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Thi s pap~r dAscribes a feasible remote sea ling system tha t ha s evo lved 
from the Bureau's sponsored research on the ex tinguishment o f coal mine fires. 
The complete system includes ( 1) a s onar probe and close circuit tel evis ion 
camera for initial probing of the mi.ne entry tu be sealed, (2) a fly a sh or 
fly ash-cement system for constructing the seals, (3) a froth foam topping sys ­
tem for completing each seal, (4) a combusti 0n-type i nert gas generator for 
conveying the fly ash and inerting the se aled area, and (5) acoustical equip­
ment for determining the comple tion and integr ity of a seal. Design r equire­
ments are brieily summari zed for the current l y developed r emote s ealing sys tem. 
In addi t ion, field problems a re r eviewed from the performance of a prototype 
system t hat was used in a mine f ire s ituation. 

I NTROD UCTI ON 

Uncontrolled coal mine fir es are o f grea t c.uncer n to the mim.n:. '. industry 
beca us e they cannot be di rectly extinguis hed, and because the y may require 
s uch drastic a c. tion a s sealing the entire mine. The c onventional practi ce o f 
cons tructing air-ti ght stop pi ngs f rom within the mine i s di ff icult and can 
involve a high fire or explosion ri sk ; therefore, this approach cannot a lways 
be relied upon. In search of a more des ira ble approach, the Bureau of Mines 
exp lored the concept of remote s ealing f rom the surfa ce and found f l y a s h t o 
be a suita ble sea lant f or thi s purpose. 2 This t echn i que minimi zes the ri s k to 
the firefi ghter, it limits the s ea l ing to t he e stabli shed fi r e a rea, a nd i t 
expedites the mine recovery operation , thus reducing potentia l cos t s and 
production losses . This pape r describes a complete remote s ealing s ys t em 

1 E lee trica 1 engineer, Pitt sburgh :·lining and Sa Ee ty Research Cente r, Bureau of 
Mines, Pitts burgh, Pa. 

2 Murphy, E. M., M. O. Ma gnuson, P, Suder, Jr., and J. Na gy . Us e o f Flyash f or 
Remote. Filling of Undergr ound Ca vit i e s and Passageways . BuMine s RI i 214, 
1968, 27 pp. 
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that has been developed under Bureau-sponsored contracts 3 4 

obtained with a prototype system in a mine fire situation. 
designed for mine depths of up to 1,500 feet (457 m). 

and the results 
The system is 

THREE PHASES OF REMOTE MINE SEALING 

The remote sealing of underground coal mine fires requires considerable 
planning to resolve any logistic and site preparation problems and to insure 
that all the operational phases are properly coordinated. Fi .:;ure 1 shows three 

[nltla l problng 
f ly as h f illl ng 

FIGURE 1. • A remote mine sealing system. 

3Berry, D, R., K. Maser, D. A. Monaghan, and A. R. Guzdar. Technical Report 
for Extinguishing Coal Mine Fires by Remote Sealing (Research Contract 
H0122046 by Foster-Miller Associates, Inc.). Blli~ines Open Fire Rept. 
77(2)-75, 1973, 504 pp.; PB 245 899/AS; available for consultation at 
Bureau of Mines facilities in Denver, Colo.; Twin Cities, Minn.; Pittsburgh, 
Pa.; Spokane, Wash.; Department of Energy, Morgantown Energy Research Cen­
ter, Morgantown, w. Va.; the National Library of Natural Resources, 
U.S. Department of the Interior, Washington, o.c.; and National Technical 
Information Service, Springfield, Va. 

4 Monaghan, D. A., A. R. Guzdar, and D. R. Berry. Final Technical Report. 
Joanne Mine, Remote Sealing Operation (Research Contract H0144004 by 
Foster-Miller Associates, Inc.). BuMines Open File Rept. 55-77, 1975, 
224 pp., PB 265 545/AS; available for consultation at Bureau of Mines 
facilities in Denver, Colo., Twin Cities, Minn., Bruceton and Pittsburgh, 
Pa., and Spokane, Wash.; Department of Energy, Morgantown Energy Research 
Center, Morgantown, W. Va.; the National Library of Natural Resources, 
U.S. Department of the Interior, Washington, D.C.; and National Technical 
Information Service, Springfield, Va. 
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main phases of the sealing operation: initial probinr,, fl y ash fi ll ing , and 
foam topping. Initially, a borehole is drilled through which a probe i s 
lowered to determine the geometry or na t ur e of the passageway t o be sealed; 
the borehole (~15 cm or 6 inches wide) must be cased a nd groute d to prevent 
water seepage and subsequently serves as ;1 sealant borehole. In the second 
phase, the passageway is filled with the fly ash bulk sealant that is pneu ­
matically transported from a supply truck on the sur f ace; two adjacen t bore ­
holes are drilled prior to this stage for deployment of acoustica l equipment 
that is used to monitor the formation of the gross fly ash seal. In the final 
pha se, a froth foam topping i s added to fill the crater formed by the f l y ash 
and to complete the seal ; the foam is f ormed in place at the bottom of the 
borehole. Thi s system also includes an inert gas generator whi ch i s used to 
minimize the explosion ha zard durin r, the fly ash fi lli.n p; phase and to ine r t 
the sealed a r ea of the passageway. In addi t ion, a modified fl y a sh mixtu r e 
was found necessary if a waterti ght se~l is r equired. All of the systems a re 
mounted on skids or t ra ilers . 

