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CONTINUOUS GAS MONITORING USING TUBE BUNDLES 
AT THE JOANNE MINE FIRE 

by 

L . E. Dalverny, 1 Z. J. Fink,2 an d J. W. Weinhei mer 3 

ABSTRACT 

Thi s Bure au of Hines re port des cribes th deployment, 5-month operation , 
a nd le ssons gained from a continuous gas moni t oring s ys t em using s ampling­
tube bund les at an underground mine f i r e in W s t Virginia . Re sea rc h in forma ­
tion ga ined indicate s the utilit y o f r e la t i ng ce rtain gas conce nt ra tion ratios 
to event s during f ire deve l opme nt, mine r eve n t ilation, and mine recovery. I n 
addition t o monitoring the qual i ty of r emote f ly as h sea l s , the s ys t em pro­
v ided time l y \varning of dange rous gas c once nt rat ions which deve loped dur ing 
s urface a nd underground recovery a c t ivi t i s . An eva luation of s ystem comp o­
nent s is supplemente d by r e c ommendations f or i mprovem nt s . 

INTRODUC TI ON 

A f i re i gnit d by e l ec trica l arc i ng be gan in the Joanne min of Eas t ern 
Ass oc ia t ed Coal Corp. (EACe) i n Rachel , W. Va ., a t a pproximate l y 12:50 a . m.) 
January 14, 1974 . Ei ght days l ate r, a de c i sion by EACC, the Federa l Bure au 
of Mines, the Mining Enforc eme n t and Safe t y Admini s t r a tion, the S t a t e of West 
Vi rg inia, a nd the Unit e d Mine ~.Jorkers of Ame rica wa s ma de to sample gases i n 
the fire a r ea through bore holes . Shor t l y the -ea fter a continuous gas moni tor ­
ing sys t m us ing sampling-tube bundle s wa s move d to the Joa nne mi ne . 

Subsequ~nt continuous ga s monitoring of ca rbon monoxide, oxyge n, carb on 
diox ide, and me thane using the t ube bund le sy s t em fulfilled thre e prima r y 
object i ves : 

1. As a ke y tool in the fir st succ es sfu l effort ;It remote f ly as h s ea l­
ing a nd r e vent i lation prior to recove ry in th United Sta tes, th e sy s t em 
proved invaluable in assuring a sa f e ) s peedy mine recovery . Of particular 
importa nc e was the immediate monitoring of ga s conc~ntrations during pote n­
tia lly hazardou s activities s uch as--

A. Sonar and t e levis ion probing th r ough boreholes to assure proper 
location and adequacy of the fly ash sea ls. During these operations J me thane 

I Phy s icis t. 
2Chemica l engineer. 
3 Phy s ica 1 science technicia n. 
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and oxygen concentrations were monitored to avoid potentia lly explosive 
mixtures both at the surface (to be maintained at l e ss than 2% methane ) and 
at the probe location down the borehole. A ha zardous situation was de tected 
r apidly when the ga ge pres s ure of the boreho l e be ing probed changed f rom 
nega tive to positive , and methane-air mix tures at the surface reache d the 
explosiv(" range. Pr obing ~ ... as hal te d until a large blower fan cou l d be moved 
about th(· borehole area and then placed to dis per se any futurE..: metha ne re leas 
and thereby maintain concentrat ions Ll'low the 2/0 level. 

B. Pumping of inert nitrogen diluted with a ir into the fire zone 
duri ng sea ling operations . l~rough the progress of these operations, the 
oxygen concentration v..Ta s to be maintained a t a level be low 10/0 be cause the 
fire z one containe d aver 30% methane. When the oxygen concentration did 
increa s e to ne arly 10%, the opera tions were temporarily halted until the 
oxygen undergr ound could dispe r se to a l ow conce ntration level everywhere. 4 

2. The ut i l ity of the Bureau of Mi nes t ube bundle system wa s demonstrated 
in t his rugged field ope ra tion. Re sul ts of pr oblems encounte red in thi s fie ld 
test yie ld i ns i ght in to fut ure monitoring I;vhere pragmatic constra ints must be 
a pplied. In this pape r , recomme nda t i ons a r e ma de for improving borehole sam­
pling , analyz e r rel i ab il ity, d t a processing, and the gas sampling sys tem i t s e lf . 

