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INTRODUCTION 

E-6 

A sufficient and constant supply of fresh ai r i s essential to the .health and 
safety of underground miners . This often requires elaborate ventilatio_n syst ems 
t hat are costl y in terms of equ i pment and man-hours. Moreover , these systems are 
relatively inefficient since 60 t o 80 pet of the fresh air enterin!] a mine often 
l eaks into return airways, never reaching t he working sections of the mine (1-f}. 
In addition , much of the ai~ that reaches the working sect ior often short cfrcuits 
out and never reaches the working face. The U.S. Bureau of Mines has developed 
some• new and unique methods to help combat this inefficient use of mir•e air. 

Ventilation efficiency can often be improved by eliminating major leaks that 
occur most often at permanent st oppings. However, el iminating air leaks through· 
every permanent st opping i n a ventilati on system would be an expensive and time­
consuming opera tion. A more realistic approach is to measure the leakage across 
each suspected st opp ing and repair only the1se having a significant leakage. 

-THE BRATTICE WINDOW METHOD FOR MEASURING STOPPING LEAKAGE 

The Bureau has developed two methods for measuring mine st opping leakage. 
One of these is called the Brattice Window Method (BWM) (3), whi ch requires erect­
ing a second stopping , called a t emporary t est stopping (TTS), in the same entry 
as the leaking permanen t stopping. The TTS i s made of an impervious fabric, such 
as plast ic mine bratt ice, and is fa stened t o the roof, floor . and s.ides of the 
entry with spads or simi lar fas teners. The· TTS also will leak, as air wil l pass 
t hrough gaps around the edges . A rectangu lar opening , window 1, is cut into the­
TTS. - The cross-sectional area of this window and the velocity of air passing · 
through it are measured and the volume flow· calculated from 

Ql = Vl Ap 

where A= cross-sectional area of window 1.· m2• 

V = air velocity through window 1, m/s , 

and Q = air volume through window 1, m3/s , 

Next, a second rectangular opening, window e, is cut fnto the TTS . Its area 
Az and the velocity of air through it v2- are measured and used to calculate the 
a1r vol~me 02' through it.. 

~-=V2'A2 

The decreased air velocity V1 ' through wind1Jw 1 is also measured, and a- new lower 
air volume 01' is· calculated from 

These values are used in the brattice-window-method equation to calculate the total 
volume of air 01 in m3/s passing through th1! permanent stopping as follows: 

Qi = C [01 , + 02, + 01 , + 02, - 01 J . 
V 11111 , - 1 
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The wi ndow coeffi cient (C ) i s necessary because of the vena contr cta created 
by the airflow through the windows. 

Pre! im1 ~.a ry tests by the Bureau proved that t he BWM works and is pract ical for 
in-mine use . ~he Bureau then contracted Goodyear Aerospace Corp . (GAC) .to further 
examine and improve the BWM. This work was fi rst conducted in a GAC laboratory 
and later in th ree ·coal mines i n Wes t Virginia. · 

LAB 'STUDIES 

GAC's l aboratory efforts incl uded builrling t he equipment and testing t he Bureau 
of Mi nes Brattice Window Method in a simulated cross-cut that i s .6. 4 • long wi t h .a 
const ant cross-section of 1.5 x 5.5 m. A diffusing cloth was mounted in t he cross­
cut t o simul ~te a leaking pennanent stopping. Outby this, the TTS was instal led. 
A s imulated entryway was added in front of the cross-cut to determf11e t he effect 
of cross flow velocity or swirl on the 8114. · 

The total f low quantiti es were obtained by calculating from pitot 111easurements 
the fl ow into or out of the cross-cut and considering cross-cut leakage associated 
wi th .the test conditions. The corrected val ues gave the true flow quantities 
through the TTS windows. Thes~ corrected fl ow quantities were then used with the 
flow quantities detenuined by anemometer .readings taken at the TTS windows to 
calculate the window coefficients. · ' 

