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Brief Outline of Colliery History: A.

Bores sunk at Cremorne (on the north shore of
-Sydney Harbour) in 1891 struck coal at approximately 2802 feet.
. A company was formed to work the coal, but was refused permission
to operate at Cremorne, which had heen reserved for a residential
area, A site at Balmain was secured, and the Birthday Shaft
was sunk to depth of 2,937 feet between 1897 and 1902.

Thel0O - ft. coal seam at Cremorne was found in
the Birthday Shaft to be represented by two seams of low-grade
coal, 2'4" and 8" thick, sepsrated by a 3'2" band of
carbonaceous shale., As these seams could not be worked at a
proflit, two headings were driven in the direction of Cremorne.
The seams gradually thickened, with decreasing thickness of the
shale parting, and merged into a single seam 4'7" thick,
containing 1.1/2" of splinty coal 2' from the floor, at a
distance of 4,100 feet from the shaft.

Coal mining started about 300 feet beyond this
point in 1910, but difficulties were encountered from the first
owing to the gassy nature of the mine, difficulty of maintainirg
adequate ventilation, long haulage, and heavy holsting costs.
At one stage the colliery was handed over to the miners, but as
they also were unasble to operate at a profit, the mine was
finally abandoned in 1931,

During the period 1932-1937, Natural Gas and
011 Corporation Ltd. put down a bore below the bottom of the
Birthday (Downcast) Shaft to a depth of 4,935 feet. Eight =
inch casing was run from the surface to 3,006 feet. Inside
this, 6 - inch casing was run from the surface to 4,170 feet.
Small shows of gas were encountered, some of the lower shows
containing up to 3 percent of ethane and higher homologues.
Attempts to increase the flow of gas by acidizing and the use of
explosives were unsuccessful, the bore was junked below the
casing shoe snd operations were suspended.

With petrol in short supply during the war,

- Natural Gas and 01l Corporation set out to prevent the escape
of methane from the mine. Seals were constructed in the
headings near the bottom of the Downcast shaft, in 1943-44 but
in the ebsence of accurate mine plans and with heavy rock falls
hindering exploration, i1t wes some time before all the headings
were sealed off. A 6 - inch pipe extended through the maln
seal, and this was connected to the existing 6 - inch casing
by n{ne 2 - inch pipes, From the point of view of gas flow,
this connection 1s highly unsatisfactory.

Apart from a seepage asbout 60 feet and a small
flow of water about 700 feet, the mine was dry. A pump was
installed at 800 feet, and the lower part of the shaft was
kept water-free during the mining period. Between 1931-1942,
water collected to a depth of 5 feet in the stable drive and
the back heading lsading to the Upcast shaft, and to a depth
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of 1.1/2 feet in the main heading near the engine room entrance .
Although water was constantly felling like rain, and eould also
‘be heard triekling down the shaft walls, the level was reported
to be constant during 1943-44. = Oné observer stated that the
- water rose to the level of the coel seam, end then seeped away

. through the c¢oal, - :

Construction of seals in headings contalning
water was a hopeless task from the first; the ground sdjacent
the headings had become water-logged, rendering the rock-shale
mass highly unstable as a foundation. In spite of eontinuous
maintenance, the seals could not be kept intaect. BEven if the
seals had been effective, the fractured shale in the uppsr walls
and roof of the headings would have permitted gas to escape or
air to enter, and vacuum could not have been applied. Also, if
ghe cosl seam was m rmesble to water, it was highly permesble
+0 gas_. '

S In an attempt to prevent the entrance of air
during pumping operations, sesls were constructed at the top of

" the shafts. Although these seals were made ~ air-tight
nothing was done to seal off ground adjacent to the shafts; gas
escaped to atmosphere, and air was only prevented from entering

by keeping gas pressure in the shafts above atmospheric pressure.

- Although the depth of the shaft has been given
as 2,937 feet, it is possible that this depth refers to the
base of the sump, and if so, the sump-top elevation is unknown.
The main cogl is logged between 2,880 and 2,886 feet, a band of
coal 118" thick occurs at 2,916 feet, and a 3" seam of carnel
coel was found st 2,954 feet. Which coal now marks the limit
of water rise is not known, possibly the 118" band,

2« Recovery of Gas.

Prior to the installation of top sesls, the
highest commercial recovery of gas was 1,262,345 cubic feet
" during the four weeks ended 13/9/45, an average dally recovery
. of 45,100 cuble feet. During this stage gas was recovered
each day through the 6" Riser until an excess of oxygen in the
gas mede further pumping unsafe. ILeakage of &ir into the gas
system presumably occurred at the bottom seals when gas
pressure fell below air pressure in the shaft.

During and subsequent to the construction of
top seals; demand for gas fell off sharply and the highest
recorded recovery with the seals in place, was 158,765 cubie feet
- for the week ended 18/7/45, an average daily recovery of about
20,000 cuble feet.

With a waning market for bottled methane, the
colliery owners tried to interest Australian Gas Light Company
in the project, on the grounds that methane could be used as a
substitute for imported gas oil in the enrichment of water gas.
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The gas flow was tested by Australian Gas Light Company in
Jenuary, 1946, and estimated to be between 3,400 and 6 Zbo

cublc feet per hour. As this quantity was far below éhe B.
estimated economic minimum, (500,000 cubic feet per day), the
project was dropped.

To guard against the possibllity of air enter-
ing the shaft past the top seal and forming an explosive
mixture, a differential of 0.5" water gauge above atmospheric
pressure 1s malntained at shafthead in accordance with instruct-
lons 1ssued by the Department of Mines.,

3. Leakage of Gas.

The pressure of gas in the vielnity of shaft-
head, and the sound of escaping gas which 1s heard when shaft-
head water gauge reading exceeds 1", prove that gas is
escaping from the shaft to atmosphere.

The log of the Downcast shaft starts as c.
follows:-

Birthday Shaft (Downcast Shaft) Surface elevation, 80!
above sea level.,

Depth from

Strata Thickness Surface,
Brickwork 7t oY 7v o"
Gritty ferruginous sandstone 32! 2" 3ot 2"
Shaly Sendstone 4 o" PRI
Shale parting or 1" 43 3"
Sandstone 49' @g" 92! 11"
Sandy shale 5' 5" 98! 4"
Sandstone 1+ ov 100t 1"

Since the colliery 1s at baysldse, the
freedom from salt water indicates that the strata are malnly
imprgvious, It appears likely that gas leakage 1s confined to
the filled zone, 0 - 7', but it may continue into the weathered
zone of the gritty ferruginous sandstone, 7' - 39'2", The
presence of & seepage at 60' probably indicates a fissure
extendlng to surface.
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It has been suggested that a high leakage
rate is responsible for the low commercial recovery, and that
in the absence of a suitable method for measuring leakage, 1t
1s impossible to determine the optimum rate at which gas is
avallable from the workings,

4, Volume of Shafts and Workings.