3 . Used a s a re s e arch tool, the system enabled ratios of ~CO/60'2 (the CO 
i ndex) and of 6C O/~C 02 to be followed throughout the fi re deve lopment and mine 
r eve ntila tion pe r iods . The utility of t hese r a tios in tracking events in a 
mi ne f ire i s cle a r l y demonstrate d in t h is report. 
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EQUI ?MENT DE PLOYMENT 

The 19 - point monitoring sys t em using tube bundle s i s de scribed elsewhere. u 
The analysis center was housed in a freight t railer adequa t e l y equipped for 
machine maintenance and pers onne I comfort. 

The main equipment cabinet of the ana lysis center house s the paramagnetjc 
oxygen a nd the infra r ed carbon monox ide analyze r-recorde r pairs, a n exhaust 
pump, a s ampling pump, .lnd an au tomatic timing-switching device. The exhaust 
pump continuously pulled samp le ga se s through multicor~ bundlrs of 1/4-in-ID 

4 Foste r-Miller Ass oc. J oanne Mine Remote Se a ling Opera t ion. Contract 
H01440044 , Te chnical Re port, 19 75 . 

6Fink, Z. J., and D. T. Adler. Continuous Monitoring Sys tem for Mine Gas 
Concentrations Using Tube Bundle s. BuMines RI 8060, 1975. 



polye thy l ene tubing fram t he s urface ends of 1/4-in-ID copper tubes lowered 
through ve rtical borehole s into the mine . The smaller samp l ing pump fe edi ng 
the analyzers pulls gas fr am 1 of the 19 sampling point tube s termina ting a t 
the tra i l er. The switching devic" can be automatically sequence d through t he 
19 poi nts , or can be ma nually operated lo observe chosen poi nts as re qui red . 
Addi t i onal infrared analyze r s for ca rbon diox ide a nd mt-thane were connecte d 
penna nently in paral l el to the original oxyge n a nd carbon monoxide ana l yzers . 
An e l e ctrochemical CO a na l yze r wa s us ed intermittently whe n the infra red CO 
analy ze r required repair. The monitoring instrument vo l ume concentra tion 
range s available we r e --

02 (paramagnetic ) ..... . .... . .. . 
CO (in f rared) ................. . 
CO (electrochemical) .......... . 

CO2 (infrared) ............ - ... . 
C~ (infrilred) ................ . 

0-25io 
0-100, 0-300, and 0-1,000 ppm 
0-100 and 0-1,000 ppm, Or 0-250 and 

0-2,000 p~ (2 units used) 
0- 10io 
0-25% 

EACC personnel perf ormed s uppleme nta l analys es for the s ame gases ; 
i nit i ally , the y used an Orsat a pparatus , bu t la te r a smal l gas partit ioner6 
was moved into the ga s samp l i ng tra i ler and used. Occas ional gas chroma t o­
gr a phic ana lyses r e ques t ed from t he Burea ul s Analy t i ca l Re search Gr oup 
(Pitt s burgh Mining and Sa f ety Research Cen t e r ), Bruce ton, Pa., provide d addi­
t iona 1 da ta . 

3 

Although the CO erR) analyzer aut oma tica lly ca l ibrate s i t s el f a pproxi ­
mately every 12 hours , i t and t he o the r a nalyzer s a re cal ibra t e d ma nually 
whe n necessary, using cyl inders of known gas mixtur es ke pt in t he t ra i ler . 
Samp le f low r a t e s a r e ad justed for a ll sampling points , with needle va l ves, 
t o approxima t e l y 2 se fh to be indepe nde nt of tube l e ngths, whic h r ange fram 
appr oximately 6 to 4 ,000 f e e t . Analysis t ime for each point i s approx i mate l y 
5 minu tes , limi te d by the amount of time ne cess a r y for t he oxyge n an l yzer to 
indicate a me a ningful concent rat ion . The a na lyz er has a time c onstan t of 
45 seconds to indica t e 63% of f u ll s ca l e . 

An underground map of the f ire are a is shown in f igure 1 . The ga s sam­
p l ing tra i l e r wa s located approx i mate l y 450 feet above the mine and t o one 
s ide of a hill tha t peaks ove r the fire origi n. 

