable dust 
particles will remain a part of the air current until either collected or 
dissipated by some method. Such coal dust contaminant sources are usually 
from open coal dumping stations, coal transfer points, uncovered coal trips, ! 
belt transportation systems, and roadways. These contaminant sources should I 
be placed on separate air splits if possible or the air velocities passing 
over such points reduced. i 

i 
I 

Adequate air volumes at the face for coal dust control may require ex- ! 
tensive and expensive modification and improvements in the primary ventilati~ 
system. These may be new air shafts and n~w fan installations, increasing th~ 
number of air courses, both intake and return, and other methods to reduce t~ 
mine resistance. 

Figure 8 is a scatter diagram of all face-generated dust concentrations 
in comparison to the entry velocity expressed in feet per minute. The indi­
cated upper limit curve shows the entry air velocity necessary to assure that 
at least 97 percent of the dust samples rill be below the indicated value. 
For example, an entry velocity of 85 fpm would maintain the face-generated 
respirable dust concentration below 3 mg/m3 ; 110 fpm would result in concen­
trations below 2 mg/m3 ; and 130 fpm would result in concentrations below l 
mg/m3 • Based on the dust characteristics of the coalbed, the design of the 
mining mac~ne, the amount and efficiency of water utilization, and other 
engineering parameters, it may be -possible to reduce these entry velocities. 

Because this report presents only the timely first results of the Bu-. 
reau's investigations, engineering tables showing all gravimetric and midget 
impinger concentrations, production rates, water control data, and a detailed 
description of mine conditions have not been included. A Bureau of Mines in­
formation publication containing comprehensive data is being prepared. 

DR. POTTER: I think it has been clearly demonstrated that ventilation is 
going to play by far the greatest part in handling respirable dust in the 
United States. 

DR. POTTER: The first part of the program dealt with ventilation as a 
means of controlling respirable dust. The next portion of this session will 
be on water as a control method. 
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The next speaker will be Dr. Hans Breuer, the Chief of Central Office for 
l)USt and · Silicosis Control, Steinkohlenbergbauverein, Essen, Federal Republic 
of Germany. 

WATER AS A CONTROLMETIIOD: THEORY & FOREIGN EXPERIENCE 

by Dr. -Ing. H. Breuer 

INTRODUCTION 

For many years, water has been _used in mining to wet the coal and to bond 
3edimented dust in order to avoid the development and whirling up of respirable 
lust. This has been done, for example, by water infusion through short bore-
10les and by spraying water onto the coal during transport and onto the 
1edimented dust. 

The increased concentration of workings (in Germany, longwall faces) 
.uring the past 10 years, aimed at daily outputs of and exceeding 3,000 tons, . 
he increase of the daily advance to 8 m and more, and the use of novel ma.:. 
hines for coal -,rinning and road driving have enhanced the dust problem. 
dditional and improved methods of dust suppression are needed. This is true 
specially in the use of water, which can be easily taken to the dust sources. 
he question is how .this water can be applied efficiently but in low quanti­
ies. The given methods of coal production, the sequence of operations, the 
ater content in the coal to be conveyed and loaded, and the working condi­
lons at the face must be considered. The intake air volume supplied to the 
!Cea has been increased significiantly during recent years. This must also be 
:m.s!l.dered because the higher- air speed may lead to an increased whirling up 
f:' dust, which can, hoirever, be prevented by a sufficient wetting of the coal. 

This short description of the function of water in dust abatement shows 
1e canplexity and interrelationship of the detailed questions involved. The 
.her methods of dust suppression and the assessment and sampling of airborne 
ts.t are equally canplex subjects. These problems can be solved only by coop­
•ation among the mines, the manufacturers of equipment, the mines inapec­
,rates, and the miners uni.ens. About ld years ago, the High Authority of the 
iropean Camnunity for Coal and Steel drew up extensive research programs for 
st measurement and dust abatement. Representatives of the British coal 
ning industry, too, took part in these programs. I am convinced that this 
mposium on Respirable Coal Mine Dust will greatly intensify the contacts and 
e exchange of information with our colleagues -in the United States. 

THEORY 

Before .I describe our investigations and the application of water for dust 
;ll)ression, the following brief theor~tical considerations will throw sane 
tht on the planning and implementation of tests and the assessment of their 
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rd to reduce the whirling up of dust fran the coal under trans­
resu1ttb8. Inl O dheresive £orces 0£ nearly dry dust part~cles must be increaseq 
Port e awa . 

b tantiallY• The best e££ect can be expected when the voids between the in-
:~~dual particles are just about filled with water. The higher capillary 
£orces then developed hold the particles firmly together. These forces, how­
ever disappear when water content is too high. The surface tension or the 
wat~ then present no longer suffices to bind the particles firmly. The conse­
quence is a process of desegregation. Slurry is. formed and, possibly, under 
high air velocity, as with pneumatic stowing, the dust-laden water can be 
atanized with the result that airborne dusts develop again. The water volume 
necessary to reach the optimum effect depends on the size distribution and 
type of dust, but also on the properties of the :water. The effect of water 
application can be improved by means of wetting agents, in which the increase 
of the wetting speed plays an important part. Salt solutions (NaCl, CaC12 , 
MgC13 ) prevent too quick an evaporation of the water and increase,· at the 
same time, the coagu].ation of the dust particles. 

The capture efficiency of water droplets for the sedimentation of dust . 
particles in the air current is essentially a :function of the relative velocity 
between the water droplets and the dust particles and the relation of the dia­
meter of the dust and water particles, as well as the attainable distance of 
the water droplets in the air current. For dust particles between land 5 
microns the droplet size should be about 0.05 to 0.3 mm. The capture erfi-. 
ciency, however, diminishes rapidly with the decreasing size of the dust 
particles and droplets. Fine water droplets in -the size range of mists have 
hardly any effect on the sedimentation of dust. The coagulation of small 
particles hardly contributes to an increase of efficiency because the number 
of dust particles and water droplets is often too low and the time -available 
is too short. 

Because of -µie usually low- relative · speed between water droplets and dust 
particles and, consequently, the low degree of efficiency, the range of appli­
cation of sprayers for this purpose is limited. Dust clouds with high concen­
tration consisting mostly of . fine rock dust must be sucked off and be collected 
in dust extractors. Energy must then be applied to --

1. Increase the relative speed between water droplets and dust particles 
(such as in a Venturi tube or in a canpressed air jet with annular 
slot and water injection). 

2. Increase the falling speed of the particles as done in centrifugal 
separators (for instance in the cyclonette, where the water collects 
the dust particles along the cylinder wall). 

3. Increase the turbulence forces in a porous plastic filter material 
sprayed with water, where the water -is used above all to clean •tiie 
filter. 

In all ranges or water application for dust suppression, the study of the 
flow behavior and the pressure loss of water in pipelines, hoses and machines 
with the frequent changes in diameter and flaring direction up to the sprayers 
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ls a necessity in practice. The same is true also for the discharge of the 
oixture of dust and water in the dust extractor. According to experience, the 
1ata required, therefore, can usually not be taken from technical tables. The 
1ecessary data must be found by detailed tests carried out at the machines 
�hems elves. 

EXPERIENCE 

Face Infusion 

The reduction of dust development by face infusion increases with 
10re intensive and homogeneous distribution of the water in the coal. It has 
tot been possible so far to find, beyond doubt, values of the porosity and 
,ermeability of the coal, specifically the moisture content of the coal, the 
i.uantity of water, and the development of pressure. Neither is the quantita­
;ive determination of the distribution of water in the coal quite secure yet. 

Studies of coal samples in tablet fonn showed maximum water absorption
'rom 1 to 15 percent (by weight). These water contents were attained, without
.dditional pressure, after more than 20 minutes. For same samples, the water
:bsorption had not been terminated even after 50 minutes. In most of these
ases, the addition of wetting agents-did not lead to any worthwhile improve-
1ent. Other studies- of coal samples showed that the maximum water content of
. to 6 percent (by weight) was reached only with pressures of more than 150
g/cm2

• The capacity of coal to absorb water is by no means unifonn; it is in­
tuenced by the manner in which the seams were formed and how they were sub­
ected to later rock movements. In longwall faces, the zone.-- influenced by
·or king pressure -- of increased permeability exists parallel to the coal
ace. This zone, situated near to the face, is highly-capable of absorbing
ater and contains a lot of dust because of the strong and different movements
f the seam sections. Farther from the face, there is another zone with high
dditional pressure much above the normal load of the seam and, usually, with
lower capability of absorbing water. 

Face influsion (fig. 1), taking these conditions in the coal into account, 
s made from the gateroads, from the coal face, or frcm other working points 
utside the seam. For the water infusion from the gateroads, a small water 
olume is continuously infused into the coal at a low pressure. The permea­
iiity, in a certain direction, of se�s in the face vicinity favors the in­
llsion and continuous moistening of the working panel. This method of water 
nfusion has many advantages. It is applied now in the majority of retreating 
aces, which are particularly suited for this process. 

If this method of water infusion is not feasible for operational reasons, 
iscontinuous infusion from the coal face must be adapt_ed -to the weekly ad­
ance. This second method, which is applied in advancing faces, .is carried out 
hen coal winning is not taking place. A high volwne of water is pressed into 
ne coal within a short time in order to wet it thoroughly, causing high in-
1sion pressures and often breaking up the coal, which makes mining easier. 
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The method or water infusion through a borehole, fqr example, fran a 
gateroad above the seam, is also fully developed. It can seldan be applied, 
however, because it requires undi~turbed and hanogeneous deposits. Such con­
ditions are rarely found in the German coal mining -industry today. 

Wetting or the Coal and Rock Dust 

By water inf'Usion, the water content or the coal is increased about 1 to 
3 percent (by weight), while the dust concentration is reduced by 30 to 60 
percent. In sane cases, however, water inf'Usion does not achieve the admissible 
dust concentration. This is true especially for coal winning by shearer 
loaders, where the cut coal is additionally dampened by sprayers arranged at 
the shearer loader. With these sprayers, part or the airborne dust is settled 
before entering the air current. In faoes worked by coal plows and with a coal 
not susceptible to water infusion, a section of the coal face, depending on 
the position or the coal plOIF, is sprayed·by hand or by automatic switching. 
The coal face and the coal worked down are sprayed and sane of .the airborne 
dust is sedimented. There are still the many simple water sprays as the coal 
is transported to the shaft that could be mentioned. These, however, are 
usually not really necessary if~ coal is sufficiently right fran the be­
ginning. 

The spraying or water to the cave goar, formerly applied to a large ex­
tent, is scarcely employed today because the dust settled on the floor is 
usually wet enough due to the application or water during coal winning. 

Much emphasis was laid during our studies on dust suppression during 
pneumatic stOIFing, and testing plant was put up for this purpose. The tests 
showed th~ predaninant influence or canpressed air consumption and the size 
distribution or the storing material on the developuent or fine dust. Also in 
this case, the water content or the material, with a high percentage· of fine 
rock dust, played an important part (fig. 2). The increase or the water con­
tent rran 2 to 5 percent (by weight) in the size. range< 10 nm or the stowing 
material caused a considerable reduction or the fine dust concentration, k, in 
the air used for stOIFing. A further increase or the water content did not re­
duce the fine dust concentration much more. But slurries often formed, causing 
operating defects. In sane tests, the dust concentration increased again be­
cause the air with high velocity atomized the dust-laden water in the pneu­
matic storing pipe. The water content required for dust bonding depends on the 
type and size distribution or the material. The optimum value can neither be 
determined for individual types or material nor be foll.OIFed up by measurements" .. 
Thus, we recamnended the following simple rule: If dust is whirled up by 
several good blows on a hand sample or stOIFing material, water must be added. 
If no dust becanes airborne and if tlie hand remains nearly dry, the stowing 
material contains enough water. If the hand becanes wet, the water content is 
too high. 

This rule shoul.d be applied also to assess the water content or coal 
under transport. We studied statistically the influence or the water content 
in coal fran faces worked by coal plows or shearer loaders by means or the fine 



concentration, c, measured by the BAT I 1 at the face ends. The curves 
igure 2 for these types of coal winning show the same tendency as the 
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e for pneumatic stowing. In the coal plow faces, the fine dust concentra-
, c, decreased sharply up to a water content of about 5 percent (by weight) 
he coal< 10 DDn. In shearer-loader faces, the corresponding value is around 
rcent (by weight). The majority of the coal plow. faces showed water con-
of the coal between 2.5 and 4 percent (by weight) and the shearer loader 

s between 4.5 and 6.5 percent (by weight), a consequence of the additional 
r-spraying fran the machine. More than 6 percent (by weight) may possibly 
e trouble in the separating plants, especially when the dust is separated 
the coal by air. Therefore, the aim should be to use as low a water 

tity as possible. One means is to adjust water spraying to the respective 
~ting procesg • .Another is to shut down the water sprayers that are not 
ssary for further wetting of the coal on its way to the shaft. 

In this connection, the question of improving the efficiency of water 
3ion and spraying by means of wetting agents or salt solutions is of in-
3t. The relevant tests showed good results in several workings just re-
ly, but there were also quite a number of unsuccessful trials. The reasons 
3till being studied. 

Influence of Air Speed 

When suppressing dust, attention must be paid, apart frcm the water con­
of the coal to the ventilation speed. Our investigation of dust develop­
during pneumatic stowing showed that, even with the very high flow speeds 
te stowing pipe, there was hardly any whirling up of dust, provided the 
1-al was suf'ficiently wet at any given time. We tried to determine the in­
tee of ventilation speed on the concentration of dust by several statisti-
1tudies of a large number of data collected fran 1956 to 1968 under dif­
tt operating conditions (fig. 3.). The mean ventilation speed in the faces 
(alculated fran the measured return air volume, assuming a free cross 
.on of the coal face -of F = 5 m2 • Because these measurements had been 
.ed out with different sampling devices, the results of the individual 
series a to d had to be converted to a reference value with the relative 
dust concentration= 100. This was done for the air volume range between 
nd 600 ml/min. In the faces of the steep (a) and of ·the flat measures 
the fine dust concentration decreased sharply in 1956 with in increasing 
:e air volume frcm 100 to 400 m3 /min. At that time, dust suppression by 
· was applied only to a limited extent. The drop in concentration curves 
bis mostly due to the dilution of the dust cloud by a higher air vol­

Because the ventilation speed was below the critical value of about 2 to 
ec, as determined in the laboratory with dry coal, the effect of the 
ing up of dust was not yet noticeable. The more recent statistical studies 
67 in coal faces worked by plows and shearer loaders (c) did not ·show the 
ted increase in dust concentration up to an air volume of 1.200 ml/min, 
sponding to a ventilation speed of about 4 m/sec. This is presumably due 

io .MRE to BAT I= 5.5 to 1; scatter of about 50 values, 4.0-7.0 to 1. 
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to the higher water content of the · coal because o~ water infusion and water 
spraying. In one trial face op·erated by a shearer ( d), where only the influence 
of the design and the mode of operation of the machine on dust development had : 
been studied, the dust concentration increased markedly with higher air speeds~ 
because the coal was almost dry. Such an increase has to be reconciled with 1 

the results of the previously mentioned laborato::ry tests. We intent to study 
soon, in a larger ventilation model, the influence of the ventilation speed on 
the whirling up of dust as a function of the water content of the coal and of 
other operating conditions. 

Sedimentation of Dust Particles by Water Droplets 

Today, water sprayers are less used to sediment the dust out of the air 
current. The sprayed water often has ill effects on the rook properties and 
working conditions. Besides, the water sprayers have been replaced by other 
and equivalent methods, such as dust-binging stemming for shotfiring by vials 
with water contents of at least 250 cm3 per borehole. The efficiency of the 
water sprayers (manufactured by Messrs. Lechler, Stuttgart) with a diameter of 
l to 4 mm were studied in a tunnel with 7.5 m2 cross section, for their effect 
at a water pressure of 10 to 40 kg/cm2 on fine rook dust. The droplets filled 
canpletely this cross section. or course, these optimum conditions can hardly 
ever be reached in practice. Figure 4 shows the most important factors on the 
efficiency of the sprayers: The specific water consumption in litres/m3 air 
and the water pressure in kg/cm2 • Under .the optimum conditions in the tunnel, 
sedimentation of the fine dust, measured by a Tyndalloscope, of 50 percent 
could be reached with a water consumption of about 0.5 1/m3 air and a water 
pressure of 10 kg/cm2 , or with a water consumption of 0.35 1/m3 air and a 
pressure of 20 kg/cm2 • At a pressure of less than 10 kg/cm2 , which is often 
found underground, the efficiency drops quickly. Accordingly, about 250 l of 

- water per minute at a pressure of 10 kg/cm2 would have to be sprayed in order 
to reduce the dust concentration by 50 percent in an air current of 500 m3/min.­
Thus, sprayers should be employed only selectively at points underground with 
a low air volume and a rather low dust concentration. 

There was a special case in past years for the shearer loader and other 
coal cutters. With outside sprayers additionally fitted to these machines for 
water supply to the picks and with a water consumption of 20 to 40 1/min and 
a water pressure of at least 20 kg/cm2 , fine dust concentration could be 
further reduced. Figure 5 shows how the efficiency of the sprayers depends on 
the size of the dust particles. All the dust particles >10 microns were sedi­
mented, but the capture efficiency of the water droplets decreased sharply for 
particles< 5 microns. 

Wet-Type. Dust Collector 

According to our experience, ordinary water-spraying methods do not suf­
fice in high dust concentrations, especially if these contain a lot of fine 
rook dust. In such cases, the dust must be sucked off in a collector. Wet-type 
dust collectors can be designed within the required small dimensions. They are 
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especially suitable for narrow conditions required for coal winning and head­
i,ng machines. We tested several methods and found them to be more efficient 
0oropared with ordinary water sprayers (fig. 5). 

According to their mode of operation, the wet-type dust collectors can 
be divided into three groups, each of which will now be described by a typical 
example. Cne of the wet-type dust collectors, called 11Roto-Vent 11 and manu­
factured by Messrs. Ii>i ter of Glad.beck, uses the very high speed of a com­
pressed air jet enriched with water droplets for dust separation (fig. 6). 
nie compressed air flows out of an annul.ar ejector and then mixes in a tube 
with the sucked-up~ dust-laden air. The high relative speed between water 
droplets and dust particles effects the dust separation. The depression pro­
duced by the jet is high enough to suck the dusty air and to collect the dust­
laden water droplets in a centrif'ugal separator. The relation of compressed 
air to sucked air quantity is between 1 to 5 and 1 to 7, that is, 15 to 20 m3 

compressed air/min at a pressure of 4 kg/cm2 are necessary to suck up 100 
r/min. The water consumption is 0 • .'.3 l/m3 of air. Under these conditions an 
efficiency of up to 99 percent has been reached for rock dust 1 to 5 microns 
in size. Below 1 micron, however, the separation efficiency drops quickly, as 
with other wet dust collectors. This device can be built within small dimen­
sions. However, it can be employed in the described way only where sufficient 
quantities of compressed air are available. If this is not the case, some.of 
the air required for sucking or even the entµ-e compressed air can be replaced 
by a fan with high-energy consumption. The device then works like a Venturi 
separator. The contaminated water can be cleaned in an additional aggregator. 
Subsequently, it can be supplied again to the dust collector or can be used to 
moisten the material . to be conveyed. Discharge of the dust-water mixture into 
the main drainage system of the mine is not advisable. 

Fig. 7 shows another type of wet dust collector, the so-called "cyclo­
nette," manufactured by the Biittner-Werke AG in Krefeld-Uerdingen, with an f4r 
throughput of 150 m3/mi.n. This ·device has all the components and structural 
parts necessary £or dust collection under mining conditions. It can be dis­
assembled into easily transportable pieces. The device is 1.1 m high, 0.9 m 
wide and, including the fan, 6.65 m long. '.Ibe sucked air is separated on a 
plate with about 2,000 cyclonettes. Each cyclonette has a diameter of 10 mm 
and is 40 mm high. The air inlet speed is 50 DV'sec, which corresponds to a 
pressure loss of 360 mm of water. Water :ts continuously sprayed on the cyclo­
nette plate at a rate of 0.3 l/m3 air. The water droplets are separated .with 
the dust along the wall of the cyclonettes. The resul.ting Dl.lddy mixture drops 
in~ a collecting basin. Very fine droplets are caught in a drop separator. 
The separation efficiency is 100 percent for rock particles> 2 microns; below 
the particle size of l micron, the efficiency diminishes rapidly. The water 
£or dust extraction is circul.ated. Between 10 and 30 1/mi.n are continuously 
taken from the collecting basin, and the same quantity of fresh water is al­
ways fed into the circuit. The dirty water can be utilized for spraying the 
coal or the debris from headings. · 

.Another type of wet dust collector containing a Viledon-filter mat (type 
P 15/500,· manufactured by Messrs. Freudenberg of. Weinheim/Bergstrasse) is at 
present being developed to separate dust from a large air volume with a low or 
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coarse dust content. This mat is made of firmly bonded multidirectional 
fibrous fleeces. It is already used, however, in a dry condition or with 
water spraying, to clean the air in front of fans, heating installations etc. 
rn· the type developed for underground use, the filter mat is continuously 
sprayed with water on the air inlet side (fig. 8). The water binds the dust 
separated on the mat and cleans it at the same time. At certain intervals, the 
mat D11St also be washed from the rear side. The degree of efficiency for rock 
dust in the size range 1 to 5 microns is about 95 percent (fig. 5) at an air 
speed of about 1.5 m/sec and a pressure loss at the mat of 40 to 80 mm of 
water. 'This dust collector is still in the .trial stage, in which especially 
the manner of cleaning the mat for different types and quantities of dust will 
be studied. 

The dust collectors just described and shown in Figures 6 to 8 have dif­
ferent applications because of their difference in energy demand, degree of 
efficiency, and size for a given air volume. They IlD.lSt be designed as small 
and easily transportable as possible and should be adjusted to the different 
dust and operating conditions of coal winning and heading machines. 



Section II 

CONTROL TECHNOLOGY 

Figures 1-8 to WATER .AS A CONTROL METHOD: THIDRY & FOREIGN EXPERIENCE 

a a Fr,m the 6ateroad6 tbraugh 

borehole• L~2Dm, wafer 
infusion continuously 
4 to 8 liters/ min 

b From the face through 
borehole•. length at least 
5x daily advante, 
disc11nfinuous/y 
30 to 70 liters/ min 

C From.olberworking,, 
continuously 
4 to 811/ers/min 

. . 
_ ~igure 1.-New ~ethods of Face I~on. 

Figure 2.-lnfluence of Water Contents on the 
Concentration of Fine Ousts. 

_J)._9 . 
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Figure 5.-Sedimentation of Dust by 
Wet-Type Collectors and Water Sprayers. 

Sucked air: 2 ·~ 270 m3 /min 
Length: 8.4m 

Water 
Water separator 
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Figure 6.-Wet-type Dust Extraction by Annular Ejector. 
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Collector of droplets 

l 
I J Basin collecting contominoted water 

r-1,6m~ 2.lm --ti.omt-- 1.9m -I 
Figure 7 .-Wet-Type Dust Collector, Type Cyclonette. 

Figure 8.-Wet-Type Dust Collecting by Viledon-Filter Mat. 



DR. POTTER: Continuing on water as a control agent, Thomas Kabrick, 
)irector of Safety and Enviroilinental Health, Bethlehem Steel Company, will 
3peak in respect to "State of the .Art--Sprays and Wetting Agents". 

WATER AS A CONTROL METHOD 

STATE OF THE ART 

SPRAYS AND WETTING AGENTS 

by 

Tom Kabrick 

INTRODUCTION 

The use of water as a control method for suppressing airborne dust has 
_ong been recognized and used throughout the coal mining industry. Water, 
iombined with face ventilation, is today the most coIIllilOn means employed for 
;he control of airborne dust concentrations. 
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A study by the .Bureau of Mines in 1939 U) 1 reported dust reduction of up 
;9 80 percent for wet cutting methods in conventional mining versus dry cutting. 
�or more than 30 years the coal industry has been supplying water for dust 
iontrol. underground. Today in mines employing 15 or more employees 79 percent 
>f the total.production is mined with water piped to the equipment, over 98

iercent of all continuous miners in operation employ water sprays, and the
.nstallation of sprays has beco:n:e standard practice, built in by the manufac­
;urers of continuous and conventional mining equipment. While the number and
>lacement of sprays may vary, continuous miners will usually have 12 to 24
1prays, and generally use 10 to 20 gallons of water per minute. The use of
milt-in pumps has permitted operating pressures of 200 to 300 psi.

Nozzle configuration, volume, pressure, and placement variations have 
ieen studied to determine the most effective systems. However, even with 
.arger volumes, higher pressure, and increased quantities of sprays, water 
-,y itsel.f has not proven to be compl.etely effective in reducing airborne 
respir,able dust. The application of a spray system does indicate a very notice­
ible difference in a dust cloud, due primarily to its ability to "knock down" 
.arger sized particles. Respirable dust, however, in the range of 1 to 10 
acrons tends to behave more like a gas than a dust and therefore is very· 
lifficu:Lt to capture. Most nozzles colIIIIlOnly in use produce a fine mist with a 
>article-size diameter bf approximately 100 microns or larger. Increased pres­
:ures and atomization with compressed air can reduce this size, but water
:pray particle size of less than 20 microns is very difficult to attain. It
�cessitates small orifices which easily plug, and the.distance which such a
:'ine mist can be projected is l.imited, resulting in poor contact with the dust
>articles at· their source of origin.

Underlined numbers in parenthesis refer to items in the list of references 
at the end of this report. 
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USE OF WATER SPRAYS ON CONTINUOUS MINERS 

Recent stuqies conducted by one operator (g) indicated that spray-nozzle 
water pressure in the range of 200 to 250 psi was m::>st effective in allaying 
airborne dust and minimizing plugging of spray nozzles. It was found that 
by combination of spray-nozzle geometry and 250 psi water pressure a 59-per­
cent reduction :f'rom baseline measurements in respirable airborne dust in the 
breathing zone of a continuous-miner operator was noted. These tests were 
made on a boring-type continuous miner. 

Bureau of Mines (3) have indicated a need for use of a minimum of 2 to 
3 gallons of water perton of coal mined. Although some operators use more 
water than the 2 to 3 gallons per ton, the increased quantities appear to 
have little effect. 

One of the problems associated with the use of large quantities o:f water 
is that too much water will make the bottom of the entries wet, thereby 
causing difficulties in tramming and maneuverability of equipment. 

Tests were conducted at the Ellsworth Division of Bethlehem Mines Corp. 
to determine the effectiveness of additional sprays, pressures, and quanti­
ties in reducing airborne respirable dust. The'Ellsworth Division is located 
15 miles from Washington, Pa., operating in the Pittsburgh seam. The seam 
height is approximately 60 inches, with an additional 14 inches of draw slate 
rem::>ved for roof control. The room-:and-pillar system is employed, using 
oscillating ripper-type continuous miners. 

In an attempt to get the water sprays close to the origin of dust gene­
ration, three additional sprays were added to each of the two cutter casings 
as close to the cutters as possible. One spray was pointed toward each of 
four cutter wheels, and two sprays were pointed directly toward the face. 
Water pressure varied from 100 to 200 psi and the water flow rate ranged 
from l2 to 25 gpm. Dust measurements .were made in the breathing zone of the 
continuous-miner operator using midget impingers and subsequently analyzed 
by standard light field microscopy dust-counting procedures. Additional tests 
were made to evaluate the use o:f flat sprays instead of :f'u.11 cone sprays. 
Test results indicated that the flat-type sprays proved to be no m::>re e:ffec­
ti ve than the full cone sprays normally used. In addition, increasing the 
quantity of water from l2 to 25 gpm had no apparent effect on airborne dust 
concentrations. Increasing the water flow rates of the rib, hopper, and con­
veyor sprays by an additional 5 gpm resulted in a wet bottom which hampered 
the tramming of the machine. Conversely, it .was determined that it was pos­
sible to increase the water which was sprayed at the face up to 25 gpm with­
out causing any tramming difficulties. The additional sprays m::>unted on the 
cutter casing proved to be no m::>re ef:fective in reducing the respirable-sized 
dust than the normal spray system. The results of this test work indicated 
that greater volume of water could be applied, as long as it was sprayed 
directly on the face, than had been previously experienced at this mine. Dust 
measurements indicated that the attempt was unsuccessful, in addition the 
cutter wheels could be observed cutting dry even though as much as 25 gpm 
were applied to the face. · 
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W.ATER APPLIED DIRECTLY ON CUTTER BITS 

The water spray system normally used on mining equipment attempts to wet 
wn the dust particles after they have become airborne • . 

In attempts to prevent dust :f.rom becoming airborne, thereby reducing the 
ed :for making contact with the dust a:fter it has already been placed into 
spension, the Mining Research Establishment (:MRE) o:f the National Coal .Board 
· Great Britain, has experimented with :flushing the cutter picks o:f a shearer . 
· a longwall miner. Results o:f this study (~) have been reported by repre­
ntati ves of :MRE. 

Initial experiments consisted of a 4 l/2-inch-diameter disk. For each o:f 
te 12 pick positions three water outlets were provided; just ahead o:f the 
.ck, l inch ahead, and 2 inches ahead. 

It was :found that in all three positions there was some reduction in both 
ispi.rable and gross airborne dust concentrations. When the jets were far :from 
1e picks, respirable dust was a:f:fected mu.ch less than the larger sized par­
.cl~s. When the water was directed :from the jets to be in contact with the 
Ltting :faces o:f the picks, dust suppression greatly improved, including both 
te total suspended and respirable dust. Table l lis-t;;s the results o:f tests 
~th the experimental disk. 

Table 1.-Ex:peri.mental disk, dust suppression e:f:ficiency, percent 
I 

Water, 2.5 gal/hr Water, 5. 0 gal/hr 

Water-jet position Respirable Gross air- Respirable Gross air-
dust borne dust dust borne dust 

I 

inches ahead o:f picks •••••• 21 60 31 85 
18 inch ahead o:f picks •••••• 24 60 42 85 
npinging on pick points ••••• 68 80 88 94 
lushing pick faces •••••••••• 81 86 88 94 

. The experimental work proved to be so promising that a full-sized disk 
ith two picks was constructed with water flushing the picks. Results o:f this 
tudy proved it to be as e:f:fective as the small disk. Interestingly it was 
!I.so learned that when a wetting agent was applied a somewhat improved e:f:fi­
iency was noted in respirable dust suppression, but only on the high-rank 
oal, which is reported to be similar in nature to the low-volatile coals in 
he United States. The results o:f the laboratory tests indicated that water 
low to each pick ranging :f.rom ]/2 gpm :for high-rank coal to J/12 gpm for 
ow..:rank coal would be appropriate. 
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RESULTS ON A FULL-SIZID SHEARER 

Laboratory results 0£ this project prompted the design 0£ a full-scale 
shearer with water £lushing the picks. A Mark II ripping :ma.chine with three 
rotating drums and 120 cutter picks was adapted so that ea~h cutter pick had 
a water jet £lushing it. Using 11 gpm 0£ water, a 63-percent reduction 0£ 
respirable dust was noted, as compared to dry cutting. 

A second series 0£ tests were conducted on an Anderton shearer drum. Here 
J5 gpm 0£ water were applied through jets to 34 cutter picks. An average re­
duction 0£ 64 percent in respirable dust was noted compared with dry cutting~ 
whereas the conventional dust suppression sprays at the same water £low rate 
gave a reduction 0£ 24 percent in respirable dust dispersion compared with 
dry cutting. 

FLUSHING CUTTER BITS IN THE UNITID STATES 

Results 0£ the MRE test program were promising enough to encourage adap... 
tation 0£ the bit-£1ushing approach in the United States on continuous miners. 
Experimental field tests (2) 0£ a boring-type continuous miner equipped with 
water sprays between bit blocks on the boring arms to improve wetting the 
coal be£ore cutting, revealed a reduction 0£ 78 percent in the respirable dust 
from baseline measurements. 

E££orts were also made to adapt this same principle to an oscillating 
ripper-type continuous miner. Lee Norse Co., in cooperation with several coal 
operators, began development 0£ such a spray system and incorporated the 
design as standard equipment on at least one 0£ its m:>dels, which consisted o:t. 
£our cutter wheels, each with 12 cutter bits. This design i11Corporated 48 
sprays nounted in the cutter wheels between the bit blocks, each spraying at 
one bit. · 

USE OF CUTTER-WHEEL SPRAYS AT BEI'HLEHEM MINF.s CORP. 

Reported results 0£ the partial success in Great Britain on the longwall 
shearer drums and in the United States on both boring-type and oscillating 
ripper-type contimrous miners prompted .Bethlehem Mines Corp. to evaluate the 
e££ectiveness 0£ sprays m:>unted on the cutter wheels o£·a continuous miner. 