Free intercommunication of the two shafts at
base has been proved by the A.G.L. flow test on 9th January,
1946; the shafts are 18 feet in diameter, and 2,937 feet desep,
and two headingss of unknown size extend about 1,100 feet in the
direction of Cockatoo Island. The combined volume is at least
1.5 x 10’ cubic feet, and may be 1.6 million,

The volumetric capacity of the workings behind
the bottom seals, comprising the headings extending in the
direction of Cremorne and the worked-out section of the colliery,
is unknown. By scaling-off the mine plan, a maximum possible
capeclity of 22,000,000 cublec feet 1s obtained.

Mining was carried out by the advancling longwall
‘method, which would remove all cosel; presumably props were
withdrawn as the coal face advanced, and, as the roof consisted
of shale, sandstone and conglomerate, f'alls would shortly occurs.
While the aggregate space would not be reduced by fallen mater-
1al, the effective space for g as storage and flow would be
substantially reduced. In some places falls of rounded or
angular material would leave interstices through which ges
could freely pass; in others, shale would break down and increase
. in volume untll the zone became completely blocked. The
geological section overlylng the workings contains no competent
stratum, and progressive falls would occur untll all headeroom
had been fillled.

' Coal mining commenced in 1910, and the coclliery
wes [ inally sbandoned in 1931. Judging from the falls observed
near the shaft, 1t 1s highly probable that the entire mine is
blocked to some extent, but it is reasonable to assume, that a
zone ilmmedlately in frent of the eoal face is comparatively
Opel.

5. XYleld of Gas during the liining Period.

It 1s on record that during mining operations
.the percentape of gas to alr in the ventilation stream varied
with barometric change. The mine was very gassy, and large
volumes of air were circulated to keep the proportion of gas to
alr within the limits prescribed for safety. Since the
inbye alr travelled along a heading wnich followed the coal seam,
it was probably contaminated by gas before it reached the
working face.,
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4% Originelly, the mine ylelded 1,000,000
cubic feet of gas daily, & volume confirmed by colliery
inspectors' records of alr-stream snslyses. It is believed
that this gas was originally held on the surfaces of minute
coal grains by adsorption, and that it was released
therefrom by decreasing pressure. After release, it became a
free gas in s permesble stratum subjeet to ordinary laws of
- gas flow, Thus, while part of the Balmain gas yleld was
derived from the daily coal recovery, most of it probably came
from the cogl face, and it 1s this flow, much reduced, which
now provides gas for compression. Howsver, if the effective
"permeability of the coal was low, the greater part of the gas.
yleld could have been derived from the daily winning; in such a
case 1% is reagonable to expect that the eolliery inspectors
would have noticed that the gas yield was dependent upon two
factors, barometric pressure “end tonnage mined.

In the asbsence of informetion relating %o
effective permeabllity of the coal and originsl pressure of the
gas (i,e, the pressure at which adsorbed gas ceassed to be
‘released from the eosl} it is impossible to relate pressure drop
"and gas yleld with any degrse of aceuracy., That pressure
existed is shown by a burst of gas which filled the shaft to the
1,200 ft. level after a shot had been fired in a sandstone at

2,920 feet, during shaft-sinking operations. That the press~
ure was comparatively low 1s shown firstly by the low rate of
gas yleld when pressure in the workings was atmospherie press-
ure plus the head of a column of alr 2,937 feet high, and
secondly by the variation in rate of yleld with c¢hanges in
barometrie presgure., Alternatively, the pressure might have
been reasonably high and the effective permeability of the coal
low, but this interprebtation would not provide so satisfactorily
for varistion in yield with changes of barometric pressure.

Gas was encountered at 4,177 feet in the bore,
whiech had a closed in gauge pressure of 16 pounds per sgusre
inch, or sbout 31 pounds per square incn absolute. It is De
. unlikely that gas pressure in the main cosl seam at Balmain
excaeded thils value.

Since release of pressure is nec¢essary to free
adsorbed gas from the coal, while pressure is requlred to
displace the freed gas towards the coal face, it follows that
only the coal adjacent to the workings wlll hédve lost all its
adsorbed gas, and that the pereentage of the original adsorbed
gas s8till in situ progressively incresses with distance back
from the face.

If, as has been assumed, the original gas
pressure was low, the drop ir gas yleld over the years may be
attributed to the setting up of pressure equilibrum withiu the
coal, under which the pressure required to displace freed gas
towards the coal face is almost sufficient to prevent the
release of adsorbed gas. If this hypothesis is correct, the
application of vacuum could be expected to result imn increased
yields of gas, but the extent of the increase and the duration
of flow at the increased rate will both be ultimately
dependent upon the effective permeability of the coal.
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6. Yleld of Gas without Top Seals.

After the construction of bottom seals, gas
was drawn from the 6" Riser and sold either in bottles or bulk.
The quallity of gas, i.,e., the degree of dilution with air, was
stated to vary with barometric pressure. This may be interpre-
ted as meaning that attempts to force recovery of gas when the
barometer was high invariebly resulted in the admission of
air from shaft bottom to the headings behind the seals.

Dally recovery rates are only avallable in this
office for a short period during August - September 1944, The
highest recovery shown 1s 77,800 cubic feet on Monday, 2lst
August, but as the plant had been shut down for maintenance on
Sunday and had not operated on Saturday afternoon, the high
yleld was almost certainly the result of accumulation of gas in
the workings, The next highest yield was 55,620 cubic feet on
23rd, August, with air not exceeding 4%; if an average value
of 2 percent is allowed for alr, the net yield was about 2,270
cubic feet per hour, The lowest yield was 43,390 cubic feet m
15th August, when the alr content was between 10 and 12 percent
all days after correcting for air, the net gas yield was 1,610
cubic feet per hour, Since air was present in the gas through-
out both days, 1t ia apparent that gas pressure in the workings
was below air pressure at the base of the shaft; no leakage
of gas was possible under these conditiona, and the net ylelds
represent optimum recoveries under the barometric pressures
then existing.

It would be unreasonable to assume & 40 percent
increase in yleld rate with a change of 1 or 2 inches in
barometric pressure; it would be equally unreasonable to post-
ulate that ebnormelly high and low barometric pressures
existed when the yield rates were 3,610 and 2,270 c.f./h.
respectively, If values of 410" and 401" w.g. absolute are
taken for average high and low barometric pressures, the
relative absolute pressures in the workings would be 452,76
and 441.87" water gauge, less unknown values to account for
admission of air. :

With this assumption, prior to the consatruction
of top seals the yleld of gas varied from about 1,600 to 2,300
c.f./ﬁ. with an apparent pressure drop of 10.89" w,g. between
pressure limits of 452,76 and 441.87" w.g. 8absolute in the
workings.