Generally, the ?;reate :; t amount of time is involved in drill i ng the bor e ­
holes. Thus, accurate mine maps are e·rnen tial to avoid "blind" or unsuitable 

Deployment system 

A PRELIMINARY 
PROBIN G 
SYSTEM 

Rotator 

CCTV probe 

Compass 

8 DETAILS OF DOWNHOLE PROBE 

FIGURE 2. - An initial probing system. 

borehole sites. The sea l ant 
boreholes should be located 
midway between two crosscuts 
o f a passageway and whe re 
the overburden is lea s t and 
where overcas t s are not 
pres ent. 

System De scrip t ions 

Initial Probing Sys tem 

The initlal or prel im­
inary probing sys t em that 
was des i gned fo r this appli -
cation cons i sts o f a down ­
hole probe as s embly , a 
deployment s ystem, and a 
control consol e , as shown 
in fi gure 2 . The downholc 
probe assembly include s a 
low light l eve l , closed ­
circuit television (CCTV) 
camera f or v is ua l observa ­
tion of the downhole condi­
tions , and a s onar ranging 
device for accura tely de ter ­
mining dimensions of the 
passageway or dis tances to 
lar~e object s . It is alsn 
equi r ped with a rotator to 
facilitate scannin~ and a 



30 

remote reading compass for establishing probe orientation. The probing infor­
mation is useful for determining suitability of borehole locations, sealing 
material requirements, potential obstructions to sealing, and reliability of 
mine maps and engineering surveys at the surface. 

The probe is deployed into the passageway using an electromechanical 
cable and a hydraulic winch that is driven by either a gasoline engine or an 
electrical motor; the winch has a 1,500-foot deployment capability at speeds 
of at least 100 ft/min (30 m/min). After the probe is oriented in a known 
direction, the sonar unit transmits ultrasonic pulses and picks up reflections 
from objects in front of it. The probe is rotated 360° at various elevations 
to obtain a complete mapping of the passageway by the sonar measurements and 
the television camera. This downhole information is transmitted to the con­
trol console which includes a CCTV monitor, a sonar readout panel that dis­
plays probe to tar~et distance, a rotator control, and a digital readout of 
the remote reading compass. 

The sonar probing unit is capable of locating objects in a mine at dis­
tances up to 30 feet (9 m), whereas the CCTV camera can view objects up to 
200 feet (61 m) away. In a mine fire situation, the smoke density will limit 
the effectiveness of the latter unit. This probing system has been certified 
as explosionproof and can be used in gassy mines. 

Acoustic Seal Checking System 

Another instrumentation system that is vital to the success of the remote 
sealing operation is one that monitors the filling of the mine passageway and 
determines the integrity of the seal. The system developed in this work uses 
acoustic devices, namely a high-intensity speak~r and a sensitive microphone. 
As shown in figure 3, the speaker and microphone probes are lowered into bore­
holes that are on opposite sides of the sealant borehole. These probes are 
usually at least 50 feet (15 m) from the seal being constructured and they are 
deployed by winch systems similar to those used for the initial probing system. 

Deployment systems 

.. . · .. . . . . -· 

FIGURE 3. - An acoustic seal checker system in operation, 

The theory of operation 
is based on the proved 
premise that a decrease in 
the level of signal received 
by the microphone is propor­
tional to a decrease in the 
open area of the passageway 
being sealed. In this sys­
tem, the speaker probe 
transmits an amplified noise 
pulse from a random noise 
generator which is then 
picked up by a ceramic-type 
microphone probe and trans­
mitted to a sound level 
meter in the control con­
sole. A signal processing 
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module subtracts any background noises . The signal is then dis played in the 
control console and correlated with existing information to define the com ­
pleteness of the seal. Sensitivity of the seal checking system i s grea t es t 
as the seal nears completion (;;,99 pct). Both microphone and speaker units a r e 
intrinsically safe. 