Mul t icore plastic tubing sufficien t to sample up to seven point s was 
extended over to the far s ide of the hill. Up to nine ~ampling tubes c ou l d 
be connected on the nea r s i de; t wo s ampling point s were locate d a t an a i r 
shaft (Ea s t Run intake and r e t urn , not shown in figu r e 1) awa y fr om the fire 
area. As a safe ty precaution and a ca libra ti on check, the 19th tube sampled 
the air in the traile r itse lf. Out s ide a ir could bCI sampled simply by allow­
ing one or more tubes to be opened and posi tioned above ground leve l to 
prevent blocka ge by wat e r or soi l . The ends of unused tubes were s ea led vllh 
black, plastic electrical tape. A wate r trap and two dust filter s insta lled 

;'The word "partition(' r ll diffe rentiates this portable instrument from the 
bulky , usually highe r pre cis ion, labora tory chrom'1tograph. 
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F IGURE 1. - Underground map of fire area . 
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be tt.,ree n the samp ling pump and ana lyz rs removed rnois ture and dus t in the 
sampled gases . Occasional checks of the fi l ters and the trap did not show 
perceptible residues fram the gases sampled during the projec t. Exhaust 
gases from the analyzers and from bypassed samples \vere vented to the atmos­
phere through tubing extended to a high position outside the trailer . 

At the outlet of th' samp ling PillTlp) the sampled gases \oJcre at a pressure 
slightly higher than atmospheric . A ball valve ins rted between the pump and 
the analyzers was used for xtracting bottle and syringe samples f or gas 
chroma tographic ana lys is. 

Each analyzer had a front-panel meter shm"ing numbers proportiona l to 
the concentrations o[ currently analyzed gases. Multipoin t continuous strip 
char t recorders \ver empl oyed to store the ana lysis information. The recorder 
for cach of the 02 and CO erR) analyzers stamped on i t chart , after e ach 
analysis, the number of the s ampling tube (1 through 19) alongside a dot 
corresponding to the ind ica ted concentra tion . The outputs of the CO2 and CH

4 
ana ly zers were recorded continuously on one dual-pen (100 increments ful l 
scale ) recorder . Therefore , the number of the tube being sampled \<las writte n 
periodically on this chart for reference . Dates and times were also noted on 
all the charts . Special data sheets were i nitiated whe n the 02 and CO (rR ) 
r eorders vJere inoperative because of an electrical malfunct ion , and cont i nued 
i n use after repairs \<lere omplcted. The data so recorded included date and 
time of ana lys is, me te r re dings [ram each ana lyze r for alI samp ling poin ts, 



and equivalent percentages and/or parts per million as obtained from calibra ­
tion charts. In addiLion, the output of the e lectrochemical cu a na lyzer was 
recorded by hand on thes e data sheet s . Period ically, the charts and dat a 
sheet s were returned to the Bureau's Bruceton fa c ility for computerized 
computations (CO ~nd CO/C02 ind ices ) and plotting of the data. 

Figure 1 indicates the location of the fire origin relative to seven of 
the bore holes used for sampling mine ga ses . The six RD borehole s als o were 
used to insert fly ash into the mine e n tries during r emote-sealing ope r a t ions . 
Two additional borehole s located a pproxima tely 30 f ee t on e ither s ide of ea ch 
of the six numbered holes shown in figure I we re used to check the remote 
s eals. (These six pairs, not shawn, were suffixed, with A being desi gnated 
as ioby a nd B as outby the f ire origin.) The fire area that rvrntual ly was 
s ealed was surrounded by the RD borehole s into the e ntries and by stoppings 
in th rib s , a s shown in figur e 1. The pawer boreho Ie ~va s in continuous use 
a.; a sampling point from the fir s t day of the fire ; EACC safety pers onne l ha d 
installed a 1/4-in-OD copper tube plus a thermocouple prob~ which were la ter 
s upplemented with tubing atta che d to the Bure a u analyzers. 

RESULTS 

Const ra ints on the maximal gas concentra tion v a lues must be noted. The 
oxygen analyzer was calibrated for 0% to 25% Hith 100 increment s full scale, 
and was so used during the project . The carbon monox ide i nfra red analyzer 
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wa s used on the particu lar r a nge r e quired (usua l l y 0-100 ppm), als o with 100 
increment,:; full scale . A se cond i nfra red ana l yze r for CO in the 0% to 5% 
(50,000 ppm) range wa s tried but wa s fou nd to be de fective; the concen t r atio n 
fe l l below 1,000 ppm (available high range) be fore another unit could be found. 