7. Yield of Ges with Top Seals,

With the top seals in place, a column of gas
with density 0.5948 at N.T.P. replaced air in the shaft.
With barometric pressures of 410" and 401" w.g. absolute at
surface, and with the addition of 0.5" w.g. safety differential,
absolute pressures in the workings would have been 435,38 and
425.27" w.g. respectively.
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In so far as the yleld of free gas is
concerned the variation in yleld over a short time interval
with change of pressure will probably conform to Darcy'!s Law E.
for linear displacement of gas through permeable strats,
" which may be written as followsi:=-

- 2 _.p 2
Q = C (P1 Pz)

Where Q@ - quantlty in cubic feet per unit
of time

P « pressure in the coal in ponads per
1 square inch absolute

P« pressure in workings in pounds per
2 squere inch absolute

C - the product of various factors
which remein constant, in the
given circumstances, while

Q, Pl and P2 vary.

It follows that the ratio of two rates of
flow may be shown -

2 _ o, 2)
%, (B2-p

=

2 oy
Qs (BT - BT)

?

If values for le, Q3 P2 and Ps are

applied from (6) ebove, the value of P; is found to be 17.38
P.S.I.A.: rolative values of PB and P3 are 16,58 and 15,96

P.S.I.A. Since these values are based on loose assumptions
regarding barometric pressures exlsting during the recovery
periocd, they have no factusl value, However, they may be used
to determine the rates of yleld which <iould have existed after
the construction of top seals, in relation to the measured
yields of August, 19044,

With this basis the yields for pressure of
435,98 and 425,27" w.ge absolute are 2,650 and 5,240 cublc feet
po» hour respoectivelye. Sinco the top seals were not completed
until June 1945, there ey have beeon a slight reduction in Pj
tending 4o reduce these relative values; it is believed, however
that the drop in pressure would be neglligible. The dlstance
to be travelled by the gas through the coal would certainly be
sligntly increased; taking all factors into consideratlon, a
reasonable margin either way should be allowed on the values
shown.
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. If date were available for plotting gas yield

’ against time to give a production decline curve, it would

probsbly be found that at/present time this curve is approach~ /i ,.
ing a straight line, slmost parallel with the horizontal axis.

8. Physical Aspects of Gas Reservoir System.

¥ :
- The mine may be considered as a gas reservolr,
comprising two inter-connected shefts with hesdings and workings
imperfectly separated from these shafts by bottom seals, Ges
is released from the eoal and stored in this reservoir, the
pressure within the reservoir gradually rising untll the rate of
leakage equals the rate of release. Since this pressure is
measured on a manometer, the reading will vary with barometric
change and must be expressed in terms of dbsolute pressure to
obtain a true value for the gas pressure within the system.

Two eontrol points affeet the storage of gas
in the reservelir system -

(a) the bottom seals, which restrict the flow of gas
from workings and headings into the shafts;
the flow may be through the seals, or through
permeable strata adjacent to them.

(b) the ground at surface, which restricts the escape
of gas from the shafts. _

Sinee there 1s no evidence of abnormsl
econditions, it 1s reasonsble to postulate that gas in the
reservoir system conforms to general ges laws, and to base cal-
culations of recovery on those laws., TFlow at the above-
mentioned conirol points may thereforse be assumed to conform
to Darcy's law which has already been outlined in (7) above.

1t has been shown that the ratio of two rates
o\f flow may be expressed -

) J 2 - 2
Q‘le L= (Pl P‘Z )

' P2.p2
le ( 1 P, )

‘ Sinece the Department of Mines has ordered that
the shafthead pressure relief valwve shall be manlpulated to
give maximum and minimum wabter gauge readings of 3" and 0.5"
respeetively, P ~ Pg will vary betweon 0.108 and 0.018 pounds
per square inch absolute, and for these low valuses the retio
may be written -
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Y B
Q P, - P .
34 3 4 , with a meximum possible error

of 2%, and the pressure values may be given in inches of water
£8176 ¢

Leakage may therefore be assumed to be
directly proportional to drop in pressure between shafthead and
atmosphere; i.e, to shafthead water gauge readings. Similarly,
flow into the shafts from behind the bottom seals will be
directly proportional to drop in pressure across the seal,
Since a higher shafthead differential is required for increased
leakage, a higher pressure drop will be necessary across the
bottom seal when leakage is high.

Tests made by Australian Gas Light Company have

never dlsclosed any difference between densitles of shaft
"and 6" Riser pases; the pressure drop necessary to cause flow
- from workings to shaft under statle conditions will therefore

be indicated by the difference between shafthead ard 6" Riser
water gauge readings, after applying a correctlon for the
inersased value of head resulting from the pressure differen-
tial.

Under static conditions, the value of H, with P
ras denasity 0.5948 at W.T.P., is 25.,50" when the pressure at
shafthead or Riser is 4.5" w.ge. absolute. The value of 1
at lower absolute pressures is given by =

M= 25,50 = 0.1233 (415 - P)

Thus with barometric pressure of 407" Wege
ahsolute, 1" w.g. on shafthead and 3" w.g. on 6" Riser, the
relative values of I are 24.64 and 24.88", and the pressure
' drop across the bottom seal is 2.24" w.g.

' The temperature gradient at Balmain is glven

as 19F. per 90.7 feet, the temperature ranging from about 63°F.

at the zone of constant temperature, assumed to be 15 feet

below shafthead, to 95°F. at bottome The gas density is taken

as 0.5948 at N.T.P. The volume of workings and meen average Ge
shaft gas when expressed in volume of gas at N.T.P. are =-

Shafthead or 6" Riser Volume of Volume Volume at
absolute pressure. mean shaft. Workings WeTePeo
£as cas
415" cho ' l c.fo - 00995 ccf.
400 1 - 0.993
4:15 - l COfo 10014:

400 - ' 1 0.976
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while volumetric-ratlios between mean shaft gas and
workings gas, converted to N.T.P,, are -

. Surface absolute : Volume of Volume mean

PresSsure. workings ges shaft gas
400 | 1 - l.o22

It is apparent that for small flow rates,
corrections for temperature and pressure can be ignored without
introdueing appreciable errors. ‘

9+ General Observations and Assumptionsa,

- (a) With all valves closed, wabter gauge resdings at
shafthead and 6% Riser vary with barometrie change, but the
sbsolute pressure increases in the system within limlits,

This increasa in absolute pressurse proves that
the RELEASE RATE (rate of release of gas from coal)
exceeds LEARAGE RATE at low values of shafthead water

gaugs.

(b) The quantity of gas at N.T.P. entering the system
to give an observed rise of absolute pressure in unit
time may be termed the INCREMERTAL RATE.