A Lee Norse 38H continuous miner cutter at the Ellsworth Division 0£ 
Bethlehem Mines Corp. was nodi£ied to permit piping water to the cutter wheel.S. 
Since the "kidney plate" water distribution system which allowed water to be 
discharged in a 180° arc toward the £ace had proven to be a maintenance prob­
lem, it was £elt that the distribution system needed to be modified. It was 
there£ore decided that it would be ioore practical to have a water distribution 
system which would be discharged 360° through the cutter wheels. This elimi­
nated the need £or a somewha:t complicated sealing arrangement, requiring only 
seals around the cutter wheel drive sha:rt. 
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The bit block design of this ma.chine consisted of 28 bits on each of 
,ur cutter wheels, plus 12 bits on each of two end cutters. Initially, seven 
rrays were installed on each cutter wheel, except the end cutters, which 
icause of their construction did not permit installation of sprays on the 
LeelS. Thus, there was one spray for every four bit blocks, excluding the 
Ld cutters. The sprays which were m:>unted in the wheels were the normal type 
:ed, and various orifices were tried. With 28 sprays m:>unted in the cutter 
Leels 8 gpm of water were piped through the cutter wheels in addition to 1D 
an used on the normal spray system. The system was designed to allow either 
• both the cutter wheel sprays and the normal spray system to be operated. 

Employing a blowing brattice system, respirable dust samples were col­
cted in the breathing zone of the miner operator, using midget impingers • 
.mples were collected only while the miner was cutting and loading. In an 
.tempt to re.duce variables such as ventilation, physical po~i tion, cutting 
xe, and strata, a series of alternate samples over several shifts were 
,llected, and only matched sets of samples were used for analysis. 

With seven sprays in each cutter wheel, a comparison was ma.de of the 
~ spray system to the normal spray system plus the cutter wheel sprays. 
'sults of the tests indicated that the addition of the cutter wheel sprays 
duced the respirable dust concentration·by ll.percent. While the results 
re much less than had been hoped, even a slight reduction indicated that 
rther development was worthwhile, especially since past tests with increased 
.ter quantities added as additional sprays showed no increase in dust suppres­
on efficiency. 

Further .100d.if'ications were ma.de to the cutter wheel assembly, and the 
mber of sprays in each cutter wheel was increased to l/4. Because it was 
.ought that l/4 sprays in each wheel, if used in conjunction with the normal 
rrays, would result in too much water, causing tramming difficulties, it was 
cided to compare the cutter wheel sprays alone to the normal sprays. 

With l/4 sprays in each wheel, 19 gpm of water were spr~d through the 
tter wheels alone. Tests were conducted over 100re than a 1-IOOJlth period. 
e·average of 100re than 120 dust measurements ma.de comparing the cutter 
eel sprays alone to the normal spray system indicated a 30-percent reduc­
on in airborne respirable dust. 

Needless to say, the operation of the cutter wheel sprays, even with a 
mplified seal system, created maintenance problems. On several occasions, 
pecially with higher water pressures, the seals failed and water entered 
e gear case assembly. This required complete disassembly of the gear case 
d installation of new seals which was a rather lengthy process. However, 
e last seals which were installed on the unit lasted. approximately 4 mnths 
fore failing. Surprisingly the sprays did not plug as easily as expected 

- d proved to be no nore d.if'ficult to maintain than the regular sprays. This 
s probably due to maintaining the water pressure near 200 psi. 

These results are believed to be quite similar to those of MRE with the 
earer drum. While MRE reported a reduction of 64 percent in respirable dust, 
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this was compared to dry cutting, while their normal spray system showed a 
24-percent reduction compared to dry cutting, or a difference between bit 
flushing and regular sprays of 40 percent, which is not too mu.ch different 
from the 30 percent reported by the Bethlehem Mines Corp. 

Such results were encouraging enough to warrant further development, and 
it was decided to proceed with placing a water spray at each bit block. Again, 
the cutter wheel was redesigned, and this time instead of ioounting the sprays 
in the outer periphery of the cutter wheels a spray was m:mnted in each °§f, 'he 
28 bit blocks on the four wheels. This resulted in 112 sprays 100unted in e 
bit blocks. The sprays were sized so that at 100 psi, 35 gpm would be di -
charged through tpe wheels. · 

To reduce the possibility of weakening the bit blocks small-sized sprays 
were installed. Inasmuch as the small sprays did not have screens large enough 
to rem::,ve much entrained solids, they plugged almost illlmediately, even though 
a water filter was used. · 

Consequently the plugging problem prohibited successful operation of the 
bit block sprays, and they could not be kept operational long enough to obtain 
any satisfactory results. Further work on this project may require a redesign 
of the blocks to accolIIIOOdate a larger spray. It is felt that results have been 
promising enough on this approach, based on the work performed berth in Great 
Britain and the United States, that further development should continue. Even 
though it may not be the total answer to the problem it is certainly the best 
approach, since it prevents the dust from becoming airborne, rather than trying 
to handJ.e it after it has been placed in suspension. It also reduces the float­
dust handling problems. 

lilGH-EXPANSION FOAM FOR DUST CONTROL 

Attempts have been made to control airborne respirable dust with high­
expansion detergent foam. The British have experimented with foam for control 
of dust from rock drilling, cutting, and shearing. Most of the experiments 
have been abandoned because of the high cost of foaming agents, lack of foam 
generators, and inability to obtain the proper consistency. 

Early research on i;he experimental application of foam for dust control 
(5, 6) in the United States was conducted with a volumetric ratio of 22 to 1. 
Preliminary tests were conducted spraying the foam through a single hose at 
the coal face which was being cut by an oscillating ripper-type machine. The 
goal of the tests was to build up a blanket of foam behind the cutter wheels 
of the mining machine in an effort to prevent the dust from becoming airborne. 
These first tests were successful enough that further development was 
considered. 

A m::,dified foam-generating ma.chine was designed to produce an expansion 
ratio of 50 to 1. Again, an oscillating ripper-type continuous miner was 
selected for testing. Foam was directed to the top and bottom of the ripper 
head. Visual eval-µation determined that the use of foam produced a much cleaner 



,nvironment in the face area. Attempts to fill the face area with foam were 
J,DSUccessful., inasmuch as the foam was very wet, resulting in water in the 
,orking areas. Foam accumulation also presented a problem in addition to 
j,nding a suitable delivery system for discharging foam to the face : 
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The Bureau of Mines continued its research and development of a suitable 
~cam-generating system. The goal of this initial project was to develop a 
zystem which would include a short-lived foam ( l/2 to 1 minute duration) 0£ 
3JDE1ll bubbles, which should be una.££ected by water hardness and not introduce 
:cal-cleaning problems. The £oam nozzle was designed to be m:mntable on a 
Dining machine and to generate £oam at a working pressure 0£ 100 psi, or 
tlgher i£ necessary. Maey JIDdi£ications were made to the nozzles in development 
3tages during seven £ield tests conducted by Bureau personnel in cooperation 
nth several operating companies. The initial expansion ratio of 15 to l. was 
Lncreased to 300 to 1 in the final version 0£ the nozzles. 

Reports 0£ the field ·testing 0£ the £oam nozzles indicated that the a~ 
p-lication 0£ £oam showed promise as an e££ective means 0£ controlling airborne 
~t. Tests were conducted at the Cambria Di vision 0£ Bethlehem Mines Corp. on 
!l boring-type contimious miner using the £oam system developed by the Bureau. 
l'hese tests were made by representatives 0£ the Bureau arid Bethlehem Mines per­
sonnel. The Cambria Division is located in Cambria County, Pa. The mine at 
which the tests were conducted is mining in the Lower Kittanning seam, approxi­
mtely 42 inches in height, employing both boring-type. and oscillating ripper­
type contimious miners. 

The system used for generating £oam, which was designed by the Bureau, 
consists of £cam-generating nozzles JIDunted in a header and an arrangement 
for supplying them with a 1 l/2-percent solution of £omning agent and water · 
at a pressure of 180 psi. The £ca.ming agent is a synthetic detergent and is 
fed into the water supply iine from a tank pressurized with nitrogen. 

The £cam .generator is an assembly 0£ a full-cone spr~ nozzle mmnted in 
a~ l/2-inch-diameter tube 10 inches long. A venturi throat and cone-shaped 
20-mesh screen are contained within the tube. Foam is generated by water pres­
sure and the venturi throat which induces air into the tube passing across 
the wire mesh, resulting in a discharge of foam bubbles. At a water pressure 
0£ 180 psi, the nozzle generates £oam at a rate 0£ 300 gpm, with a foam-water 
solution rate 0£ 1 gpm. The £oam is discharged in a straight line with a 
trajectory 0£ 4 to 6 £eet from the discharge point 0£ the generator. 

Ten foam nozzles were JIDunted in a header laid across the gearcase 
directly behind the rotating cutters. Because 0£ very iimited clearance-be­
tween the roo£ and the top 0£ the gearcase, it was very di££icult to maintain 
the ·nozzl.es in operation. Limited sampling data were obtained, indicating a 
reduction in respirable dust by as mu.ch as 50 percent. However, it is £el.t 
that the data obtained were not sufficient~ make an ·accurate deter.mi.nation 
of the e££ects of the foam. There was a noticeabl.e visible :im.(n-ovement when 
using the foam as compared to the water sprays normally in operation. Because 
·of the space liml.tatiol;lS, it was decided that no further tests should be con­
·ducted on this boring-type miner. 
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A second series of tests were conducted on an oscillating ripper-type 
continuous miner operating in the Pittsburgh seam at the Ellsworth Division 
of Bethlehem Mines Corp. Ten foam-generating nozzles were assembled in a 
header and placed across the end of the head boom, aimed at the rotating 
cutters. With these nozzles in operation approximately 3,000 gpm of foam was 
produced. Comparison dust measurements were ma.de with the foam and the regular 
water spray system consisting o:f 1B nozzles at 290 psi and 11 gprn. The pur­
pose of the tests was to fill the entire section being cut with foam in hopes : 
of capturing the dust as it was generated by the cutters. ! 

Comparison of the use of the foam to the normal spray system indicated a 
15-percent reduction in airborne respirable dust with £oam. The foam appeared 1 
to be .100st effective while sum.ping in the coal. However, once the coal was I 
cut and the miner began to cut down the draw slate, the foam did not fill up j 
all the open areas, the dust concentrations increased. Due to the height of 
the coal and draw slate it did not appear to be a practical application. Ther 
were no problems with foam accUJID.llation on the bottom, since the :foam was 1 

readily mixed with coal. 

A subsequent series of foam tests was scheduled at Beth-Elkhorn Corp.1·n 
eastern Kentuclcy. The tests were conducted again on an oscillating ripper-t 
miner operating in the No. 2 Elkhorn seam. · . · 

Tests were conducted initially with 14 generating nozzles .and a flow r~tJ 
of 4,000 gpm of foam. ·The results were quite poor and were no mre effective 
than the water sprays normally in use. Fourteen additional nozzles were then 
ma.de available and additional trials were made with 28 nozzles laid across th 
top of the machine. With 28 nozzles operating, .100re than 8,000 gpm of foam 
discharged to the ·race. Dust concentration measurements were again made and 
the test results indicated a 30-percent reduction in airborne respirable dust 
in comparison to the normal spray system. 

FUTURE WORK WITH FOAM 

An investigation is currently in progress to evaluate other means for 
generating the foam. While it is .possible to generate higher expansion ratios., 
adequate delivery systems have not yet been developed which will. get the foam 
to the face to cover the entire face area. It was found that in order to. be 
effective, all voids DD1St be enclosed, or dust will come . through into the 
at.Ioosphere. It is believed tl:la't- there is enough turbulence and mixing of the 
foam with the coal that the foam would not prohibit the release of methane, 
although this may be a problem in extremely gassy faces. 

Even though a 30-perceIIt reduction is promising, it is far f'rom satisfac­
tory. It will be necessary to try maey configurations and locations of nozzles 
to .100re adequately improve the perforDance. Future underground studies will be 
conducted. In addition it has been faind that a l/2-percent solution may be 
as effective as 1 l/2-percent, thereby influencing the cost factor. With 28 
nozzles at a l/2-percent solutio~ assuming a cost of $1.50 per gallon and a 1 

mining rate of 5 tons per minute, the cost would be 4 cents per ton. 
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The present delivery system is far from being workable, since plugging 
and protection from roof and coal damage are serious problems. It, will be 
necessary to further improve upon the reduction of dust concentrations, in 
addition to designing a system which is compatible with the mining sequence. 
It is felt that further studies are in order to more accurately determine the 
l1S¾tential application of foam for the control of airborne respirable dust. 

The major question to be answered is whether the foam, if delivered in 
sufficient quantities, can adequately reduce the airborne dust concentrations. 
If this problem is overcome, then the remaining problems would be less diffi­
cult to solve. 

USE OF WATER IN CONVENTIONAL MINING 

The application of water at the point of dust origin has also been incor­
porated into conventional mining systems (1) • One operator recently reported 
on the development of coal drills which are provided with water jackets. The 
jackets are installed at the drive end of the hollow steel auger, and water 
is delivered from the spray system to the water jacket by means of a l-inch 
rubber hose. Water passes through the auger and discharges in the hole near 
the drill bit where the dust is created. A wet slurry is formed in the hole 
being drilled and is flushed out·by the action of the rotating auger and the 
water. The slurry and water fall on top of the coal cuttings which were made 
by the cutting machine and add moisture to this material. Also the hole is 
au.tomatically washed out and free of any dry dust. 

In addition water is also added to cutting machines at the rear of the 
cutting bar. Some operators place the water spray at the front end of the 
cutter, piped through the cutter bar, which is reportedly more effective during 
a shear cut than to have it discharge at the rear of the cutter bar. 

Many loading ma.chines are also equipped with water sprays, as are other 
locations such as belt transfer points. 

WETTING AGENTS 

The use of wetting agents for control of dust has been a rather contro­
versial issue. The concensus today is that the use of a wetting agent will 
make a noticeable difference in the larger sized dusts but does very little 
for suppression of the respirable dust, although some reductions have been 
noted (.,© on .coals which are hard to wet. 

Wetting agents and water applied along a belt line can reduce the total 
quantity of water necessary since there is sufficient time available for 
surface contact between the wetted solution and coal. However, once the coal 
dust has been placed in suspension the effects of wetting agents on lowering 
the dust concentrations are questionable. While there ·has been little published 
statistical data m:>St investigators have concluded that wetting agents do 
little to suppress airb?rne respirable dust. 
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FUTURE WORK 

While much has been do~ in .the development of water spray systems, ther~ 
is nevertheless a need for future development. One such project is the continuect 
development of flushing cutter bits. It will be necessary to make maey revi­
sions to those\ currently available, and studies of flushing cutter bits should 
include an evaluation of their effect upon dust concentrations by measuring the 
respirable' dust content in the breathing zone of personnel. Visible observa­
tions do give an indication of reductions~ but it is necessary to make very 
' careful measurements of the dust.concentrations, and in so doing to reduce all 
variables which can cloud the results. 

Further development of the use of high-expansion foam appears to be a 
worthwhile project, and its evaluation should include all factors to ensure a 
compatible and workable system. 

Future development of water applications will need to include water as a 
scrubbing medium, encompassed as a packaged part of mining equipment. Applica .. 
tion of aey scrubber system must be compatible 'with the ventilation for the 
dilution and reiooval of gas, since the dust problem cannot be solved at the 
expense of methane gas liberation control. 
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DR. POTT.ER: The next paper will be presented by Maurice Deul, who is 
search Manager, Bureau of Mines, in Pittsburgh, Pa. His paper is entitled, 
ater Ini'usion--Room and Pillar Operations". 

PARAMEI'ERS TO BE CONSIDERED IN WATER INFUSING FOR DUST CONTROL 

by 

Maurice Deul 

.ABSTRACT 

The fracture permeability of coal is the single most important factor in 
:stablishing the effectiveness of water infusion. High rates of waterriow into 
:oaibeds indicate that large fractures exist in the coal. Low flow rates at 
dgh infusion pressures indicate a low-permeability coal. 

Experience with water infusion into solid coal through long holes sealed 
::iear the deep end of the hole indicates that such coal has a low permeability 
to water, on the order of tens of millidarcys. Very high pressure pumps are 
~equired to move a mass of water several hundred feet through a coalbed, and 
Clow rates are usual~ limited to less than 1D gpm. Consequently\ a five-entry 
tace area 500 feet wide may require infusion at high pressures for as long as 
3 or 4 days. 

Even if coal is "totally'' infused along the major fracture openings, the 
~ffectiveness of ~ter infusion in controlling respirable dust when\using con­
tinuous·, miners is questionable, because the newly fractured surfaces · formed by 
,rapidly moving cutting bits\ provide the major proportion of respirable dust. 

If disappointing results are to be avoided in f'ull-scale operations, it 
is recommended that the pertinent physical properties of the coal be established 
first. 

INTRODUCTION 

The ini'usion o:f coal with water under pressure as a means of reducing the 
dust produced during coal extraction is colmOOn practice· in Europe where long­
wall mining is the established method (.2_,_g) •1 In the United States there are 
only a :few reported instances of water infusion as a dust-control technique. 
Experiments have been conduct·ed· in water infusion to control methane emissions 

1 Underlined numbers in parentheses refer to items in the list of references 
at the end of this report. 
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at active face areas in coal mines with some success • .But attempts to develo~ 
the in£usion technique so that it can be applied ,on a predictable basis for 
methane and dust control have so far shown onzy- limited success and have 
mainzy- underscored problem areas for intensive investigation. 

The direct translation of European practice to United States coal mines 
is not possible. The reasons for this are not obvious until the different 
physical characteristics of the coalbeds and the differences in mining methods 
are considered. 

FLUID FLOW THROUGH COALBEDS 

The principal factors which control fluid flow through coal can be defi 
and measured. Darcy's law relates the voluma flow rate ( q) of a fluid through 
a known cross-sectional area (A) of coal per unit length ( 1) to the permea­
bility of the coal ( k), the driving pressure ( P), and the fluid viscosity 
(At) • Here is the general equation which states Darcy• s law: 

kA dP q ::: 
µ dl 

Assuming a uniform cross section and length and the permeability to be con­
stant for a given coalbed at one place, the equation can be integrated to 
yield: 

p 
q=­,, 

and for compressible gases converts to 

p2 
q=-;, 

( for liquids) 

(for gases) 

Here the voluma flow rate of fluids m::>ving through coal is shown to be 
directly proportional to the driving pressure ( or the square of the driving 

·pressure) and inversely proportional to the viscosity of the fluid. 

Our experience until onzy- recently has been limited to measuring the 
flow of methane through coalbeds and measuring the permeability of coal with 
respect to gases like methane at relatively low pressures; that is, less than 
1,000 psi (_!) • 

The relative ease of fl.ow of methane through American coalbeds can be 
explained by a permeability of coalbeds of the order of 10 to 100 millidarcys. l 
Horizontal bleeder holes, 2 inches in diameter, drilled into coalbeds several. 
hundred feet long, have produced about 10,000 cubic feet of gas per day at a 
driving pressure of about 250 psi. Vertical boreholes, 4 inches in diameter, 
drilled through a coalbed about 4-l/2 feet thick have produced about the same 
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yield of gas per day, 10,000 cubic feet, at a bed pressure suspected to be 0£ 
the order of 600 psi. What is_ important about these generalized data is that 
the coalbed, in which a 565-pound pressure has been measured from horizontal 
tx,reholes, contains water which, under the same driving pre~sure, blocked the 
£1,ow of gas into the vertical borehole and flowed into the vertical borehole 
at a rate of about 1.3 gallons per hour, 31 gallons per day, equivalent to 
abOUt 4 cubic feet per day. This same rate was measured many times for nnre 
thaJl 1 year. 

This will now provide some insight to what can be expected from infusion 
of coal by water under pressure. Infusion through deep holes, of the 'order of 
200 feet in length, and from near the end of the hole can be accomplished in 
coals with a permeability of about 20 millidarcys only at very high pressures 
and very low flow rates. Under such conditions, at 3,000 psi, the coal will 
accept water at a rate of only about 12 gallons per minute, and several days 
may be required to adequately infuse coal ahead of a four- or five-entry face 
area. Water infusion on this scale has not yet been accomplished in the United 
States. British and European experience with infusion holes longer than about 
60 feet is rare. 

BENEFITS OF INFUSION 

Now that we appreciate that c~al cannot be readily infused by water we 
must consider what the benefits of infusion may be. This will depend entirely 
upon the physical characteristics of the coal to be infused, upon the gas 
reservoir pressures of the coalbed, and upon the possible effects of precondi­
tioning the infusion water with surfactants. 

Bloc]cy' coals with widely spaced cleats (joint planes) will not be much 
affected by water, with or without a wetting agent, because the action of coal­
cutting assemblies of continuous mining machines is so vigorous that such 
blocks are broken with nearly explosive force and the new surfaces exposed are 
not wetted. This action was crudely simulated and is illustrated in figures 1 
to 4. Even a close-cleated relatively friable coal is not adequately wetted. 

Surfactants do offer some prospect for improving dust control by water 
ijifusion, but this is still only empirical because the mathematical analysis 
of the effects of polymeric additives to water has not yet been satisfactorily 
accomplished. In figures 5 to 12, inclusive, comparisons are made between the 
effects of putting a 10-mi.croliter drop of water, with and without additives, 
on polished and nat"Qrally fractured surfaces of Pittsburgh-bed and Pocahontas 
No. 3 coals. 

It must be understood that coals so wetted will still produce dust when 
broken. This is crudely shown in figures 13 to 15, where a collimated beam of 
light is directed across a 12-inch span sidelighting ·coal-dust particles in 
suspension. These dust clouds were formed from striking single pieces of coal 
( figs. 2 and 4) • 
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CONSTRAINING FACTORS 

Even though there may be substantial improvements in the techniques of 
water infusion of coal, there are some significant constraints to the use of 
water infusion as a dust control method. 

A. Physical characteristics of the coal. 

1. Fracture density. 

2. Dust in the fractures formed as a result of earth nx>vement~. 

3. Wettability of the coal. 

4. Permeability of the coalbed. 

5. Distribution and occurrence of large fractures. 

B. Properties of the infusion water. 

1. Viscosity with and without additives. 

2. Surface tension with and without additives. 

3. Effect of soluble salts present in the coalbed. 

C. Geological environment of the coalbed. 

1. Clay content of roof and floor rock. 

2. Presence of "clay" veins, dikes, and vertical displacements in 
the coalbed. 

D. Availability of adequate equipment. 

1. High-pressure pumps, compact and low capacity. 

2. Reliable seals for water infusion holes. 

3. Capa.bili ty for drilling deep holes into the coalbed. 

E. Effects of methane and other gases in coal. 

1. itesistance offered to water penetration by gas in the coal. 

2. Maintenance of effective controls for methane forced out of. the 
fracture system. 

CONCLUSIONS 
Consideration of the restraining factors mentioned in this brief report 

indicates that water infusion can be effective if the fracture permeability of 
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the coal_allows the infused water to be thoroughly distributed throughout the 
coalbed in advance 0£ the £ace area. The distribution of the infused water • 
de)?E:ndent upon cleat spacing, wettability 0£ the coal, proper selection of ia 
su:rfactants, resistance to water penetration by gas in the coal, and availa­
bility 0£ adequate infusion equipment. 

InfuSion may be ine££ective and even dangerous i£ the geological environ­
uent 0£ the coalbed is not fully known, especially with respect to barriers to 
water infuSion such as the presence 0£ impermeable clay veins, rock barriers, 
or fault dislocations. Clay in the £loor and roo£, when wetted, may cause 
serious ground control problems. And £ina.lly, methane control problems may 
result when gassy coalbeds are indiscriminately infused. 

Ut:ililately, controlled experiments on full-scale operations in active coal 
JDi_nes .will be needed to de100nstrate the e££ectiveness 0£ water in.fusion as a 
c1USt-control technique. 
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QUESTION: Has the permeability 0£ coal beds been adequately de£ined, and 
are there any data available on this? How high should the permeability be to 
allow adequate infusion? 

MR. DEUL: To the best 0£ my knowledge, there are no data--no satis£ac­
tory data--on the permeability 0£ coal beds in the United States. We now are 
developing some data. In the £irst place, large cores must be collected and 
tested. This, however, is not really as satis£actory as doing the tests in 
situ because 0£ pressure problems. One should drill a hole parallel to the 
coal bed, pack it 0££ properly, infuse the hole with a fluid, measure the now 
rate out 0£ the other hole, and thereby determine precisely what the local 
permeability is. 

We have already made some tests and these tests are what I base my £igures 
on. A coal bed with a permeability 0£ 10, 20, 30 mi.llidarcys can be infused, 
Pl'Ovided that you have patience. These permeabilities are the kind that are 
encountered in water fiooding 0£ gas and oil producing horizons. If 100 milli­
darcys is coal beds' permeability, it may be possible to infuse these at very 
high pressures in a relatively short length 0£ time, depending upon the area 
that you want to infuse :f.rom one hole. So, you are getting into geometry 
problems. 

377-274 O - 70 - 10 
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Figure 1.-Pittsburgh-Bed Coal, Wet, W-Jth Platen and Hammer. 
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FJgUR 2.-Pittsburgb-Bed Coal, Wet, Wrtb Platen and Hammer, Breaking. 
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Figure 3.-Pocahontas No. 3 Coal, Wet With Surfactant Treated Water, With Platen and Hammer. 
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Figure 4.-Pocahontas No. 3 Coal, Wet With Surfactant Treated Water, W-rth Platen arid Jlammer, Breaking. 



Figure 5.-PittsbUIBh-bed Coal, Polished Surface, With 10-Microliter Water Droplet. 



Figure 6.-Pittsburgh-Bed Coal, Polished Surface, With 10-Microliter Droplet of Water With a Surfactant. 



Figure 7 .-Pocahontas No. 3 Coal, Polished S~ace. With 10.Microliter Water Droplet. 



Figure 8.-Pocahonm No. 3 Coal, Polished Surface, With 10-Microliter Droplet of Water 
With a Surfactant. 
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Figure 9.-Pittsburgh-Bed Coal, Fracture Surface, With 10-Microliter Water DropJet. 



Figure 10.-Pittsburgh-Bed Coal, Fracture Surface, With 10-Microliter Droplet of Water With a Surfactant. 
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Figure 11.-Pocahontas No. 3 Coal, Fracture Surface, With 10-Microliter Water Droplet. 



Figure 12.-Pocahontas No. 3 Coal, Fracture Surface, With 10-Microliter Droplet of Water 
With a Surfactant. 
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. Figure 13,..;..Pittsburgh-Bed Coal, Airborne Dust From Broken Dry Block. 
Twelve-inch span; 16-second exposure. 



Figure 14.-Pittsburgh-Bed Coal, Airborne Dust From Broken Block Wetted With Surfactant Treated Water. 
Twelve-inch span; 4-second exposure. 

I-' 
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Figure 15.-Pocahontas No. 3 Coal, Airborne Dust From Broken·Block Wetted With Surfactant Treated Water. 
Twelve-ilich span; 4-second exposure. · 
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DR. POTTER: The next paper will be a pa.per on water infusion in longwall 
operations by U. A. Cobb, General Manager or the Carbon Fuel Company, 
Cl)arleston, W. Va. 

DUST CONTROL BY WATER INFUSION ON LONGW ALL FACE, NO. 2Q MINE, 
THE CARBON FUEL COMPANY 

by 

U. A. Cobb 

INTRODUCTION 

The longwall system or mining in the Carbon Fuel Co. No. 20 mine at 
carbon, w. Va., becBIOO operative on _March 2, 1964. During the first year or . 
pPer&-tion, our concern was the mechanic-al operation or the unit, but we became 
coDCerned early with the problem or dust f'rom the coal race and .dust created 
by the falling roof behind the roof supports. Our first effort to control 
this dust was by the use or water on both the coal face and the gob area 
behind the roof support system. The water sprays not only created a humid 
atmsphere • but also left the travelways under the roof supports wet and sloppy, 
both of which were objectionable to the workers. 

WATER INF1JSION EXPERIMENI'S 

In. the latter part or 1966 we started discussion and research on water 
infusion as a means or dust control. In January 1967 our first experiments 
began. The procedure was described in detail in t~e August 1967 issue or 
Coal Mining and Processing under the title "Try Water Infusion". This paper 
was prepared by Mr. H.C. Morton who was at that time the division superinten­
dent or the Carbon Division and responsible for the experiment which has 
become a regular cycle in the longwall operation. · 

The seam or coal under discussion in the Big Eagle which, in the area 
beiDg mined, carries a shale binder approxi:mately 1.8 inches below the roof. 
The holes are drilled above this binder and it ~ be that the water only 
pe:cetrates the bottom portion of the seam after this binder has been f'ractured 
b;1 pressure. We tried infusing a hole drilled below this binder· with the fol-
lowing results: · 

The water penetrated the bottom coal too f'reely and ran out of the rib 
creating an intolerable accumulation or water on the -floor. I believe this has 
been experienced in same seams where ini'usion has been used to· drive out 
methane. The water· ca1¥3ed the floor to deteriorate. This raised the question 
.as to whether or not water inf'u.sion is feasible in other seams that are m:>re 
Porous and that do not have the impervious binder such as occurs in the Eagle 

1171-274 0 - 10 - ll 
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seam at No. 20 mine. There is also the question of how much damage water 
infusion will cause in fragile roof structures since we now know that water 
under pressure does travel long distances through the roof and floor stratwa, 
whichever is the most porous. We will return to this · question later in the 
discussion. 

The procedure for preparing the face for infusion and the method of 
pumping and addition of a wetting agent to the water has not changed appre­
ciably from those described in the article in "Coal Mining and Processing" 
described above. For those w~o did not read this description and for review~ 
I will briefly describe the process. 

The length of this longwall face is 350 feet and the panels have varied 
from 1, 800 to 3,800 feet in length. The infusion holes are 6 inches in diamet 
and 200 feet deep. The holes are drilled from the head entry parallel to the 
longwall face and 20(? feet apart. The drill is driven by a 10-hp, de electriq 
motor. The auger-type drill steel is in 6-foot lengths. Needless to say, a 
better drill could be obtained with longer feed ~nd better construction fo-:,:­
maneuverability. It is also very probable that a hole 4 inches in diameter 
would suffice. After the hole is drilled, a 40-foot length of 1-inch pipe i~ 
grouted in the }:J.ole. The grout is composed of one part cement and one part · 
rock dust and is placed around the pipe with a grout pump. To prevent the. 
gro'Q.t from passing the .inby end of the pipe, a rubber stopper is installed on. 
the pipe so that it can be inf;Lated by wate:r; pumped through a J/4-inch pipe.' f 
The rubber stopper is deflated after the grout hardens and the J/4-inch pipe 
is reiooved. The stopper is·recovered when the face reaches the hole. Our 
experience shows that on a new face, pumping should be started in the first 
hole, 200 feet ·rrom the face, about 1 week before ·the mining begins. Pumping 
is continuous. The pump is moved to the next hole 200 feet away when the face 
is approximat.ely 40 feet from the hole being pumped. About one pint of coal 
dyne 100, a wetting agent, is added to each 1,000 gallons of water. A water 
flow meter is l;lSed to determine the amount pumped in each ' hole, which is 
usually about 150,000 gallons. The pump delivers 12 gpm and pressure goes· as 
high as 400 psi. Pumping is discontinued only over weekends and is started at 
the beginning of each SUnday midnight shift. 

Like air other cycles of coal mining, water infusion requires close supel"-1 
vision and attention. If the pump is not delivering the water for any reason, 
the coal will become dry in a few hours- and will remain dry for as many or mor 
hours after pumping is resumed. In the Eagle seam the water penetrates the 
strata over the coal and suppresses the rock dust created by the gri~ing 
action of the caving roof. Actually the dust created by the roof falls caused 
as much concern as the · coal dust in the face region. Dust from the coal face 
after in:fusion varies with the roof pressure on.the coal. When the coal is 
very hard, the rubbing action of the planer creates fine dust, especially 

.near the top of the seam. When the coal is crushed by pressure, there is very 
little visible coal dust on the face. In.addition to No. 20 mine, we infused 
the No. 2 Gas seam on a continuous miner section, and the results were very 
disappointing. One hole was drilled in the center of the face. The hole was 
20 feet deep and water appeared over the entire face. The appearance of the 
water in the coal was as good or better than it is on the longwall face, but 
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t}le visible dust from the miner improved very little. We believe that the 
9ater follows the cleavage planes in the coal and when these planes are cut 
tbrough dust is created. This is as observ~ in No. 20· mine on the longwall 
race when the coal is hard. The same action was observed in conventional min­
j,ng after infusi'?n· The dust c;reated by the coal drill, from observation, was 
slJOC>St as much as created wi th'?ut infusion. The cutting machine dust was much 
iess with infusion because water did accumulate on the floor. We found that 
one spray on the cutter bar was very effective after in:f'usion. In · conventional 
]Dining, however, the greatest improvement in visible dust was at the loading 
JD&chine discharge into shuttle cars and at the loader head. Excellent results 
in controlling visible dust appear on belts, belt discharge, and loading 
points and in airways where infusion is done both on longwall, conventional, 
end even on the continuous miner. It is our experience that sprays on the face 
equipment accomplish very little in dust suppression in belt entries and re­
turn airways. 