Fly Ash Svstem 

Fly ash is used as the bulk sealwnt material because it is incombusti ble 
and relatively inexpensive, it L; readily fluidized fnr pneumatic transport, 
and it is effective in conjunction with a froth foam topping . This material 
also normally displays little shrinkage upon wettin?,, although erosion or 
leakage paths can develop when a fly ash seal i~ subjected to certain water 
pressures. A fly ash-bentonite-portland cement combination has been found t o 
be more effective than fly ash alone in providin~ a wa~ertight seal. Use of 
this combination requires only a simple modification of the fly ash de ploymen t 
system described herein. 

The main components of the curren t fly ash system are fly ash supply 
trucks, a diesel-driven blower, liquid nitrogen supply tankers to prov ide an 
inertinR medium, and a plumbing network with ins trumentation to monitor fl ow 
rates and pressures. Fluidized f ly ash is fed from 20-ton supply t r ucks to 
an eductor where it is mixed with nitro~en-diluted air (s 8 pct 02 ). The mix ­
ture is then pneumatically transported through an 8-inch (20 cm) f i ber gl ass 
pipe to the borehole by a hi gh -capacity blowe r (5,000 ft 3 /min, 10 lb/in~ 
ma::imlDTI). A maximlDTI flow ra t e of 2 ,500 ft 3 / min (71 m3 /min) is recommended 
for pumping the fly ash into most mine passageways; this i s generall y adequa te 

to suppress bor ehole plug ­
ging and to insure satis­
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factory crater f ormation for 
s eals requiring the foam 
topping. 

Fly ash requirement s 
will depend primarily upon 
the pa s s a eway width a nd 
hei ght and whether the s eal 
i s to be comple ted with or 
without a foam topping . 
Figure 4 s hows requiremen t s 
that were calculated ass um­
i ng f ly a sh alone i s used t o 
produce a 100 -pct seal; a 
t ime scale for the f l y ash 
deploymen t is al so lncluded, 
ba sed upon one t ruc kloa d 
(20 tons) per hour. For a 
pas sage height of 6 feet 
(1.8 m) lO to 20 fee t (3 to 
6 m) wide, the we i ght o t 
req uired fly ash s hould be 
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between 100 and 275 tons. Field t ests have s hown these estimRtes tn be reli­
.:i.ble for norm.al st might passageways . If a 95 · pct fly ash seal is initially 
constructed and then completed by use of the foam toppinr-:, the fly ash require­
men t s can be greatly reduced - -reportedly b~.· as much as about '.>0 pct at the 
recommended flow conditions. The required fly ash for a 100-pct fly ash seal 
can be substantially reduced by decreasing the gas mixture (air-N2 ) flow rate 
to minimize the crater formation and latera l ,spreading ot the sealant; these 
velocity effects increase as the rly ash nears the mine roof. 

Froth Foam System 

The foa m topping sy s tem provides an e x pandin?, material that is both ait­
ti ght and watert ight, and i t is e ffective in completing a fly ash seal. It is 
recommended for fly ash emplacements that are 95 pct or more complete. The 
complete sys tem includes the froth foam generating components, a tentperature 
condi t ioning and meterinr, sy s tem, a downhole mixing assembly, and a deploymenl 
system with a skid -mounted hydraulic boom crane. Fi3ure 5 shows a diagram of 
this system. 

Polymeric. isocyan.a te and polyol co!11 ponents are used to produce the foam 
toppint;. These component :, are conditioned at 25° C and fed separately through 
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ny l on hosing to the downhole mixing assembly where they react together with a 
catalyst to form a froth foam; Freon 125 i s used here as the hlowing agent. 
The chemical constituents are me tered a t a hi gh pressure of 1,000 lb/in2 

(70 kg/cm2) to produce t he f oam at a rate o f 40 lb/min (18 k~/min). This f oam 
is a clos e d eel 1. type (>85 pct) and should be s ufficiently fire-resistan t t o 
withstand the hot 3as temperatures adjacent t o the fire zone; a flame spr ead 
index of less than 25, as determined by the ASTM E-162 radiant panel test , is 
a mi nimum requirement . The amount ot foam required will largely depend upon 
the width of the mine pa s sageway and the compl e teness of the fly a sh sea. 
About 2,000 lb (908 kg) appears necessary for most 95 pct fly a sh seals. In 
the event of problems, mo s t of the downhole a s sembly can be retrieved because 
it is e qui pped with a penumatical ly actuated quick-disconnect coupling . 