Given that a1l valves are closed, the sum of
LEAKAGE and INCREMENTAL RATES, at any given time, will
equal RELEASE RATE, and this relstionship will hold with
positive valuwes untll, with increasing LEARAGE RATE, the
INCREMENTAL RATE roaches zero. With higher Leakage Rates,
the valueés of INCREMENTAL RATE are negative. ‘

(e¢) The graph of LEAKAGE RATE against pressure drop is
a straight line; that of RELEASE RATE cannot be plotted,
but within the 1im1ts of absolute pressure prevailing
during the tests may be assumed to approach a stralight
line. Accordingly, the graph for INCREMENTAL RATE will
also approaeh & straight line. N

(d) Since the RELEASE RATE equals INCREMENTAL plus LEAKAGE
RATE at any given time,; within the limitation shown in

(b) above; it should be pessible to withdraw gas from the
aystem; by pumping or oper flow, at a rate rot exeeeding the
INCREMENTAL RATE without causing any reduction in absolute
pressure in the reservoir system.
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It follows that where a RECOVERY RATE
(rate of pumping or ges flow) causes a drop in absolute
pressure, ln the reservoir system, that rate exceeds the
INCRELENTAL RATE for the existing absolute pressure and
shafthead water gauge values.

(e) Since there is resistance to ilow across the bottom
seal, increased leakage from the shaft will necessitate a
higlier pressure differential between workings and shaft to
compensate for the amount of increase in leaskage. It
followe that with all valves closed, increasing leakage
will be accompanied by increased difference between
shafthead and 6" Riser absolute pressures. 1In other
words, falling barometric pressure will cause less drop in
workings absolute pressure than is shown by shaft absolute
pressure, and the full range of barometric pressure
decrease will not be reflected by proportionate increase

in RELEASE RATE.

(f) Since the area of coal face exposed at base of the
shafts and in the Cockatoo Island headings 1s negligible
by comparison with that exposed in the workings and main
hesdings, 1t may be assumed that gas leaking or withdrawn
from the shaft has been wholly derived from behind the
bottom seals.

(g) The RELEASE RATE 1s assumed to vary with barometric
pressure; mean values in 1945, asshown in (7) above,
should have been =

Absolute pressure Release
in workings. Rate.
435.38" Wege 2,650 c.f+/h.
425.27" Wege 3,240 c.f./n.

(h) Under static conditions and in terms of N.T.P., the
density of gas in the shaft 1s assumed to be the same as

that of gas in the 6" Riser, and at any given time the /
heads of the two/columns will vary proportionally to the /gas
difference in water pauge readings.

(1) The test readings upon which calculations of Recovery
and Leakage Rates are based will only be accurate within
fairly wide limits. Some of the possible sources of
error are - _

Barometric Pressure: For the tests in January, 1946, a
barograph was installed at shafthead and set at a
pressure value cormmmnicated by telephone from the
Weather Buresu; check pressures were obtained from
the ./eather Bureau each day.
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Later in 1946 a set of barometric readings,
corrected to 80 fest sbove MS.L., was cbtained by
the writer from the Weather Bureau. - These values
differed apprecisbly from the corrected barograph
readings; the barograph readings were then rechecked,
and the revised values also showed nonsiderable ‘
divergencs from those erlginally used.

For the Fahruary, 1947, tests a mereury
baromet;er was instslled adjacent to shafthead, and
readings were corrected and converted to water
gsuges The instrumental error was  0.,002" Hg.,
but the lisbility to personal error was mueh higher
owing %o bad lighting., :

‘While the weter gauge resdings should reflect
barometriec change, there was no apparent agreement
between the barometer and the water gauges. With
calibration over a period of time, the error due to
lag could be computed and a correction applied,
but the need for this was not recognised prior to

~ the February Tests.

Bailey Meter: Believed to be aewrate to within 2 per
cent, but thé recorded flows are subject to correct-
ion for zero; temperesture, pressure and. gravity. ‘
The flow values shown on the charts of January tests
have apparently been read direct from the Bailey Meter
chart, no correction belng required for zero.

The flow rates gilven for the February tests are corr-
ected values supplied by Australian Gas Light
Company.

Micro-aj-l&anomete_ré ‘Used in the Jamuary tests, and prchably
accurate to: 0.005“

Inclined Menometer: Used in both sets of tests, and
probably accurate to  0.0256%. ‘

Ordinary Manometer: Used in the February tests, and
- probably aecurate to 0.1%.

Tublng: Half inch rubber btubing was used for connections
between gas lines and instruments. Wabter, possibly
left in the tubing from some previous teést, possibly
condensed from vapor produced with gas, collected in
slugs and caused vioclent fluectuations in the
manometers before its presence was éetee’sed and
remedial action taken.

‘Observational Errors: The Januery tests were eonducted
by skilled officers of Australian Gas Light ﬁompany
and a high degree of agcuracy was achieved. ' S ome
of the observers in the February tests were less
competent, and personsl errors cccurreds For most
of the time only one observer was on duty; it was
impossible then to take synchronous readings, or to
take readings at short time intervsls.
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Lag in Gas System: While i1t is assumed that pressure
changes equally throughout fluid contained in a
vessel, laz of from 5 to 6 minutes 1s shown by time-
pressure readings at Downcast and Upcast Shaftheads
during the flow test on 9/1/46. A correction can
be appllied for lag in thls instance, but no data 1s
avallable for lag between the main workings and
6" Riser Head.

Temperature of Gas from 6" Riser: This was not taken
during the January test, and the installation made
for the February test proved unsatisfactory.
Accurate gas temperature readings are necessary when
correcting the Balley meter recordings.

10, Observations on Incremental and Leakage Rates.

It has been assumed that gas may be withdrawn
from the reservolr system at any given time at a rate not
exceeding the INCREMENTAL RATE, without causlng a drop in the
absolute pressure of the system, and 1t has been shown that
the LEAKAGE RATE should vary in direct proportion to the pressure
drop between shafthead and atmosphere.

(a) Flow Test; 25/2/47:

Balley Met or

Time Shaf thead Workings Recowery

hours absgolute preasure Rate
Start 1117 0080" WQg. 435.92" W.g. 4’000 d
Finish 15556 0.45 435,03 2,300

Since the sabsoclute pressure of the reservoir
system was increasing prlor to 1117 hours, it 1s apparent
that RELEASE RATE then exceeded LEAKAGE RATE

The RECCVERY RATE was progressively reduced
to 2,300 c.f./h. over a perliod of 2.1/2 hours, and maintained
at this rate for 2 hours. At the end of the test the
absolute pressure of the reservolr system was still fallirg,
but slovly, indicating that the INCRE!'ENTAL RATE was
8lightly less than 2,300 c¢.f./h. with 0.,45" shafthead w.g.
and 435.,03" w.g. absolute in the workings,.
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The LEAKAGE RATE at 0.45" w.ge would be
56% of that at 0,80" w.g., an effective reduction of
44%Z, 1t is apparent that if leakage had a sufficiently
high value at 0.80" w.g., this reduction of 44% would
compensate for the observed recovery rate of 2,300 c.f./h.
and there would be no falil in absolute pressure in the
reservoir system at 0.45" w.ge It follows that the
LEAKAGE RATE at 0.80" w.g. must have been less than
5,200 cefe/he, whence at 0.45" wege 1t must have been
less than 2,900 c.f./h.