One of the most noticeable improvements on the longwall face, when 
properly infused, is the improved vi~ibility. E.ven when the coal is hard and 
dust :j.s raised by the rubbing action of the planer, very little dust appears 
when coal falls from the ~ace into the conveyor. Another product of infusion 
is better planer action in separating the coal from the roof. 

ACTION OF WATER IN 0TII:ER SEAMS 

Ex:periments in other semns have..proguc~ some interesting results as 
,tonows: 

Pond Creek 

Two holes were drilled 50 feet deep in a five-entry system, one in 
, E. entry. .Approximately 6,000 gallons of water was pumped into the two holes 
in 6 hours, starting with the midnight shift. Very little water was evident 
'during the next two operating shifts. This continued for 3 days before the 
coal appeared wet. The water had traveled through the coal to a low spot or 
dip in the seam about 200 feet from the face at the beginning of the infusion • . 
'.ffi.e accumulation was so large that we had. to pump water from the face regioµ. 

No. 2 Gas Bed 

Water penetrates the seam evenly but also runs to dips and accumulates. 

Winifrede Bed 

This seam contains a binder similar to the Big F.agle and the infusion is 
much easier to control. Water does run to lower points but not so much as in 
seams without the binder. 
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In the Big Eagle seam on the longwall panels the water rarely ever ac­
cumulates in the dips. This is probably .because o£ the binder and the roof 
strata which convey the excess water away from the coal. 

~ experience with water infusion at Carbon Fu.el h~s shown the follow, 
ing advantages of infusion for dust suppression: 1 

1. Causes no interference with production on longwall since the work it 
not connected with face operation. I 

I 2. Cne method controls the dust from the face to the surface. No 
are needed on belts or discharge points and rei;urn airway 1:9equires far 
rock dust. 

spraye 
less I 

I 
l 

3. Much less overwetting of coal than sprays. 'Ihe fine coal is not l 
soaked and the wetting of the coal is more even. The water evaporates qui cl 
causing less trouble with screening in cleaning plants. 

The ques~ion is raised as to whether or not water infusion is feasible 
other seams that are :qnre porous and do not have the i.lllpervious binder such a, 
we have in the Big F.agle at No. 20 mine. This can only be determined, we 1 

believe, by trial. It may be that holes could be drilled from both the head 
and tail entries and closer together. This means that the coal would be in­
fused nearer the face. However, if the water runs too freely in the coal and 
there is a dip outby the face, the water will run to the dip. Perhaps a chem- 1 

ical additive can be developed to slow down the rapid movement o:r the water 
through the coal-perhaps by increasing the viacos~ty o:r the water. 

We realize that our No. 20 mine may be unique because of the conditions 
which make infusion workable. These conditions have already been described. 
However, we do believe that the results obtained indicate that n:ore experi­
mentation should be done with infusion as a means of dust control. · 

On June 6, 1969, the Bureau of Mines began a limited environmental dust 
survey on the longwall section. 'Ihe dust sampling was conducted on a full- · 
shift basis for three production shifts. Personal samplers were worn by each 
face worlmlan and the foreman. Instrument packages containing three different 
sampling units, a personal sampler, the Isleworth sampler, and a gross sampler 
were placed in the intake and return airways and at a location about midpoint, 
of the longwall face. 'Ihe samples were collected on preweighed membrane fil­
ters and reweighed after sampling. 'Ihe results of this survey are shown in 
table 1. 

'Ihe results show the intake air current contained an average of 3 .. 03 
mg/m3 MRE and it was determined that most of this dust was being generated by 
the tail pulley of the conveyor .belt in the intake airway. 
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Table 1.--Dust survey in No. 20 slope mine 

-
-
:r,ocation: 

Ret~ ..................•... 

eenter of plow face ••••••••• 

In.take •••••••••••••••••••••• 

bccupation: 
No. 1 jack setter ••••••••••• 
No. ,2 jack setter ••••••••••• 
No. ·3 jack setter ••••••••••• 
No. 4 jack setter ••••••••••• 
No. 5 jack setter ••••••••••• 
Head operator ••••••••••••••• 
Head operator helper •••••••• 
Tail operator ••••••••••••••• 
Hand loading stall •••••••••• 
~pair.man ••••••••••••••••••• 
Foremen. ••••••••••••••••••••• 

Miscellaneous: 
~~e ••••••••••••••••••••• 
Operating time, minutes ••••• 
Percent .of operating time ••• 
Tons per minute of operating 
~~- ...................... 

l. No sample 
2 All samples contaminated 
3 Contaminated 

Type of 
sample 

MRE 
Personal 

MRE 
Personal 

MRE 
Personal 

. ......... .......... 

. ......... .......... .......... .......... .......... .......... .......... .......... .......... 

.......... .......... .......... 

.......... 

6-6-69 6-9-69 6-10-69 Mean 

Milligrams per cubic meter 

5.46 4.84 4.61 4.97 
1.98 1.86 1.51 1.78 

2.66 3.22 2.91 2.93 
0.92 -0.97 1.01 0.97 

2.44 ci > 3.63 3.03 
1.02 (1) 2.28 1.65 

1.14 1.27 1.91 1.44 
( 2) (2) ( 2) ( 2) 

0.58 0.95 0.95 0.79 
(3) 0.% 0.90 0.93 

1.27 1.25 1.14 1.22 
0.64 1.35 1.31 1.10 

ci > 1.94 1.76 1.85 
2.01 3.28 1.97 2.42 
1.74 1.71 1.92 1.79 

(3) 0.65 0.77 0.71 
0.85 1.18 1.08 1.03 

880 825 750 818 
207 275 240 241 
58 76 67 67 

3.14 2.25 2.35 2.85 

Source: No. 20 slope mine, The Carbon Fuel Co., Carbon, Kanawha County, w. Va. 
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DR. POTTER: This concludes the formal part pf the program this after­
noon. There has been a request by several .members in the audience to have the 
Bureau of Mines representatives answer several questions on Technical Prog­
ress Report No. 19. 

QUESTION: I w.onder if you would comment on the horsepower used. 

MR. KINGERY: I will explain the confusion regarding this horsepower. 
We were requested to evaluate the effectiveness of face ventilation methods 
for effective respirable coal dust control. At our first test in a co:nmer­
cial coal mine, we did not get the air velocity needed, because the auxil­
iary ventilating . system used did not have sufficient horsepower. 

It became evident that if we were to make a series of studies under 
varying conditions, we needed auxiliary ventilation equipment with unusually 
high horsepower. 

It was not possible to obtain a 25-horsepower certified motor for this 
auxiliary fan with which to continue studies. We had a large two-stage aux­
iliary fan used for research studies at our experimental mine. This fan, 
while not designed for field use, could be utilized. It was powered by a 60-
horsepower certified motor. 

We felt that the need was pressing. Consequently, we utilized this 
special 60-horsepower unit fan for underground studies. We obtained help 
from the American Brattice Cloth Corporation to supply tubing, and with the 
assistance of various mining companies, we conducted the series of face 
ventilation studies reported upon at this symposium. 

The 60-horsepower motor was rated horsepower; actually the fan was too 
large for this service. Consequently, the actual horsepower developed ranged 
somewhere in the neighborhood of possibly 15 to a maxinum of maybe 27 
horses. 

QUESTICN: Can you describe your noncollapsible tubing? 

MR. KINGERY: Noncollapsible tubing is a spiral-wrapped tubing, rein­
forced in such a way that it can withstand negative pressures up to 6 or 7 
inches of water. 

We did, however, collapse tubing during these studies because of the 
high pressures developed. We used tubing ranging in diameter from 24, 20, 
and 18 inches, which was the smallest. 

QUESTION (WOODS G. T.AIMAN): Were aey tests made in the mines split­
ting at the face? 

MR. DALZELL: Yes, tests were made. We were carrying the air up the 
center entries and splitting it. Yes, tests were made in which the intake 
air was taken up the center, split to the right and left in the face region, 
and carried back to returns. 
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QUESTION: What did the tests indicate happened to the other split? 

MR. DALZETJ,: There was very little effect on the other split, oostly 
l)ecause the volume of air was in excess of the capacity of the fan as it was 
operated during the tests. 

QUESTION: Were these tests reported in Technical Progress Report 19? 

MR. DALZELL: I don't believe so. 

QUESTION: Did you conduct arzy tests on pillaring sections? 

MR. DAZELL: The scope of the tests which were carried out this time 
dealt with continuous mining on development at entries. It was limited to 
this. 

MR. T.AU4AN: Development only? 

MR. D.ALZEIJ,: · That is right. 

MR. T.ALMAN: When you were not splitting at the face, what was the in­
take loading going to the people working downwind f'rom the fan? 

MR. DALZEIJ,: Do you mean the intake? It was considerable. I believe it 
ranged f'rom 1 milligram per cubic meter up to about 2-1/2 milligrams per cubic 
meter. This was a :f'Unction of the activity that was going on out by the pro­
duction area. 

MR. TAIMAN: I thought I heard Henry say awhile ago around 2 milligrams 
was the intake going to the continuous miner. 

MR. DOYLE: That was for one of the mines in our study. It was by no 
means the average. 

PROCEEDINGS 

.MR. CRENTZ: It is my pleasure to chair this third session of the dust 
symposium. 

For those of you whom I have not had the pleasure of meeting, 1If3 name is 
Bill Crentz. I am with the Bureau of Mines, and I work in the area of coal re­
S-earch. 

'I, 

Today we have what appears to be an interesting session involving two 
aspects of coal technology: machine design and dust collecting equipment, and 
a separate session on respirators and life support systems • 

.Af'ter each speaker concludes his presentation there will be a brief 
question session. May I again request that those questions only involve 
points which will enable the speaker -to clarify his paper, and that you re­
train from any technical discussion of his paper until later. 

Our first paper this oorning is one on the theory of machine design and 
will be presented by R. J. Hamilton, Head of the Dust Group, National Coal 
Board, Isleworth, England. 
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PRINCIPLES OF MACHINE DESIGN AND OPERATION RELATED TO DUST 
PRODUCTION AND CONTROL WITII PARTICULAR REFERENCE TO 

WNGWALL MINING IN THE UNITED KINGDOM 

by 

R. J. Hamilton 

INTRODUCTION 

The production or some :fine dust is inevitable in virtually every mini~ 
operation, but under typical conditions :fortunately only some 5 percent of' tlit 
potentially respirable dust made is dispersed into the air. · Attention paid to 
reducing the make of' dust and its dispersion can of'ten be IID.lch more ef'f'ective 
than the use or conventional dust suppression measures and should always be re­
garded as the :first step in an ef'f'ective dust control programme. 

A high level of' dust production is usually related to inef'f'icient use of' 
energy, and the lowest dust concentrations are not inf'requently found in the 
highest productivity coal :faces. In this paper most of' the ref'erences to vari~ 
ous mining operations are those occurring on longwall :faces, since this method 
of' mining is that most widely used in the United Kingdom. However, the prin­
ciples of' breaking down coal with cutter picks and the mechanics of' dust dis­
persion are comroon to both British and American mining methods~ 

DUST.FORMATION 

Figure 1 illustrates the size distribution of' the debris produced by a 
mining machine such as an .Anderton shearer. The potentially respirable dust 
and :float dust :form a more or less constant :fraction of' the minus 100-mesh 
particles :for all types of' breakage, depending only on the material broken, 
w~threlatively more :finer material when the material is sandstone or shale 
rather than coal. A reduction in dust production is best achieved by increas­
ing the top size of' the product, as happens, :for example, when the depth of' 
cut taken by a pick is increased (:fig. 2). As it is :forced through the coal 
there is crushing at the pick point until breaking of'f' to a :free su.rf'ace oc­
curs. -At a greater depth of' cut, although the amount of' material crushed to 
dust is not very dif'f'erent, it becomes a smaller proportion of' the total 
brea~ge product. Blunt picks give rise to more crushing, and tperef'ore 
greater amounts . of' dust :for a given depth of' cut, and require the use of' more 
energy. The National Coal Board 'large pick' shearer drwn (:fig. 3) has taken 
to its logical conclusion the concept of' deep cutting and gives rise to only 
about one-half' of' the dust f'ran conventional shearer drums. 
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DUST DISPERSION 

.Although increasing pick speed results in no g+eater production of dust, 
,yj_ded the depth of cut is kept the same, the proportion of this make of dust 
ch is dispersed into the air increases roughly proportionally with pick speed, 
shown in figure 4, which illustrates the results of laboratory experiments. 
als carried out with several types of mining machine underground have confirmed 
se results. Coals also tend to differ in the amounts of dust thrown up into the 
by a given cutting process, stronger coals breaking more 'explosively' than 

k ones. 

The reduction of pick speed is the most important simple step in bringing 
n the dust concentration arising from a mining machine. Pick speed is commonly 
ecessarily high and a reduction of this by one-half can often be achieved with 
reducti~n in cutting speed (or haulage speed on a longwall face) or increase 
the power required. If this is done, the depth of cut is doubled and the dis­
sion approximately halved - resulting in a reduction of about 75 percent in 
t concentration. There are two limitations to the extent to which haulage rate 
be increased and pick speed reduced on a drum. The first is the obvious one 

the amount of torque available and the strength of machine component and picks, 
the f!econd the capacity of the drum to clear broken coal. OptiIIll.llil dust con­

ions and productivity exist when the drum is kept well filled with coal, with-
being I throttled' • An ad.di tional dust problem, which is possibly confined to 

~all working, results from the projection of dust across the ventilation 
eam when the drum is lightly loaded with coal. Drums which are being used to 
im' corners are particularly prone to give rise to dust in this way, and in a 
~ventilation velocity the resultant coarse dust (in addition to respirable 
t-icles) can be most unpleasant. The ultimate in reducing dispersion is probably 
feved by the 'coal plough', which is widely used in French and German mines:, 
to some extent in the United States and Great Britain. It virtually consists 

:l single low-speed pick, which when used in level seams, where there is little 
t f'rom falling coal ·end from the waste, gives rise to very little dust indeed. 

PRACTICAL OBSERVATIONS 

I.ongwall Faces 

Figures 5, 6, and 7 show the dust produced by a number of .Anderton shearers 
'roadway ripping machines' -in routine use. There is no less than a 500-to-l 

!erence between best end worst conditions. Horizontally mounted drums have very 
U. depths of cut at floor and roof, and most of the dust production arises from 
3e zones. Cutting into shale or sandstone also gives rise to more dust than 
~ing in coal (because of the relatively greater amount of fines in the break­
product) and, when the rock is harder than the coal, often results in a slow-
down of the machine and an additional reduction in the depth of cut. ()l long-

l faces these difficulties are being to some extent avoided by the introduction, 
3t, of improved manual control of cutting horizon on .Anderton shearers, and 
>nd by the application of nucleonic sensing of the rock-coal interface to.allow 
>matic steering to keep the machine in the coal seam. 
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Coal and Rock Headings 

.Although there has been much less experience with heading machines of 
the types used in the United states, .some interesting observations have been 
made. The (M. & C.) Norse Miner cutter disk commonly used in the United 
Kingdom has a humber of picks with small lateral spacing distances from those 
ahead. These \railing picks 'track' when working in a hard coal, and give 
rise to vibration and 'coring'. Under these conqitions, it has been found on 
several occasions that removal of 25 to 30 percent of picks on the disk can 
give a significant improvement in coal sizing and a reduction in dust con­
centration. Similar improvements have been achieved with the NCB Dosco 'dint­
header,' a machine equipped with a cutter mat. In a hard shale arcing-over · 
speed was brought down to 2 feet per minute - with excessive dust and vibra­
tion. Figure 8 shows a fragment of shale with clear evidence of inefficient'­
cutting. Removal of 50 percent of the picks. to avoid I tracking', and a reduc..­
tion in pick speed, allowed 12 feet per minute cutting speed and a remarkable 
reduction in dust. 

FACTORS IN THE DESIGN OF CUTTER PICK MACHINES 

For optimum cutting efficiency, using the lowest specific energy and at 
the same time giving a good breakage product and ·minimum dust make, the lat­
eral spacing between picks should be approximately equal to twice the designed 
depth of cut, to allow adequate 'breaking out• and to make use of the brittle 
fracture properties of coal measure rocks. This principle has been applied in 
the pick lacing pattern of' the NCB large pick shearer drum, which together 
with the resultant breakage patterns -at different cutting horizons is shown 
in figure .9. 'lhis drum has ll or 12 two-inch-wide picks, and has proved suc­
cessful when it is used to cut . in a homogeneous coal seam. However, when there 
are hard bands in the seam, or other difficulties such as the need to cut root 
or floor occasionally, the small number of picks evidently proves to be a dis­
advantage. The use of a greater number of narrower picks seems to be more 
successful. 

From our limited observations, it appears that the lacing pattern of picks 
in a •cutter mat• should ideally follow the same general principles as those 
stated above for shearers, but the same principles do not necessarily hold far 
narrow kerf chain cutters - where the removal of coal for the kerf is also 
carried out by the picks. 

Measurements of dust production from different forms of cutter pick have 
shown that sharpness is the ioost important feature, with little difference 
between various pick shapes. General rules are that 'front rake' angle of 
about 15° seems to give a good compromise between cutting efficiency and pick 
strength, and a 'clearance angle' of ioore than 5D is necessary. Both 'point 
attack' and radially mounted picks are in use. The former have the advantages 
of greater strength, but the traditional cone-shaped 'point attack' pick has 
the .disadvantage of a negative clearance angle and poor performance in hard 
material. 
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DUST FRCM TRANSPORT SYSTEMS 

Under modern conditions, ~e. mining machine itself' may not be the major 
st producer. High rates of,p_roduction and -the associated high ventilation 
tes required to dilute methane can result in transport systems becoming 
re dusty. In practice measures needed to control the 'intake pollution 1 

st arising from the transport system may be. simpler·and easier to-implement 
an those necessary to reduc.e dust from the mining macpine even further. , . 

r 

Conveyor belts themselves can be sources or dust which may be dispersed 
the high relative air speed, particularly where .conveyors are in intake 

rr,ays • .Although extra air volume dilutes dust, when a;i.r velocities over the 
al. rise above 600 to 800 feet per minute, dust is blown .from the moving belt, 
d inadequately sealed Joints between lengths or conveyor, lack of cleaning 
return belts, and peaking of the coal load can make matters worse. r.onveyor 

ansfer points and mine car loading points are 'Yell-lmown dust sources. Here 
ee fall or coal nn.ist be avoided if possible, and if the provision or a chute 
ils to reduce dust to acceptable levels, it may be necessary to enclose the 
ansfer or loading point from the main ventilation current. When rapid inter­
ttent loading of. a mine car from a bunker or hopper takes place, an enclo­
re or internal volume at least equal to that or a mine car, placed round the 
ading point, can be effective in avoiding the dispersion of the dust-laden 
r displaced from the car.  

Water sprayed onto coal on conveyors is most effective if it is applied 
early as_possible, to allow effective mixing or water and coal .before dis­

:rbance at transfer and loading points. Sprays used for this purpose .should 
.ve qoarse droplets and be chosen to give uniform coverage over the conveyor. 
1e flust suppression is effective. "1£ the water is present as 'free moisture' 
1 the surface or the coal. 

THE APPLICATION OF WATER ON MACHIN~ 
J 

Elc:ternru. water sprays are ·in widespread use on all types of mining ma­
lines. There is nt>:w ~.general a~reclation that sprays should be sited to wet 
le dust I at· source, I :.rather than be used to produce a finely atomized curtain 
• 'Water, which has been shown to be ineffective in removing respirable dust. 
~asurements or the effect or water sprays fitted to a number or differen~· 
f¥es of machine show t_hat a typical exteI"?al spray system in good working 
pe:c reduces respriable dust by up to 25 to 30 percent, ·compared with dry 
titing. The removal of coarse dust is somewhat more efficient, and the wet­
~ or the coal at the machine, by wh~tever means, resul~s in the reduction 
~ the dust produced on the transport system. Sprays should, for maximum effect, 
~Ject coarse droplets at the dust source, and it has been found that the 
:nmting of such sprays in cowls close to the disk or drum increases their 
~recti veness. · 

The provision of water feed to the actual cutters themselves is now be­
lllli.ng more _general, . and sprays mounted on the barrel of a cutter drum are 
:>re effective than are external water application systems. Sprays or the 
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£ishtail pattern which can be rotated to vary the width 0£ water projection 
appear to be the 100st suitable type, and they can be mounted behind pick boxes 
for protection. The e£ficiency 0£ such a system is better than the normal run 
of external sprays, typically reducing respirable dust by about 50 percent. 

A IOC>re sophisticated technique 0£ using water to £lush the faces 0£ in­
dividual cutter picks is showing some promise (£ig. 10) and gives higher effi-

.ciency 0£ respirable dust suppression than either external or 'barrel-IOC>unted 
sprays (about 70 percent on respirable dust). This system may also be used with 
a phasing arrangement to restrict water flow to the cutting side 0£ the disk 
or drum, although for this to work it is necessary to have a stationary datum 
inside the drum i tsel£ ( achieved on Anderton shearer drums by carrying a £ixect 
pipe through the centre of the sha£t to the £ace side 0£ the drum). Di£ficUlties 
have been experienced with this pick £ace £lushing technique from two causes: 
the blocking of water jets and the breakdown of rotating seals. However, these; 
problems now seem to have been overcome satisfactorily. 

Water jets within the picks themselves lµlve not so far proved very suc­
cess.ful., since the water injected in this way cannot be ma.de to £low up the 
leading edge 0£ the pick without placing the jet in a vulnerable position, and 
achieving separate shrouded, nonblocking jets 100unted just ahead of the picks 
themselves has proved to be the most effective and trouble free arrangement. 
The external shroud is necessary to avoid damage and blocking by coarse broken 
material. 'Ihe Jet itself must be in ti:ie £orm 0£ a hole in a thin plate, to 
eliminate adhesion of particles to the wall of the hole, and in addition it is 
necessary to incorporate a small ·screen behind the jet to avoid blockage £rem 
particles in the water supply arising from corrosion inside the drum itself. 
Figure 11 shows such a nonblocking Jet which is proving to be success:f'ul on a 
number of installations. 

The optimum rate of £eed 0£ water to machines appears to be betwee·n 1 and 
2 percent by weight of the coal extracted (2 to 4 gallons water per ton of 
coal). The £low pressure at the mining machine should be- not less than 150 psi .. 
A problem in the PQ.St in U.K. coal mines has been the dif'ficulty of providing 
adequate flow and pressure at the machine. The availability of 1-inch-diameter 
hose pipe in long lengths, avoiding the restriction 0£ frequent hose connec­
tions, _has virtually rexooved this difficulty. It is also necessary to provide 
a simple mesh filter at the beginning 0£ the hose to reIOC>ve contamination in 
the mine water and. also at the machine end 0£ the hose to protect the sprays 
from blockage by dirt introduced into the line when the hose is disconnected 
or bro.ken. 

EXHAUST VENTILATION 

Dust control on heading machines is in general best achieved by exhaust 
ventilation, with, i£ necessary, £iltration of' the exhausted air. In Great 
Britain, where the majority of the headings are narrow, this is typically 
achieved by bringing up exhaust tubing to the . front 0£ the machine, supported 
along the side of the roadway by the alIOOst universal arches or roof girders. 
A major problem is the need tor the ducting to pass alongside the ma.chine, where 
there is often little space. There would be advantages £or such heading machines 
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incorporate in their design a ventilation duct, brought through the machine 
a position close behind the cutters. The cross-section of this duct should 
of the order of 2 square inches per square-foot section of heading, in order 
allow a minimum air velocity forward in the roadway of .50 feet per minute. 
some cases it has been possible to fit existing machines· with permanent ven­
ation ducting, but difficulties with modifications of this type are the 
ited room usually available, resulting in the use of too small section duct­
, and the alm:)st inevitable sharp bends, which together result in high re­
tance to airflow. 

Clearly the incorporation of an integral exhaust duct has less obvious ap­
cation to the large machines making multiple entries over a short period, 
.ess it were possible for a machine of this type to carry its own dust filter 
.hit. 

A dust control system which is being used with some success and has certain 
rantages over the conventional exhaust ventilation method in long headings 
ire there is not a severe firedamp problem, is the overlap system. This con-
:ts basically of a forcing ventilation duct which is overlapped at the end by 
;hort exhaust duct with filter and fan carried forward with the mining machine. 
i forcing duct is terminated by a diffuser ( figure 12) with a variable aperture 
rtter. When this is opened fully the heading is adequately ventilated by forc-
t air alone. When the exhaust system is used to control the dust from the 
:hine the opening at the end of the diffuser is adjusted to allow the exhaust 
1tilation to work in the absence of interference from high velocity forcing 
~. The forcing ventilation exceeds the exhaust air by a factor of between 
and 100 percent. 
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QUESTION (Mr. Anson): On one of your first slides on your experiment re­
ting to the pick's speed and the production of dust, the dust in milligrams 
r cubic foot was labeled as airborne. Was that airborne? 

MR. HAMILTON: This was total airborne. 

MR. ANSON: Twenty .microns and below, then? 

MR. HAMILTON: .Yes. 
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Figure 8.-Shale Fragment From Roof Showing Coring (With High Dust Make) by 
"Dint Heading Machine." 
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Figure 10.-Pick Face Flushing. A point-attack pick fed from a nonblocking jet. ~ 
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MR. CRENTZ: We now go to the state of the art of machine design, and we 
are -very fortunate to have with us Rolf F. Arentzen,- President, Lee-Norse Man­
ufacturing Company. 

MACHINE DESIGN: STATE OF THE ART 

by 

Rolf F. Arentzen 

My part of this program consists of identifying the state of the art of 
machine design. It would be very presumptuous of me to tell you that I under­
stand fully what is expected. I expect to make many errors, both of omission 
and commission. However, I beg your indulgence. I will try to touch upon machine 
designs in order to stimulate interest in the areas already partially explored, 
plus the possibility of opening up new areas for examination. 

To simplify the presentation, I have arbitrarily limited my thoughts to 
face machinery. Further, to reduce confusion, I have arbitrarily classified the 
face machinery into three broad groups of mining practice --- conventional, 
continuous, and longwall. You can see, also, that my concern with this study is 
only about underground face equipment. 

The conventional mining machines that I will discuss are as follows: 
loaders, cutters, face drills, face transportation (which includes shuttle car, 
mine car, and conveyor), roof drills, and the last part of the mining cycle, 
use of explosives or Airdox or Cardox shells. 

When we discuss loaders as 'dust generators,' the gathering device on the 
face erid of the machine, the conveyor that dumps the coal into the transporting 
device, and finally the crawler track that moves the loader throughout the mine, 
are the parts of the machine involved. The various speeds at which gathering 
mechanism is operated do not significantly seem to change the amount. of dust 
generation until the gathering device is used to maneuver and clean up the floor 
rib. High speeds on the loader's conveyor can cause dust only if the coal that 
is being transported is.allowed to spew through the air into the transportation 
device such as the shuttle car, because while the coal is spewing through the 
air, the light particles of dust are separated out and remain suspended. The 
crawler track mechanism for roving the loader is not a dust generator except 
that it pulverizes and grinds the coal remaining on the floor, and if the grind­
ing is sufficient, the small particles can easily be stirred into suspension. 
It might be remarked here that ineffective loader cleanup can allow a larger 
amount of coal on the floor to be crushed into powder. 

The cutting machine ( and in this case, I would like to confine my discus­
sion to the universal type that can cut both top and bottom and shear) has as 
its dust generator the cutting chain which travels at various speeds. There are 
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JDllDY lacing designs and numerous kerf widths. Bug dusters are one of the first 
examples of dust suspension mechanisms because by not rapidly crushing the cut­
tings, the coarse particles do not become dust and go into suspension. Water 
sprays injected on the chain and water through the cutter bar, plus other ways, 
~ used to reduce the dust produced. 

The face drill has the auger as the . dust generator and, being much smaller 
than a cutting machine's bar and chain, does not have a very difficult problem. 
water injected as a spray and through the auger, etc., is used to contain any 
significant dust. 

The face transportation method can be examin~d because the shuttle car, as 
it discharges at dumping points, does so very rapidly and allows its load to 
spew through the air, putting the smaller particles into suspension. The wheels 
that move the car crush the remaining coal of the roadway and under dry condi­
tions can also be a source of dust. Here it is not only the coal dust but also 
the rock dust used to dilute and minimize the explosive nature of the coal. dust. 

Mine cars and conveyors, whether chain or rubber, all. can have designs that 
generate dust if their loads are al.lowed to spew through air, because the smaller.
particles then go into suspension and we have what we call. "dusty" conditions. 

Al.l of these machines can grind up coarse particles and ·reduce them to the 
size that can become airborne dust. The roof drill is a piece of machinery that 
is used to drill holes in rock, sandstone, etc. For this reason, dust collec.ting 
devices are always applied to the drill steel. Water injection through the drill 
steel is also a very popular dust suppression method. Any material coming out of 
the coal drilled in the roof is afforded maximum opportunity to have the air 
contact the sma.ller particles and put them into suspension. 

Briefly, the last part of the conventiona1 mining ·· cycl.e is . shooting, where . 
either explosives, Airdox, or Cardox, are used in the £ace drilled openings. The 
use of water stemming is Just an example of a design method that might reduce 
dust; I don't £eel any machinery discussion can be involved in this area; I only 
include this paragraph £or completeness of the mining cycle • .Again, I could say 
that the machinery used £or rock dusting has very special problems and I feel 
these should be discussed separately. 

ContiIIUous mining practice has developed using various types of mining 
machines --- the ripper, Col.Jool, and borer. Each of these machines uses some 
type of £ace transportation very similar to coventional mining. practices, except 
that in some cases a loader or surge car is introduced between continuous miner 
and the face transportation. Roof dril.l.ing can be done separately, but in some 
cases, roof drills are ioounted on the miner. As far as dust generating machine 
parts, these are all the same as with conventional mining practices. 

The miner, however, has special. machine problems·. First the .ripper, with a 
series of chains running on a bar similar to a cutting machine shearing from 
bottom to top, iooves the coal into a loading machine-type conveyor with or with­
out benefit of a gathering mechanism. These .mu.l.tiple chains have a like problem 
to cutting machines as dust generators. Water sprays and water injection in the 
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cutter bar close to the cutter chains have been applied, using the art of the 
cutting machine. The rotating/oscillating miner is.constructed with cutter disks 
that mill by intersecting cusps in the coal face. Here, water sprays and water in, 
jection as close as p:>ssible to the cutter bits mounted in the disks are used. 

The Col.Iool is a multiple-rotor boring machine. The dust generators are 
boring arms and again water spray is used to knock down any dust. Larger boring 
machines, similar in concept to the McKinley entry driver, also generate dust 
with boring arms. Added, however, to each of these were trim chains or trim bars 
which originated f'rom cutting ma.chine practice. The Col.Yoo! was used to test a ' 
vacuum dust cleaning system because the boring arms, which were the dust gener­
ators, were confined by the machinery head, and there was only one avenue of 
escape for dust. In general, the machinery design problems are identical to the 
loading machine of conventional mining except for the addition of the various 
mining-type heads. 

Longwall mining practice is just beginning in the United States, and the 
machines used are not manufactured in this country. However, the equipment 
usually consists of a miner, either shearing t,Pe or plow, mounted on an 
armored conveyor which is fixed to heavy yielding roof supports, and a stage 
loader to move the coal up from the armored conveyor into the entry conveyors. 
All these conveyors again are dust generators only if the coal spews through 
the air while being transferred from one to the other. The shearer is much like 
the contimious-miner cutting drums and, -as a du.st generator, has similar prob­
lems. The plow is unique, and I am sure other speakers will discuss how water 
injection directly through the plow teeth, or cutting tools, has been used. 

With this brief background, you will recognize that most efforts for dust 
control relied up:>n applying water. I do oot, however, want to' minimize the 
maey, maey changes that have been made in ventilating schemes so that dust is 
removed from the immediate working area. For example, there are numerous 
contimious-mining machines ·operating where the ventilation is designed to 
carry f'resh air toward the face with line brattice on the right or lef't hand 
rib directing the return. Into this fresh air is sprayed a steady amount of 
rock dust so . that in the return air course the rock dust dilutes the float dust 
and eliminates an explosive hazard. This, of course, means that the particular 
operating crew is f'ree f'rom dust and all the dust problems are in the return 
air areas. Protection of people ope:rating mines from being engulfed in dust and 
unable to see their work has usually been most readily solved by rearrangement$ 
of ventilating schemes. To a machine designer, this would mean that the .machino 
should occupy the least volume of space in the entry and maximize the area 
available for ventilation. It would also mean that aey device on the machine, 
such as fans on electric-cooled ootors, which might disturb or alter the planned 
ventilating scheme, should not be encouraged. Planned diff'using and air ooving 
methods are being studied, rut each of these must be cognizant of the fact that 
we are also not only dealing with coal dust and rock dust rut also with methane. 