I nert Gas Generator 

The use of a n ine rt gas f or t he fl y ash f luidi zation and conveyance i s 
mandator y i f the remote sea ling opera tion is to be carried out without risk of 
ga s expl osions both in t he borehole a nd in the vicinity of the underground 
s eal. Furthennore, inerting t he completed s eal he lps to control and retard 
the f ire. Experi ence in the f i eld, wher e liquid Na was used fo r an inert gas 
s up pl y , i ndica ted that si gnifican t l ogisti c and economic bene fits could accrue 
by use of a s ystem ba s ed upon combus t ion ga s es. A combust ion- t ype ine rt ga s 
generator can pro vide an unlimi t e d s upply o f ine rt gas and eliminates the 
uncertainty a nd difficu l t y encountered with liqui d Na tank deliveries . Al so , 
the es timated c ost of produci ng t he iner t combus t i on ga s s hould be less than 
$1 pe r 1 ,000 f t 3 , c ompared with ab ou t $8 pe r 1 , 000 f t 3 ($0. 28 per m3) for 
liquid N . 

As part o f the Burea u ' s ongoing contract r esea r ch on remote s ealing , a 
new comb ustion-type i nert gas gene ra to r i s be ing cons tructed becaus e the com­
me r cia l l y ava ilab l e sys tems i n t he Uni ted States or Europe did not meet the 
r equi r ed s pecifica tions . The sys t em s pec i f ications include a vari ab le output 
o f 600 t o 2 ,200 ft 3 / mi n (17 to 62 m3 /mi n) at a pressure up to 15 lb/in.:: t o 
f ac i l ita t e t he fl y ash de ployment, a moi s ture content not greater than 65 ° C 
dewpo i nt to prevent f l y ash a gg l omeration caused bv water condensation, and a 
ma xi mum gas de l ivery (exit) t emper ature of 95° C tn avoid excessive teupera ­
ture in and around t he s ealant borehole. 

The combus tibl e ine r t gas generat or i s shown in f igure 6; it is mounted 
on two tra iler s . On one tra i l er (ho t ), a fo rced draft oil burne r consume s a 
No. 2 fuel oil at - 70 gal / hr and produc es hot inert combustion products 
( / 1 pct 02 ) which are cooled to 260° to 370 ° C in the thermal liquid heater; 
thi s hea ter contains a petroleum based coolant that is circulated through a11 

a ir -cool ed, finned heat exchange r. The ga s is then cooled to 65 ~ C in the 
"heat pipe" heat e xchange r and pi ped to th e other t r ailer (cold) where it 
enters a drier (enthalpy e xchanger) to remove e xces s moi s ture. The final 
~ta ge of the syst em i s compr e s s ion of the ga s up co 15 lb/in2 by a gasoline­
engine driver blower that f eeds into the line for transport i ng the fly ash 

~Reference to specific brands i s made for identification only and does not 
imply endorsement by the Burea u of Mines . 
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FIGURE 6. - An inert gas generation system. 

into the sealant borehole. This system is operable by one person and it is 
being designed with the capability of maintaining an 0~ concentration between 
0 and 8 pct in the sealant borehole and the sealed area. 

Experience in Remote Sealing of a Mine Fire 

Over the past 15 years, several attempts have been made to apply the 
remote sealing CQncept to underground coal mine fires in active mines, most of 
which were of limited or no success because of inadequate sealant materials, 
serious equipment limitations, or insurmountable mine water problems. The 
most successful effort occurred a few years ago when a prototype of the 
present remote sealing system was used to isolate and extinguish an under­
ground fire at the Joanne mine of the Eastern Associated Coal Corp. in Rachel, 
w. Va. · This fire resulted from a derailment and subsequent short circuit 
that caused a fan stoppage and made it necessary to evacuate the mine. The 
decision to attempt remote sealing was made 51 days later. 

The remote sealing was made from two surface sites that were over 2,500 
feet (162 m) apart and located on opposite sides of a hill above the mine. 
The major considerations in selecting these sites were (1) proximity to exist­
ing roads, (2) sufficient separation distance between boreholes and fire zone, 
(3) adequate distance from existing gas wells to minimize leakage -paths, and 
(4) avoidance of burying major pieces of mining equipment. Six seals were con­
structed and each required drilling two adjacent boreholes to accommodate 
acoustic seal checkers. The boreholes were 600 feet deep (183 m) or less. 