(b) FPlow Test; 26/2/47:

Balley Meter

Time Workings Recovery

Hours Shafthead absclute pressure Rate.
Start 1030 1.27" Wele 437 0_11" Wefle 3.000 c.fe
Finish 1500 0.88 436,36 2,066

Since the absolute pressure of the
reservolr system was lncreasing prior to 1030 hours,
it 1s apparent that RELEASE RATE then exceeded LEAKAGE
RATE.

The RECCVERY RATE was progressively
reduced to 2,400 c.fe/he over a period of 2.1/2 hours;
the pump was then stopped, and gas permitted to flow
under its own head from the 6" Riser. The RECCVERY
RATE under natural flow commenced at 2,125 c¢.f./h.,
fell uniformly, and had a final value of 2,065 c.f./h.
after 2 hours. At the end of the test the absolute
pressure of the reservoir system was stlll falling
indicating that the INOREMENTAL RATE was less than
2,065 c.fe/N. with 0.85% shafthead w.5. and
436.36" we.ge absolute in the workings.

The LEAKAGE RATE at 0.80" would be
69 of that at 1.27" an effective reduction of 31%.
The LEAKAGE RATE at 1.27% must accordinqu have been
1@ss then 6,600 c.f+/h., whence at 0.45% w.ge it
would have been less then 2,300 c.f¢/h., a decrease
?f)600 c.f./h. on Gtne limiting value determined in
a) sbove.

(¢) Pressure Rise Test; 25/2/47:

At the close of the Flow test all valves
wore shut and observations made of pressure rise in
the Downcast Shaft and workings.
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Finish
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. Ce Absolute Pﬁassuras
Time Shaft

Hours Shafthead -~ mean Workings.
1615 ) 3045" Wee ‘421.?5“ Wele ) 435 ‘12“ w.g.
2515 1,06 422,77 436 .74
2415 . 1.85 422,87 ! 456.92

(1) Pressure rise has been plotted sgainst time,
and values of INCREMENTAL RATES computed from tha
curves, giying -

Shaft Workings Workings
.Time Incrémental - Incremental - sbsolute
Hours Rate Rake DressSure

1615 796 e.f./h. 689 Vx 185  435.12" w.g.
2316 372 433 Vv x 165  436.74

(1i) The INCREMENTAL RATE has béen shown in {a)
above Lo be slightly less than 2,300 c.i‘./h. at
045" shafthead we.ge and with 435 ,03" W.ge absolute
in the workings; sines change in RELEASE RATE
would be negligible with pressure change from

' 435,03 to 435.12%, a value of 2,250 e¢.f./h. may be

taken to determine the vgl C) of the workings, which
is found to be 2.11 x 10~ cublc feet.

Since a change of only 0.05™ we.ge in the
pressure reading would give a volume of 20% higher or
lower, the value shown for workings volume may be
considered as an approximation only. .

(111} 'Since the RELEASE RATE varies with barometric
change, it is apparent that this rate will decrease
slightly with inecrease in workings pressure from
435,12 to 436.74" w.ge @bsolute in this test; at the
seme time, LEAKAGE RATE will inerease prortionally
to the change in shafthead water gauge readings.
There 18 no present guide bo the relationship of
RELEASE RATE and workings pressure but it is
permissable to take maximum and dinimm values. )

{(iv) Assuming 100% inereass in flow rate with

reduction of 11" w.g. in workings pressure, the

decrease applicsble bto this btest is 15%. Since

RELEASE RATE is the sum of LEAKAGE and INCREMENTAL

RATES, the value of LEAKAGE RATE ean be resolved

przpor’bionally, end is found to be 425 cefe/he at
Oe 5 W.g.
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1615 Hours 2315 Hours
Leakage Rate 425 c.fo/h. 990 c.f /.
Inc'l Rate, Shaft 796 372
" " Workings 1454 912
Release Rate 2675 c.fe/h. 2274 c.fe/h.
Abs. Pressure in
Workings 435.12"w.ge  436.74" w.g.

The yield has decreased by 15% during the pericd
1615-2315 hours.

(v) Assuming 100% increase in flow rate with re-
duction of 40" w.g. in workings pressure, the decrease
applicable to this test is 4%, and LEAKAGE RATE is
found to be 640 c.fe/he at 0.45" w.g.

1615 Hours 2315 Hours
Leakage Rate 640 c.fe/h. 1491 c.f./h.
Inc'l Rate, Shaft 796 372
" ", Workings 1454 912
Release Rate 2890 c.fe/he 2775 c.fo/h.
Abs. Pressure in
Workings 435.12" wege 436.74" w.ge
(a) In (7) above the rate of gas yield, deduced fram

meausred flow during August-September 1944, was estimated to
be 2,650 c.f./h. at 435.38" w.g. absolute. The value now
calculated on the basis of flow and pressure rise tests ranges
from 2,675 to 2,890 c.f./h. at 435.12" w.g. absolute.

While there is fair agreement between the yleld
rates, there is room for error both in the assumptions and
the computation. The rates are probably correct to within
25% either way, but their principal value lies in showing that
loaksge 1s comparatively unimportant when there is a low
pressure differential between shafthead and atmosphere.

While on the subject of leakage 1t is relevant
to point cut that during the pressure rise test on 25/2/47,
with shafthead water gauge showing 0.60", Mr. Wiggington was
asked to test for gas leaks. Using a blanket to prevent
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disperssal of gas by air currents, he was unable to get a
positive test for methane with the safety lamp.

(o) While the RELEASE RATE is assumed to vary
within narrow limits with barometric change.(the variation
shown by the August 1944 recovery values was about 40 per
cent), LEAKAGE RATE will vary within comparatively wide
limits, its value at 2" shafthead w.g. being 4.44 times the
value at 0,45" wege It follows that LEAKAGE RATE must be
smail by comparison with INCREMENTAL RATE at 0.45" w.g.

to enable pressure to bulld up in the reservoir system.
Also, unless LEAKAGE RATE is negligible at 0.45" we.ge., it
is possible that with increasing leakage the INCREIENTAL
RATE becomes zero within the range of pressures recorded
in the tests.