The results from these tests indicate the window coefffcfents are nearly con­
stant for a .given window size for corrected anemometer air flow velocities through 
t he window of 0.5 to 5.0 m/s. The average values for the wiodow coefficient for a 
veloci ty range of 0.5 to 5.0 m/s measured downstream and upstream of the windows 
are : 

Window Geometry• 
meters 

0.10 dia. 
0.15 JC 0.30 
0. 30 X 0.30 
0. 30 X 0.60 
0.60 X 0.60 

Average Coefficient Value (C) 
Measurement Position Relative to TTS 
Downstream · Upstream 

0.62 
0.64 

·0.66 
0.69 
0.73 

0.68 
0.67 
0.715 
0.78 
0.775 

The effect of cross fl ow on the total flow values cal cul ated. oy the Bureau of 
Mines Brattice Wiodow Method Equat ion was determinei:I by tests with the TTS in three 
different locations relative to the entryway with and without flow fo the entryway. 
The results indicated that small errors are present when the TTS is 3.6 !JI f rom the 
entryway. The maximum error approaches lO pet as the TTS i s m .ed closer to the 
entryway. 

COAl MINE STUDIES 

From the consistent laboratory results, it was concl udl!td that the Bureau of 
Mines method was useful over a large range of values for !laSUr'ir!g l eakage past 
pennanent stoppings. 

Thi s met hod was then applied by measuring l eakage past pel1!111neflt st oppings in 
the Bethlehem Mi nes Corporation operating mines 105 East , 105 West. and 108 near 
Bri dgeport, West Virgfoia. The sizes of the cross.-cuts ran~ fnia 1.4 11 x 4.9 m 
to 1.8m x 6. 4 111. 

The foHowing conclusions are .indicated based on the results from the tests 
in Bethlehem Hines Corporation mines 108, 105 East, and 105 West. 

1. Lightweight equipment and erection techniques were developed so that two 
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miners were abl e to use the technique for quicltl:, obtni ri fng t he leakage 
past individual pennanent stopp·i ngs . · 

a . The total weight of the equ ii pment carried by t he two.: miners for 
these test s was 18.6 to 20. 2 kg. Each mi ner carrfed ·approximately 
one-r.a1f of t he total weight. 

b. The average t ime. period for the· miners t o erect the m, seal n. · 
t ake flow readings , and mov1! the ITS and equi pment ·to ·t he adjacent 
cross-cut was ·1a mi n for th1! tests of the 10 corisei;;utive individual 
stoppings in mine . 105 W. Tifn,e periods to erect t he TTS, seal it . 
t ake rea~lflgs, and move the TTS and equipment to an adjacent cross­
cut ranged from 20 t o 45 min i n ~he other miries where ·the roofs 
were composed of sea 11 ng rock . 

. . 
2 . · Measurements were llli!de ·1n an ai1ritay before and aft er nine stoppings. 

··rn this airway location, the flow readings .were repeatable , and three 
values. were read by each · of. the three different investigators> :· The · 
average ·val ue for the measured difference -in airway flows was ·2.02 m3/s . 
whi c·h . compares )iith ·. the 2'.4.1 1113/s. va 1 ue_ for · the sum _of the· leakages past . 
the 1111ne stoppmgs . The apparent er ror of O.J9 ·m3/s can · be compared · 
whh the magni"tude of the airway flow val ues. whi ch were approxi1111tely ,- · 

· .l l.18 ' 113/s and 13-.21 ml/s , respectively. A plus and minus ·error of . 
less than. 2 pet in calc.ulated a·irway flow- values can account for ·thi s 
a~rent error. Based on -this . c:ompar i son, accurate measurements at 
spaced locations i n the airway can be used to locate regions in the m;ne 
where the h!akage past individual stopping shoul_d bi! ~asured using the 
Bureau of Mines Brattice Window Method. · · 