Early in machine design when water sprays were introduced, the mine supply­
system was usually a sump with a stationary water pump. .Al.lOOst all machine de­
signs today include a pressure-boosting water pump on the me.chine, and the mine 
water system is usually, clean. Certain mines have water available at sufficient 
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pressure that the boost is not required. During this symposium I am sure that 
you will hear from the experts that once dust is in suspension it is very diffi­
cult to knock it down with water or aey agent added to water. It's like the old 
story -- "Don't let it get started! " Every new machine design is directed to 
coarser cutting of the coal. Tool designs and gathering means are all geared to 
JD&ximi ze the 3/ 4-inch size. Reducing the rotational speed of various cutting 
elements will not, however,· increase coarseness. Increasing rotational speeds 
does not encourage dust, except when rates ar~ excessive _to effective cutting. 

In conclusion, the following aspects are receiving major attention: 

1. More effective cutting with an increase in coarse particle mining 
methods. 

2. Reduction in the bulk of machinery to allow more effective automatic 
ventilation control. 

3. Introduction of effective water-spray systems at the point closest to 
qust generators to :minimize the amount of dust that gets into full air suspen­
sion. 

,4. Coordination of all these factors with the problem of diluting methane 
and avoiding explosive mixtures. 

Necessarily, this presentation has been very brief. The "state of the art" 
of machine design always reflects the needs of the customer. When his needs are 
satisfied, the manufacturer makes a sale. The coal industry is small enough that 
there· is a great deal of coordination between the planning of new mining systems 
and the introduction of new machinery. I have purposely refrained from discussing 
machines operated from the surface with no men in attendance underground. This 
was done because I believe that a dust symposium is concerned with the hazards 
t.or individuals working in _this environment. 

There are m.a.ey-, maey people working hard to eliminate dust, not only be­
cause of its health hazard but also because dust obscures the working area and 
therefore persons operating machines cannot see what is happening~ 

I would like to answer aey questions you might have, to the best of my 
ability, but I assure you there are more knowledgeable people sitting among you 
than I, standing here receiving your attention. 

QUESTION (Joe Good) : There appears to be one contradiction between the 
two speakers. Mr. Hamilton stated that reduction in rotary speed will greatly 
reduce the fines produced, and Mr. Arentzen says the opposite: in other words, 
it has no et.feet. What evidence is there on that? 

MR • .ARENTZEN: This question depends upon defining some other parameters. 
If you notice from Mr. Hamil ton's speech, 100st of the dust was generated from 
rubbing and not from cutting. In other words, there was a trailing bit, or the 
trailing block that was causing the major portion of the dust. At high speeds 
this is true. Any rubbing action or misuse of cutting elements will cause 
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greater dust. Eliminating bits is a practical method £or reducing the dust, . 
i£ it is possible £or you to _have only one tool cutti_ng an area, and when it 
breaks, the area will not remain standing. There£ore, as a practical experiment, 
cutter disks are laced so that you have at least two or possibly three tools 
traveling the same area. I£ they are not properly placed, and the rota:tional 
speeds are not properly synchronized, they will rub and cause dust,and the 
excessive speeds will cause greater dust with the rubbing bits • 

. MR. HAMILTON: We ha,ve £ound al.Ioost always that reducing pick speed does 
reduce dust, but obviously there ~e limits to this. The £irst is the strength_ 
0£ the picks, and the second is the aIIDunt 0£ torque available, but since a 
bigger depth 0£ cut uses less energy, it is often quite a surprise to operators 
and, I might say, to some machine designers at the gains that can be given by, · 
this approach. It is the old story 0£ trying to steer a car out 0£ a .skid. It 

.. you do not really understand that you have to steer into the skid, you go the 
wrong wa:y, and end up in a ditch. There .is a great ''tendency- .to £eel, "Well, ·we 
will put more picks on, and make it go £aster, and we will get that coal 6ut or­
the £ace," but, in £act, the other way, the general way 0£ doing it rather 
slower and having £ewer picks, can often pay 0££ quite ;r-emarkably. I do ask 
you to try it some time. · 

MR • .ARENTZEN: I quite agree with Mr. Hamilto~ that you should try it 
because, 0£ course, you are going to discover exactly what tools are working 
on your machines •. There is another £actor that he has completely ignored. This 
is one that has come to our attention within the last 6 to 9 months • 

. We £ind that just like a prosscut saw cutting wood, there are only about 
two teeth 0£ that .saw that are· doing the work, and the other teeth are· being., -
used to clear the cuttings out 0£ the cut. We are discovering that by proper 
positioning and eliminating the cuttings, high rotational speed clears cutti~ 
£aster. The slower the speed, the slower the cuttings get out 0£ the ker£, the 
longer time they take to get out 0£ the way. 

So there are several £actors concerning speeds that have not been studied 
very carefully yet. 

You re~lize that we are both talking about pt'&lWnary results·. We are • ,. 
asking you t'o be good observers, and we are trying to point ·out several things, 

Number one, in both cases we· £eel that you are not using your cutting too 
to the best advantage on any 0£ these machines. 

Number two, you are using tools that are rubbing instead 0£ cutting, and 
they should be eliminated or repositioned. 

Number three, please look to see 1£ you have any problems or- not being abl~ 
tb clear the cuttings £ast enough by improper use 0£ the cutting speeds or by j 
improper use 0£ de£lectors or shields or guides. ; 

' J 

There are quite a £ew experiments going on throughout the whole country . 
that are shaking people up quite a · bit. We can show changes in penetration rates 
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of almost 100 percent with some very simple changes in cutting arrangements, 
and we really don't understand fully yet what is responsible, but we are work­
ing on most of this. 

MR. CRENTZ: We come now to the section on dust collection equipment, and 
our first paper under that particular heading will be from Mr. Henning Soder­
berg, Regional Sales Manager, .American Air Filter Company. 

DUST COLLECTION EQUIPMENT - THEORY AND OPERATION 

by 

Henning E. Soderberg 

INTRODUCTION 

A dust collector is a piece of mechanical equipment, well-designed, using 
one or JOOre of the six basic dust collecting principles to separate the maximum 
anount of dust or f\une from a contaminated air stream. It may be wet or dry, 
operating at varying conditions of temperature, inlet moisture, dust loads, and 
type of dusts. It may also be designed to meet a specific outlet grain loading 
or specific dust collection efficiency and sometimes opacity requirements. 

Before we review the various types of collectors and how they function, we 
must define at least one term used in the dust industry and that is the term 
micron. A mesh size of 325 is 44 microns, with 1 micron measuring 1/25,400 of an 
inch. To relate a comparison which helps to show how small a micron is, the av­
erage human eye can see only an individual dust particle of 10 to 20 microns. 
The average human hair, while small in diameter to JOOst people, can be between 
50 and 100 microns. To some authorities, 1 micron is the reference point that 
distinguishes between f'ume which is less than 1 micron and dust which is larger 
than 1 . micron. 

TYPES OF DUST COLLECTORS 

This discussion will be limited only to the theory and operation of dust 
collectors as applied to particulate matter. There are four general types of 
dust collectors: 

1. Dry centrifugal (mechanical) or inertial collectors. 

2. Fabric collectors. 

3. Wet collectors, low- to medium-pressure drop and high-pressure drop 
venturi scrubbers. 

4. Electrostatic precipitators. 

Settling chambers will not be discussed, as their effectiveness on the 
finer dust particles is poor, plus requiring large operating space. 



DRY CENTRIFUGAL (MECHANICAL) COLLECTORS 

As the name implies, centrifugal force is the principle used in this 
type of collector. It has no moving parts (except one special type, discussed 
later) and makes use of particle inertia to separate the particles from the 
air stream when there is a change in direction or when directing the particle 
in a circular path. The centrifugal force applied to a particle varies as the 
square of the inlet velocity and inversely as the radius of the cyclone. This 
can be expressed as follows: 

SF : v2/rg, 

where SF is separation factor, V = inlet velocity ft/sec, r = cyclone radius 
in feet, and g = gravity constant of 32.2 ft/sec. 2 

There are a number of different designs of cyclone collectors using this 
basic principle but with different variations. The large-diameter single 
cyclone, almost always mounted in a vertical position, provides the spin, due 
to its round shape (fig. 1). The particles tend to move toward the outward 
wall in a downward direction finally ending up collected in a hopper. The .de­
creasing diameter of the cyclone tapered hopper increases the centrifugal 
force. There is also an inner spiral of air up the center of the cyclone 
through the cyclone outlet. The large~diameter cyclone has a low pressure 
drop, 1.5 to 2.0 inches of water, with approximately 50-percent collection 
efficiency by weight on 20-micron dust particles. A variation of this type of 
design is the skimmer and hopper combination where the air enters top hori­
zontal and the contaminants are "skimmed off" into the hopper through a slot 
on the bottom of the skimmer. The air l _eaves with a 90o change in direction, 
but still in a horizontal direction (fig. 2). 

Reducing the diameter of the cyclone, increasing the length of the cone 
or body, and increasing the height of the inlet with corresponding reduction 
of the width of the inlet to the cyclone will all increase the efficiency of 
the single-tube collector. The pressure drop is between 3 and 5 inches of 
water with an efficiency of approximately 80 percent on 10-micron particles 
( fig. 3). 

To further increase collection efficiency, multiple-tube cyclones of 
smaller diameter are used, operating in parallel in a c001mon housing and hav­
ing a common air inlet and outlet. The inlet flow pattern of this type is dif­
ferent from that of the large cyclone as the air enters at the top of the col­
lector tube .through spin vanes instead of tangentially as in the large­
diameter cyclone. The spin vanes impart a swirling action or centrifugal force 
on the dust particles. Tube diameters usually range in size from 4 to 30 
inches with collection efficiency by weight on 7.5~micron dust particles of 
approximately 90 percent at a pressure drop of 3 to 5 inches of water. 
(fig. 4). 

There is another type of multiple~tube dry centrifugal collector using 
a series of small tubes, 4 to 9 inches in. diameter, which requires a secondary 
dust circuit completely independent of the main air circuit. The secondary 
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circuit is complete with collector tubes, fan, and motor. Efficiencies are 
high and can be further improved by providing a higher percentage of second­
ary air which normally is 10 percent of the primary air. The secondary air is 
continuously recirculated back into the main collector inlet. This design is 
unique as it provides constant efficiency down to 50 percent of nominal rat­
ing which is not true for other cyclone designs. (fig. 5). 

For cyclones, the efficiency will increase with an increase in 

1. Gas inlet duct height in relation to duct width. 

2. Particle size or density. 

3. Gas inlet velocity. 

4. Cyclone body or cone length. 

5. Ratio of body diameter to gas outlet diameter. 

6. Lower gas viscosity (lower temperature). 

The next type is a dry centrifugal collector with a rotating wheel which 
,serves both as a dust collector and an exhaust fan (fig. 6). The rotating 
wheel creates centrifugal forces on the dust particles, causing them to ride 
off the end of each blade tip into a dust circuit in the housing which goes 
into the hopper. The hopper is vented back to the fan circuit continuously to 
canpensate for the entrained air that flows with the dust. 

On all dry cyclone collectors with the fan on the clean air side, a good 
seal must be provided on the hopper outlet to maintain high collection effi­
ciency. Collection efficiency of a multiple-tube collector may not be quite 
as high in canparison with an individual tube of the same size due to reen­
~rainment of dust fran the hopper if not proper~ designed or applied. 

FABRIC COLLECTORS 

Fabric has been used for years as a means of collecting particulate 
matter and fume. The fabric collector has been referred to as a baghouse, bag 
collector, cloth arrester, or cloth collector. General acceptance would prob­
ably refer to the "on the job" erected large cloth installation as a baghouse 
and smaller assembled or partially assembled collectors, shipped to a jobsite, 
as a cloth collector. 

The fabric used in the cloth collector is normally woven to provide a 
tight weave, although under close examination the ~eave would reveal rather 
large open spaces. Felted material would have fewer openings in the fabric 
structure. Because of the collection ability of woven fabric media, the 
filtering process cannot be only a straining or sieving process. 

377-274 0 - 70 • 13 
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The fabric used in cloth collectors can vary in type of material and 
weave. With clean cloth, the resistance to air flow is a function of the 
permeability which in turn is affected by the type of fiber, the weave, and 
the thread count. A tighter weave offers more resistance than a loose weave, 
other things being equal. Permeability is defined as the flow rate (cfm) that 
can pass through a square foot of clean cloth media at a pressure drop of 
0.50 inches of water. The usual range of values is fran 10 to 80. Other fac­
tors used in cloth evaluation are weight of fabric in ounce~ per square yard, 
strength of fiber (Mul.lan burst strength), and tensile strength. 

The material used for the cloth bags varies widely because of the dif­
ferent conditions encountered in industry such as dust characteristics, 
temperature, dust load moisture, and possible chemical reaction. The most 
common fabrics are cotton, wool, the synthetic monofilament thread of nylon, 
orlon, and dacron, and siliconized glass fiber. The normal temperature lim­
itation and degree of chemical resistance is shown in table 1. 

TABLE 1.--Temperature limitations and chemical resistance of fabrics 
used in cloth collectors 

Recommended maximum Chemical resistance 
Fabric safe continuous 

temperature, 0 F Acid Alkali 

Cotton ••••••••••••••••••••••••• 180 Poor Fair 
Polypropylene ••••••••••••••••• 225 Good Good 
Wool •..••....•.•...•..•....... . 200 do. Poor 
~lon ......................... 225 do. do. 
Orlon . .•....................... 275 do. Fair 
Dacron ••.•.•.•.•••••••.•••.... 275 do. Good 

.• 

I 

Siliconized glass •••••.•••••.. 550 (1·) (1·) i\ 

1 High concentration of both acids .and alkali will damage coating or glass. 
Glass fabric extremely poor on HF. 

Collection of the dust on the fabric initially starts by the straining 
or sieving action plus diffusion, impingement, interception, and gravitational 
and electrostatic forces. 

Piffusion is the condition where very small micron particles, less than 
0.20 micron in size, increase the chance of contact between particles and 
collecting surfaces because these particles no longer follow streamline paths. 
Their erratic movement, called Brownian movement, causes collision with gas 
molecules and._ increases the chance of contact between particles and the col­
lecting fiber surfaces. 

Impingement or impaction occurs when a particle flowing in an air stream 
approaches a target object. The gas must diverge to flow around the object 
but the inertia of dust particles approximately 1 micron and larger tends to 



keep these particles on their original course providing the possibility of 
collision. 
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When the small particle remains on the streamline as it diverges around 
the object, the streamlines become closer together. Interception is the 
process where a collision will occur if the dust particle's center misses 
the target by any dimension less than the particle radius. 

Particles of sufficient size and density to be susceptible to gravita­
tional forces offer no difficulty for collection in a cloth collector. 
EJ.ectrostatic forces will provide an attraction between the dust particles 
and the fabric and agglomeration between the dust particles aiding in the 
collecting process. 

Once the dust particles start to form on the cloth surface, the fabric 
then acts only as a screen and quickly builds a layer of dust or fume parti­
cles that actually do the filtering. 

The resistance through the media in a cloth collector is expressed as 
follows: 

K LT V2 

Rf-R1-=-R=7,ooo' 

where Rf= maximum resistance at end of any given operating period in inches 
of water; R1 = initial resistance in inches of water; R = increase of re­
sistance in time T, in inches of water; K =specific resistance or resistance 
factor of the deposit, inches water gage/pound dust per square foot cloth 
area per foot per minute filtering velocity; L = dust loading in air coming 
to filter, grains per cubic foot; T = time in minutes; V = filtering velocity, 
fpm. 

Fram that formula, we can see that the pressure drop or resistance will 
vary as the velocity squared if the dust loading and particle size distri­
bution remains constant, and there will be a linear variation of resistance 
with variation of dust load when the volume is constant. 

New media when installed in a cloth collector or baghouse will have an 
extremely low initial resistance because the inner voids or openings of the 
cloth fabric have not been closed off and no "cake" has formed on the fabric 
surface. This is why on some applications there is a slight visible discharge 
after initial operation of new fabric. It has been reported that the in­
stantaneous efficiency of new cloth fabric can be as low as 80 percent by 
weight on some fume applications. After the fabric has been cleaned, its re­
sistance will never return to that of new fabric because of dust left in the 
body and on the surface of the fabric which is referred to as "residual re­
sistance". When designing a dust system, these variations must be remembered 
plus the pressure drop across the cloth fabric prior to cleaning, which is in 
the range of 3 to 8 inches, if design air volume is to be maintained. 
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The air-to-cloth ratio or fpm velocity employed through the cloth llledi
is a f'unction of the dust loading application and design of cloth collector'
Canpetent manufacturers of dust control equipment have this information 

·•

available. In general it will range between 1.5 to 4.0 fpm velocity for au
types and designs except reverse and pulse jet. 

The size and shape of the filter element used in a collector is a f'unctt 
of the type of cleaning method used, the practical recovery or usage of as 

CG
filter media fr001 the source of supply as possible, and as much cloth area IIIUch 
in a fixed space as possible. Shaker collectors generally use 5- to 8-inch­
diameter bags, reverse jet collectors 9- to 10-inch-diameter bags, and reverse
flow or collapse collectors 11 1/2-inch-diameter bags when made of siliconized 
glass and dacron material. Bag lengths are from 8.5 feet to 22 feet long for
shaker collectors using 5- to 8-inch bag diameter and 30 to 34 feet for re­
verse flow (collapse) and reverse jet collectors. 

The cleaning of fabric will fall into one of five basic and generally 
accepted types. They are shaking� reverse jet, pulse jet, simple collapse, 
and reverse air back flow.

In a shaker collector the bags are flexed and moved slightly by a hand­
or motor-driven mechanical shaker which provides a shaking movement to the 
bags. This cleaning can be done only when the air flow is cut off to the sec­

tion that is to be cleaned or the entire collector is shut off. The collected 
"cake" is then shaken off the cloth media during this fairly violent cleaning 
cycle of about 1 to 2 minutes (fig. 7). 

The cleaning in a reverse jet collector occurs when a traveling blow 

case which completely encircles a bag or cloth tube runs continuously up and 
down the tube. Cleaning with this design can be done while the collector fan 
is running and air is flowing through the cloth. Normal air flow from each 
blow case for each bag is 50 cfm at 25 to 30 psig at the blow case. The action 
of the case going up and down along the bag length breaks the dust "cake" 
formed inside the bag and displaces it toward the hopper. Slightly more ef­
fective cleaning is obtained during the downward direction. Air to cloth 
ratios of 5 to 15 fpm are standard in this design of collector. Also heated 
air can be supplied to the blow case to pennit operation for applications 
which are borderline due to high moisture content (fig. 8). 

Another type of design in the same cleaning category is the pulse jet 
principle where the cloth tube encircles a wire form and the dust collects 
on the outer surface of the bag. A periodic discharge of compressed air down 
the center of the bag on the clean air side causes a pulsation in the cloth 
fabric which results in a cleaning action when the collector is in operation • 
.Aj.r to cloth ratio in this type of collector design is 5 to 15 fpm (fig. 9). 

The fourth method of cleaning is a �imple bag collapse in which small 
quantities of reverse air cause the bag to collapse. Collectors using this 
method of cleaning must operate when the section is taken off the air stream. 
The normal fabric used is siliconized glass or dacron, shaking can be in­
corporated in conjunction with bag collapse, but extreme care must be employed 

rrnm1rrnm 1tfflff(fflrrl[f[l(flf[ffff\[\flf(lff[[ ll[[fffir l[[f[llf [[lttallll 
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using glass fabric due to its being very fragile. Support rings sew.n into 
, media at certain spaced intervals along the length of the bag will cause 
~ bag distortion and better cleaning. The normal cleaning cycle is 1 to 3 
~tes with several reinflations and collapses built into the cleaning cycle, 
required, before the bags are finally fully inflated and brought back on 

3 1ine. 

,Reverse air flow (back flushing) incorporates the design of taking out­
de air and blowing through the media in a reverse direction. This accom­
ishes continuous cleaning with only a minimum of pockets taken out of serv­
e at any one time. This type of design can also use heated ''blowback" air 
~ prevention of moisture or condensation problems in the collector itself. 

Normally design pressure drops for any of the types of cloth collectors 
~cept reverse jet or pulse jet will be about 4 to 5 inches of water before 
eaning and 1.5 to 2.0 inches after cleaning. Cleaning cycles are normally 

ul.y automatic on a timer or pressure drop (resistance) basis for the col­
apse and mechanical shaker collector. The reverse and pulse jet are contin­
JUS cleaning and will maintain nearly constant operating resistance. 

The life of cloth media is a function of many variables, but if the col­
ector and system are properly designed and maintained, media should last 
rem 12 to 24 months on nearly all applications and longer. The collector 
1fficiency will be 99.9 + percent by weight with no visible discharge, but 
,here is still sane measurable dust in the discharge gases. There can be a 
1light variation in cloth collector efficiency depending upon the type of 
:leaning method used. The collapse or reverse flow is the best, with effi­
:iency of the shaker method being slightly lower due to the more violent 
3haking . . 

WET COLLECTORS 

A wet collector is a device for removing contaminants from the air stream 
with the use of water or other scrubbing liquids. There are many varied de­
signs and principles used to accomplish this intermixing of the air and water. 
One basic mechanism used is wetting of the particulate matter by contact with 
the scrubbing liquid. This is accomplished by some of the same collecting 
forces that were discussed under cloth collectors, which are diffusion, im­
pringement, interception, gravitational force, and centrifugal force plus con­
densation. The effect of condensation improving the efficiency of a wet col­
lector only applies where the system is handling hot gases or high-humidity 
air. Gas cooling below the dewpoint results in condensation which can use the 
dust as the nuclei for condensation. This increases the size of the dust par­
ticle making it easier to collect. The overall effectiveness or improvement 
of efficiency is small however. The effects of humidification and electro­
static forces aiding in wet collector performance to rlate show little effect, 
although it is not fully understood. 
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Since designs are varied in the many wet coll~ctors that are manufac­
tured, they can be broken down into several general types. There may be 
slight variations to this classification in different texts but this is in­
tended for the classification of collectors designed for the removal of dust: 

1. Spray ( chamber or tower) • 

2. Wet centrifugal. 

3. Wet dynamic. 

4. Orifice. 

5. Mechanical scrubbers. 

6. Fogging or high-pressure spray. 

7. Venturi. 

The spray chamber or spray tower is a simple collector with low to 
medium efficiency of 70 to 90 percent on 10 microns. Water is introduced 
through spray nozzles into the collector and gas stream at water pressure 
frcm 10 to 100 psi. Higher water pressures will take it into a different 
category which will be discussed later. In the spray tower, the air can 
either enter tangentially or "straight in" near the bottom. In both designs 
water is added no:rma,lly against the direction of air flow (fig. 10). 

Pressure loss of these collectors range frcm 1/2 to 2 inches of water, 
and water requirements, not including evaporation, run 2 1/2 to 6 gal per 
1,000 cfm. Recirculation of water is permissible if nozzles are modified for 
such use since fine atcmizing mist is not required. 

The wet centri:fugal collector is one of the types where a centrifugal 
force · is used to acc~lerate the dust particles and impinge them on a wetted 
surface. The continued wetting action results in the collected dust flowing 
frcm the collector as a slurry. The normal water rate, not including evapo­
ration, is frcm 2 1/2 to 5 gal per 1,000 cfm at low water pressure of from 
10 to 20 psi, as water is introduced into the air stream by open pipes with 
the water florlng down by gravity and the resulting induced water is picked 
up by the air stream. Water can be recirculated to a maximum of from 5 to 
10 percent solids. The pressure drop of this general type collector is in the 
range of 2 1/2 to 6 inches. (fig. 11). 

The wet dynamic collector is unique as it is a canbined fan and dust 
collector. The dust particles , are -impinged onto the number of wet blades of 
the wheel by centrifugal force. The water is supplied to the collector by 
a flat and hollow cone spray nozzle. While there is no internal pressure loss 
in this design, the mechanical or blower efficiency is . lower than a conven­
tional fan. Water requirements are much lower in this type of design, re­
quiring only 1/2 to 1.5 gal per 1,000 cfm. Recirculation of water is not 
feasible on this design because of the spray nozzles' pluggage and wear (fig. 
12). 
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The orifice collector is a heavy-duty residual water bath collector. 
water and air flow through a fixed shape or orifice where the air and water 
intermixing occurs. The collecting efficiency depends on the pickup or de­
livery of large quantities of water to an area where centrifugal forces, 
impingement, and collision occur causing wetting of the particulate and its 
removal from the air stream. The actual water quantities in motion run from 
10 to 20 gal per 1,000 cfm without the use of spray nozzles or recirculation 
pumps (fig. 13 ) • 

Because of its basic design simplicity, the absence of ledges for build­
up, moving parts, and restrictive passages, this type of design has consid­
erable appeal for applications involving explosive dusts and for sticky or 
fibrous materials. 

The pressure drop varies from design to design but will range from 3 to 
6. inches. Water requirements are low, being from 1/2 to 2 gal per 1,000 cfm at 
low water supply pressure. 

A collector using a mechanical device such as a rotary paddle wheel or 
cage to fragment and atomize the liquid can be classified as a mechanical 
scrubber. Water is usually recirculated. Because the spray is generated in a 
restricted passage, there is extreme turbulence which increases the chance for 
collision between the particles and the spray droplets (fig. 14). 

Pressure drop for this collector is lower, from 2 to 4 inches of water, 
than other wet collectors of the same degree of collection efficiency range. 
However, power is required for the mechanical wheel or cage, so total power 
input is comparable to other types of collectors in the same efficiency range. 
Water requirements are similar to those of the orifice scrubber. The collec­
tion efficiency of wet collectors under types 2 to 5 is basically the same -
about 99 percent by weight on an 8- to 10-micron particle. 

The fogging or high-pressure spray collector is a design using sprays 
and impingement plates. It employs the use of finer water droplets resulting 
from high-pressure sprays. Increasing the pressure at the nozzles increases 
the collection efficiency by creating more and smaller droplets, plus giving 
them more force. Water consumption can vary between 5 and 15 gal per 1,000 
cfm at pressures from 100 to 300 psi and higher. The actual pressure drop 
across the collector is low by wet collector standards as it ranges from 1 to 
2 inches of water, but additional power is imparted to the supply water. This 
design does show slightly higher collection efficiency for the total horse­
power consumed as compared with other high-pressure drop collectors, but the 
high maintenance on the nozzles from wear and pluggage, the high rate of water 
usage, and the limitation of water recirculation make this type of collector 
not as readily acceptable as other comparable collectors. 

The venturi collector provides a very flexible design for a high degree 
of efficiency on fine dust and fumes. It has an opening, circular or rectan­
gular, where water injected into the throat at pressures between 20 to 40 psi 
at the water flow rate of from 5 to 10 gal per 1,000 cfm is shredded by the 
incoming air into a multitude of fine droplets (fig. 15). The velocity of the 
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dust particle is imparted to the water droplet and caught. Increasing the 
pressure drop across the throat increases the velocity of the incoming air 
and dust particle and the efficiency of the venturi. Pressure drops can vary 
from as low as 5 inches to as high as 100 inches of water. 

The throat section is only a mixing box for the air and water and must 
be followed by a water eliminator (fig. 16). Water can be recirculated to at 
least 10 percent solids on most installations. Designs incorporating variable 
throat areas can be easily provided making this collector a very flexible ty-pe 
requiring minimum space requirements with high efficiency and low maintenance. 

ELECTROSTATIC COLLECTOR 

In the electrostatic precipitator, electric forces are used for the col­
lection of dust particles. The electrical force can be applied directly on the 
particles, whereas for mechanical collectors, the entire flow, gas and, par­
ticles are subjected to the forces. The obvious advantage of this is the lower 
power which is considerably less for the electrical precipitator than for the 
collector using mechanical forces. 

The principle for electrostatic collection is well known. The particles 
are given an electrical charge negative or positive. Under the influence of 
an electric field, the charged particles will migrate toward the electrode 
with an opposite charge. The collecting electrode is often a grounded plate 
with the ability to collect the dust and discharge it into a hopper (fig. 17). 

Precipitators cane in different designs, but for simplicity let us dis­
cuss the operating principle of the tube-type design. The collecting surface 
is a tube, surrounding the high-voltage wire in its center. The gas to be 
cleaned enters at the bottan, flows up the tube and the cleaned gas is dis­
charged at the top. Regular ac power is transformed to high-voltage de. cur­
rent, filtered through a rectifier set, and sent to the discharge electrode 
in the center of the tube. The tube or collecting electrode is connected to 
ground. As dust accumulates on the wall of the tube, the tube is intermit­
tently vibrated to discharge the dust into the hopper underneath the bottom of 
the tube. 

Negative as well as positive discharge electrodes can be used for pre­
cipitation. Positive corona is used primarily for air-cleaning purposes (air­
filter installations). It creates less ozone in the gases, which is important 
when air is recirculated. For dust collection applications, negative corona is 
preferred because of the more stable corona and higher c�rent densities and 
voltages that are possible. 

There are primarily two mechanisms involved in the charging process of a 
particle. In field charging, particles are charged because of the impact of 
gas ions flowing from the negative to the positive electrode. In diffusion 
charging, particles are charged by the thermal energy of the gas ions. The 
time required for charging a particle is only a matter of fractions of a 

·t
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The next step in the precipitation process is to transport the charged 
~rticles to the collecting electrode. This is accomplished by electrostatic 
,r coulanb force on the particle. The charged particles in the p:recipitator 
,:ill therefore migrate toward the electrode with a polarity opposite the 
oharge on the particle, which .is the grounded tube. It is now apparent that 
the wire-tube electrode system provides the two basic requirements needed for 
electrostatic precipitation: (1) the corona required for charging the parti­
cle and (2) the field to make the charged particle migrate toward the collect­
ing electrode. These two functions need not necessarily be carried out in one 
stage. In a so-cal1ed two-stage precipitator the charging is carried out in 
one stage and the collection in a second stage. One-stage precipitators are, 
however, by far the more camnon. 

The force resisting the migration of the charged particle is primarily 
the friction of the gas. The normal migration speed is about 30 feet per 
minute. 

When the particle arrives at the wall or collecting surface it retains 
its charge to sane deg;-ee preventing re-entrainment to the gas stre.am. 'IQ.en 
an appropriate layer is collected, the material is dislodged into the hop-per 
by rapping. 

The formula for collection efficiency is the well-known Deutsch formula: 

"'1=1- 1 ---, WA 
e --=v--

TJ = collection efficiency, 

where W · = migration velocity, fpm; A = collecting electrode surface, ft 2 ; V-.= 
gas now, cfm; and e = 2.7182. 

The Deutsch formula is valid for same ideal conditions. However, in the 
operating field many factors innuence the actual performance. The equation, 
therefore, indicates maximum performance rather than expected performance. 
~ of the disturbances are turbulence, dust resistivity, dielectric proper­
ties of the dust, re-entrainment, electric wind, and others. To take care of 
these, values based on experience are used for the value of the migration 
velocity, w. 

There are other types of precipitator designs. The most camnon industrial 
precipitator is the duct type. The gas is evenly distributed at the precipita­
tor inlet by the use of a perforated plate. The collecting electrodes are 
primarily nat plates, arranged in ducts. Between these ducts hang the high­
tension wires frcm a frame at the top, .kept taut by the use of weights at the 
bottom. To keep the rlres well alined to the plates, the weights are posi­
tioned by a frame at the bottan. 
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The equipment supplying the high-voltage current consists of trans­
formers, rectifiers, and control equipment; The purpose of the transformer 
is to provide high-voltage current from low-voltage supply. 

Until recently only mechanical rectifiers were used and are now in use 
on most precipitators today. The next type developed was rectifier tubes. 
The advantage was lower power cost, but they are more expensive than the me­
chanical type. The latest development type is the silicon rectifier. It costs 
more but requires less maintenance and power. 

From the efficiency and migration velocity equations, it is shown that 
the higher the voltage, the better the efficiency up to the limiting factor, 
excessive arcing. Some arcing or sparking is acceptable, but if the spark 
rate is too high, too much power will be dissipated by the sparking. To main­
tain proper voltage modern precipitators are provided with spark control 
units. 

()le important factor required for successful collection of the dust is 
resistivity, which simply defined is the capacity of resistance of the col­
lected dust which is attached to the collecting electrode. High resistivity 
means the collected dust has poor conductivity and the voltage d~op in the 
collected material can become so high that the corona discharge on the ioniz­
ing wires ceases to function and then the efficiency falls off. 

row resistivity is just the opposite where the charge in the collected 
material doesn't remain in the material which causes re-entrainment of dust 
back to the air stream. Too high or too low resistivity is normally remedied 
by supplying chemical additives to the gas. 