The CO
2 

analyze r wa s set for a 0% to 101'0 range. lniti:tlly) the CH
4 

uni t 
was s e t for a O/'" to 5010 r ange fu 11 sea Ie. Abou t a month af ter moni toring began) 
a decis ion was mad e to change to a Oio to 251'0 r ange to obLlin more pre cise 
values when methane volume conce ntrations decreased into t:le explosive r a nge 
during sealing and/or r eventilation activities . Subsequently, oc ca sional gas 
chromatographic ana l yses were performed t o ascertain th~ m~thanc conce ntra tions 
greater than 25%. (IR a nalyzer data >25% are marked as 30% on fi gures 2 
and 3.) Analyses of oxygen content by the ga s partitioner were not correc t e d 
for the 0.8% concentration of argon pre se nt in air. Therefore, the re sult s 
appear slightly higher than those obtained wi t h the paramagnetic oxyge n 
analyzer. 

Gas concentration data from two borehole tubes sampling ior many weeks 
from near the two ends of the fir e are a are gr aphed in figures 2 and 3. 
Fluctuations in all f our gas concentrations during the fir s t 15 days probab l y 
re s ulted from incomplete sea ling of th£ mine I s surface opening!-:. Carbon 
monoxide and oxygen levels decn:·.'.j,sed at rates of .......,... 0.02/'0 CO per day and ........ -0.37, 
O

2 
per day J l eveling out at approximately 0.006% co and l io 02 somt' 60 days 

a fter the fir e began. The methane concentration increased steadily at a r a te 
of .-1).25/0 per day to a maximum of 30% to 35% C1\. At rLltes of 0.06% CO

2 
pe r 

day, the carbon dioxide concentr~tion first de creased to approximately 1. 8%, 
then increased to a maximum of approxihl,ate l y 4 . 1io by the time remote s ea l ing 
operati ons be ga n. 
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The f i na l c onc entra t i ons of the f our gases whe n r emote sea l ing began 
';.Je re a pproxi mately the s ame on both s ide s of the f i r e ( figs . 2 and 3); t hese 
concen t r ations may be typ i cal of a sealed area of t he J oanne mi ne . In f i g­
ur e 2 , the i ni t ial c once n t r a t i ons of t he t wo carb on oxides (to abou t 1% CO 
and 5% CO2 ) c l e a r l y re f lec t a f i r e i n the mine . The indices in f i gure 4 
sh ow c orrespondi ng high va l ues Ct o a bou t 1 ,400 CO index and 5, 000 CO/COa 
index ) . 

Tr ends of the CO index (6ppm COl 6%O.~) or the CO/C Oa index Co' ppm COl fJ.% 
COa ) ma y be used as indicators of f i re act i v i ty if vent ilation pat t erns are 
s ufficiently known. For a worki ng mine , grad ua l i ncreases f r om a n estab l is hed 
ba se l ine i ndex for a part ic u la r mine are a i ndica t e inc ip i ent h at ing f rom 
s low oxida tion of the c oa l . 

Fi gure 4 shows thes e ind ic es vers us t i me afte r the f ire bega n. The graph 
da ta Here calc u l ate d f or a s am ple poi nt unde rground ( pmve r borehole ) r efer­
e nce d to ou ts i de a ir . Some of t he CO index res u l ts i n t he f i gure were ca l cu ­
l ated using a part i al a i r c ompos i t i on o f 20. 63% O

2
) 1.6 ppm CO, and O. 2r; CO

2
; 

t his was determi ned t o be the ave r age outside ai r f r om data by var ious ana ­
l yze r s. Conservative minimum limi ts on the r e l at ive concen tration differe nc es 
of .6%02 = 0.2/0) ppm CO = 1 ppm , and 6/0 CO:a=O 'OS/o were set bu t no t require d 
un t i l after r eve ntilati on. Wi th the atmos phere i n t he mine r t ur ning to 
no rmal, t he conc entrat ion differences dro pped to l es s t ha n the mini ma . As 
s hown i n f i gur e 4 , t he CO/C02 a nd CO indices ca lcu late d us i ng outside a i r 
f orm smooth cur ves from about the 10th day a ft e r the f ire (whe n most of the 
surfa ce ope ni ngs of the mine had b e n sealed ) t o t he beginning of t he remote 
se a l i ng ope r at i on . Dur i ng t he i ni t i al r emote sealing work, va r i ous quan t it ies 
of air were injecte d i n t ermit t ntly to the unde r gr ound v olume and are ref l e c t ed 
by t emp orary inter r up t ions in t he smooth c urves . 

EQU IPMENT EVALUATION A~~ RE COMMENDATIONS FOR IMPROVEMENT 

Thi s section cons iders two ma jor campon nt s of t he Bur au of Mi n s con­
tinu ous gas moni toring system- -the a na l ysis ce nte r and the t ube bundles and 
b orehole t ubing . 