TRACER GAS METHOD FOR MEASURING LEAKAGE THROUGH STOPP INGS 

The Bureau of Mines has a 1 so developed a t _racer gas method for. measuring mi ne 
stopping leakage (1) . To use this method , a temporary brattic:e is hung about · 
~.o m from the pen11jlnent stopping. A t r acer· gas is released -i n the ·ai r vol ume V 
between the brattice and stoppi ng, and t he tracer . gas concentrations are measured 
periodically .for 60 min. A semilog plot of the concentration measurements are 
t hen used to dedu~e the air leakage ·Q1. If the leakage air has a contaminate gas 
c.oncentration greater than that initiall y measured ill the tes t volume, additi on 
llf. the tracer. gas can be omitted. · lo t tris case , the contaminate gas can be ·used 
es a tracer, provided that the temporary -brattice is_ hung on the low-pressure side 
M the leak. Air leaka.Q.e is then evaluated from concentration measurements of the 
·~ontaminate gas fn the test volume. · 

The change in the tracer gas c·oncentration C .in the fixed volume beuieen tl!e 
two stoppings as a function of time t is given by 

VdC = Q1 .C1 dt - Q1, C dt, · (1) 

_where. 02. is the-stopp~ng ~ir leakage, whkh is assWIIE!d to. mix _well, and c,, is the 
t racer gas · concentrat1on ln_ the leakage air. For constant ·Q1 and C1 , 

C ~ c cc· · c·· > -Q1 t/Y · · t ·"' ,., - o e • (2) 

#here C0 is ·the ini t i al . tracer gas corice1ntration within the volunie. 

Equation 2 was used to determine the ainp1unt of air (le!lkage) .purging a volume for. 
t he two following cases: · 

Case 1. -- Tracer gas is released within test volume. The initial tracer gas 
concentration withi n the volume is C0 , and the concentration of the purgirig air is 
zero (C1 = 0). Equation 2 then becomes . . , · . 

C = Ca .-e -Q1, t/V (~ . 
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FIGURE 1.. Face area methane. concentrations for the baseline 
and the best di ffuse-r fan system. 
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A senri l og plot of t he concentration ·versus ti y1el~, a straig t 11ne with a 
sl ope of - Q1/ Y. The l eakage 1s computed by multi plyi !I the negative of the sl ope 
by · t he volt1111e , S1 nce· the slope ts (ln c,1 - ln c

1 
); (7 - t , ), 

Q1 • · [ln c2 - ln c1] v. 
tz - t1 

v. 

(4 ) 

(5) 

Case 2. --A cont aminate gas is used instead of a tracer gas . If t he concentra­
tion of t he contaminat e gas i n t he-leakage ai r fs great er than i t s i~i t fal concen­
trat ion in t he enclosed vol ume {C1:.C ) , then t hi s gas can be used .as a . tracer. In 
thi s· case, -t he t emporary brattice mu~t be ·hung or:i the low-pressure side· of the per-
manerlt _stopping. Equat ion 2 can be rewrfitten as · 

C • C = (C - · C ) e -Q1 t / V 
t 1 o· • (6 ) 

· A semilog pl ot ·of C - C versus t ime yields a straight l ine wi th a slope of . 
-Q/ V. The st opping leab ge i s obtained ,1s before by mul t iplying t he negative of 
the slope by t he vol ume . _ . . 

A series of underground leakage tests were conduct ed fn the Bureau's Exper1-
·ment a1 Mine at Bruceton, .Pa. A smal l fan conducted air t hrough a 0.15-m-diallll!ter 
pi pe t o the face of a dead heading t o simulat e a known leak. A damper and pitot 
t ube were used t o regulate and measu§e the l eak. The air volume bl own into the 
headi ng ranged f rom 0.007 to 0.125 m /s as determi ned by pitot t ube measurements. 
To di sperse the 1eakage , a secti on of t he burl ap was fastened t o the coal face over 
the exhaust end of t he pi pe. The t emporary bratti ce was hung about 3.0 m outby 
t he face of t he dead headin~. 13 was hungr so t ha t no observab·le gaps existed. The 
enclosed volume was about 22.1 m . A section of tygon t ubing was suspended f rom the 
roof for sampl ing. One end of t he tube huin9 i n the center of t he encl osed volume; 
the other was connected to a hand-heid pump outsi de of the test vol ume . 