If conditioning is not possible, a different design may have to be used, 
such as a wet precipitator. This type is used for collection of some high­
resistivitymetallurgical dust where water is supplied to collecting plates 
providing the proper conductivity and at the same time washing the collected 
material off the plates. 

From our past discussion we can say that the smaller the particle size 
the harder it is to collect either for the dry centrifugal or the wet collec­
tor. We can also say that space requirements for these four general types of • 
collectors preclude their general use underground. Some special types of wet 
collectors of medium efficiency look promising but will have medium to low 
efficiency on the minus 2-micron particles. Industry is still trying however~ 
to come up with a practical design of satisfactory efficiency for this under­
ground mining dust problem. 
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Figure 1.-Low-Presmre Cyclone. 

Figure 2.-Skimmer Precleaner. 
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Figure 3.- High-Efficiency Centrifugal Cyclone Collector. 

OUTLET TUBE 

INLET TUBE 

Figure 4.-Multiple-Tube Cyclone Collector. 



Figure 5.-Multiple-Tube Dry ~entrifugal Collector With Secondary Dust Circuit. 
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Figure 8.-Reverse Jet. 
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Symbols 

A 
B 
C 
0 
E 
F 
G 

Ports 

Cleon air ouHet 
Reverse air blower 
Reverse air nozzle (jet) 
Weverse oir cleaning aclion 
Dirty air inlet 
Dusi hopper 
I.Hopper valve and/or 

dust feeder 
Figure 9.-Pulse Jet. 

A Clean Air Outlet 
B Spray Nozzle 

Headers 
C Dirty Air Inlet 
D Water and Sludge 

Drain 
E Supply Water 

Piping 

Figure 10.-Spray Tower. 
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Symbols Paris 

A C/tJon air oulkt 

B Enlrainm,nl uparalor. 

a Wat,, inl,t 

D · /mping,m,nl plaMs. 

E Dirly air in!,/. 

F ,,.,, t:,YCIDM for t:0/1«:ling ll«Ny 
malt!rial. 

G fltllr and sludg• drain. 

Figure I I .-Wet Centrifugal. 
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Figure 13.-Typical Wet Orifice Type Collector. 

Figure 14.- Mechanical Scrubber. 
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Figure 15.-Venturi Collector. 

,, . 'reomer:s. 
optiml'al) 

I Jliroor CQ\t.f!liQge 
co,nplete. in tone 
where gos vet~ 
·s mQPMum 

__ ..._OµHe to 't.Oter 
eliminator :!flctiOP 



205 

Symbols ·Ports 

A Cl«ln air oufkl. 

8 Enlroinm,nl s,porolor. 

C Wol,r inml. 

0 lmpin~m,nl p/ot,s. 

E Oirly air inml. 

F ltW c,YC/t>M · for colltlcmg l1«wy 
mot,rial. 

6 lltller Dlld slu• drain. 

A 

Br----4-__ 

Figure 16.-Venturi Scrubber. 
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Figure 17 .-Electrostatic Collector. 
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MR. CRENTZ: The concluding paper on the dust collection portion of' the 
program is on the state of' the art, presented by A. Lee Barrett; Corporate 
Technical Consultant, Joy Manuf'acturing Company. 

DUST COLLECTING EQUIPMENT, STATE OF TIIE ART 

by 

A. Lee Barrett 

Dust collection in the operating section of' coal mines is a problem of' 
mammoth proportions. Dust concentrations are high, f'requently running to 500 
million particles per cubic f'oot of' air. There is a . great deal of' f'ine mate­
rial, a representative test showing a geanetric mean size of' 1.7 microns by 
particle count. Umited space is available f'or the installation of' dust-col­
lecting equipment, the average mine room size today being 5-1/2 f'eet high and 
12 to 14 f'eet wide, occupied by a continuous-mining machine 7 to 8 feet wide 
and 4 to 4-1/2 f'eet high. The f'ront end of' the machine is usually wider and is 
moving about the place in such a way that it is very dif'f'icult to enclose it to 
improve dust collection. Space is needed f'or the operator to see and f'or roof' 
$Upports. In the interest of'-maximum health protection, the dust collector must 
have a good perf'o:rmance in the minus 5-micron range. Thus a dif'f'icult task of' 
dust collection must be approached in an equally dif'f'icult environment. 

Coal mining companies attempted meaningf'ul dust collection at least as 
early as the 1940' s. J.(y- employer, the Pittsburgh Coal Co., was vecy much con­
cerned with dust collection in the 1930 1s. In the early 1940's serious work on 
dust collection was done with both the type "W" and type "N" Rotoclones built 
by the .American Air Filter Co. The perf'ormance of' these machines was good, but 
space problems precluded their use. At that time also experimental work was 
done with a variety of' f'ilters. One such f'ilter was a large bag approximately 
3 f'eet in diameter and 30 f'eet long into which dusty air was blown. The bag 
was unwieldy and next to impossible to clean, altogether unsatisf'actory f'or 
mine service. Flat and f'olded f'ilters were also experimented with at this time 
and gave a good perf'ormance but, b.ecause approach velocities to such devices 
must be low, became unwieldy, and in the end all experimentation seemed to 
lead back to dust control by water and by ventilation. 

The introduction of' the continuous miner in 1948 again concentrated atten­
tion on the control -of' the dust at the f'ace. As f'irst i~troduced without water, 
the dust was unbearable. In addition, visibility was reduced to a level such 
that general saf'ety and productivity was af'f'ected. The Joy Manuf'acturing Co. 
in 1950 launched a major campaign to learn the mechanics of' dust formation and 
its control and launched an ef'f'ort to develop a dust control system.which would 
be eff'ective and practical. First approaches to control were ventilation and 
water sprays, including the use of' detergents. Existing dust collecting devices, 
including f'ilters and scrubbers, were experimented with, but in all cases, 
while operating characteristics were generally satistactory, space occupied 
made the-d~vices completely impractical. During the search f'or a smaller, more 
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canpact, dust collecting device, work done by the Anaconda Company in Butte, 
Mont., came to attention. Jack Warren, of that company,. had for years been 
experimenting with new dust-collecting devices in the face of the silicosis 
problem. An impingement device had been developed which was doing a good job. 
The impingement section of this device consisted of four 1/16-inch plates 
spaced 1/16 inch apart (fig. 1) provided with 1/16-inch slots staggered in 
relationship with each other, the air flowing serially through the plates With 
impingement. In the impinging areas, the dust was contacted by water on the 
plates which was sprayed into the collector upstream of the plates. After mix­
ing with water, the dust particle came away from the plates in a water droplet 
usually 100 microns or more in diameter and was relatively easily collected in 
a standard zig-zag water eliminator. Collecti9n efficiency was good, but size 
was excessive from a coal mine point of view (fig. 2). 

At about the same time, a device was viewed at one of the Old Bend mines. 
This device consisted of an axial flow fan with a stream of water directed 
radially along each blade, such that the blade surfaces were wetted fore and 
aft and as they whirled through the air, slicing the air into thin sections 
contacting a considerable portion of the dust in an inertial field so that the 
dust was contacted. by water and would flow away radially from the fan, water 
borne • .Efficiency was low and the free water discharge was a problem. 

The Warren collector had an efficiency of approximately 98 percent at 5 
microns, and the pressure drop across the impingement plates and the water 
eliminator was only 4 inches of water. A velocity through the slots of less 
than 3,000· fpm was required. to maintain this pressure drop and with 30 percent 
open area, this resulted~ a face velocity ahead of -the plates about 1,000 
fpm, 10 rt2 , for a 10,000-cfm collector. A great deal of effort was put into 
experimenting with other impingement devices and water separating means in or­
der to improve this situation. The set goal was a 4,000 fpm minimum duct velo­
city and a cleaning device equaling the Warren performance. Among same of the .i 
better impingement forms tried were A;merican Air Filter pads normally used 
for coarse dust collection shown in figure 3. Z-shaped configurations were 
built in an at:t;empt to provide more open .area through the impingement device 
while maintaining good impingement characteristics, figure 4. One of the 
better configurations was a General M:>tors radiator (fig. 5.) which had 
splitter tabs formed on the fins dividing the air as it flowed through the 
radiator, reducing dust-particle travel distance and providing a better op­
portunity for the dust particles to contact the wetted surface. It was soon 
recognized that dust collection and heat transfer had many points in common 
and that, in effect, the desire was to contact the molecule or a · small par­
ticle having at least some of the characteristics of a molecule. Small iner­
tial effects and high particle drag indicated that if good impingement was to 
be achieved, the moving air would have to be divided into many slices and that 
the air should in its travel pass around a short radius obstruction placing 
the individual dust particle in a strong centrifugal field and providing a 
short distance to impingement. The impingement device finally adopted con­
sisted of a folded mesh material having 20 to 40 wires per inch, folds being 
so formed that all air must turn in its path through the screen in ·order to 
pass (figs. 6-8). The small diameter of the wire furnished the high impinge-

v2 
ment force as R became maxim.un as a result of the small radius. 
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At the same ti.me, it became necessary to consider a better means o:f sepa­
rating the dust-laden water :from the air. Since water begins to reentrain at 
air velocities slightly over 1,200 :rpm, it was soon determined that a small 
water eliminator could not be produced using ordinary mist eliminators and 
water collectors. It was decided that in an axial system, the best approach to 
the problem might be an axial cyclone water collector. It appeared that this 
would not be di:f:ficult since the droplet size o:f water leaving the impinger 
screen was quite large, :for the most part, greater than 100 microns, :figure 9, 
due to the low velocity o:f departure. However, it was quickly :found that a.f'ter 
inducing a 45° angle turn in the air-water mixture by turning vanes which gen­
erated a good centri:fugal :force, the water drops approaching the outside o:f the 
structure and entering the boundary layer received little :further encouragement 
to contact the outer wall. In addition, at drain slots, as a drop left the edge 
there was no :force tending to send it into the water receiving zone, and approx­
imately 50 percent o:f the water became sprayback into the interior of the water 
eliminator. This problem was approached by using a number o:f sequential slots, 
thereby catching an additional percentage o:f the water as it passed each slot. 
This worked well, except that air tended to :flow into the :first circumf'erential 
slot and out o:f later ones, thus carrying the water back into the airstream. 
In order to achieve a high percentage o:f water collection, it was necessary to 
seal the various circumf'erential slots :fran each other to drain the dust-laden 
water out o:f the system by baranetric seals :fran each water collecting zone. 
Additional problems were encountered on the inner .portion o:f the collector, as 
here the water tended to :follow along the inner· core as a result o:f sur:face 
tension and ride through the collecting device. Various gap, wires, and other ­
devices :failed to eliminate this problem which was :finally solved by using a 
streamlined cone at the end o:r· the turning vanes, the- angle o:f the cone being 
such that a stalled zone was created on its sur:face. This :formed, in e:f:fect, a 
rotating doughnut around the cone with the inner portion o:f the doughnut :flow­
ing opposite to the direction o:f air now in the collector.. Thus the water was 
:forced into the major airstream and did not reach the center o:f the collector 
where it could ride through. The canpleted collector is shown in :figures 10 and 
11. 

Per:formance tests were continuously made on the various con:figurations 
and, as :finally developed, the collector could produce 99+ percent ef:ficiency 
at 5-micron particle size and up to 67 percent collection at 1 micron. · It is 
possible that these laboratory tests might have been slightly optimistic due 
to agglomeration, but :field test over a considerable period o:f time indicated 
that they were substantially accurate. Figure 12 shows an e:f:ficiency curve 
for this collector. And :figure 13 shows an evaluation o:f the typical dust being 
collected. Many tests were made with a 30-hp, 12,000-cfm portable model of this 
collector as shown in :figure 14. This model was built speci:fically :for under­
ground tests in a continuous miner section and with the two-stage fan had enough 
pressure to exhau~t through a considerable length o:f tubing. Figure 15 shows 
a mining setup under which this dust collector was tested. Isokinetic samples 
were taken :fore and a:ft o:f the collector, and the samples were evaluated both 
by weight and by count to determine performance. Collection e:f:ficiencies aver­
aged 99 percent by weight and 90 percent by count. These :figures -represent 
grain loadings o:f 0.1282 and 0.0018 grains per cubic :foot and 60 and 6 million 
particles per cubic :foot in and out o:f the collector, respectively. 
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While the performance of this collector was commendable, the problem sttu 
existed as to an acceptable method of use. ·The machine was too large to be 
placed in proximity to or on the continuous miner. The location of the dust 
collector at the discharging end of a 100- or 300-foot duct also had serio~ 
disadvantages as a much more canplicated duct was necessary and leakage lossea 
in the duct reduced the amount of air removed from the face mining area. It 
the collector discharged directly into a return airway, it might be convinc~, 
argued that there was no need tor a dust collector it a trickle rock duster 
was installed at this point (See appendix 1). 

As a result or this experience, two prototypes were built of an even. 
smaller dust collector which used the.same mixing screens constantly wetted by 
a water spray but took the discharged water-dust mixture immediately to a 
mixed-now fan which discharged the mixture of water and dust into a channel 
at its periphery, the air traveling on in an axial manner. Figure 17 shows an 
exploded view of the interior of this dust collector. Figure 18 shows this col~ 
lector mounted on a continuous miner where it collected dust from the face areq 
and discharged it to the rear of the continuous mining machine. This model ' 
contained a high-speed 20-hp motor, the capacity was approximately 6,000 cfm. , 
without discharge duct, and it was 19 inches in diameter and 54-3/4 inches long! 
It produced 10-1/2 inches of water pressure so that it was possible to dis- 1 
charge through a duct without serious. reduction in capacity. The pressure drop. 
through the impingement screen was higher than in collectors previously buil..t 
since a higher velocity had been chosen, in order to minimize -the size of the j 
collector. Three to 4 gpm of water were fed into ~he machine, a major portion ~ 

· or which discharged on the conveyor of the continuous miner, but 0.1 to 0.2 ·1 
gpm traveled out with the discharge of the collector as mist. It is believed 
that this is the smallest dust collector, in terms of performance, built to 
date, but it also faced a problem of successful physical application. In high l 
seams, it would seem possible to find a place for an object 19 inches in dia~ j 
meter and 54 inches long, but certainly in lower seams it is very difficult ·to'! 
find such space. As a result of these space difficulties, no real application. J 
of either of the collectors has been made in this country. There have been a l 
number of them appiied in the longwall mines of England. . j 

• I 

We now have new impetus to improve dust collection at the face, and once 1 
again the industry is surveying• the tools available to see what may be used, j 
what may be modified, and what may be developed to meet the need. The conditiOlj 
are essenti.ally the same as they have always been. We have the same coal, the J 
same too-small room in which the machine is operating, we have a machine whicb.J 
is more powerful and perhaps larger than those in the past, consequently, we ·1 
have more dust. With new knowledge as to the effect of dust on men, we have a 
new requirement for collection· in the smaller particle-size ranges. None of ! 
these factors makes improved dust collection any easier. However, we do have, 
better ventilation than in the past and judicious use of this ventilating air. 
together with water has sanewhat improved the situation. 

To review the dust collectors which apparently might be used in the coal 
mining environment, the first candidate is always the dry inertial collector, 
a simple flexible mechanical device. The most sophisticated developnent known 
has been made by Sikors]cy' Aviation to clean the air entering their helicopter 
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3ngines, which in bad dust conditions without dust collection may have an 
JPerating life of less than 100 hours. As assembled by Sikorsky, small cyclones 
about 1 inch in diameter are placed in the periphery of a semiconical unit 
approximately_l8 inches in diameter and 3 feet long. Engine intake air flows 
through the small cyclones into the conical plenum and thence into the engine 
1ntake. The conical arrangement has a double wall frcm which air is evacuated 
or scavenged by a small fan. The efficiency of this arrangement is reported as 
88 to 90 percent by weight, and the pressure drop is quite low. It is likely 
that the collecting efficiency in the minus 5-micron range is quite low, though 
tests have not been made in this particular area since particles of this size 
do not represent a hazard to turbojet engines. This scavenged heavily dust-. 
laden air is about 5 percent of the total. If the system were used in a mine, 
this air would have to be cleaned up in some manner, perhaps through a small 
scrubber or a filter. It is at the very least, an interesting development 
since with these small cyclones, an envelope of any shape could be configured 
to fit the available space on the mining machine, that is, it could literally 
wrap around control cases, hydraulic pumps, etc., to achieve a very snug dust 
collector. There remains the requirement for a fan to provide the operating 
pressure; since fans somehow always seem to be circular in configuration, even 
finding a place for an adequate fan could be a problem. 

Filters, as always, offer good collection efficiency, 99+ percent at 1 
micron. They are not particularly expensive, but even the best of them have 
low face velocity requirement, a maximum being something like 20 fpm or 20 cfm 
through 1 square foot of filter surface. If one would like to build a filter 
for 10,000 cfm of air, which might be required for good dust control on a high­
performance continuous miner, 500 square feet of filter surface would be 
required. If this surface were furnished by a filter consisting of 6-inch-deep 
folds spaced 1 inch apart in an 18 inch wide frame, the length of the frame 
would be 31 feet. Similarly, if the approach is to deepen the fold, an 18 by 
18 square inch collector would have to be about 10 feet deep. These dimensional 
problems seem to eliminate the filter fran consideration. 

Venturi scrubbers have good efficiency, 99+ percent at the 1-micron level. 
They however, have pressure requirements of 10 to 30 inches of water plus that 
required in the collection duct . They also require fran 3 to 10 gpm of w~ter 
per 1,000 cubic feet of air cleaned so that if 5 gpm water per 1,000 cubic 
feet were used in a 10,000 cubic foot collector, 50 gpm of water .at the mining 
ma.chine would be necessary and means for its disposal would . also have to be 
considered. A recirculated water system might be considered, but this calls 
for extra apparatus in a place where little room is available. It is also not 
known how pressures of 15 inches or 20 inches of water could be developed in 
or near a mining machine to provide the activating energy. 

Finally, we come again to the wet scrubbers as a possible solution to the 
mine dust problem. Their efficiency is apparently adequate for the job, and 
power requirements for the scrubbers are also in a _practical range. Size be­
canes the major problem of the scrubber, its water eliminating section, and 
the fan which will move the air through the system. As far as is known, the 
only devices available to the industry today are the American Air Filter 
Rotoclone and the Joy Microdyne, neither of which in their present size provide 
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a good solution to the problem. They do however, represent hopeful routes fo: 
further research and investigation. In such art investigation, a number of 
factors should be given consideration. The collector must have the ability tc 
handle large pieces of coal and rock or else a precleaner will have to be p~ 
vided. It should be designed to use a minimum quantity of water and to requii 
minimum pressure drop, in order that these service requirements do not incre1 
the system size. Keeping in mind that dust collection in the minus 5-micron 
range is not unlike heat transfer, maximum advantage should be taken of high. 

acceleration rates around small radii in order that ~2 for the particle may l 
very great in the face of the viscosity of the air. 

A recent short test with the Joy mixed-flow .Microdyne on a Lee Norse 
machine in Illinois confirmed that there is hope in this direction. The colle 
tor was mounted directly on the continuous mining machine discharging its aiz 
rearwardly on the opposite side of the room from the operator. Sampling was . 
done with the Unico Cll0 personal sampler and tests on consecutive days showe 
an average of 5 milligrams ·per meter for the operator, helper, and observer ! 
with no dust collection and an average of 1.91 milligrams per meter for the 1 
operator, helper, and observor with the dust collector operating the followirl 
day. There was at least 3,500 cf'm of dust flowing through the dust collecto~ · 
with reasonably good intake manifolding around the front end of the machine. 
It was reported that the injection of the air from the dust collector greatlY, 
increased the outflow of air from the brattice which was on the operator's sit 
Visibility was increased significantly in an atmosphere which was showing 17d 
million particles per cubic foot on the side of the room opposite the operato 

'· 
Existing dust-collecting systems are too large for satisfactory applies 1 

tion to most presently operating mining machinery. There is hope however, tha) 
with further development, significant results in dust control may be realize~ 
Exploitations and further development in the multiple minicyclone area and i~ 
the imping~ent scrubber area offer the greatest pranise of success. 

APPENDIX 1 

The disposition or ·the air-borne dust fraction after it leaves the face 
area is of considerable importance and the following table shows some of the 
concentrations of distinct sizes at various distances down wind of the course 
expressed in percentages of the original concentration: 

Particle Distance down wind ( feet.) 
Dia. (microns) 60 120 300 600 1,200 3,000 6,000 

5 99.8 99.7 99.1 98.3 96.6 91.7 84.1. : 

10 99.3 98.7 96.7 93.5 87.6 71.6 51.3' 

20 97.4 94.8 87.5 76.6 58.6 26.2 6.9 

50 85.2 72.6 44.9 20.2 4.1 0 0 

100 57.3 32.9 6.2 .4 0 0 0 
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over 50 percent of the air-borne fraction by weight has settled out within 300 
feet. The minus 5-micron fraction will remain airborne throughout the return 
ir courses of the mine. Referring to the weight curve on the lower right in 

~igure ·13, the minus 5-micron fraction represents 1.2 percent of the total 
air-borne fraction. 

QUESTION (D. KINGERY): Lee, there have been wonderf'ul things done with 
}!ydraulically driven fans, small sized and of high capacity. Have they been 
considered for any dust collection? 

.MR. BARREI'T: None that I know of, Don. The hydraulic approach could be 
of interest, because we can pack more power into a given size package with 
8 hydraulic motor than we can with an electric motor. This will give us a 
chance to put the motor at a different location and reduce size. 

QUESTION (KEN SUTER): When you had your scrubber located remotely from 
the machine, why is this approach left out? Was it because it is too hard to 
run the duct work? 

.MR. BARREI'T: This can certainly be done. In my opinion, however, with 
duct removal of air from the face zone, we might as well use a fan as a dust 
collector. If we are going to run a duct from the machine out to an air mover, 
we have already removed the dust from the face environment. 

The reason for collecting this dust now becomes a completely different 
one, to eliminate rock dusting, since the return air way will not be occupied 
by men. One might consider at this point a dry cyclone or some other type of 
collector which would take the float dust out; the five-micron dust will go 
out of the mine with the air currents and does not represent an explosive 
hazard. 

My pet approach to this problem is to develop an ultralight fan located 
at the beginning end or a pressure ventilating tube with additional ultra­
light fans at every 100 feet along the length of the tube. 

We can thus extend the collection duct with the machine; hopefully, we 
can keep the gathering opening at a point where we can get all of the dust 
perhaps we can get it all without applying water. A blowing duct is much 
lighter and more efficient that an exhausting duct which is always trying 
to collapse. 
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Figure 1.-Impingement section, Early Joy Dust Collector 

Figure 2.-Early Joy Dust Collector 



Figure 3.-American Air Filter Pad for Coarse Dust Collection 

Figure 4.- "Z"- Shaped Impingement Section 
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Figure 5.-Adaptation of General Motors Radiator 
for Dust Collection 
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Figure 6.-Radial Section through 
Impingement Screen 
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Figure 7 .- Magnified View of Wire Arrangement 
in Impingement Screen 

Figure 8.-Impingement Section of 
Folded Mesh Material 
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Figure 10.-Axial Cyclone Water Collector (Cutaway) 

Figure 11.-Axial Cyclone Water Collector 
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Figure 16.-Dust Collector Eff"tciency 

Figwe 17 .-Improved Dust Collector-Working Parts 
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MR- cRENTZ: Under the general sessio~ of respirators and life suppo:rt 
systems, we have the session entitled ",Respirators -- Their Use and Limita­
tions." It will be presented by Mr. Robert H. Schutz, Supervisory Research 
Chemist, Safety Research Center, Bureau of Mines. 

THE DUST RESPIRATOR PROBLEM 

by 

Robert H. Schutz 

.ABSTRACT 

Dust respirators have steadily improved as a result of user demands for 
better quality and the upgrading of approval requirements by the Bureau of 
Mines. Although dust respirators offer a positive degree of p_rotection to the 
wearer, they have not gained wide acceptance in mines. Why not? What is their 
proper .use in mining? 

· Suggested solutions to the nonacceptance problem include development of 
more comfortable respirators, their proper selection, use, and maintenance, 
and adequate training of respirator wearers. In addition to these solutions, 
this paper also describes Bureau·plans· to upgrade dust respirator approval· 
!equirements. 

INTRODUCTION 

The U.S. Bureau of Mines -first established performance requirements for 
dust respirators in 1934 with the publication · of schedule 21. ~ince then, many 
improvements in respirator design, ccmfort, efficiency, and breathing resist­
ance have been made. Mlch of the credit for improvements must be attributed 
to user-demands for better respirators. The Bureau, in revising its . schedule, 
has developed more severe tests to maintain and improve respirator quality. 
The present dust respirator schedule is 21B~ 

Al.though the subject of this paper is dust respirators, we should recog­
nize that these devices are not and should not be regarded as a primary means 
of protecting miners from inhalation of airborne dust. Respirators are prop~ 
erly used until more suitable dust control methods can be installed, or when 
dust controls break down and where installation is impossible. Respirators 
are, of course, used when sudden release of dust temporarily overtasks dust · 
control equipment. At times, the use of dust respirators may be necessary for 
several days; however, in their present form, they cannot be accepted as a 
permanent solu~ion to the dust inhalation problem in coal mines. 
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When they are selected, used, and maintained according to accepted prac­
tice, approved ~ust respirators that are a~ailable today will protect workers 
aga1nst inhalation of many hazardous materials. The Bureau's tests make cer­
tain that more than 98 percent of respirable dust will be retained by filters 
of approved respirators. Usually, a comfortable and reasonably leak-tight 
facepiece fit can be obtained. This assures that the respirator will remove 
better than 95 percent of the atmospheric dust. 

Information on respirator selection, use, and maintenance can be found 
:1D the new .American Standard Practices for Respiratory Protection, Z88.2-1969, 
wbich is sched~ed for publication late in 1969 by the .American Standards In­
stitute. Some of this information is summarized below. 

Unfortunately, respirators may be used in high-dust concentrations where 
they plug quickly, making breathing difficult. The wearer may then discard 
tbe respirator rather than replace the filter • .Also, many workers object to 
wearing what they regard as extra paraphernalia. This is particularly true 
when the adverse results of not wearing a respirator are not immediately 
apparent. 

On one hand, respirators have been used successfully for many years in 
the lead, beryllium, and other metal industries, where a man who does not wear 
:i;:espiratory protectors in a toxic atmosphere will find positive proof of this 
neglect in a very short time. On the other hand, dust, such as silica, asbes­
tos, and coal will incapacitate a worker only after years of exposure. Under 
these conditions, workers will object to and find reasons for not wearing pro­
tective equipment. This is particularly true if the respirator is more un­
comfortable than exposure to the dust. 

Hence, we have a twofold problem. First, how do we make good respirators 
even better, so they will be acceptable to more workers? Second, how do we 
convince workers that they should wear respirators, when conditions require 
that they be worn? 

MAKING .RESPIRATORS BETTER 

Respirators approved under the latest schedule are almost always more 
comfortable and exhibit better performance than those approved under previous 
schedules. Materials and respirator knowledge are constantly improving, and 
the Bureau incorporates more severe test requirements in each schedule re­
vision. Respirator manufacturers recognize this, and many have submitted their 
.respirators for approval under schedule 21B. Unfortunately, respirators which 
were approved under older schedules do not fade away. Human nature, being re­
sistant to change, tends to perpetuate use of respirators that manufacturers 
try to discontinue. While it must be recognized that. dust respirators approved 
under Bureau schedules 21 and 21A are by no means unsafe to use, the user 
should know that better models approved under schedule 21B are available. 
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i 
studies of respirator design, performance, and ergonomics (that i s, i 

effect of respirators on performance of work) have shown that several fact 
are important to respirator quality and wearer acceptance. Most important-4 
breathing resistance, facepiece fit, comfort, and filter efficiency. SomeJ 
factors, such as facepiece fit and comfort are personal requirements that 
pend principally on the facial features of the persons wearing the devices 
Using information from these studies, manufacturers have developed and are 
continuing to develop new facepieces that are more acceptable to wearers. 

The Bureau, in cooperation with other Federal agencies and respirator 
manufacturers, is currently developing new performance requirements and d 
sign criteria for dust respirators. Briefly, the following has been done a 
is underway at the Bureau. 1 

On June 16, 1969, the Bureau issued amendments to schedule 21B, for : 
approval of radon daughter respirators. Work done at Ios Alamos Scientific· 
Laboratory, under the direction of E. c. Hyatt, was the basis for new per- · 
formance requirements for these devices. Tests at Ios Alamos and at the Bu~ 
reau showed (l) a correlation between radon daughter and lead fume penetral 
tion of filter media, (2) the usefulness of a quantitative facepiece-fit tE 
using a coal dust test atmosphere, and (3) the satisfactory performance o~~ 
certain filter media with unusually low breathing res~stance. 

.d 

Incorporation of the lead fume test and low breathing resistance req\rl 
ments in the amended schedule should result in development and approval df 1 
more efficient respirators with lower breathing re.sistance, for use by urai'i 
miners and others. The quantitative coal-dust facepiece-fit test has proverl 
be useful in evaluating respirator comfort. In this test, several subjec.ts'1 

enter a chamber containing approximately 75 mg of coal dust per cubic meter 
and go through facial and body movements while wearing the respirator under 
test. F.ach subject is carefully instructed to put the respirator on comfort/ 
ably ( as it will be worn in use) even if this results in a loose fit. From <1_ 

comparison of the dust concentration taken from within the facepiece with t: 
dust concentration in the chamber, the percentage of respirator leakage is 
determined. Most of the currently approved dust respirators show leakages o: 
less than 1-2 percent on newer models and up to about 7 percent on older 
models. At least one manufacturer of an approved respirator has speeded up 
modi:f."ying an older facepiece to improve comfort and produce a better fit, 
after he was sho~ the results of this test. 

Concurrently with work on these new performance requirements, the Burei 
sponsored preparation of an .American Standard, Z88.l-1969, on radon daughte1 
respirators. This standard was written to assist users in proper selection, 
use, and maifitenance of these devices. 

Meanwhile, the Bureau and others are engaged in an accelerated program 
to develop new dust respirators with improved performance. One device being 
considered in this program is a disposable and valveless dust respirator tha 
has high efficiency and low breathing resistance. Several models are being 
evaluated in field tests. The Bureau is working on high-humidity filter 



J!netration tests, since without an exhalation valve, moist exhaled air will 
'bave to pass through the filter. 

Dust respirator designs of the air-supply type are also under develop­
)ll8Dt. These include an air-line respirator supplied with respirable air from 
8 compressor located underground and an air-line respirator supplied from an 
UJllierground liquid-air source. A filter-type respirator with attached blower 
is also being studied. Development of these respirators is being undertaken 
by several respirator manufacturers, a university laboratory, and companies 
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and organizations in the coal industry. The Bureau is carefully observing 
their progress, while simultaneously developing new test requirements that may 
be necessary for approval of these devices. 

The Bureau is also doing some basic research work on respirator filters. 
In one project, a sodium chloride aerosol for filter testing is being de­
'18loped. In another, the basic mechanism of entrapment of dust particles by 
tilters is under investigation. Novel instrumentation, including a scanning 
electron microscope, will be used in these and other Bureau studies on dust 
and dust respirators. 

IMPROVING RESPIRATOR ACCEPTANCE 

It may be assumed that wearers who object to presently available respira­
tors will be at least partially satisfied with newer and improved models. 
However, considerable missionary work must be done before and after respira­
tors are accepted by wearers. 

Unfortunately, many people think that a respirator program consists of 
handing a new respirator to a worker and saying, "Here, wear this." You may 
be certain he'll wear it -- around his neck. 

What is a minimal respirator acceptance program? The following brief 
guide has been adapted from the .American Standard Practices for Respiratory 
protection, Z88.2-1969: 

1. When dust respirators are needed, the reason for their need and how 
long they may be needed should be explained to the workers. 

2. A standard operating procedure should be established. 

3. Respirators should be selected, first on the basis of the hazards 
present, and second, to fit the wearers comfortably. 

4. Wearers should be instructed in proper respirator fitting procedures. 

5. Respirators should be regularly cleaned and disinfected. 

6. Respirators should be maintained with replacement parts to keep their 
protective capacity and retain their Bureau approval. 
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Field experience has shown conclusively t~at one respirator facepiece 
will not fit everyone comfortably. Faces ·come in a wide variety of sizes and 
shapes and, sq far, respirator manufacturers have been unable to develop a 
universal half-mask facepiece. Some manufacturers provide two or more sizes 
which can be fitted with the same filters. Ideally, the respirator wearer 
should be allowed to select his respirator from at least two sizes. He shouJ.~ 
be trained from the manufacturer's instructions, how to perform a simple chec; 
of face fit. The model which fits satisfactorily and is most comfortable I 
shoUld be issued to him. Observing -his face during the first few work periods. 
will show if and where leakage may have occurred between the facepiece and I 
face. If one size proves unsatisfactory after the initial trial, adjustment j 
or issuance of a new facepiece, or a better job of selling respirator use, on 
all three, may be required. ! 