Ana l ys i s Center 

Ove r a 11 , t he per forma nces of the pump i ng sys t ern a nd t he au t omat ic t iming­
sw itch i ng devic e were exce l len t . 

A powe r fa ilure occ urr ing pr i or to t he r emote seal i ng effort tempora ri ly 
shu t dawn t he a na lys i s cent e r. (The r es ul ti ng l a ck of data befor e remote sea l ­
ing i s a pparen t in fig ures 2 and 3.) It i s re c ommended t ha t the ana l ysis 
cen t er be bette r pro t ected in the f uture with a transforme r -regu l ator capab]~ 
of dampe ning t he e ffec t s of powe r tra ns ient s , s ome times worse in e ffec t than 
power fai l ures . 

Da t a pl ot t e d in fi gures 2 to 4 ( f or t he 30 t h to 85th day after the fi re 
be gan) w r e pr oce sse d using the c ompu ter s cheme de sc r ibed by Fi nk a nd Adler.? 

7Work c i te d i n f oo tnote 5 . 
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Processing time for charl data, col l ected approxima tely once a we ek , was 
2 to 3 weeks . Be c aus e at this large delay i n comput er processing t i me , ma nua l 
p l ot ting \.]a s ne ce ssary du r i. ng hazardous r emote s ealing a nd revent i la ti on 
opera tions occurring a ft er t he 85th da y . This manual type of process ing 
prob ab ly mus t con tinue in the irrnned i a t e futu r e during critica l operations . 

The inf r are d CO2 and CH a nalyze rs a nd t he paramag net ic oxygen ana lyz e r 
proved to be suff ic i ent ly r el i ab le thr oughou t th J oa nne mine f ire exper i ence 
whe n s ub j ecte d to i nde pende nt ga s chr oma t og r aphy c ompa ri son te sts. Be cause 
t h CO ( IR ) uni t in i tia l l y wa s in te nded for analys i s of esse nt i ally norma l 
mine air , i nte r f e r e nce by la r ge conce ntra t ions o f c on t aminant gas e s was not 
correc t ed f or in the optical fi l t r ing spec if ica t i ons . Til r f ore , high 
concentrati ons o f methane increased the ppare n t l eve l s of CO be i ng mo ni tor d ; 
i nitially , the e r ror \"a5 a bou t +8 ppm CO f or +1% CH

4
. Wi th a ch nge i n 

detector ce ll , the error was r educe d t o a bou t +1 ppm CO for +1/0 CH.. . Ef f ect s 
by othe r (l ow-le ve 1 concentra tion) hydr oc arb on gases were neg l i g i b Ie . CO 
in f r a r ed r e su lt s i n fi gu r es 2 nd 3 a r e cor r ected for methane inter f ere nce . 

The two carbon monoxide a nalyze r s using a n ele c trochemic a l c 11 we r 
LlEfecte d by th e c ont i nuous use . The fir s t unit \..Jas later found to r equ ire 
a nE::\" tempe r tur e- ompensating thermist or ; the second unit , powered by 
batterie a nd operated in t ermitte ntly , worke d f airly wel l for about a month . 
It was known t hat small qua ntities o f ac etylene or ethylene (found in mine 
fir gase s ) \.Jou l d adve r sely affec t the e lect r ochemi cal cel l. Gas chromato­
graph ic a nalyses of gases sampled on the 32d and the 140th days afte r the 
fir e bega n sh O'tved tha t ethyl ne c oncen tration had dec r ea sed f r om abou t 20 ppm 
t 0 a b ou t 5 ppm. 

There for e ) the need s ti l l exis t s to de ve l op and test a CO analyzer that 
i f ree of interference i n the 0-100 a nd 0-1 ,000 ppm ranges , and i s su£fi­

i e n tly du r a ble for exte nd d peri ods of continu ous p ration (months ). 

Fo r emergency s i tuations s uch a s th J oa nne mine fire , a n in situ 
i nde pende nt sys t em of gas a nalysis i s hi gh ly advi sab l e . Th i s system l .. loul d 
serve both as a c ross - check and as a s ubsti tute during periods of ma l f unct ion­
i ng . A pr oc ss gas chr omatograph , a pab le of analyzi ng for CO , °

2
, CO

2
, CH , 

a nd othe r hydroca r bons , i s recomme nded as t he i ndependent system . The modern 
instrume nt is c ompact and r ugged for field use , and suif i c i ntly portable t o 
be move d from th fie Id f c il i ty to the l abor atory fo r rou tine use . 