- work cited in footnote 4. 
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Figure 7 shows a map of the underground m:tne section with the location of 
the six seals that were construct~d to isolate the fire; permanent stoppings 
in this section were also used to effect the seal ing . Three of the sea ls 
(RD-1, RD-3, and RD-5) were 95 pct fly ash s eals that were topped with ure­
thane foam, and the other three (RD-2, RD-4, and RD-6) were 100 pct f ly a sh 
seals. Most of these required approximately 150 tons (95 pct seal) or 250 
tons (100 pct seal) of fly a sh; except for seals RD-3 and RD -4 whi ch were at 
or near four-way intersections and required about 500 tons o f fly ash. Those 
that were completed with a foam topping required at least 2,200 lb (998 kg) of 
foam. The sealin~ operation was carried out using liquid N2 tankers to pro­
vide the inert gas for deploying the fly ash and inerting the completed seals. 
At least 650,000 ft 0 (18,405 m3 ) of N2 was necessary in constructing a seal. 

A ,:;as monitoring system was useful in indicating the effectiveness of the 
completed seals, the adequacy of the inert gas supply system, and the poten ­
tial gas explosion hazard before and durin~ the remote sealing operati on. 
Fi r,ure 8 shows the varying composition of the mine atmosphere that wa s moni­
tored at one of the boreholes. The CO and 02 levels decreased to approxi­
mately 0.01 and 1 pct within about 60 days a f ter the fire b e~an; thereafter, 
they were essentially constant until the r emote sealing was started. In com­
parison, the CH4 and CO2 concentrations increased and reached ma ximt.nn levels 
of approximately 30 and 4 pct within about 80 days. During the initial stage 
(preliminary probing) of remote sealing , the CO fell s lowly to level '.·; as low 
as 0.001 pct or less. Some fluctua tions occurred in the ga s compositions 
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Fl GURE 7, - Map of underground sect i on of Joanne mine show ing fire zone and fly os h se als, 
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largely because uf leaka ge or injection of air. Throu<shout the entire r emote 
sealing operation, the C0-~02 index (ppm/vol-pct) varied between 0.1 and 1, 
indicating the amount or level of combustion was relatively small; the CO- 02 

index was over 1,000 at the start o.: this fire. The CO- CO2 index (ppm/vol­
pct) is also a useful i.ndicator of combustion and wa" generally an order of 
magnitude greater than the C0-60; index during sealing. 

Because of supply and delivery problems with the liquid N2 s ystem, it was 
not possible to maintain an inert atmosphere ( 90 pct N) in the sealed area 
for extended periods throughout the recovery phase. Nevertheles s , the s eal 
emplacements proved to be sufficiently succeR s ful so that the mine wa s reven­
U.lated within a few days after completion of the seals. The fact that the 
mine was reventilated prior to its recover~ was a significant accomplis hment 
resultin~ in considerable savings to the mine uperator. This field experience 
has been very useful in current e fforts to develop a more reliable a nd acce pt ­
able remote sealing system for use by the mining industry in fi gh t ing mine 
fires. 

Present Status 

All three subsystems (instrumentation, froth foam, and i nert gas genera ­
tor) were successfully tested. A field test with the froth f oam s ys t em 
deployed to depths approaching 800 feet (244 m) is planned. This test will 
permit accurate calibration of the subs ystem and increase the skill s of the 
operatin;; personnel for more reli.1.ble s~rvice during an actual fire. 

Another field demonstration L: planned at the Jenny mine, Pr e s tonsburg , 
Ky. Thi e: test will encompass all three ,:ubsystems and it will involve approx­
imately 12 operators. It i s hoped that this field test will answer ques tions 
r egarding the effectiveness of fl y ash development during instances where t he 
mine ' s ventilation s ystem i s operating and w:1ter i s flowing on the mine fl oor. 
A complete seal will be made through approxi.:na tely 180 feet (5 5 m) o f cove r 
and then subjected to a head of water to dett!rmine the seal's res istance 
towards flooding mines. 

The instrumentation subsystem is ;1v~dL1ble for use by the Mi ning 
Enf orcement and Safety Adminis tration' s (MESA) Mine Emergency Op e rations group. 
Recent cases where the subsystem wai, used include the Scotia mine, Bethe lehem 
mine No. 32, and the Porter Tunnel mine. 

The remote sealing technology is al~o being used in controlling the f ires 
and subs idence associated with abandoned mine workings. 7 An e xample of this 
technology transf~r is the recent request by the Bureau's Denver (Colo.) 
Mining Research Center to borrow the positive displacement blower uniL used 
during the Joanne mine fire to deploy fly ash. Denver Mining Res earch Cente r 
plans to use thi s blower to emplace fly ash in abandoned mine workinp.s that 
are susceptible to subsidence m.:ar Rock Springs, Wyo. 

7Report cited in footnote 2. 
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