- . 
. The tests sh~wed that i t i s possible to measure ai r leakage t hrough stoppings 

as low as 0.007 m /s, usi ng a t racer gas . Ca lcul at ed val ues are within 10 pet of 
the actual lea.kage . If t he leakage ai r has a constant cont aminate gas content 
greater than t hat ini tially measured in t he test vol ume , the addi t ion of a t racer · 
gas i s not needed because the contaminate gas can serve as a tracer. 

OPTIMIZED DIFFUSER AND SPRAY FAN SYSTEMS FOR FACE VENTJLATION 

Research sponsored by the Bureau of Mines has shown that workin9 face venti l ­
. ation can be greatly improved by devices that create a st rong sweep of air across 

the face in the same direction as the nonnal airflow (~J . · 

·The diffuser fan is a proven method for reducing methane at coal mine working 
faces. However , no systematic i nvestigation of diffuser fan perfonnance had been 
made .. previous to the ·study described here. The general approach has been to 
direct fresh ai r io the general di rection of the face, and to leave it at ·that. 
In 1973 , the Bureau of Mines awarded Foster-Mi iler Associates a contract to optim-. 
i ze t he diffuser fan. The initial objective was t o determi ne the best ai rflow 
and best location for the fan outlet , usin9 full-scale plywood models of a mine 
~assageway and a mi ning machine with a rotating ripper- type head and wat er sprays. 
However, as the investigation proceeded, i t developed that other, more novel 
approaches to face ventilation coul d perform as well as , or better , than the 
diffuser fan. 



Spraying system 805-5 

Bete WL 1/4 80 · 

Conf low No. I nozzle 

m3/s 
Hollow. cone 0. 061 

Solid cone 0.033 

Venturi 0.057 

FIGURE 2. Airflow induced by three typical water sprays. 

7.0 kg/cm2 
water, 

Lis 
· 0.082 

0.025 · 

0.088 
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BASELINE TESTING 

The i,,itiai probl es 1n the contract was to evaluate current face ventil at i on 
and establish how much room for improvemen t existed. For this purpose, Foster­
Miller conducted an extensive ser i es of baseline tests using different machi ne con­
figurations, and varying ai'rflOl>ls, methane flows, and brattice-to-face distances ; 
t ubing was used i n addition to brattice. 

Methane was released through manifolds that stretched across the face and back 
al ong the first f ew meters .of the r i b. Measurements ~re made 0 . 3 m below the roof, 
down the sides and in some t ests , directly under the cutter head. Locations around 
t he front of the mini ng machine rep.-esent FVE (face ventilation effectiveness) 
measurements points . which we are using as our indicator of how well the. face is 
being ventilated. 

The FVE is the methane concentration in the return divided by the average con­
centration at the face, as measured at the FVE points. Si nce the FVE measurements 
are 0~ 3 m from ·the face , the FVE provides an index of · what fraction of the total 
air is getting _up to t he l ast -o.3 nr. · · 

How much air does actual ly reach the last 0.3 m? Under most conditions the 
percentage is not high. Wi th 1.42 m3/s of air exhausting through a vent tube lo­
cated 6 m from the face, the FVE is 16 pet . Thus only 16 pet of 1. 42 mJ/s reaches 
the last 0.3 m. A large area of over 2 pet methane results with a methane f low of 
0.014 m3/s. With 4.25 rrrlts exhausting from a tube located at 3. 0 m. the FVE is 
still not good and some regions still have over 2 pet methane. 

DIFFUSER FAN TESTING 

The actual diffuser fan study considered a number of different designs. 

Figure l i s _an indicati_on of what t he best design , ca ll ed system 0, will do. 
The t otal air is 4.25 ~ / s exhau~ti ng through a t ube at 3.0 m. The methane emission 
is 0.01 4 mJ/ s. With no di ffuser fan (the basel i ne) every poin t 0.3 m from the face 
1s l pet methane or greater. With system D diffuser fan every pciint is below l pet 
and t he average methane concent rat i on was consi derabl y reduced. 