Tube Bund l e s a nd Bor ehole Tubing 

The pe rfonnance of th polyethylene tubing , both s ing le l i ne and mult i ­
core bund le s , in del iver ing representative gas sampl to the analy s i s ce n ter 
v.,'Ll.S excel l e nt . Ove r 5 mon t hs , the t ub i ng was burie d) occas iona lly run over 
by heavy s ur f a ce qu i pmen t during r emote s eal i ng operat i ons, a nd s ubjec ted to 
\~t i nter a nd surrune r temperature ex tr mes ; no leaks or material fa ilures oc curred . 

The coppe r tubing used fo r the bore hole sect i ons of the sampling lines 
cons i s ted of 50- to l OO - f oot l eng ths onnected to total 400 t o 65 0 £c t pe r 
borehole . There was a poss ibi l i t y o f leaks at t he t ubi ng unions r es u lting 
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from frequent manual lowering and raising of the tubing during the remote 
sealing operations. To resolve this possibi l ity, at the end of the project 
the copper tubing, pulled out of the boreholes but still attached to the poly­
ethylene tubing, was either pressure-tested f or leaks or tested for reliable 
sampling with CO calibration gas. Results of this testing are listed in 
table 1. As shawn, seven of the eight tubes checked were still capable of 
giving r~liable sampling. Of the borehole sampling locations providing data 
for figures 2 Bnd 4, only the power borehole could not be checked completely 
for tubing reliability. The tube remained underground and had been extended 
by EACC to a stopping near the fire origin a f ter the Bureau's contribution to 
the recovery project ended. However, the plots from the power borehole sam­
pling (fig. 2) are considered reliable because they show very similar results 
to these from RD4B (fig. 3). Also, during remote sealing using fly ash flu­
idized with liquid nitrogen and air, the oxygen content at the power borehole 
was the highest of any place being sampled. The oxygen concentrations fluctu­
ated in direct correlation to the pumping activity. 

Borehole RD 
lA .............. . 

lB .............. . 

2A .•............• 

2B •.............. 
3A .....•......... 
3B •.............• 
4A •.............. 
4B •...........•.. 
SA ..............• 
SB •..•...•••..•.• 
6A •...•..•.•...•. 

6B •..........•.•• 
8 ............... . 
Power ........... . 
East run air 
shaft intake. 

TABLE 1. - Final status of sampling lines 

(July 22, 1974, 189 days after fire began) 

Pressure or CO tes t.L 

OK with CO •.••...•....•.••.•• 

· •••• do ........•...••.•..•... 

No check .................... . 

OK wi th CO .................. . 

No check .................... . 
OK with CO •..•...•..•........ 
· .... do •..................... 
· .... do ..................... . 
OK with CO; water pushed out 
on pressure test. 

Leak in line ................ . 
No check .................... . 
.... . do ..................... . 
.... . do ..................... . 

In-mine s ta tusG 

Copper tube only to 6 inches 
below roof. 

Copper tube only to 
breakthrough. 

Possible leak in borehole 
section; had been extended 
to seal. 

}
AbQVe fly ash seal; removed 

when sealing. 

Fell down borehole . 
Extended to stopping . 

East run air ..... do ..................... . 
shaft return. 

10n pressure tests, used 4 psi air from cylinder at trailer; on CO checks, 
used calibration gas. 

Glnformation obtained from early recovery team communications and reports. 
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The ma j or defect of t he t ube samp ling fr om t he boreho les was t hat the 
t ube ends were no t cente red i n the mine entries. This entry location is 
crit i ca l becau se l arge c oncent ra t ion gradients exist at the r oof of t he e n try 
where t he borehole ends . Us e of a gas probe designed to samp le simul tane ous ly 
a t seve ra l height s in t he entry, p l us use of a movab le packer in th e borehole 
at roof l evel, ma y r es olve quest i ons of representat ive samp ling and r educe 
concen t ration gradients . 

Certainly, it i s necessary to know the correct borehole depth and the 
mine roof and floor elevations, whatever probe des i gn is used. Ordinary 
t ub i ng alone r equires means to keep the tube st r aight and to have i ts in-mine 
portion rigid a nd unaffected by gas l ayering. Basic methods and ma t e r i a ls 
presently ava i l able c ould be applied to pre parat ions for f uture monitor i ng 
during emergency or applied r e sea r ch proj ec t s . 

INT .-au . O F MINES,PGH., PA. 20408 