Although low barometric pressure is reflected
in high water gauge roadings and is accompanied by increased
leakage, the barometer never remains constant long enough
to allow absolute pressure in the reservolr system to reach
equilibrium, when LEAKAGE RATE equals RELEASE RATE, and
I CREMENTAL RATE is zero. Since rising barometric pressure
is accompanied by a reduced LEAKAGE RATE and favourable con-
ditions are provided for bullding up pressure in the
reservolr system, it is reasonable to postulate that t he
nearest approach to equilibrium will be found at or shortly
after the polnt of maximum barometric pressure followlng
upon a reasonable period of barometric pressure rise.

Since leakage varies with change in shaft
head water gauge while gas release from coal varies with
chance in workings absolute pressure, no method of calcul-
ating equilibrium point has so far suggested itself.

»

11. Observations on A.G.L. Flow Tests from Shaft, 9/1/46:

(a) The chart accompanying the report on these
tests must be compared with charts from Thorp Pressure gauges,
installed in the Downcast and Upcast shafts, to obtain a
true pilcture of the behaviour of shaft pressure during and
after the flow period. The "Upcast" chart shows smooth
curvesa for both flow and recovery periods, while the "Downcast"
chart shows instantaneous pressure drops and pressure rises
at the commencement and end respectively of the flow bests.

It seams probable that the take-off for the Thorp gauge on the
Downcast shaft was located on the 4" exhaust pipe serected for
the test, and that the initial sharp drop represents pressure
differential necessary to cause flow, while the final sharp
rise represents equalization of pressure at terminatior of
flow test; since drop in pressure at the Upcast shaft lagged
behind that at thie Downcast siaft, this final equalization of
pressure is due partly to estsblishing pressure equilibrium

in the two shafts, and partly to termination of flow,
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References.

(b) With this initlel sharp rise eliminated, the
pressure ocurve shows progressive reduction in the rate of
pressure increase., The nature of this curve suggests equaliz-
atlon of pressure between workings and shaft, and this
interpretation is supported by the drop in absolute pressure in
the workings during this period. The withdrawal of gas from
the 6" riser immediately prior to and during the tests confuses
the issue, but the ocurves show that absolute pressure in tie
workings remained falrly constant during the initial stapes of
shaft flow, and dropped sharply during the final stages of flow;
the behavior of the curves indlcates that flow fiom workings to
shaft increased with rise in differential pressure, and riay be
taken as proof that there 1s resistance to the flow of as
throuch or sround the bottom seal.

(e) The difference between shafthead and 6" riser
water gauge readlngs at the commencement of the first {low
period, abcut 1.28", does not represent & static condltion; the
compressor had drawn gas from the 6" Riser during four periods
prior to the test, thereby disturbing shaft-workings equililbrium.

(d) The repurt on these flow tests gives average
flow rates of 11,000 and 12,600 cubic feet/hour respectively,
based on sarning's eguation., Relative average values, based on
Spitzlass! equation lor low pressure gases, are 8,500 and 9,900 .
cubic feet/hour respectively. It 1s apparent that the former
set of values cannot be challenged on the grounds of being too
lowe. The curves are too coniused by intermittent withdrawals
of gas irom the 6" Riser to attempt reconciliation between
flow and release rates, and observed pressure drop in the
reservoir systerie

12. Observations on A.G.Ls Flow Test from Shaft, 10/1/46.

(a) Flow values for this test are given in the
report as 7,200 c.f./he. at start, reducing to 5,500 cef./he
after 1.1/2 hours and kept approximately constant at the latter
value {or ebout 4 hours. Relative values, based on Spltzglass?
equation, are 6,000 and 4,800 c.fe/h. The shafthead water
gauge readin,; dropped from 1.80 to 1.02" in the first 1.1/2
hours and fluvctuated within limits of 1.05 and ©.,27" over the
remainder of the period. _

(b) The shaithead pressure curve is stesp at
the commencement (Recovery rate and Leakage rate then have
maximum values) and progressively flattens with reduction in
flow rate and Leakace rate over tue initilal period of 1.1/2 hours;
during the Iinal period of about 4 hours, with Recovery rate
and Leakage rate practically constant, the pressure curve is a
straigiht line. The nature of this curve supports the assumpt
ion that the Lea'rax® rate 1s proportional to the pressurs
differential between si:aftead and atmosphere. BDarcmetric
pressure fell sharjlyduring the test.
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(c¢) The workings pressure curve shows little
change in the first half hour of flow, reaches a maximum
about 1.1/2 hours later, and thereafter continues more or
less as a stralght line except where interrupted by gas
compression operatlons. The behaviour of this curve indlc-
ates that with a drop of 1.4" w.g. in the workings absolute
pressure, the resultant increase in the rate of release of
gas from coal 1s negligible by comparison with the measured
flow rate, 4,800 cubic feet/hour.

(d) Using the values of leakage, release
rate and workings volume shown in (lv) above and applying
margins of 25%, reconciliation between measured withdrawals
of gas and the observed pressure drop in the reservoir
system 1s readily obtained for this test,

13, Observations on A.G.L. Pumping Test from 6" Riser, 15/1/46.

Owing to a draughting error, Figure 2
accompanying the A.G.L. Report is misleading; the initial
absolute pressure on the 6" Riser is shown as 410.75", but
the correct value (based on test observations), is 411.71",
The pressure rose to 411.35" at 29 minutes, and then
dropped to 410.89" when the first compression stage
commenced. Also, owing to an unfortunate choice of scale,
the changes in 6" Riser and shafthead absolute pressures
are difficult to determine; for instance, the log of 6"
risor water gauge readings showa falling pressure
accompanied by falling barometer and decreasing flow rate
during the first compression stage, but this is not
apparent in the pressure curve. The data has saccordingly
been re-plotted, using barograph readings corrected to
agree with Weather Bureau recordings at 9 a.me. and 3 p.nm.,
these in turn having been corrected for station level of
30 feet above h.S.L.

(a) Both pressure curves show an upward trend during
the period 9-29 minutes, indicating that RELEASE RATE
then exceeded LEAKAGE RATE. This points to a value of
500 ce.fe/he Or less for leakage rate at 0.45" w.g.,
based on the relationship shown in (10) above.