' The face-fit test made prior to each use is important; this procedure is 
carefully detailed in the manufacturer's instructions and in the .American j 
Standards. It is most important to impress the wearer with the need for pe~- , 
forming this test each time the respirator .is worn, and it is even more ef­
fective, if he checks his facepiece fit occasionally while wearing the 
respirator • 

.Another important factor governing respirator acceptance is making cer­
tain that a clean respirator is available when needed. Nothing will discourag/ 
its use more than having to put on a dirty respirator. All respirators should 
be gathered together at the end of a work shift for cleaning and disinfectioJ 
Several alternate methods of handling this are described in the .American i 
Standards and in the respirator manufacturer's instructions. Where respirato 
are issued without previous assignment to a particUlar person, they must be 
both cleaned and disinfected. Where each respirator is marked and issued to 
an individual, daily cleaning is important, but disinfection may be done on 
other than a daily basis. 

During and after cleaning, respirators shoUld be carefully inspected for 
worn and missing parts. These must be replaced. Identical replacement parts 
must be obtained from the manufacturer to insure maintenance of the approval 
status of the respirator. 

CONCWSION 

In conclusion, it must be recognized that dust respirators offer definit 
protection to the wearer when properly used in conjunction with and in additi( 
to other controls. Probably the greatest factor in obtaining worker acceptanc~ 
is the personal attention that must be paid to their selection, use, and main; 
tenance. If management and workers are willing to approach the problem on an 
individual basis, select the correct respirator, fit it comfortably to the 
wearer's face, keep it clean and in good condition, and take time for proper 
training, the percentage of wearer acceptance will certainly improve, and the 
worker's hazards will be reduced. 
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QUESTION: Will you repeat the efficiency statement you made at the start 
of your discussion? 

MR. SCHUTZ: We could expect for the filters alone probably better than 99 
percent removal of respirable dust. This is the dust going to the filters. 
,acepiece fit is a limiting factor in respiratory protection, and if the face­
piece is properly fitted, you should get better than 95 percent efficiency 
againSt respirable dust. , 

QUESTION: How long would you expect respirators to be usable under, shall 
we say, maximum dust conditions? 

MR. SCHUTZ: Maximum, probably not more than a few minutes, from the maxi­
mum dust loading we have heard or. Of course, this is a very extreme condi­
iion. I would hesitate to give any definite figure. I would say that when 
breathing really becomes difficult, the filters should be replaced or should 
be disposed or. 

MR. · CRENTZ: Ufe support systems will be discussed by Dr. William A. 
Burgess, Associate Professor or Environmental Health and Safety Engineering, 
Harvard School or Public Health. 

LIFE SUPPORT SYSTEMS 

by 

William A. Burgess 

INTRODUCTION 

The air-purifying respirator used for protection against dust can be con­
sidered a marginal life support system. Al.though simple and economical, this 
device suffers from serious performance limitations, including significant 
facial leakage, high seating pressures of the mask on the face, interference 
with speech and vision, increased thermal load, and interference with other 
personal protective devices. At the other extreme, the astronaut's space suit· 
represents a sophisticated system which optimizes the oxygen supply, removes 
carbon dioxide, and provides protection from air contaminants, vacuum, mete­
orites, temperature, zero gravity, and acceleration. 

In this paper I will explore the developments and potential of life sup­
port syst~ for extended wear which lie between the boundaries of conven­
tional respiratory.protective devices and the life support system of the 
astronaut. It is this equipment which may provide reasonable alternatives to 
present systems for personal· protection for mine applications. I will attempt 
to identify broad protection concepts and show implementation of the concept 
with specific examples ot devices now in use or in development. Sane of these 
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examples are drawn directly from coal mines and others from industrial and 
military experience. 

LIFE SUPPORT SYSTEMS AND DEGREE OF ENCLOSURE 

This discussion of life support systems is based on the mobility reqQire 
by the wearer and the level of enclosure which is acceptable in a given ap­
plication. Mobility is a major factor in determining the choice of system. 
Does the miner move from location to location and require complete nexibil. 
ity, or does he.have a fixed work station on large powered equipment where 
energy sources and a mounting platform are available? 

The Mobile Worker 

Let us first consider systems that are truly portable as shown in Figure 
1. A series of three protective envelopes are shown: the mouth and nose, the 
head, and the complete body. These desired protection envelopes are identi­
fied by the dotted line on the set of figures in the first column. The types 
of device we use to implement these protection envelopes are shown in the 
second column, and specific examples of equipment are listed in the last 
column. 

Minimum protection from the inhalation of airborne contaminants is pro­
vided by the first protective envelope. In practice this is usually provided 
by an oral nasal mask or occasionally by full face masks. In the simplest lit 
support system this protection realm is implemented by delivering clean air 
to the mask under positive pressure using a system carried by the worker. Sue 
devices which are identified. as powered air-purifying respirators eliminate 
breathing resistance and minimize facial leakage (0.1 to 1.0 percent) without 
elaborate fitting procedures. They are usually designed to provide a minimum ' 
airflow of 4 cubic feet per minute, which slightly exceeds the peak inspira­
tory flow at a moderate work rate. Three systems of this type listed in 
Figure 1 -- the Fenzy Aerateur BQ, the Martindale, and a unit designed by the 
author for the .American Iron and Steel Institute -- will be described in same 
detail. 

The Aerateur BQ shown in Figure 2 was developed. by the Center for Mining 
Medical Studies of the Nord Pas de Calais coal fields (1). It is produced by 
Fenzy & Cie, Paris, France, a~d distributed in the United States by Safety 
and Supply Caopany, Seattle, Wash. The unit consists of a dust filter and a 
simple fan element driven by a permanent magnet motor, all mounted directly 
on the rubber oral nasal facepiece. A power cable runs from the facepiece to 
a battery on the belt. The complete facepiece assembly weighs approximately 
12 ounces. A standard dry cell battery is said to provide 60 to 70 hours of 
operation. 

The cleanable filter, made of .Amainte-Alfa paper, is pleated to obtain 
464 square inches of media. The United States distributor states that the 
filter bas an average efficiency of 98.5 percent, when tested with silica dust 
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•ith a median size of 0.8 micrometer at a dust loading of 160 to 200 milli-
grams per cubic meter (~). · 

O.U- tests show the unit will deliver 3.4 cubic feet per minute at a fan 
static pressure of 0.10 inch of water, when operated at 6 volts. At this op­
erating point, the current drain on this unit is 110 milliamperes. Over a 
thousand of these units have been under evaluation in the French coal fields; 
however, the results of this evaluation study are not available (l). 

Martindale Electric Ltd., Iondon, United Kingdom, has developed a pow­
ered unit to be used with oral-nasal masks and plastic hoods. The motor­
blower, a 6 volt silver-zinc battery, and a high efficiency filter are housed 
in the power unit which can be worn with either a front or back belt sus­
p~sion. The unit, shown in Figure 3, will deliver 5.3 cubic feet per minute 
when used with a high efficiency filter. The current drain at this delivery 
is 500 milliamperes which pennits an operating life of 8 hours. This unit, 
first described. in the United States by I.uxon, has been stated to have varied 
:[ndustrial application in England (4). The standard unit comes equipped with 
both a roughing filter and a high efficiency pad-type filter. The power unit 
weighs approximately 5 3/4 pounds and the associated delivery tubing and mask 
and belt another 2 1/2 pounds. 

A powered unit, designed for this protective envelope by the author under 
a grant from the .American Iron and Steel Institute, is shown in Figure 4. The 
power pack which is worn on a miner's lamp belt and consists of a simple ra­
dial blade blower, DC motor, and a rechargeable nickel cadmium battery system, 
provides a nominal delivery of 4.8 cubic feet per minute. The unit operates 
at 3.6 volts and has a current drain of 700 milliamperes at rated delivery. 
The unit was designed for coke-oven workers and based on particulate removal 
only. A deep wool batting filter media that had been impregnated with a resin 
was chosen after field studies of efficiency and loading characteristics. The 
power unit has a weight of approximately 2 1/2 pounds, and the breathing hose, 
mask, and belt weigh an additional l 3/4 pounds. At the present time these 
units are being evaluated at a number of coke ovens in the United States. 

Al.though the powered systems used with an oral-nasal mask eliminate in­
halation resistance and minimizes leakage, one must still accept interference 
with speech, discomf'ort from the wearing of the mask, and difficulties in 
using the device with head and eye and ear protection. 

The next obvious protective envelope shown on Figure 1 is that 9f the 
head envelope. The neck seal in this system can usually be designed to be 
more comf'ortable than the facepiece seal. A major advantage of the head en­
velope is a reduction in leakage to the range of O.l to 0.01 percent. One can 
also integrate head and eye and ear protection into a single system; and if 
communications are required, this too can be accomplished. (Anyone wh9 has 
worn a hard hat, safety glasses, ear muff protectors, and a respirator for an 
extended period will acknowledge this advantage.) A significant disadvantage 
is t:hat this system requires _a minimum supply rate. of 6 cubic feet per minute. 
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The Whitecapsul shown in figure 5 presents the integrated protection con­
cept which is characteristic or this level -of enclosure (5). The helmet is 
used in conjunction with a 15-pound backpack which supplies 6 cubic feet per 
minute through a particulate filter and activated charcoal bed. This delivery-­
is obtained at a power consumption which limits the operating time between 
battery recharging to 2 hours. I understand this manuf"acturer is developing a 
smaller unit for dust applications only. 

The third envelope shown in Figure 1 approaches that of the astronaut, 
but it can be provided with relaxed requil'eJl!ents to meet the simpler protec­
tion needs or industry and the mine. 

In addition to respiratory, head, and eye and ear protection, this type 
of enclosure obviously provides skin protection, and when used with proper 
overgarments, it can provide protection against flash fires. There are several 
examples of this enclosure developed for operational and rescue needs. The one 
I will describe is a suit system developed by the Clothing and Personal Life 
Support Equipnent Laboratory, U.S. Army Natick Laboratory for Explosive Ord­
nance Disposal personnel (EOD) (6). This system has a unique clothing design 
feature which should make it attractive for a number of applications. · 

If a worker is encapsulated in a complete garment, one can reduce leak­
ages to 0.01 -- 0.001 percent; however, a number of significant design prob­
lems arise which must be solved. One problem is that or thermal comfort, espe­
c-ially if the garment is impervious to water vapor. The Natick clothing system 
is based on- their thermalibrium concept which provides an effective solution 
to this problem. 

The suit system shown in Figure 6 consists or a helmet with an integrated J 
voice and electronic camnunication system, body clothing with gloves and boots~ 
and a powered air cleaning unit with a distribution system. A battery-powered 1 

fan operating at .a ·static press~ or 4 inches or water delivers 18 cubic feet 
per minute to the system. Six cubic feet per minute is directed to the helmet1 
and the balance to the suit. The suit consists of a double void as shown in 
Figure 7. The suit supply is directed to the ventilation layer and distributed 
to the torso, arms, and legs. It then flows to the extremities, where the air 
flow is reversed into the exhaust layer. The exhaust layer is provided with a 
series of conventional respirator exhalation valves which permit the exhaust 
to dump to -the atmosphere. This air distribution system and its countercu.rrent 
flow technique permit the suit to be used in the temperature range or -40° to 
110° F. 

The air supply system is carried on a backpack as shown in Figure 8 and 
consists of a battery-powered fan delivering 18 cubic feet per minute through 
a filter and activated charcoal air cleaning component. The system operates 
at 12 vol.ts at a current drain or approximately 3 amperes £or a total operating 
ti.me or 2 hours. The present system has a suit weight or 23 pounds and a· l.i£e 
support component weight or 19 pounds. The investi;!ator~ ~tate that they an.tici 
pate an 8-hour operating time with an advanced power supply system. 
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Fixed Work Stations 

If we now consider systems which can be used by men working at fixed 
JDBChine ~tations, we find that a number of other protection devices may be 
considered. These possibilities are described in Figure 9, •using the same 
envelope classification of Figure 1. The first envelope, an oral-nasal mask 
for protection of the respiratory tract only, can be satisfied in a number of 
ways, since weight and energy requirements are not of great importance. One 
attractive approach presently in use on continuous miners in Gary, w. Va., 
is sh~wn on Figure 10. This system, fabricated for Mine Ventilating Systems 
by Fssex Cryogenics, Inc., is a liquif'ied air system (7)(8). The main com­
ponents of the system consist of a 10 liter Dewar w:f_th-evaporator which is 
picked up by the miner at the lamphouse, carried to the continuous miner, and 
placed in its holder. A simple delivery tube with demand regulator supplies 
respirable air to the half-mask piece worn by the miner. Tare weight of the 
Dewar is 17 pounds and when full, 35 pounds. The mine must provide an air 
liquifier to service this equipment. 

This system appears to have received good acceptance by the individual 
miner, based on its simplicity and the quality of the respirable supply. It 
does seem to be an attractive solution to full-shift protection of an in­
dividual working from a fixed work station. 

The second enclosure classification in Figure 9 could also be serviced 
by a cryogenic system; however, a continuous flow of 6 cubic feet per minute 
would be required which would demand ·a rather large system. Since adequate 
power is available, · a small air cleaning system, using a dry filter seems 
feasible. Such a system would require significant maintenance, due to the 
very high dust loadings, unless it were equipped with an automatic filter 
change system • .Another interesting approach which has been actively pursued 
by the Mine Safety Appliances Company is the use of the Nash Clean Air Blower 
shown in Figure 11. This unit is a low pressure air compressor which has 
been used with success on airline respirator supply systems for a number of 
years. The compressor action is generated by a rotating water ring. The 
blower supplies 8 to 10 cubic feet per minute at 20 psig with a power re­
quirement of 2 horsepower. This device is also a good air cleaner and has 
demonstrated efficiencies greater than 99 percent against coal dust. If a 
dry filter is· used downstream of the Nash unit, efficiencies of 99.9 percent 
can be achieved (9). Wetting agents will cause foaming in the pump chamber 
and carry over into the helmet or facepiece. Therefore, the 3/4-gall~n per 
minute water supply -should not contain such additives. At the present time 
Mine Safety Appliances Company is conducting a field study on such a system. 

If one is working fran a fixed work station with normal services, the 
suit envelope shown in Figure 9 becanes especially attractive. A number of 
simple suit systems have been described by various authors, principally those 
in atanic energy laboratories. One recent system is the Douglas Point Air­
Supplied Vault Suit ('10) shown in Figure 12. This is a two-piece garment con­
sisting or a cotton coverall with an overga:rment or plastic. The suit is 
provided a total compressed air supply of 20 cubic feet per minute with approxi­
mately one-third of the supply directed to the helmet by means of a vortex 

317-274 0 • 70 • 16 



2.34 

tube. The helmet shell is custom molded; _however, the visor and other comp0 _ 

nents are fabricated from standard units. A major difficulty was encountered 
in providing suitable communications with this system. However, total enclosec} 
ear pieces and a noise-cancelling microphone resolved this difficulty. A num­
ber of other suit systems with umbilical service lines have also been de-
scribed ( 11 )( 12). · - -

The ultimate protection envelope shown in Figure 9 is a completely en­
closed work station with a controlled environment. This concept has already 
been applied to industrial crane cabs and construction equipment cabs with a 
high level of protection, greater acceptance by the worker, and possibly some 
favorable impact on work efficiency. 

Sm.t.WlY 

This review of life support systems has revealed the advantages of ex­
tending our protective envelope to the entire man. The development of the 
hardware which may be assembled for such systems is well on its way; however, 
the impact of such systems on the worker has not been investigated. 

In closing I would like to quote C. N. Davies (13) at the joint meeting 
of the Ergonomics Research Society and the British Occupational Izy-giene 
Society in 1961 on the Design and Use of Respirators: 

"One is left wondering _what is the future of the personal respirator; 
always, probably, they will be needed for special maintenance tasks, 
but machines, now, are often better protected against dust than the men 
who work them and the feeling remains that, if this is necessitated by 
the delicacy of inert mechanism, the time will soon come when the only 
irreplaceable component will be enclosed along with all the rest." 

This very valid observation opens the door for life support systems in 
many of our work environments including the coal mine. 
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Figure 2.-Fenzy Aerateur BQ. 
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• 

Figure 3.-Martindale Powered Unit. 



Figure 4.-American Iron and Steel Institute {AISI) 
Powered Air-Purifying Respirator. 
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Figure 5.-Whitecapsul Unit. 
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Figure 6.-Thermahl>~um EOD Suit. 
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Figure 8.-Air Supply System for Thermah"brium EOD Suit. 
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Figure l J .-Nash Clean Air Blower Under Test. 
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Figure 12.-Douglas Point Air-Supplied Vault Suit. 
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MR. CRENTZ: Our final paper this morning will be on same experiences 
with respirators in an underground coal mine, and will be presented by D. K. 
Flanagan, General Superintendent of Putnam Coal _Mines, Union Carbide Cor­
poration. 

EXPERIENCE WITH RESPIRATORS IN AN UNDERGROUND COAL MINE 

By 

D. K. Flanagan 

INTRODUCTION 

The interest of Union Carbide Corporation and its employees in accident 
prevention is well demonstrated by the fact that last year the three Bell 
Creek-Blue Creek underground coal mines in West Virginia, working the No. 5 
Block Seam, experienced no disabling injuries. Site Safety experience for 1968 
for Union Carbide's Coal Department was D.I. -- 2.1, S.I. -- 19.2, SEV. 35. 
Throughout the years, accident prevention activities have been increased with 
excellent results, and in the last 12 months there has been intensity in the 
Coal Department program to prevent respiratory complications. For years the 
use of personal respirators has been a part of the Union Carbide Corporation.1s 
safety program, and ind~viduals have been provided with their individual res­
pirators. The point was frequently made that the wearing of the respirator 
was a good practice, but the wearing was left on an optional basis, and safety 
activities were not keynoted on this area. 

POLICY 

The policy of the Union Carbide Corporation is to protect the miner's 
health by reducing or eliminating exposure to respirable dust. 

Procedure 

The use of a respirator is necessary in dusty conditions, and our OBJEC­
TIVE is to work with our program and in unison with our local United Mine 
Workers of .America members, to eventually make it mandatory for men to wear a 
respirator in areas where our testing and sampling activities indicate the 
necessity. 

We do not consider respirators as a substitute for the best technology 
available in reducing, suppressing, or controlling dust. However, we do feel 
that 100 percent use of the respirators is necessary among our employees in 
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s£tUations where dust concentrations are high enough to be injurious to health, 
·and respirator use is the only known and sure way to positively reduce this 
b&Zard and protect the miner. 

()ir Program 

Our program is personalized in evecy way possible. What are we doing to 
attain our objective? 

1. Furnish the equipment. We chose a respirator with a throw-away or 
replaceable filter. This allows the worker to replace the filter, if 
it should limit his breathing due to contamination during his work­
ing hours in the mine. 

The filters are available in the I.amp House, Mine Foreman's Office, 
and Safety Supervisor's Office, and the Section Foremen carcy extra 
ones in the mine. Any repairs that are requested are done by the 
Safety Supervisor. 

2. Hold 15 to 20 minute Safety Meetings with employees which include: 

A. Facts on dust and its effect, 

B. Pictures of lungs affected by dust, 

C. Demonstrations on the proper way to wear tpe personal respirator, 

D. Programs to emphasize the correlation between dust control and 
proper application of ventilation standards. 

3. Specifically include dust hazards in the half-day orientation program 
for new employees and :furnish the personalized respirator the first 
day on the job. 

4. Individually counsel those with complaints concerning the respirator 
and even to vacy the type of respirator to the individual pre£erence, 
provided, of course, the requested substitute meets specifications 
and is USBM approved. 

5. Constantly refer to respirators as "personal protective equipment" 
which warrants good care and maintenance by the person it is pro­
tecting. 

6. Constantly check the percentage of program acceptance in order to 
make improvements and keep our program aliv:e. 

7. Have suppliers (primarily MSA, since we use MSA equipment) address 
the group safety meetings. 

377-274 0 • 70. 17 
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8. Share information on spot dust samples to emphasize "areas and jobs 
which should be considered as needing "additional respiratory 
protection" -- a respirator. 

EXPERIENCE 

We have not yet hit upon a final method of evaluating our Program's ef­
fectiveness. llir present objective is to instill in all employees a desire tq 
protect their health by avoiding exposure to respiratory problems. It is nat l 
easy for some workers consider the choice of wearing or not wearing a resp!~ 
rater a matter of human rights. Does a company have the right to tell a man~ 
he must stop smoking, or that he must wear a respirator? From medical and , 
government reports we know that coal dust causes lung damage. Who is to say ; 
what an individual must do to protect himself? Some feel that the individualJ 
has the right to choose. We are giving him the facts and the protection he 1 
needs. We are doing our best to educate and to get him to wear his respiratoi 
for his own protection. We don't feel we will be successful, if we merely gi' 
him the alternative to "wear the respirator" or "be released from his job" . 1 

Our success, then can be best measured by the percentage of men wearing 
respirator protection. By observing specific job conditions and areas plus 
our dust sampling efforts, we have decided upon four areas of importance: . 
(1) the Cutting Machine and Continuous Miner Operators, (2) the loading Ma­
chine and Shuttle Car Operators, (3) the Roof Bolters, and (4) the Coal Dril~ 
In the first area, ·our sampling has indicated that to be on the safe side, 
respirators should be worn during the operation of the machines. In the secoil! 
area, our sampling thus far has not indicated the necessity of wearing respi~ 
raters while operating the machines. Because of our dust collecting system on, 
Roof Bolters, our sampling indicates that respirator protection is not needed: 
In the fourth classification, our current sampling does not indicate a need 
for respirators. We are using these four classifications for detennining per­
centages of our ultimate goal of a 100 percent for the respirator program in 
dusty conditions. 

A year ago, less than 40 percent of our miners wore respirators. Recent 
surveys show an increase to 85 percent. This, we feel, is due to our educa­
tional. program, recent publicity on coal dust effects, and better respiratory 
equipment. The original respirator used was cumbersome, difficult to maintain, 
and often self-defeating. The respirator most popular among employees today 
is the Du.stfoe 77 Respirator, which has passed the new USBM approved Schedule 
21.B. This newly designed respirator is comfortable, and the filters are easi}3 
changed for added convenience • 

.Also, we are trying to use involvement in our over-all dust control ef­
forts to foster acceptance of respirators. Tests to define and evaluate dust 
problem areas are currently being carried out. They will be done with differ­
ent ventilation systems, with water addition, on the basi-s of exhaust fans vs. 
line brattice, etc., to obtain the best environmental conditions possible. All 
these activities will be cormnunicated to the work force, and always the point 



251 

concerning "use of personal protective equipment" will be made to get the in­
dividual involved in matters of dust control which would lead him to the use 
of the respirator. 

SUMMARY 

The program lists my part as being "Experience with Respirators in an 
tJnderground Coal Mine" -- not all underground coal mines, and I have tried to 
limit my remarks to the experienced angle. 

IT IS NOT AN EASY T.ASK -- BlI'I' IT IS A NECESSARY ONE IN THE OPINION OF 
UNION CARBIDE CORPORATION. 

Will we achieve 100 percent participation? There are those in our or­
ganization who think so -- but we have not achieved it yet. Under the "in­
volvement program" most of the younger men to the mine and many of the older 
ones have REDUCED THEIR EXPOSURE TO RE3PIRATORY DUST BY THE WEARING OF A 
RESPIRATOR. THIS rs OUR GOAL. 

It is ou.r intention at some future date, possibly in 1970, to make the 
program MANDATORY. 

AFTERNOON SESSION 

2:00 p.m. 

MR~ GARVEY: I am James R. · Garvey, moderator for this afternoon session of 
the Symposium on Respirable Coal Mine Dust. 

The fonnat for this, the fourth and final session of the symposium, will 
be different frcm that of the prior three sessions. At those you spent your 
time .listening -- now you will spend this session talking; questioning those 
you have heard and expressing your own experiences and views. 

I hope you will all participate, because as pointed out in the printed 
program and stated by Mr. O'Leary yesterday, one of the purposes of this sym­
posium is to develop "a textbook of available technology on dust suppression." 
Your questions and the answers will be a part of the record. 

But before we start with that part of the program I would like to take a 
few minutes to summarize what we have -heard. Perhaps this will stimulate more 
questions from you, which can be directed at the total panel of speakers. 

The health standards prescribed by the Coal Mine Health and Safety Act of 
1969 will present unique problems for the coal miner, the coal-mine operator, 
and for the Bureau of Mines. Unfortunately, the law, instead of, as we had 
hoped, establishing a sound base for the development of a health protection 
program, as the British did, will probably prescribe specific levels of 



respirable dust which must not be exceeded and severe penalties for failure 
to meet those levels. 

Numerous times during the Congressional hearings prior to the enactment 
of the law, it was pointed out that the United States is the only coal mining 
country in the world which does not have a national standard for respirable 
coal mine dust. That statement was not entirely accurate, but we certainly 
have the most restrictive coal mine dust standard in the world. Whether the 
severity of the standard is necessary to protect the miners' health is large 
unknown, but further discussion along this line would be only academic. 

We will soon have a law which we must meet if we are to continue to mine 
coal. It is .apparent from the limited information we have available that meet­
ing the respirable dust standards as they will be prescribed in the law will 
present some difficult problems. But the United States coal mining industry 
has overcome difficult problems before, and I am certain that given sufficient 
time, it will overcome this one. But cooperation by all parties involved will 
be essential. 

During the past day and a half you have heard how and why the standards 
were developed, how dust levels are measured, what the current levels in U.S. 
coal mines are, and what might be done to reduce them. From listening to the 
presentations, I conclude that many of the proponents of the new health stand. 
ards have (1) misunderstood the basic health versus dust level information 
available, (2) failed to·recognize that the instruments and techniques for 
dust measurement are far from precise, and (3) failed to give due credit to 
the coal industry for the work it has already done on dust suppression -- and 
done long before the date of a year ago, when everyone became an expert. 

Our colleagues from Great Britain have told you of their work. The care­
fully conceived and well-executed program which they have pursued is deserving 
of compliment. How our Government officials could select a standard of 3.0 
mg/m3 as a result of their review of the British work is as much a mystery to 
them, I am sure, as it is to those of us who have been in close contact with 
the British work for many years. 

But, as I said earlier, this is merely history. On the other hand, we do 
hope that since so much guidance has been attributed to the British; our leg­
islators will go the full route and also copy the British system of multiple- · 
shift averaging in determining compliance. We believe this is essential, if 
we are to have any hope for compliance. 

You have listened to a description of the .possible sampling instruments 
which will be used in our mines • .And most importantly, the precision inade­
quacies of the sampling and measurement methods have been brought out. 

Following Mr. Jacobson's presentation, he agreed with a member of the 
audience that a one-shift reading of 3.5 mg/m3 could mean compliance with a 
3.0 mg/m3 standard because of built-in instrument errors • . The fact is that a 
single shift 3.8 or 3.9 mg/m3 reading could also be in compliance. I believe 
Murray would also agree to that. 
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.And finally you have heard of the various methods of control of respi­
rable dust -- ventilation, water sprays, water infusion, foams, wetting 
,gents, machine design, and dust collection. All have their place in this 
rogram to reduce dust levels. But, as Bill Kegel so clearly pointed out, -­

!s did several other speakers·-- coal mines and coal mining methods are so 
¢able that anyone who concludes that any one method will be the answer 
temonstrates his ignorance of both. 

As I said, the coal miner, the coal mine operator, and the Bureau will 
all play significant roles in the solution of this problem. The miner must 
be trained to operate the coal mini~g machinery so as to minimize respirable 
dust production, but despite all control efforts, he will still produce dust. 

The only really effective way in which compliance with the standards can 
be achieved is by controlling the exposure of the miner. He must learn how to 
do his job with a minimum of exposure to high dust levels, and he must know 
how to take full advantage of whatever means are available, such as water 
sprays, ventilation, etc., to keep the dust away.from his breathing zone. 
This will not be easy, because the respirable dust with which we are con~ 
cerned is invisible. The miner must learn how to avoid it without being able 
to see it or otherwise detect it. 

The coal mine operator, ·for his part, must incorporate on his machines 
and in his mining methods, the latest available technology for (1) minimizing 
the.production of respirable dust and (2) preventing exposure of the miner to 
that dust which is produced. Examples of the fonner would be the use of ade­
quate and effective water sprays and frequent bit changes. 

An example of the latter would be adequate ventilation, including quan­
tity, direction, and quality. The quality of the air coming to the face is 
most important because providing, say 10,000 cubic feet of air per minute, to 
insure that a velocity of 100 feet per minute is directed past the machine 
~perator, will be of little help if that air has already became dust laden 
in passing the belt transfer points, shuttle-car dumps, and other dust-making 
operations in the mine. The air reaching the miner must be essentially dust­
free. And this we may not yet know how to accomplish in existing mines. 

And finally, the Bureau of Mines will have a heavy responsibility. The 
new law will charge the Bureau with the responsibility for specifying how 
dust sampling will be done and how compliance will be detennined. We wider­
stand that advisory committees with industry members will be appointed by the 
Bureau to assist them in this regard. Perhaps in our discussions here this 
afternoon we will hear more about this from the Bureau representatives who 
are with us. · 

Further, the Bureau has the only personnel t~ined in the dust sampling 
and measurement techniques whi'ch probably will be used. Industry will need 
the help of this nucleus in becoming equipped to do the required sampling. 



Th Bureau, through the dust sampling program which they have had underw~ 
si:ce April 1968, bas learned a grea~ deal ·not only about coal dust samplt 
but also about the effectiveness of available measures for dust control. 
Consequently, industry must look to them for initial guidance on the appl: 
cation of effective measures for minimizing coal miner exposures to respij 
dust. I 

Some of the work which they have done along this line was described~ 
Technical Progress Report No. 19 which was distributed yesterday. That rep 
describes work carried out in seven mines wherein, by the use of axial flo 
fans to increase the ventilation rate and control the air-flow patterns a~ 
the face, substantial reductions in dust levels were achieved in the mines 
But it is unfortunate that the report did not point out the possible limi~ 
tions of this technique in existing mines. It will not be the total answeri 
the problem in all mines, although it does indicate the potential of changt 
in ventilation practices. Many such studies in other mines will be necessai 
if we are to gain sufficient knowledge to enable both health protection and 
the production of coal. I believe a well-planned and well-executed cooperat 
program involving both Bureau and industry personnel should be developed ' 
promptly to accomplish this. 

The ultimate answer to the respirable dust problem probably lies in~ 
development of better means for minimizing production of dust. This will 
quire an accelerated program of research, hopefully stimulated by the Burea 
of Mines with the funds which may be authorized for such research under thel 
new Coal Mine Health and Safety Act. But the Bureau cannot do this job itsel 
It must have the full cooperation of the coal mine operators and the manu-' 
facturers of not only coal mining equipment, but of other auxiliary equipmei: 
which might be used. This will be a big job and, as is so well stated in the 
Bureau's report to Congress on their auxiliary fan study: "It is evident tha 
before the results summarized herein can be generally applied, it will be 
necessary to develop equipment not now available to the industry, permit in­
dustry time to set up production facilities to manufacture this equipment, 
and to assure its distribution throughout the industry." 

I presume this statement applies primarily to the axial flow fans men­
tioned in the report. But it will be equally applicable to all new develop­
ments resulting from research. The task which lies ahead is indeed a formi­
dable one. But we must succeed -- not because of the new legislation -- but 
in the interest of maintaining health and needed coal production. 

Gentlemen, the title of this session is "Applying the State of the .Art." 
If some of my comments do not seem to fit that concept, let me remind you tha: 
as a researcher, I interpret the phrase "state of the art" to include knowl­
edge of what cannot be done as well as what can. The tendency to oversimplify 
the solution of the problem has been appalling. 

We have heard from various experts regarding the state of the art of res­
pirable coal dust measurement and control. Most of these experts. are assembled 
before you now, and this provides you with a final opportunity to question 
them regarding their experience on the various subject areas. 
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Other than the few minutes I have taken here with some introductory re­
)118,l"kS, there are no planned presentations. The program is yours. 

At the start of the symposium we had asked you to fill out your questions 
on these blue cards, which were pa_ssed around, and we got ·quite a few of them 
back. We will start this session by going over these cards. I will read the 
qnestions directly to the appropriate people, and we have until about 4:30 to 
discuss this subject. 

If at the end of the reading and discussion of these questions there is 
opportunity for further discussion, I will call for questions from the floor. 
I intend to go through this group of questions generally in the order in 
which the presentations were made, except that we have one man from West Vir­
ginia, Mr. Flanagan, who was last on the program, but who has a transportation 
problem. 

The questions for Mr. Flanagan concern the sampling which has oeen done 
at the Union Carbide Corporation's mines and their respirators. I will read 
both questions. 