The same ki nds of results were obta i ned with other machine posi t ions , ether 
tube-to-face distances , other methane flow rates , and with brat t ice. We felt that 
our diffuser fan st udi es had been quite successfu-1. 

WATER SPRAY TESTING 

Duri ng the course of the di f fu_ser ·fan program , t he test plan called for tui·n­
i ng the water sprays on and off to see how t hey were affecting t he face ventilation. 
In some machine posi ti ons , parti cula rly at t he begi nn i ng of the slab cut , acti vat i ng 
t he sprays substant ially reduced t he methane. Air was bei ng entrained in t he sprays 
and t his was bringi ng f resh ai r, car rying away the methane. 

So, we added a new seri es of tests to syst ematical ly investigate t he air-moving 
abi l ity .of water sprays and t he i mprovement in face vent ilat i on that might resul t 
f rom some modified placement of t he sprays. 

We s ta r ted wi th water sprays i n a test chamber. Dozens of di fferent nozzles 
were t ested . The results from t hree represent ati ve nozzl es are shown in fi gure 2. 
Note t he ventu r i does not move more ai r t han an ordi nary spray. It i s not neces­
sa ry to con f ine t he spray 1n a sma ll tube t o make it an effective air mover . It 
is important to recogn ize t hat t he space between the min i ng machi ne and t he roof 
or ri b can also act as a t ube. 

In designi ng t he water spray system, we were able to ta ke advantage of what we 
learned from the di ff user fan. Fi rst , we had to entra i n fresh ' air; second, we had 
to sweep it across t he face. 
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t Top spray 

t Bottom spray 

FIGURE J, The · best 1110dified water spray system. 
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KEY 

Aiir =4.25 rri3/s 
Diffuser fm =Q47 rrr/s 
CH4 = O.Ol4 m~s 
Face to tube = 3 m 

Baseline 
FVE appirox 15 ,::.':: 

X 

'--x---x 
Diffuser fan FVE 

FVE 75 pet . 

\ 
2 3 4 5 6 7 

FACE AREA SAMPLING PORTS 

8 

FIGURE 4. Effectiveness of the diffuser fan and IIOdified water 
spray systems as compared with the basel ine under good 
ventilation conditions -9,000 cfil exhausting through 
a tube at 10 feet. 
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The final design {fi3. 3) has t hree key features: First, the sprays at t he 
cutter head are turned 10 to the ri ght. Second, sprays are 1110unted on the left 
side of the machine to catch the fresh air at the back of t~ machine and move it 
up along the l eft s ide to the face. Third, a few sprays mounted on the ri ght side 
keep the swi r l of dust-l aden air ahead of the operator. Water consumption is no 
greater than with a convent ional system, and the system sti l l functions reasonably . 
well when SOIIIE! of the sprays are cl ogged. 

Figure 4 represent s one case i nvest igated with 4.25 3/ s air exhausting 
t hrough a vent tube located 3.0 m from the fans. The modified water spray system 
i s slightly 111>re effective than the 0.47-m3/s diffuser fa;; and thi s also holds for 
the two-st ep r ipper configurations . Both are five times better than the baseli ne. 

In conjunction with both studies, one impor tant question Me had to answer was 
how ell these syst ems operate under adverse condi t ions. What decrease in effi ­
ciency takes pl ace when some of t he sprays clog or the water pressure drops? =hat 
happens when the line bratti e is at 9.1 m, instead of 3 or 6 m? Or, if the region 
around the front of the mining machine becomes abnormally cl ogged wi th ~roken r.c~l, 
Tests were run to answer i n detail all of t hese questions , and the results can be 
SW1111arized here by saying that it was always better to have a diffuser fan o, 
modified water spray system t han t o have nothing at all. 

In con.clusicn, we have found that both the diffuser fan and modified wat er 
spray systems produce consi derable reductions in the methane l eve1 at the working 
face. 
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