(b) Pressure values during and after the compression
stages were =
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Absolute Difference

Time  Shafthead Shafthead Compressors Pressure drop between
. Hours W.gs  Absolute Pressure Working relsted to 30 Shafthesad &
, , v - minute;paricd 6" Riser,
i At Wege
1430  2.00" 407 .65% Wag. | | 1.84"
, _ 1 0,060" Wege.
1500 2.,02% . 407.59 | _ 1.82%
. | 2 0.190
1530  1.95" 407,40 -
| | 3 0.275
1606 1.74% 407.07 _ 1,13
| | | - 0,063
1625 1.67 407, 03 1.18

The increased rate of shafthead pressure drop
with two and three compressors working may have resulbted
from decrease of flow from workings to shaft, but if so
it is difficult to reconcile the rate of pressure drop
during the period 14301500 hours wlth that of 1606 -
1625 hours, since the pressure differential st shafthead
and bottom seal had not altered in the same ratlo.

it seems posgsible that during the 3 compressor
stage, gas was belng drawn from the shaft into the
workings., If this happened, loss of gas from the shaft
would represent leakage plus flow inteo main hesding,
and the leakage rate would have had & proportional
value of less tnan 550 c.f./h. at 0.45" w,g.

- During the respective compresslon-stages 260,
660 and 1,250 cublc feet of gas were lost from the shafts,
based on the observed drop in absolute pressure.

(e) Flow values during the compression stages were -
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; S 6" Riser ‘ Vacuam
Time Compressors Flow rate, c.f./h. Absolute 6" Riser, = at
Hours working o o - Pregsure " wege Compressor
‘ Initisl ~ Final ! Wege | -
1429 - - = 400,49 3,84 -
| 1430 | 3,500 - 408,56 @ 2.9 -
1 | | | o
1500 - 3,200 408,47 2,90 -
1500 . 6,700 - 408.25 0.68 2
1530 | - . 6,000 406.20 = 0475 1.5
1530 9,000 - - - 1345
5 | -
1604 - 8400 - = gz,
1606 - - - 408.18 2.85 -
16825 |

- - - 408,21 2485 . -

‘ The inerease in pressure drop necessary
to increase the flow from 6,000 to 9,000 c.f./h. cannot
be reconciled with inereased resistance in the 6% pipe
resulting from the higher flow, and another anomaly is
shown by the incresse of 8.75" w.ge vacuum accompanying
reduction in flow from 9,000 to 8,400 c.f./he

The immedlate rise in absolute pressure
following upon the termination of pumping to a value
exceoding that of shaft pressure proves that no vaeuum
existed in the workings as a2 whole during the 3 -
compressor stage. A partial vecuum may have occurred
in the zone adjacent to the end of the 6 = inch pipe,
behind the main seal, but this requires postulation
of an slmost complete blockage in the hesadings at no
great distance from the Doncast shaft. If this -
intermediate zone was under vacuum, gas may have
besn drewn from the shaft into this zone during the
& = compressor stagee. ‘

Albernatively, 1t is possible that water
is standing in the pipe leading from the 6" Riser to
the bottom seal, and that with high gas Tlow rates
this water is drswn up into a rising limb of the
pipe, giving a constantly inereasing head.
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On cessation of gas flow the water falls to its original
level and the full head of gas is restored in the 6“ ‘
Riser,
o The gas £low values shown have apparently
been read direct from the Balley meter chert; they may be
subject to ecorrection for Semperature, pressure and
gravity, with a net reduetlion of 10 to 15 per cent.

(a) C Although‘barometric pressure roge only
0.03" weg. absolute during the period 126 - 145 minutes,
the 6" Riser water gauge gave a falrly constant reading
of 2.85" throughout. Since pressurs in the workings rose
only from 432.84 to 432.87" w.g. sbsoluts, whereas during
the wriod 9 - 29 minutes it had risen more rapidly to

434 ,31" w,g. sbsolute despite the higher leakage rate

then prevailing, i1t 1s apparent that some new factor had
been introdueed.

Since under statie conditions the
temperature of the gas 1§ 63°F. below the top seal and
95°F, in the workings, it appears likely that the value
of He will vary when hot gas from the workings fills the
6" Riser, During the pumping period, gas expands slightly
in the 6" Riser and must take up heat; upon cessation of
pumping, pressure is largely'rastored in the 6% Riser and
the gas gives off most of its added heat, leaving it with
approximately the same uemperabure that it had in the
workings.

Higher average temperature of gas in the
6" Riser would glve lower average density and consequently
a lower vaiue of H, which would be reflected in a higher
water gauge reading at surface for a given absolute
pressure in the workings. Temperature within the &%
Riser would graduelly return to normel with relative
inerease in average density and, in conseguencs, a higher
value for H which would be reflectad in a lower water
gauge reading.

The relative values of H are -

Gas Tempersture

near top of Absolute Pressure ’
6" Riser. at 6" Riser, He
63°F 408,18 Wege 24.66" Weg.

90° 408,18 24,04

Difference 0.62" wW.ge




Accordingly, it appears that during the
period 126 - 145 minutes, sbsolute pressure in the workings
in creassed while the value of H inereased& with -very
little resultant change in the value of 6" Riser water
gauge reading. To obtain true values of H after flow,
accurate gas temperatures must be recorded, preferably
close to or below the 6" Riser valve,

, It is quite likely that the 6" Riser
pressure curves for the tests of 9%th and 10%h January
have also been influenced hy subnoraal values of H
after flow,

14, Possibility of Increasing the Gas Yield bz the
Apglication of Vs Vaeuum.

In (6) above, a hypothetical case has
been made out for the use of vacuum to obtain higher yields
of gas. Without accurate data on which to base caleculat-
ions, it is possibly unsafe to give theoretical ylelds
which might encourage the FNatural Gas and 011l Corporation
to risk the loss of further capital. On the other hand,
if any possibility exists of turning a present loss into
a future galn, that possibility should be fully explored,

The measured flow rates in August, 1944
are shown in (6) sbove, as ranging from 1,610 to 2,270
cubie feet per hour, If an assumption ié made that these
yields were at sbnormally high and low barometric pressures
respeetively, the worst possible econditions will have:
been adopted as a basis for ealeculabing yleld with vacuum.

From Darecy's law, the ratio of two rates
of flow in the same system at & given time may be shown -

2 2
Qg _ (P = Pg ) .
Qs (B - P58)
Tet Q= 1,610 c.f./h.

12
Qg = 2,270 c«fo/he
Py = 16,74 pounds per sq. inch abs.
_{Baromwtrie reading 30.8%)
Py = 15,75 P.S.I.A. '

(Barometric reading 29.1")

(Relative wvslues of H, with air in
shaft, are 44.60 and 39.,73% w.g.)

Whence Py = 18.98 pounds per sg. inch absolute
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The petroleum industry commonly uses vacus
ranging from 15 to 28 inches of mercury for the recovery of gas
from depleted fields, with 21.5" as a general average. However,
it must be recognised that production of gas from a depleted
field is the final stage of operations, all plant and equipment,
with the exception of pumps, having been installed and the cost
recovered during the period of flush production.