It was indicated in your talk that there was a 25 percent difference in 
sampling results of the sampling devices. Were the devices alike or different. 
You also stated in your talk that you used only 21B approved devices and that 
you used the Dustfoe 66 respirator. Is this contradictory? 

MR. FLANAGAN: The testing devices were both of the same type. One device 
was attached on one side of the man, nearer the face, and the other device 
was on his other side, nearer the rib. Possibly the first device accumulated 
moisture, and the second one did not. Whether this is true or not, I could not 
say, but.they were the same type of testing devices. 

As far as the 66 is concerned, the Dustfoe 66 respirator is on Schedule 
21A. It is approved by the Bureau. If I said it was approved on 21B, I was 
wrong. The most popular respirator with our employees today is the Dustfoe 77, 
which is approved on Schedule 21B. 

MR. GARVEY: We have a number of questions directed to Mr. Walton. He told 
us about the dust control procedure sampling methods, standards and so on in 
Great Britain. The first question reads as follows: Is ·there any way to deter­
mine ahead of time an individual who may be more sensitive to dust? Could pre­
employment pby"sical and special examinations determine this? 

I would answer that question this way. Neither Mr. Walton nor I are medi­
cal men, But we have talked to many doctors and, unfortunately, I think the 
consensus of -the British, German, and the United States medical experts is 

· that you cannot predetermine this. You can tell, .of course, if the man does 
have some disease already, but you cannot predetermine susceptibility. 
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On the other hand, periodic X-rays during the time of employment, while 
he is.exposed to dust, will indicate that he 1s developing symptoms faster _ 
if he is susceptible -- and this is about the only indication from a medfou1 
standpoint you have. 

Mr. Walton, would you say that that answers the question? 

MR. WALTON: Yes, I agree. Pre-employment examinations of young people 
entering the British coal mining industry have been given for some 25 years, 
but there is no evidence whether or not the selection has any bearing on 
susceptibility to dust. 

Further analyses of the results of the Pneumoconiosis Field Research wi: 
be concerned with individual dust exposures ~rather than average concentratioi 
These should indicate the extent of differences in the response of individuaJ 
to equal dust exposures and perhaps whether the response is affected by the · 
type of work. For example, differences might arise because men engaged in 
heavy work breathe m~re air (and hence more dust) than those employed in ligl 
activities. 

Our Physiology Branch, under Dr. David Muir, are studying the lung depo­
sition of aerosols inhaled by men of differing respiratory function with and. 
without X-ray signs of pneumoconiosis. It is hoped that this work will throw.­
same light on the question of differ.ing susceptibilities to dust, but it is, 
unlikely to reveal the whole story, because men may also differ in their ab'iJ 
ity to eliminate dust from the respiratory spaces after .deposition and in 
their tissue reaction to the relatively small fraction of material that is 
permanently retained in the lung. 

MR. GARVEY: We have several questions for Mr. Walton regarding the 
British standards. I will read them. The first asks about the new dust stand­
ards which are going to be announced or have been set in Great Britain. I be­
lieve these were co~ered earlier, but we will go over them again. 

First of all, what are the standards? Are they going to be statutory? 
How do you arrive at the 4.3 milligrams per cubic meter figure versus the 8 
milligram per cubic meter in the return? 

MR. WALTON: The new standards are given in my paper: 3 milligrams per 
cubic meter in stone drivages and 8 milligrams elsewhere. These refer to 
respirable dust, as measured with the MRE Gravimetric Sampler Type 113A op­
erated continuously from the time that men reach the work place at the be~ 
ginning ~f the shift to the time of leaving, averaged over a number of shiftf 

The 8 mg/m3 figure was derived from the interim results of the Pneumo­
coniosis Field Research specifically for longwall coal faces (from which mos1 
British coal is got). The normal sampling point is in the return roadway, 70 
from the coal face, so that the concentration is measured after the ventila­
tion air has acquired its maximum dust burden. This distance, which has been 
increased from the previous figure of 25 yeards, allows instruments to be lef 



in position during shot firing at the face or ripping lip. The fallout of 
respirable dust between the face and the sampling point is small. 

No corresponding research data for stone w9rk are yet available, and 
until they are, it was thought prudent to maintain the previously existing 
differential between the standards for coal and stone. Hence the new gravi­
metric standard of 3 mg/m3 for stone drivages. 
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The British standards are not statutory; they are agreed by the National 
Joint Pneumoconiosis Colmnittee which meets under the aegis of the Ministry of 
Power (now the Ministry of Technology) with representatives from that Min­
istry, the Ministry of Social Security, the National Coal Board, the Trade 
Unions, and other interested parties. The National Coal Board aims to meet 
the standards. Dust concentrations at all working places are measured and 
regularly reported to Dust suppression Committees at both local and national 
levels. In 1968 about 80 percent of coal faces had approved dust conditions. 

The relationship between the 4.3 and 8 milligram figures needs to be 
cleariy understood. The interim results of·the Pneumoconiosis Field Research 
established relationships between the colliery mean coal face concentrations 
of dust, measured portal-to-portal arid averaged over all face workers (on 
longwall faces) in each colliery and the probabilities of contracting Category 
1 or Category 2 pneumoconiosis after 35 years' work in such conditions. After 
consideration of these probabilities, a limiting colliery mean coal face con­
centration of 4.3 mg/m3 was decided upon. 

Fram a study of the relationship between mean coal face concentrations, 
as measured in the Pneumoconiosis Field Research and the results of sampling 
in the return roadways, it was concluded that if the concentrations were not 
permitted to exceed 8 mg/m3 (averaged over a number of shifts) in the return 
roadway from any coal face, then the overall colliery mean coal face concen­
tration would not exceed the 4.3 mg/m3 limit. Thus 8 mg/m3 was chosen as the 
working standard. Steps will be taken to check the continuing validity of the 
factors by w:tµ.ch this was derived from the basic figure of 4.3 mg/m3 • 

We have not yet studied the corresponding problem in the very few British 
collieries worked by other than longwall methods, but this will receive fur­
ther attention. 

MR. GARVEY: Thank you. We have several questions directed at the Bureau 
of Mines. Mr. Doyle, that are followups on this British standard. "Since most 
of the testimony relating to the need for a dust standard was based on English 
data, why is it that their current recommended standard of 8.0 mg/m3 is not 
now being considered and presented as part of our proposed standards?" 

MR. DOYLE: I think it was evident from Mr. ·Walton's discussion that the 
British standard is not 8 mg/m3 , but 4.3 mg/m3 • When you compare the two 
figures, you must compare the .American proposed standard of 3.0 against 4.3 
which is the British proposal in terms of what the individual should be ex­
posed to. 
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When the Public Health Service team, along with the Bureau of Mines 
team, went to England last October to review the-British data, you must re­
member tha~ what was available to them at that time was a lot less than what 
is available at the present time. At that time, our British colleagues had 
not finished their last round of X-ray examinations in the mines. They had 
not compiled much of the data which is available today, nor had they con­
structed the pneumoconiosis probability charts that were available to us at 
a later date. 

So that the Public Health Service team really had to take some rather 
inadequate data that existed at that time and interpret this in tems of a 
standard. 

It seems to me that they came out pretty close; the Public Health Service 
said 3.0, and the British said 4.3. 

MR. GARVEY: I have to have a rebuttal here. 

MR. DOYLE: You did not let me finish, Jim. 

I said they came out pretty close in terms of data that was available at 
that particular time. Now, since that time, there has been a great deal more 
data that has become available. 

MR. GARVEY: One thing that could mislead you a little bit here is that 
the British standard of 8.0, as described by Mr. Walton, means 4.3 for the 
face worker, but remember that the 4.3 is an average of all for the face 
workers. It is not the maximum of any individual. Our 3.0 refers to the maxi­
mum any individual would be exposed to. If we were allowed to average the 
faces and all of the people at them in a mine. I am sure the 3.0 standard 
would have a different meaning. It would be more nearly related to the 4.3. r 
But we are comparing eggs and oranges. You cannot compare the British longwall: 
with our pillar system. 

Let us get on to the next question. What sampling scheme is going to be 
used under the new legislation? 

Now, I don't know };low far Mr, Doyle can go in answering a lot of this, 
because I think it will depend on how the final legislation comes out. ;l 

Henry, could you comment on your views? The question also asks who col­
lects the samples? 

MR. DOYLE: I rather think it is premature to try to comment on this. 
There are two bills now, as you know. Both of these bills agree in one respect 
in that the operator shall take a dust sample and forward this sample to the 
Bureau of Mines. It remains up to the Bureau to advise the operator of what 
the reference point is, the frequency of samples, and so forth. 
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The Senate bill sets the concentration as a maximum exposure which shall 
not be exceeded on any single shift. The House bill at this time specifies 
t.bis to be an average of a certain number of shifts. We are not in a position 
to indicate what our sampling procedures will be until we know definitely 
,rhich procedures the Congress will approve. I can tell you at this time that 
ye do have a group of alternative procedures which are designed to meet either 
one of these requirements. 

We will doubtlessly give you a reference point, if you are required to 
take your own samples, provide you with a sampling scheme, and request that 
these samples be sent to the Pittsburgh Health Group where they will be 
weighed and the data put in an autcmatic data processing system. 

This system requires our receiving a great number of samples from the in­
dustry. To handle this volume, we are designing an automated laboratory that 
will handle these samples on an autcmated basis, in the system. We are working 
with the filter cc:mpanies, so that they can give you a preweighed, encapsu­
lated filter to fit into the personal sampler. This will have stamped on it 
the weight of the capsule in cc:mputer language. 

The autcmatic data processing system that we are thinking of is one that 
would accumulate all of the necessary data, such as the difference in weight, 
the concentration in milligrams per cubic meter, the location of the sample, 
its number, and other identifying data. The system will select a certain num­
ber of samples with a yet to be determined percentage for a chemical and phy­
sical analysis which will include particle-size distribution, quartz, volatile 
and non-volatile matter, and trace elements. 

I am reluctant to discuss these in detail at this time, because we have 
not yet finalized a plan within our own organization. 

As Jim pointed out to you earlier, we do plan to consult both with in­
dustry and the labor unions on this matter and formulate an advisory committee 
once the legislation has been passed when we have authority to formulate ad­
visory camnittees. 

MR. GARVEY: Another question along this line of enforcing the legislation: 
have the provisions been made in the pending legislation which will allow the 
States to, one, carry out the respirable dust testing and, two, be responsible 
for enforcement of regulations based on the new standards? 

MR. DOYLE: I think the legislation clearly puts this responsibility on 
the Bureau of the Mines rather than the States. 

MR. GARVEY: We have heard about sane of the work. What research or sug­
gestions does the Bureau of Mines have to reduce dust created from caving be­
hind the chocks on~ longwall face, other than water infusion? 

MR. DOYLE: I know of no research we have underway at this time in re­
sponse to that particular problem. 
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MR. GARVEY: We have another health questio~. Again I want to point out 
that no one on this panel is a medical doctor. Henry was with the Public Health 
Service. What effect does cigarette smoking, if arry, contribute to the suscep_ 
tibility of respirable dust disease? 

MR. DOYLE: That is a very difficult question. There was a symposium in 
Kentuc:ky 2 or 3 weeks ago which considered this very question. I do not think 
that they were able to resolve it, so I seriously doubt that I can resolve it. 
Let us recognize the fact that cigarette smoking is an insult to the respira­
tory system. As a result of smoking, many of us are going to have certain 
respiratory problems. This might lead to emphysema, shortness of breath, and 
other kinds of symptoms which are very similar to those that one develops as 
a result of long term exposure to coal dust or any other kind of dust. Smoking 
also destroys certain mechanism the body has to remove dust from the respira~ 
tory system. Doubtlessly long term smoking increases the susceptibility of an 
individual to develop pneumoconiosis. Thus, we have additional insults to the 
body, both affecting the cardio-respiratory system. 

MR. <yill-VEY: Thank you, Henry. 

We have a number of questions on this method of sampling and other thing~ 
which Murray Jacobson talked about. Since we are interested in sampling coal 
dust concentrations, how will corrections be made for rock dust which may be 
in the air and ultimately reach the coal dust sample? 

MR. JACOBSON: At present the concentration is for coal mine dust which 
includes the coal, the rock, and the rock dust with no allowance for the 
correction for the rock dust which is in the sample. 

MR. GARVEY: In other words, no correction for rock dust will be made. 

MR. JACOBSON: I said at the present time, Jim. 

MR. GARVEY: How was 2.0 liters per minute established or determined to be 
the optimum flow rate for respirable dust using the .AEC system of dust sep­
aration? 

MR. JACOBSON: Four years ago we started evaluating the elutriator for 
sampling of respirable dust. last May, a paper by Mr. Tomb and Mr. Raymond 
was presented at the Denver meeting of the AIHA at which we covered the cali­
bration of both the horizontal plate and the cyclone type elutriator. As a 
result of our investigations, we found that at a flow rate of 2.0 liters per 
minute, our penetration curves for the cyclone matched or matched as closely· 
to the .AEC-recammended respirable curve as we could get. 

We did run tests at the other flow rates, 1.3, 1.7, 2.5, and 2.8 liters 
per minute. 

MR. GARVEY: There seems to be some question again regarding why you get 
two different weights from the MRE and the .AEC samplers, and why this should 
be, when you are actually measuring theoretically the same dust level. 
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MR. JACOBSON: .Af3 both instruments operate according to different coll 
Lon efficiency curves, there is a theoretical difference of about 20 perc:c; 
.ien we calibrate them and run them in a laboratory, we come up with this n • 
itio of difference of 20 percent. When we go into coal mines in which-we have 
multi-component dust system which we do not know the density of, and we do 

Jt know the particle. sizes, we find we get al.most a 50 percent difference. 
JWever, the relationship between both methods has a linear con-elation co­
fficient of better than 90 percent. 

We do not feel too badly about the actual differences between them as · 
ong as we can relate one to the other. This relationship may change accord­
ng to the composition of the material, the change in density, and also in 
he change of the particle size distribution, but on the average we have a 
ery good con-elation. 

MR. GARVEY: We have a question on sampling which I believe has been 
nswered in part by Mr. Doyle. It asks to elaborate on method of sampling to 
~et the new law requirements, that is, volume, weight, et cetera. A sample 
·ill be taken by the operator and submitted to the Bureau for weighing and 
.nalysis. 

Is that it? 

MR. DOYLE: That is essentially correct, Jim. The sampling program that 
;he operator has to undertake will be supplemented by some kind of an inspec­
;ion program by the Bureau of Mines. It might be twice a year or more frequent 
~han that. The inspection program of the Bureau of Mines is envisioned as be­
Lng much more complete than the taking of one sampie at an operating section, 
is is proposed at this time for the operator's sampling program. 

MR. GARVEY: Murray, another question is what percentage of respirable 
iust drops out between the face and last open crosscut, when the face is in 
50 feet of minimum ventilation? It says here that his limited experience is 
that from 75 to 50 percent drops out in 50 feet. 

MR. JACOBSON: Fifty or 70 percent might drop out, but I would envision 
less than 10 percent dropping out in the first 1,000 feet of respirable dust. 

MR. BARRETT: I happen to have some tables here that give the exact fig­
ures. We have an air velocity of 86 feet per minute. At the end of 60 feet, 
99.8 percent of the 5 micron dust is still airborne. At the end of 6,000 feet, 
84 percent of the 5-micron dust is stil~ airborne. 

Let's go to 40-micron particles. At the end of 60 feet, 97 percent is 
airborne. At the end of 6,000 feet, 7 percent is airbqrne. 

For 100-micron particles, at the end of 60 feet, 57 percent is still air­
borne, and at the end of 300 feet, 6 percent is still airborne. 

371-274 0 - 70 - 18 
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MR. GARVEY: I think that -should give you a good illustration of the dust 
that we are talking about, and how the respirable dust does stay in the air. 

Murray, another question: What would be the average portal-to-portal 
dust concentration, averaged over all face men, corresponding to the proposed 
standard of 3 milligrams? 

MR. JACOBSON: The average exposure of the dust-producing people, such as 
the operators of continuous miners, cutting machines, coal drills, and load­
ing machines, runs fairly close on the average. This exposure lessens as the 
men, such as your shuttle car operators, supply men, foremen, mechanics, and 
utility men, get away from the dust producing areas. It depends upon the op­
eration. If_you actually average them, you would have to give me a specific 
operation, and I would ·have to look at it. 

I cannot generalize and say what kind of concentration you will have. 
There are some places that would meet it, and there would be other almost 
identical places which would not meet the proposed standard. 

MR. GARVEY: We have another question that relates to the rock dust ques­
tion. Is it technically and economically possible to remove the respirable 
portion of the rock dust before entering the mine? 

Tests that we and others have conducted were mentioned during the pro­
gram, and rock dust does run from 20 percent up to as much as 45 percent in• 
respirable dust. 

QUESTION: Is there any sense in trying to take it out? 

MR. JACOBSON: It could be. What do you want to pay for it? 

MR. GARVEY: Mr. Hamil ton would like to comment on this. 

MR. HAMILTON: This is a worry to us in Great Britain, because there is 
no doubt that the miners are kicking up an enormous amount of this fine dust. 
I do not think that we have ever seen 45 percent of it being respirable, but 
it is a notable proportion, -- and this is a bit off the cuff; it may be 
different in this country -- but there is a crushing process to produce the 
rock dust. There are cyclones that are put over the crushers to stop a lot of 
these fines from becoming airborne, and then these particles are put back 
into the crushed product. 

We would like to see a cyclone used to remove this respirable dust com­
pletely. This approach also has the advantage that if you take out the res­
pirable dust, the rest of the stone dust might be more easily dispersed and 
be a safer quenching agent. We might, in fact, kill two birds with one stone. 

MR. GARVEY: We have a slight change. As this .session was originally 
scheduled, the Director of the Bureau of Mines was going to close this ses­
sion. Unfortunately, as it often happens, when you are working for a Govern­
ment agency, you get a call from the Hill, and you have to go. Such is the 



case in this particular instance. We are going to have Director O'Leary 
speak to us now, and then following that we will resume these questions. 

Mr. 0' Leary. 

First of all, let me congratulate you on these sessions that you have 
had. I think that the sustained attendance has been really remarkable; it 
shows-a tremendous interest in your program. It is a tribute to the superb 
quality of the papers that have been presented here. 

I want to single out Henry Doyle, particularly. About 3 months ago, I 
said, "Henry, let's have a symposium," and that was about the sum of my in­
structions. All of this has arisen from that one small injunction. He has 
done a marvelous job. 

I think it is pertinent to note that this sort of a meeting represents 
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a bridging of the dilemma in which the Bureau of Mines frequently finds it­
self because of the dual role that history has assigned to it. We are on the 
one hand -- and have been since the Bureau was created -- charged with a 
degree of responsibility for the protection of the people who w~rk in the 
nation's mines. On the other hand, over the years we have been called on by 
the Congress to assume a share of responsibility for assuring an adequate and 
continuing supply of minerals and fuels. 

In the particular legislative situation in which we now find ourselves, 
the Bureau's dilemma becomes apparent. If we were so determined to eliminate 
entirely the hazards to health and safety associated with mining that we 
could ignore our other responsibility, why then we could simply recommend 
that mining itself be eliminated. Similarly, if use of the nation's highways 
were forbidden, the highway death toll would drop to zero overnight. Of 
course, neither ~ction is practicable. 

The products of the nation's mines are necessary. Probably never before 
in our history have we been at a point so close to crisis from the standpoint 
of our mineral supplies. For example, I noticed, this morning that Canadian 
nickel is selling in 60-pound bags for $4.90, as a result of a mineral supply 
shortage. Copper also is•in a tight supply, has been for years, and so far 
as we can see, will continue to be in that same situation. 

Only recently has sulphur, another major cammodity, emerged from a 
period of very tight ·supply, and we find that on the fuel side, right now 
we are in the midst of a coal shortage, and an even more serious shortage 
on natural gas. 

AB a Federal. .Agency dedicated to the public interest, we must be con­
cerned with these shortages. We must bend every effort to find ways to assist 
the private sector to produce these commodities eff~ciently -- in all the 
senses of the word "efficient." That is to say, efficient in dollar terms, 
and that first, because the dollars pay for the rest of it. But also effi­
cient in social terms; that is to say, in environmental terms, because more 
and more the public is demanding as a price for your remaining in business . 
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that you be efficient and not destroy the landscape, or foul the water or the 
air. And, finally, but just as important, efficien~ in human terms ••. not 
wasteful of the lives and health of those whose skills give us access to es­
sential minerals and fuels. 

This, then, is our dileJID11a. The responsibilities of the Bureau are heavy­
in all three of these areas ••. the economic, the human, and, increasingly, 
the environmental. In each area the public pressures can be expected to keep 
growing. It is up to·us, working effectively with you in industry, to find 
ways to respond to those pressures. Only in this way can we fully discharge 
all of our ~sponsibilities. 

I look upon this sort of a meeting as a response in the best tradition of 
this country and of your industry. 

Thank you. 

(.Applause. ) 

.MR. GARVEY: Thank you, Mr. 0' Leary 

We have a number of questions on·water inf"usion, the use of water, and 
also a number of questions on the use of auxiliary ventilation. Some of the 
questions on ventilation are best directed to Mr. Kingery and his group. 

Has the Bureau any recommendations or suggestions to help reduce coal 
dust, in the Western coal fields, . due to mine ''bouncing", a prevelant problem 
out West? 

You might start out by explaining what "bouncing" is • 

.MR. KINGERY: This, of course, is an interesting question. I have never 
considered this problem one of dust control. Usually it is a problem of roof 
control. We have bouncers and bumps in Utah and bumps in West Virginia. They 
are caused by a complex relationship qf overburden, mining practices, stress 
distribution, and other factors. 

The only answer I have is the possibility of water infusion, and I be­
lieve that this was tried in Utah several years ago. The U.S. Steel Corpora­
tion has developed methods to trigger bumps under controlled conditions. 
However, this was not to reduce dust generation • 

.MR·. GARVEY: The gentleman asks, was not the great danger of methane 
buildup and the explosion hazard that results fran recirculation, a main cause 
for discouraging auxiliary fans for many years? Doesn't the addition of 
another piece of equipnent increase this potential? 

.MR. KINGERY: This matter of recirculation came into being a number of 
years ago, when the Bureau of Mines determined that several disasters were 
caused by auxiliary fans operating in a manner considered unsafe. Same 20 
years ago with the First of the continuous mining machines and related complex 
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problems of face ventilation, a number of us felt that auxiliary ventilation 
was a possible solution for improving ventilation for methane control. At the 
time we met with resistance principally because throughout the years it has 
always been thought that auxiliary fans are basically and inherently dan­
gerous. This may be true under certain conditions; however, an auxiliary fan 
operating in a face area, immediately establishes a state of equilibrium. The 
amount of intaking air, the amount of return air, combined with the percent 
recirculation and the volume of methane liberated at the face establishes this 
state of equilibrium, and without a change of factors there cannot be a meth­
ane buildup. 

The concept apparently developed that recirculation could continue until 
explosive methane occurred. 

There is a basic formula pertaining to recirculation effects with aux­
iliary ventilation installations. As examples, a mine face, liberating 20 cfm 
and air volume delivered at 3,000 cfm without recirculation; the percent of 
methane in the face return is 0.67 percent. 

With 10 percent recirculation; and if conditions have not changed from 
3,000 cfm. intake and methane liberation 20 cfm, the percent of methane in the 
return will increase to 0.74 percent. With 25 percent recirculation. Under 
these same conditions, the percent of methane in the return would then only 
be 0.89. 

These figures show that recirculation is not the great hazard that people 
believe, recognizing that as professionals, we are going to install and main­
tain this equipment properly. 

·MR. GARVEY: What do you suggest should be done with the dust discharged 
into return from auxiliary fan? This is in violation of the Federal Law con­
cerning explosive dust in back air courses. Could you comment on that, 
Mr. Kingery? 

MR. KINGERY: This serious problem of fine float dust discharged into re­
turn airways was responsible for research conducted a number of years ago, and 
it brought about the recommendation that 65 percent incombustible was not suf­
ficient to inert such dust. With auxiliary fans and tubing, we will not dis­
charge any more float dust than under other ventilating systems. The amount of 
dust generated is usually in direct proportion to rate of mining, the condition 
of the mining machine, different coal beds, and other factors. With an auxil­
iary system -- and I am not recommending auxiliary systems per se -- I believe 
that we have a possibility to better control coal dust. 

There is no ideal solution to safely reduce this dust problem. The most 
successful I suppose has been the trickle rock duster. We would like to see a 
dust collector put in series with the auxiliary fan. There is a wide range for 
research effort in this direction. 



266 

MR. GARVEY: What is the recommended amount of_ventilation on a sectio~ 
when a face ventilating fan is exhausting 10;000 cubic feet per minute? ~ 

MR. KINGERY: This goes back to history again, and unfortunately our 
mining industry has been saddled by some archaic concepts. Some of our State 
laws, recommend 2-1/2 times the volume of air delivered by the fan be avail­
able to the working face. In my opinion, this is not realistic in view of the 
tremendous air volumes required. With modern fan installation properly in­
stalled and handled by competent people, I do not think that more than 1-1/2 
times rated fan capacity is required for adequate safety. 

MR. GARVEY: Doesn't a Bureau study similar to Report 19 show that any 
given quantity of air, delivered to the face with the line brattice, sweep 
the face more efficiently, if delivered to ~he face in a blowing fashion 
rather than an exhausting fashion? Can it not be concluded that blowing face 
ventilation has a greater safety factor in controlling methane content? 

MR. KINGERY: By the law of air physics, the answer is definitely "yes," 
provided we are dealing with methane alone. The kinetic energy of air being 
discharged from a blowing system will extend some 20 to 25 diameters in ad­
vance of the discharge. It will be at a relatively high velocity and will 
sweep across the face to reach the more difficult to ventilate corners. We 
have found from our work and other work that for methane control, it is the 
better system. 

MR. GARVEY: You did mention dust collectors, and here is a question in 
light of that. What is the best type of dust collector available now for re-­
moval of dust.from exhaust ventilation from working face? 

MR. KINGERY: I don't know of any dust collector available at the present 
time that is capable of being integrated into the mining cycle and is of suf-. 
ficient size and capacity to perform effectively. There may be certain types, 
such as cyclones or other units, such as the microdyne which could ·be altered 
and become practicable in a reasonably short time. I fully expect this to 
happen. 

MR. GARVEY: One more question on this ventilation: What attitude is to 
be assumed for compliance with the increased primary ventilation in old low 
coal mines, plagued with continually occurring pressure falls, which place 
extreme restrictions on the system, when many years of research, including . 
Bureau research, has not solved the problem? 

MR. ~NGERY: Unfortunately, no research will solve this problem, unless 
someone comes up with an instant air shaft. The mine resistance of such mines, 
especially older mines with extensive areas and long distance for air travel 
make it virtually impossible, without complete ventilation modifications to 
effectively reduce this high mine resistance. It will be possible to clean up 
return entries, increase air splits, and increase the number of air courses. 
This, however, is very expensive and effectiveness is usually small. This may 
become a tragic problem to many operating coal mines today. I do not see how 
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many mines will be able to deliver enough air at the working face to accom­
plish the job that is expected. 

MR. GARVEY: We have a couple of more questions which refer to Technical 
Progress Report No. 19, but I believe Mr. Schlick might be in a better posi­
tion to answer them. What type of continuous miner -- ripper, milling, 
borer -- what bit design -- flat shank, plumb bob, pencil -- and how much 
machine horsepower were used in tests for TPR-19? 

MR. SCHLICK: Technical Progress Report 19 was concerned with an oscil­
lating-type continuous miner, using 440 ac power. We have no information at 
this time on bit design under other parameters that you have discussed. 

MR. GARVEY: This says, studies made apparently have been on continuous 
miner sections or development. How will the problems be solved on conven­
tional sections? 

MR. SCHLICK: Yes. First let me answer that question by saying that I 
think some of our colleagues in the audience have constructively criticized 
Report 19 for only presenting information on seven mines, but first let me 
say that in order to give you a report on seven mines, we have collected 
roughly 500 eight-hour respirable dust samples and at least 400 other dust 
samples. We want to continue this work. We have one more fan on order, 
making a total of two fans that we want to do this work with. We have not 
tackled conventional mining. Hopefully, by using split ventilation, bringing 
air in the center entry and down the two sides, wetting agents, foam, water 
sprays, and perhaps water stemming we will be able to reduce the amount of 
dust on a conventional section. The Bureau of Mines desires to initiate tests 
on conventional mining, to answer both of these questions on continuous min­
ing and conventional mining, but in order for us to get at this problem, we 
need mines where we can send our teams into -- our dust survey teams as well 
as the technical teams -- in order to report and try out new methods. 

So, for this reason from time to time we are asking other mines to loan 
their sections to us. That is about the best I can say for that one. 

MR. GARVEY: In regard to deposition of coal dust in the exhaust tubing -­
is it due to the moisture in the dust collected? 

MR. SCHLICK: I do not think in the tests we have run we have had a prob­
lem in dust collecting inside the tubing. It has fallen out, when we move 
the tubing, but I would think if it cakes on there, you have to wait until 
it dries, and perhaps a little bump will send it on its way out. 

MR. GARVEY: I have a couple of questions for Mr. Jacobson. Why·can't we 
have a personal dust sampler that gives us the same readings as the MRE 
sampler? 

MR. JACOBSON: One of the problems with the two types of samplers, we 
have two respirable curves. We can adjust the personal sampler to give us the 
same cut of curve as the MRE, and it will do that under certain conditions, 
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but it is not going to meet the AEC curve, which has been proposed in the 
United States. If you change your particle-size distribution, you change the 
relationship between the instruments, and that is as simple as you can make it. 

MR. GARVEY: One final question on this: assuming dust can contain mois­
ture, should the samples be dried before their final weighing? 

MR. JACOBSON: In the areas we have covered -- 90 mines in which we have 
conducted from one-shift to 20-shift surveys -- we have found very little 
effect from the moisture. We have also done this in the laboratory. Because 
of the selection of the type of filter, and the fact we are drawing the air 
through the filter for the eight-hour period, the nominal change of weight 
would be well within the experimental error that we have in the instruments 
themselves. 

MR. GARVEY: We have several questions here for Dr. Breuer. The first one 
says that the Bureau Report No. 19 recommends an air velohity of 70 to 100 
fpm. Dr. Breuer states the optimum velocity as 2.5 meters per second, ap­
proximately 490 fpm. How can these figures be reconciled? 

DR. BREUER: The two figures concern air velocities at different places 
and under different conditions. Mr. Doyle recommends an optimum air velocity 
between 70 and 100 feet per minute in room and pillar operations. We found 
this figure, too, as an optimum in our headings where air conditions are 
comparable to your room and pillar workings. The figure of 490 feet per min­
ute mentioned in my paper is the optimum air velocity in longwall faces that 
are not comparable to headings or room and pillar workings. For this value 
of 490 fpm, we found an optimum effect for dilution. 

MR. GARVEY: You are also asked to elaborate on the water infusion tech­
nique, length of borehole, pressure, and quantity of water from gateroads on 
a retreating longwall face. 

DR. BREUER: I have given the data in my paper. The length of the bo~ehole 
varies between 20 and 40 meters. The quantity of water is between 4 to 8 
liters per minute, and the pressure applied is from 80 to 20 kilograms per 
square centimeter. 

MR. GARVEY: How is the dust suppression efficiency affected by water 
particle size? Some literature indicates that there is a lower limit for 
waterdrop size beyond which there is no improvement in suppression efficiency. 
Do you agree? 

DR. BREUER: The capture efficiency of water droplets depends above all 
upon the impact effect. For dust particles from l to 5 microns, the size of 
droplets must be about 50 to 100 times larger than the particle size. Droplets 
in the form of mists have no efficiency, because their relative speed is very, 
very low. The influence of the size of the water droplets on the capture ef­
ficiency of particles has been calculated by Professor Barth in West Germany. 
These calculations were published in the Journal "Strub" in 1959, if I remem­
ber correctly. 
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MR. GARVEY: Than.k you. 

One question for Tom Kabrick: What improvement in the state of the art 
would you like to see in the use of wetting agents? 

MR. KOBRICK: Studies should be made which would include environmental 
studies to determine what effect wetting agents have, both on the respirable­
size dust and the float dust. These studies should eliminate all other vari­
ables other than the effects of the wetting agents. 

MR. GARVEY: Dr. Hamil ton would like to comment on thi_s. 

DR. HAMILTON: We did a lot of work some years ago on wetting agents. We 
used these in high concentrations with a variety of coals, both on coal trans­
port systems and in direct cutting from the face, and without exception, our 
results were most disappointing. We have come to the conclusion that it is 
much more profitable to look at methods of applying water properly than to 
bother with wetting agents at all. 

Much the same goes for foam. We tried this exhaustively in a coal mine, 
and it was really most ineffec·tive. 

MR. GARVEY: Lee, do you want to comment on that, too? 

MR. BARRETT: Yes. In our study, this was one of the first things we at­
tacked with considerable vigor. AJ3 you saw yesterday in some of those slides, 
if you put some wetting agent in water, and put it on a piece of coal, it does 
spread more readily. If, however, you put the wetting agent in the water 
stream and caused it to be sprayed, it takes time for the wetting agent to 
come to the surface of the water where it apparently must go to have its 
effect. We noticed in low pressure and low velocity systems, wetting agents 
did have some effect, but as the pressure went up, and we got up to 800 pounds 
per square inch, there was no ascertainable effect of any kind, and it does 
seem to be related to this time factor. The wetting agent is not uniformly 
distr.ibuted apparently within the drop. It must have time to move to the sur­
face, and if we use high velocity, it does not get there in time to do any 
work. 

MR. GARVEY: Kenneth Morse and Henry Doyle mentioned volwne relationships 
between diffuser air volume and exhaust auxiliary fan volume, a 4 to 1 ratio 
was mentioned. They further discussed the basis of the statements and the ef­
fect of .the exhaust tubing entrance and the diffuser fan entrance • 

. MR. MORSE: The figure I utilized was about 25 percent. I don't remember 
what Henry utilized. Mine was based· on the original Bureau of Mines studies 
and our applications. The U.S. Bureau of Mines published data indicated a dif­
fuser fan with a capacity of about 1,000 or 1,500 cf'm, with the exhaust tubing 
handling about 5,000. This would make about 20 to 30 percent, bas~d on 
whether you take 1,000 or 1,500. 
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MR. KINGERY: Could I add something to this? 

MR. G.ARVEY: Yes. 

MR. ICTNGERY: I am volunteering to stick my neck out. This is a small 
blower working in combination with an exhaust system. The mechanical advan­
tage of this blower is simply this: By its injection principle, it will 
entrain the air as it passes, and the ~ount of entrainment will be in direct 
proportion to the distance from the face. In this way you can provide an air 
sweep at that corner that we cannot reach today with most of our auxiliary 
systems operating exhaust. 

The point that Ken made about the problem of high velocity is true; but 
because of the momentum theory, and the fact that this is operating on top or 
the machine, and there is not a great deal of open space, kinetic energy is 
rapidly dissipated. 

MR. GARVEY: . Thank you. 

We have a couple of questions on the machine design discussion. I want 
to hear from Mr. Hamilton • 

.American experience indicates a plus-15 rake angle dulls much more 
rapidly than a plus-5 degree. If dust make is increased by dull tools, it 
would appear that smaller rake angles would be preferable. Any comment? 

MR. HAMILTON: This question is always difficult. When we first did this 
work, we decided that we wanted a pretty steep rake angle of about JOO. 
Unfortunately, this causes fracturing of the tungsten carbide tools -- so 
that we set on a 15° as a rea~onable compromise between the strength of the 
bit and wear. I do not think.this is necessarily very important. It is more · 
important to have a genuine clearance angle on top of ·the bits. If you have 
a negative clearance angle or one with no clearance, you can have a consid­
erable amount of rubbing and grinding of fine coal. 

MR. GARVEY: We have one for Mr. Arentzen. Would you care to comment on 
the machine made for Texas Gulf Sulfur with water sprays incorporated in the 
disk from the standpoint of dust suppression? 

MR. ARENTZEN: I think this question refers to that 3 years ago we had a 
machine at Texas Gulf Sulphur, and with this machine we attempted to use 
same extremely large tools. These tools were about 2 1/2 pounds apiece. They 
had shanks on them on the order of one inch wide and 2 1/2 inches in the 
horizontal. They had carbide which was 3/4-inch diameter, 11/2 inches long 
in the tip, and from the cutter wheel to the top of the tool was about 9 

_inches. The sprays were similar to the ones that you saw in the photograph 
that Tom Kobrick had where the sp:r;-ays were placed between the tools so that 
they would try to flush each of these large tools. Unf"ortunately, these ex­
periments were not conciuded. They have never been tried in coal. It has 
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always been our intention to continue this experiment, because in our opin­
ion the use of large tools that last a long time on the machine is one of the 
things that will produce the coarser cuttings I talked about before. 

MR. GARVEY: Thank you. 

One gentleman wants to know, do you consider noise reduction in the de­
sign and manufacture of mining machines? In what way? 

MR. ARENTZEN: I think any manufacturer's design engineer would like to 
eliminate that noise, because it is an example of inefficiency. 

MR. GARVEY: You do not have any specific examples, though • . The audience 
is aware that the new legislation sets up machinery for establishing limits, 
noise levels, in coal mining -- I think this is a pertinent question. It is 
a problem we are going to have to face. 

MR. ARENTZEN: I did not want to bring that question up at this symposium, 
because we are aware that noise is going to be one of the factors that we are 
going to be involved with. Everybody is studying, I am sure. We have some 
specific problems in fans, electric motors, eliminating the sound of the fans. 
We would like to get closed hydraulic systems so that we get positive suction 
and don't get all of the rattle from the screeches. These are the things that 
we are really concerned with. 

There will be problems in driving dust collecting devices, using blowers 
that are very, very noisy. The silence we try to apply to them are not effec­
tive yet. We have no solution to any of those problems, but evecy manufacturer 
of a blower is trying to discover how to silence them. 

MR. GARVEY: This question is directed to Mr. Barrett: What is the purpose 
in designing and building equipment, going to the trouble of evaluating it, 
when it is obvious at the start that its size, or method of operation, is 
totally unsuitable for mine use? 

I presume the gentleman is referring to the work you have done on collec­
tors. The question has often been asked of me as it has of any research man, 
and all I can say in answer to it is that my hindsight improves greatly with 
my age. 

MR. BARRETT: It sounds like the main problem is stupidity on the re­
searcher's part, but I hardly believe this to be the case. Babies always crawl 
before they. walk and so researchers-. So you start doing what you can do and 
then try to proceed to what at first you could not do. I think this explains 
the fact that you have to work your way into a real answer to yoor problem. 
We do have a difficult-sized problem, and it is being improved. I think it will 
continue to be improved step-by-step. 

· MR. GARVEY: We have a number of questions on respirators. The first is, 
I want a high efficiency dust respirator of the disposable type approved under 
schedule 21B. When can I get one? 
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MR. SCHUTZ: We are currently establishing performance requiremeqt._a f 
the dust respirators and, hopefully, these s~andards will be availabl' byor 
mid-1970, and an approved model will be available by the end of 1970. 

MR. GARVEY: Maybe this next question ties into it. Is the 3-M dust ma 14 
adequate for respiratory protection of coal miners to prevent pneumoconios: 
If not, what is wrong with this popular mask? 

MR. SCHUTZ: The Bureau does not test respirators unless they are sub­
mitted for us for approval. It is a disposable 3-M mask that was never sent 
to us for approval. Judging from the manufacturer's test data, the filter 
media is not suitable for removing respirable coal dust. We have some more 
information from other laboratories on face fit, and if you will take my 
second-hand word for it, we do not believe that the-face fit is suitable ro . 
use in coal mines. 

MR. GARVEY: I believe you answered this question this mornin~ At leas 
it was raised this morning. What is the protection -factor for dust- respira~ 
tors on a shift-long basis in a coal mine? 

MR. BURGESS: I am not aware of any sampling in coal mines demonstrating 
the protection factors of dust respirators. Many of us have been looking.at 
facial leakage of this type of respirator under varied industrial condition~ 
MY" own experience in the field has been that one can expect leakages in the 
range .of 5 to 10 percent for half-mask dust respirators. I believe that 
Los Alamos has found that if a complete respirator program, including in-· 
dividual fitting, is provided that facial leakage can be reduced below 5 
percent. 

The above figures refer to leakages encountered during the actual wear­
ing of the mask. If one considers the complete shift, including those period 
when the mask is not worn or is raised from the face, the effective protec­
tion factor may be as low as 5 to 10, corresponding to effective leakages or; 
10 to 20 percent. 

MR. GARVEY: We have had a number of questions on the mandatory wearing 
of face masks. One question asked, why does the Bureau downgrade the use or, 
respirators for protection of the coal miners; and another is, shoqld they 
be required to wear? I believe Henry Doyle can comment on the Bureau's posi-. 
tion on this particular subject. · 

MR. DOYLE: I don't know that the Bureau has downgraded the use of res­
pirators. I think every biologist and industrial hygienist would agree that 
the use of respirators is not a primary method of prevention, and in any 
good manual on respirators, you will find very clear concise statements that 
respirators are not intended to be a primary method of control, but their 
use is recommended for emergency situations or for short-term exposure where 
it is not economical to provide necessary environmental protection• This is 
certainly in conformance with the Bureau's attitudes on the use of respirator 
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Experience has indicated that it is very difficult to get a worker to 
,,ear a respirator for any length of time. He may wear it 5, 10, 15, or 20 min­
utes, but to get him to wear it for a full eight-hour shift is a very differ­
ent problem. 

I was very interested in what Mr. Flanagan said in terms of the success 
of his company, but you must remember that Mr. Flanagan also made the state­
~nt that it was a policy of his company to reduce dust concentrations by the 
use of engineering methods and to use respirators as a supplement to this. 

I think also any biologist would agree that the best standard :for any 
kind of dust or contaminant is zero exposure. This is impossible in most in­
dustrial situations. I see no reason why, if you have the dust controlled to 
what is presumed to be a safe level and if then you want to superimpose the 
use of respirators, this would be quite acceptable to most everybody. 

I would like Ken Morse to comment on this, since he has had industrial 
experience and a similar technical background to mine, to see if he agrees 
with this concept. 

MR. MORSE: I concur essentially with Henry. For years respiratory pro- · 
tection was a recognized means of control for those types of exposures that 
Henry indicated; emergency, temporary, and short-term exposures. I think that 
in some cases, both insid~ and outside of coal, we have had some pretty good 
success in the use of respirators where we have gone into a carefully planned 
educa'tional program. If you simply hand out respirators and expect a man to 
wear them without any guidance on telling him why, we have not had good suc­
cess. 

Also, to assure that the respirators are going to be worn with some de­
gree o:f success, the respirators must be made a personal respirator of that 
particular miner, with his clock number or other means of identification, so 
that when you clean it and sterilize it, he is going to get it back. · 

It is a rather peculiar thing, but it is very ~ifficult, after a respi­
rator has been worn by sanebody else, although cleaned and sterilized, to 
have it accepted by another worker. You have to assure him that he is getting 
back the same respirator that he turned in for cleaning or sterilizing. There 
are places that respirators can be utilized and utilized very effectively, 
and I am sure that you heard today of some of the life supporting devic~s, 
the sort of air supply _to a respirator which has worked very effectively. 
These Gan be of the filter type or of the cryogenic type. 

I think we cannot pass off the· effective role that respiratory protection 
has in the protection against air· contaminants, whether they be gaseous or 
otherwise • . 

MR. DOYLE: One other thing. Until such time as we are able to get the 
dust concentrations down, I certainly think it is wise to encourage the use 
of respirators until our environmental control systems can go into ef:fect. 
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Even if the worker wears it only half of the ti.me, he is getting a certain 
amount of personal protection. 

MR. WALTON: The position in the United Kingdom is very similar to that 
described by Mr. Doyle and Mr. Morse. The policy is that the air should be fii 
to breathe without the necessity to wear a respirator for protection. There 
can be no disagreement with that in principle; but it remains a £act that a 
respirator, if worn, can reduce a man's dust exposure by around 90 per cent, 
and it is difficult if not impossible to achieve an equal degree of dust con-· 
trol in any other way. 

I think there is a real dilemma as to what to do about this; but the 
course adopted by the National Coal Board is surely sound as far as it goes: 
respirators are made available to any miner who wishes to have one. Only typeE 
that have been tested and approved for efficiency and wearability are pur­
chased, and there are continuing attempts to improve these qualities. For 
example, underground wearer trials showed that the clogging of the filters by 
dust within a single shift was a more serious problem than previously thought, 
particularly in very humid conditions, and an appropriate test specification 
was devised. The Board's laboratory test requirements for dust respirators 
are covered by the revised British Standard BS 2091: 1969. 

MR. DOYLE: I don't like to belabor this subject, but I think I should 
point out that neither the Senate nor the House bill accept respirators as a 
primary method of control. 

MR. GARVEY: Thank you. 

I have three questions left which I have saved for the end. The first one 
is a question which has been raised by many and has been brought to my atten­
tion several times. It also has had publicity in the newspapers, and the 
papers generally have gotten the ini'onnation wrong. The question is, what is 
the dust count in an industrial urban atmosphere such as Los Angeles, Pitts­
burgh, or New York City? How does a dusty city compare with a mine atmosphere 
of, say, 3.0 milligrams of dust per cubic meter in air? 

I happen to be involved in air pollution control work, too, and in such 
work dust levels are measured in micrograms, not milligrams. A milligram is 
equal to 1,000 micrograms. Therefore, 3.0 mg/m3 , as proposed for the coal-mine 
dust standard, is equal to 3,000 micrograms. A very dirty city could have a 
dust level of 1,000 micrograms, one-third of what a coal mine under the pro­
posed standard would be. A clean city would have an airborne dust level of 
about 100 micrograms, although some public health officials have proposed that 
the air quality standard for cities should be 60 micrograms. The levels for 
cities refer to 24-hour averages. 

But comparison 0£ city air and mine air must take into consideration some 
important differences. For example, the miner is only exposed to his dust 
level 5 days a week, at most 6, for 8 hours a day. So you need a £actor to 
bring these and other differences out. If you develop a factor on 5 days a 
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week, 8 hours a day, and include vacations, holidays, etc., you find that the 
mine air at 3 milligrams is three or four times as dusty as an average in­
dustrial city. But it is not thirty or forty times, as some of our friends 
from West Virginia have been saying in the press. It is not as bad as they say 
it is, but it is still not good when you compare the two. One other point must 
be kept in mind when comparing the two. City air also contains a number of 
other pollutants such as sulfur oxides, nitrogen oxides, carbon monoxide, etc. 
The presence of these other pollutants requires that the air quality standard 
for airborne dust in a city should be much lower than that of a coal mine. 

MR. CORN: You are a little high on the urban estimate. Pittsburgh aver­
ages about 180 micrograms. The dirtiest area will reach a few times a year, 
500, on a 24-hour average. 

MR. GARVEY: You are quite correct. I don't want anybody to misunderstand 
what I said. I think what I said was you can get 1,000 in a city. -- I believe 
New York and IDndon, if I recall (laughter) have recorded levels this high. 
I think there are some industrial areas in the United States which get _above 
500 . 

.MR. WALTON: You are measuring the fog, too (laughter). 

MR. GARVEY: The next question is, what do you think applying the state 
of the art to control respirable dust will do to the cost of coal and its 
competitive position with other energy sources, particularly oil, and the 
position of small mine operations and equipment outlay? We all got together 
and decided Bill Kegel is going to answer this one. 

MR. KEGEL: Don Kingery touched on this, when he talked about small mine 
compliance. There are many variables involved, which therefore makes this a 
rather loaded question. 

Assume someone is presently operating a mine profitably and with what is 
now regarded as safe procedures. He is producing a certain tonnage with 
specific machines and ventilating equipment. I will limit the example to dust 
provisions only. 

The operator could be forced into redesigning his primary ventilation 
system. He quite possibly could require a new shaft or slope or at least be 
required to laboriously drive additional airways to better his shaft bottom 
ventilation to meet with requirements indicated at this meeting. 

If we then assume that auxiliary fans are the answer, he would have to 
purchase one or two_for each unit. He would have to take on a supply of tubing 
which are both expensive and easily destroyed. 

He quite possibly would now have to add more people to his payroll to 
handle this equipment and particularly to conduct the sampling program. Along 
with this will be the sampling equipment cost. If the mining equipment he is 
using doesn't easily lend itself to the ventilation method decided upon, he 
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could be forced into more spending in this area. At the very least, he has a 
major increase in cost. 

When you consider, however, our present situation which ha~ only recent~ 
had us meeting pollution and subsidence rulings and whe~ you look at the con- ; 
tractual obligations under the new contract and how all these othe~ facts in- ' 
terrelate, there can be no doubt that competitive fuels have been given a 
tremendous boost. 

MR. GARVEY: Thank you very much. 

The last card I have here asks a question which I think the whole con­
ference has been all about, and that is directed to Mr. Walton. In his view, 
what are the most important fields for research in dust technology? Do you 
want to add to what has been said over the last few days? 

MR. WALTON: That is a big question, even when confined to the area cov­
ered by this symposium. 

Let me say right away that the most important field is dust control; re­
search into dust sampling and medical aspects of pneumoconiosis, although 
necessary, will not eliminate the disease. One of the main outstanding prob­
leins is to find how the hazard varies with the mineral composition of the 
dust, from almost 100 per cent coal to 100 per cent incombustible mineral, 
and particularly with the silica content so that the standards can be 
'weighted' appropriately. On the medical side, I suggest that much pneu­
moconiosis might be avoided if predisposing factors were understood, and if 
means could be found to identify susceptible individuals before exposure to 
dust and before recruitment to the industry; improved means of early diagno­
sis of pneumoconiosis, to indicate those who are more susceptible, would also 
be of help. 

MR. GARVEY: Does anybody else on the panel care to comment on this par­
ticular subject? 

We are now going to throw the whole meeting open to questions from the 
audience, and we have one from the panel. 

MR. KIDEL: I would like to ask Mr. Hamilton about the amount of rock 
dust used per ton of coal mined, used in England. 

MR. HAMILTON: I cannot give that figure. The requirement is, of course, 
like yours, that we must dilute any coal dust in the airways three to one 
with rock di'lst. I cannot tell you the exact amount in tons of rock dust per 
ton of coal mined that we use. 

MR. GARVEY: I am sorry. I didn't mean to cut you short. 

Do you have some other areas of research to talk about? 
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MR. WALTON: Research on the control side is the important one, and, ob­
viously, the job here is to keep the dust away from the man or the man away 
from the dust. 

In the field of dust control, much research has been done, as we have 
heard at this symposium, into the principles which should be followed in 
cutting rock or coal by mechanical tools, and in applying water, in order to 
minimize dust production. This has not yet been fully exploited in machine 
designs, and, indeed, there are difficulties to overcome; more work is needed 
here. I doubt whether dust can be completely controlled by such means, and, 
in my view, further research might profitably be directed towards the problem 
of separating the environments of the men and the machines. In surface in­
dustry dusty processes are commonly enclosed, or carried out in booths or 
under ventilation hoods from which the contaminated air is exhausted; or the 
workman is enclosed in a cabin or suit or helmet supplied with clean air. 

These approaches are more difficult in the restricted space and arduous 
conditions of a mine where usually both men and machines are in the same air 
stream. One might envisage 'clean' intake and 'dusty' return airways, any 
dust-producing operations in the intake being provided with exhaust ventila­
tion which is either filtered or discharged into the return, while any workers 
who are unavoidably situated in the return wear respirators or are otherwise 
supplied with clean air. Research is required into exhaust systems which are 
perhaps integral with the machine and permit the dust to be entrained in a 
minimum volume of air; into filtration systems of small size, high capacity, 
and high efficiency; and into air supply systems which will add to rather than 
detract from the comfort of the mineworker. The requirements of dust control 
should be considered when mine layouts and systems of working are planned. 

MR. MORSE: I think there is a need for some real extensive work as far as 
ventilation is concerned. I think the study of air flow patterns is of in­
terest. This means, of course, you cannot be cutting coal at the time, but it 
should be done when moving the cutters and the bits and simulating water 
sprays by air jets. We did a limited amount of this work a number of years 
ago. I think this kind of work has got to be done under as close to actual 
mining conditions as we can get, and also to study the various types of ven­
tilation systems in more detail than has been done up to the present time. 

MR. GARVEY: Does anyone else care to comment on this subject on the 
panel? 

MR. HAMILTON: We have to get together and design integral dust extraction 
and filtration equipment for the mining machines. Th~ next thing, there is not 
really enough understood about the loading of broken material by cutter drums 
which could result in a lower dust make. 

I am not entirely happy that a lot of effort should go into problems of 
dust sampling. The most important thing is to stop dust, but I think we need 
a lightweight self-contained monitoring instrument working over fairly short 
periods of time for the dust control engineer to use. 
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There is a need for better dust collectors, and we want ones which are 
flexible: ideally a type which could be used at-a flow rate ranging from 
4,000 cubic feet a minute to 12,000 cubic feet a minute. We cannot use a lot 
of water, and it will be necessary to incorporate effective and compact water 
recirculation systems for dust collectors. 

MR. GARVEY: Thank you. 

Yesterday there was a question raised, which I do not feel was completely 
answered. I would like to call now on Ed Onuscheck from the Rochester and 
Pittsburgh Coal Campany, which has done a great deal of sampling using the 
personal samplers. 

The question is, do you have problems in getting the men to wear these 
samplers, and what are the problems associated with a coal mining company 
operating a sampling system? Perhaps Mr. Onuscheck can briefly tell us what 
his company is.doing. 

MR. ONUSCHECK: As Jim has stated, we have done extensive studies on 
sampling. When we first started our program on sampling, we called in union 
representatives, the safety and mine committees. We went over the program and 
discussed it with them in its entirety. When we first started the program, we 
had about 1 to 2 percent rejection of men refusing to wear the sampling 
devices. 

After the program progressed for 4 or 5 months, the progression rate 0£ 
rejection, if you want to call it that, kept increasing. It is now to the 
point where we have a refusal rate from anywhere from 10 percent to 15 per­
cent. M,y question to either Mr. Doyle or Mr. Jacobson is this: what do we 
do when this happens? What is the Bureau going to do? What do we all do? I 
don't know. 

MR. DOYLE: Ed, I don't think I am in any better position to answer that 
question right now. 

MR. ONUSCHECK: This is what faces us, Henry. 

MR. DOYLE: I do ~ot think this is an experience of ours. Mr. Jacobson 
can comment on this. In the 29 mines studied and in subsequent studies, we 
have had almost 100 percent cooperation among the men. 

MR. ONUSCHECK: Just within our little family, 
on sampling that we have more samples than anyone. 
we are running into some difficulty with re£usals. 
individuals were very forceful in their refusal 
even do it, Henry. 

I would say with our ratio 
This is prorating it, and 
I would suspicion that some 
I don't see how you could 

MR. DOYLE: Let me add one thing; in the enforcement of the regulations, 
we are certainly hopeful it will not be necessary to require the workers to 
wear the personal sampler for a high percentage of the time. We hope that we 
can work this out so that we can give you a reference point which would not 
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an individual but a location in the mine. I run unable to tell you at this 
ticular time that this is going to be possible, but certainly this .is what 
are working for. 

Both Congressional bills require the Bureau to conduct frequent dust in­
?ctions, a minimum of two per year. On these occasions, of course, we will 
;>ect to sample all of the men in the sections being studied, so here we 
1ld require a high degree of participation on the part of the men. 

I think that this is a problem in which we need to involve the labor 
ion. Certainly, they are interested in seeing these regulations enforced, 
d to do so we are going to have to depend on a high degree of cooperation 
om the men in the mines to do this adequately. 

MR. ONUSCHECK: All of our union representatives, district, and the mine 
1d safety committees, were behind this program 100 percent. We had no quarrel 
; all with them. They were very cooperative, and they wanted to see the pro­
::-am completed. Still you get some individuals that just won't cooperate. For 
1e benefit of the audience here, in our program on sampling, these were com­
lete eight-hour shift samples. We put the samplers on the men in the lamp­
::>use, and we did not take them off until they came out. This included mantrip 
ime, everything for the full 8 hours. 

MR. OOYLE: I think the Bureau has a great responsibility in carrying out 
Ln educational program, which we have to extend to the men in the mines to 
lemonstrate to them their responsibilities in meeting these standards, and 
1lso their responsibilities in providing the kind of assistance that is needed 
Ln making the necessary determina.tions. Although we have thought in terms of 
3Uch a program, this has not been definitely planned at this ti.me, but I can 
assure you that we will do whatever educational work is necessary in this 
respect. 

MR. GARVEY: Thank you, Ed. 

Gentlemen, the questions that were submitted to us have been exhausted, 
and we are now open for aey additional questions -from the floor. 

QUESTION: I would like to know if there will be a copy of the transcript 
of this particular symposium made available. 

MR. _GARVEY: Yes, there will be. It will be part of the transactions. 

MR. ONUSCHECK: I have a question that has been plaguing me for quite some 
ti.me, particular-1.y in ·an all-belt mine. where you are limited to the use of 
water on reducing dust on your belt systems due to quality of your product. 

There have been statements made here on controlling respirable dust. 
Everybody comes up with pretty good answers, but they also have stated that 
in order to have good effective face control, we must have uncontaminated air. 
In an all-belt mine, in order to have uncontaminated air, you are going to 
have to reduce your velocity on the belts, which we are doing to a certain 
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the extent where you need additional stoppings, overcasts, air bridges, and 
air locks, and what have you. 

Is there a possibility of creating an explosion hazard, due to confin­
ing all of this float dust and coal regardless of how well your belt entries 
are rock dusted? Also in a high production mine where your belts are coIIr­
pletely full of coal, and you have your loading points up near the face area, 
you have the possibility of an explosion jumping on the belt, going down this 
corridor that we are going to have to create. Has there been any research done 
on confining these belt entries with limited velocities and creating a situa­
tion that we might not be able to control, if we ever get a blow at the face, 
and it jumps on this belt line? 

MR: GARVEY: Does aeybody on the panel wish to conunent on that from the 
Bureau people? Don, do you have aey ideas? 

MR. KINGERY: I don't think I can help you. There has been little re­
search. We have recommended, of course, that belt entries be in a sense 
neutral or the air velocity passing over them be reduced to prevent pickup 
of airborne dust. 

This specter of a coal dust explosion on a belt entry is something that 
has disturbed .maey of us for a long, long time. I think we have been very 
fortunate that we have not been exposed to such a disaster. Regardless of 
what we do in our working faces, regardless of how well we rock dust our back 
entries, we know from experience in Germaey, and other places that if an ex­
plosion gets started down a belt entry, even though rock dust has been placed 
on the floor a foot high, the shock wave will pick up fuel, and we will have 
a serious explosion probably reaching outside. 

We recognize that this is a serious hazard and are concerned. We have 
not developed a rock dust barrier like that used in Europe, since we recognize 
with our mining system that this is not the most practical solution. Our only 
effort so far is to develop individual cans of inert .material to be niched 
into the rib along the belt entry. These inerting devices can then be activated 
by flame sensing and pressure devices to scatter inerting .material in sufficient 
volume to quench the explosion flame. 

MR. ONUSCHECK: Do you think there will be any research on this in the near 
future? 

MR. KINGERY: Yes. There would be accelerated research in this direction, 
if I understand the picture developing in the Bureau today. 

MR. ONUSCHECK: Thank you. 

MR. GARVEY: Does anyone care to comment either from the panel or the au­
dience on this problem? 
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MR. HALEY: I would like some clarification on thi 1 · 
ment made a little while ago. This meeting is sort or ~iksu~h ementary- state­
in Wonderland meeting the Mad Hatter, as to what the obje~tiV: ~!~ry or Al.ice 

The objective is, as I understand it, to eliminate black iung If 1 
a coal miner, I would wear a respirator. My father was a coal. mine; r r;~g 
He was a cutter from 1934. He wore his respirator voluntari~ all of ~~= time· 
He died of cancer, but not of black lung, and he had no prob1ems in the iung • 
area. 

I am rather new to the coal business:, and when I first came into this 
I felt we had a management deficiency in respirator wearing. Putting safet; 
glasses or hard-toe shoes on a person is not easy either. Now, the respirators 
were put on our men to keep them from having black lung. We really have to do 
all of these things that the new legislation says, but I don't believe that 
these will eliminate black lung. I think your Department of Heal th, Education, 
and Welfare will tell you that 3.0 will not eliminate that black lung, par­
ticularly if it is an average. So, don't look on respirators as supplementary 
to the problem, that is, eliminating the black lung and doing everything else 
to cut the dust in the air. Respirators should be worn in dust-producing 
stations. I woul.d like to make that point clear. 

MR. CORN: My ~e is Morton Corn. I am a member of the Faculty of the 
University of Pittsburgh. 

I think that the new legislation will combine medical data, through the 
responsibilities of the operators, with monitoring data relative to the en­
vironment, and if extra effort is made it will give us the opportunity, to 
associate dust exposures with the health of the individual miner to obtain a 
valid dosage-response relationship. I agree that there is litt~e assurance 
that the exposure guidelines we are aiming for will eliminate risk to lung 
disease, but there is now an opportunity to gather that data. My question is 
directed to Dr. Breuer. Will he elaborate on efforts ma.de in his country to 
relate measured dust exposures on a day-to-day and year-to-year basis to 
incidence of this disease? 

DR. BREUER ( through Interpreter): First, of course, is to try to prevent 
the dust concentration in the area where the miner actually works from day-to­
day. Secondly, we pay great attention to removing a man who has the f'irst 
indications of' damage to his lungs. We remove him to an area where he is ex­
posed to a less dense dust concentration, · and there is a Government provision, 
legal provision, according to which a miner who already shows signs of' 
pneumoconiosis, or some kind of damage, that he has to be put in a working place 
where there is less dust concentration in order to prevent development of' 
silicosis. · 

.MR. GARVEY: Thank you • 

.MR. MORSE: I'd like to take this opportunity to say that such a study is 
proposed with the Public Health Service. doing periodic chest X-rays which will 
be correlated with the environmental data that the Bureau will collect, and 
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there is provision for moving miners who show early evidence of pnewnoconi< 
into less dusty areas • 

.MR. GARVEY: That is c.orrect. We will collect this type of data. 

Are there any further questions? 

.MR. CHELERA: One of the minor problems, but immediate ones, based up01 
small amount of work that we have done and some conversations with other pE 

is the unreliability of the cyclone personal sampler. I would like to see j 
someone, perhaps Mr. Doyle, could coIIllilent on this experience. If some peopJ 
undertake a program of sampling with this device, I would think·the result 
could be pretty chaotic. 

MR. DOYLE: What do you mean by unreliability? 

MR. CHELERA: Just that. I don't mean accuracy, and I don't mean the PI 
c1.s1.on. If you go down with six of these things, maybe four of' them will we 
and two of them will be working sort of in a half-baked way. 

MR. JACOBSON: There is some question of what you mean by unreliabilit~ 
We have about 160 or 170 personal sampling pumps, and when we started off, 
had a good bit of dif'ficulty working with them until we learned how to hand 
them and keep them clean. 

There is still a certain degree of failure rate where you are taking a 
small instrument into a coal mine, and you are banging it around, not thew 
it was designed, but the way it is being used. They must be checked, and th 
must be kept clean. If they are kept clean, and they are charged correctly 
and used correctly, the "unreliability" is lIX>re of a £actor of the variatio 
in conditions of the environment that you are working in, not of' the instru 
ment. 

We have sampled more than 300,000 manshifts in the past, and the failu 
rate is down to 5 percent. I don't know what you mean by the "unreliability 
factor." 

MR. GARVEY: There was one lIX>re question in the back there • 

.MR. MENSEY: }.\y' name is Bill Mensey, National Mine Service Company. 

I would like to ask Ed Oruscheck why the men refused to wear the respi• 
raters? 

.MR. ONUSCHECK: Bill, I can't answer that. 

MR. GARVEY: There does not seem to be any more questions. 

I hope you have benefited from this afternoon's general session. 



I want to express iey- appreciation to the panel for sitting in and the 
audience for staying with us. We are surprised so maey of you came back. 

I will now turn the meeting over to Henry Doyle for adjournment. 

Thank you. 
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MR. DOYLE: I would like to express iey- appreciation to the National Coal 
Association, to the American Mining Congress, and to the National IndependeD 
Coal Operator's Association for their cosponsorship of this Symposium. I wou 
also like to extend iey- thanks to the speakers and the members of the panel 
and the audience. 

Three months ago the Director told me "to" put on this conference." You 
know I have a sizable family. In iey- family I have frequently given an order 
my oldest child, only to see it being carried out by the youngest some time 
later. I would like to pay tribute to iey- own staff for the great effort and 
aey long hours they have· devoted to the arrangements of the symposium. 

I wish that I could point them out individually. However, I would be 
amiss in not identifying a young lady whom you have seen moving very 
unobtrusively about this audience. She had been of very great help to me anc 
to you, too, in getting these details arranged. I would like Mrs. Lynn Harrj 
to stand up, please. 

I would also like to pay tribute to Pat McMurrer, who so wonderfully 
handled all of the details, the social arrangements, the registration, and E 

of the minor details that are involved in an endeavor of this kind. Thank ye 

The proceedings of the symposium will be out hopefully within 4 to 6 
weeks. Everyone registered at the symposium will receive a copy o:f the pro­
ceedings. 

As the Director has told you, we hope that this will be a textbook, aru 
I hope that in about 2 years from now, this textbook will be so out o:f date 
that another symposuim o:f this kind will be necessary. 

Thank you very much :for attending. 
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