Taking the average value of vacuum, which
1s the equivalent to a reduction of 10.55 P.S.I.A., the factors
of the equation become -

le - 1,610 c.f./ho
to be determined

&
'
"

Pl L 18098 POSOI QAO
P2 - 16 074 "
P4 - 6.19 "

Whence Q14 = 6,470 cublc feet per hour,
which 18 the probable minimum yield obtdinable by the
application of 21.5" Hg. vacuum in 1944.

Taking the values for pressure from (7)

above, a more favourable result is available; the factors
which change are -

17.28 PeSI.A

o
=
'

16.58 "

d
Lov]
%

P4 = 6.03 "

Whence Q;4 = 17,800 cefo/he

It may be possible to secure from the
Sydney Weather Bureau average barometric pressures for the
15th and 23rd. August, 1944, which would afford a closer
estimate than is possible using assumed values. A further
step might be taken towards accurate assessment of yleld,
by securing the colliery inaspectors' records of air-stream
analyses and the barometric records of the years, From
this data the original gas pressure could be calculated with
reasonable accuracy, and, what is more important, a
production decline curve could be plotted which would indlc-
ate the probable 1life of the colllery under commercial
recovery of gas.,
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15, Sealing the 8hafts.

1t 1s obvious that until the shafts have been

sealed off, there will be no possibllity of working under

subatmospheric conditions. All attempts to seal the workings

aund shafts have proved abortive, but as these attempts were
based on lack of appreclation of the englneering features
involved, the problem may not be insoluble,

In the petroleum industry a gas field ig
tapped by boring a hole into the reservoir roci, inserting
casing, and cementing the casing securely in place. It is
apparent that boring a lwle into the workings at Belmain
would not solve the problem, the shafts would remaein as
channels for air.

The {ollowing notes indicate the problems
which need consideration when planning to seal the shafts,
and embody sug_estions fcr carrying out the work -

(a) Wateri~

The water pump at the 800! level has been
Zdle sinco cosl-mining ceased, and walocr has been falllng
froely down the shalt and trlekling down the wallse. The
fitter maklng the plpe connection at the fouvt of the
6 - inch Riser reported that his work was hindered by
water coming down the shaft, and there is another report
to the effect that water could be heard trickling into
the hoadings.

The headin;s are not all on the same level;
thus in 1943 tho water was only 18 inches deep in the
main hoading opposite the engine-room cut-through; it
was progressively deeper along the cut-tlrough, and up
to the roof in the stable drive. To get through this
latter section to the back heading (leading to the
upcast shaft) the roof had to be brushed.

Wien altenpting to put a seal in the

back heading, the contractor had to work in § faet of water;

deep water was also found in the empiy truck dérive.

The mine was reported to be dry, therefore
this wator could only have come from the shaft. Apparent-
ly the water has collected andr isen to the level of the
ccal soam, and a report states that 1t is now seeping

away through the coal. Ho rise in water level was observed

during 1945-44,
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The posaibility that the water level
would rise if vacuum were applied to the workings must be
borne in mind. If the coal 1s gassy, and references to
;a8 bubbling up through the water tend to show that 1t is,
then a gas pressure may exlst ahead of the water, and this
pressure may be sufficlent to drive the water back in the
event of pressure belng reduced ln the headings.

While 1t 1s unlikely that the reduction in
shaft pressure following upcn the construction of top seals
would have brought water back into the headings, 1% 1is
highly probable thet water would not get away as rapidly
as 1t did before the top seals were placed and it follows
that water may now be standing higher in the shaft and
neadings than .t d1d in 1944,

Since the hehaviour of the water cannct be
foreseen, 1t is gpparent that any attempt to seal the
worltings must be based upon the removal of all water now
standing 2in the shaft a nd headings, the repsair of waler-
rings and recomnmenctuent of pumping from the 800! level,
and wrovision for keeplng the headings dry in future.

However, the position wlith regard to watber
i3 not quite clear. Reference is made later in this
report to tue possiblllity of water travelling along the
headings; it is quite likely thet water is not, and hever
" has beon, seeping into tize coal.

(v) RKoek Fallss-

Access to the stoppings put in when the mine
was abaidoned was hindered 1n 1943 by blocked heedings,
ard falls up to 15 tons in welght ocourred wiille the men
were working. loe.2 real was bullt into an apparently
sollid roof, but & fow months later the roof was found to
be fractured, and had to be scaled upwards a dlstance of
15 feet before reachlns solid ground.

The timoewing and steel supports used in
the headings and engine rocm indicate that the strata
penetraﬁed were 1nconpetent. As long as the timber
renalined in good condition, there would be no release of
pressure in the rock face. With the disintegration or
collapse of the tixber, pressure would be releesed and
local fells would occur. The new roof would stend for
awhlle, possibly Tor months; but progressive fells would
cccur until all head room became fillled, when the broken
ground would support the roof. Althouvgh ne ifurther falls
would occur, the roof would fracture, swell, and ccnsollde-
ate the broken ground below.

' T.e helzht from *he floor of the original
headin:, through broken round to the top of the shatter
zone, cannot be estimated within close limits; 1t might
oventually be 100 feet, it would be unlikely to eicecd
250 feot.



It is apparent that seals placed with a
view to permsneney should be located in the shaft well
gbove any possible extension of the shatter gzone,

{c) Recovery of Casing:=-

Presumably gas would be withdrawn from
immedliately below the seals, end 83 the existing 6 < inch
and 8 - ineh casings would not be requirad they might be
removed and sold.,

Wlith the lowering of water level, gas will
flow freely past the seals in the main and back headings.
(These seals were constructed in water, and, on the
assumption that a head of water would balance any likely
pressure, no attempt was made to clean out brokén rock
lying on the floor of the headings, or to scale-off
shatter rock in the walls below water level),

Alr should be pumped down the 6 - inech
Riser and the 6 « inch pipe leading to the mein seal
should be cut aslongside the concrete block; a second art
should be made and a section lifted out to allow a& cap
to be fitted over the 6 - ineh pipe to prevent gas from
coming back where men are workings, The 6 = inch and
8 = inch casings should then be cut immediately above
the conerete block, snd withdrawn.

(d) Repairing Bottom Section of Downeast Shafti-

- In 1942, the lower section of brickwork in
the downeast shaft was found to have collapsed, and
was replaced with conerets. |

It would be necessary to inspect all the

. brickwork in the Downecast shaft, and that in the Upcast
shaft from the surface to the seal location, and renew
any sectionswhich ere dsmaged. Sinece the headings must
be kept free from water, the deep-well tubing and rods
must be safe=guarded from damage by falling masonry or
rocke Also there must be no risk of fall on to the
Seals,

Consideration will elso have to be given

. to supperting the brickwork in the zone above the seals
which is to be fllled with water; the brickwork here
must be strong enough to prevent eollapse, but suffie=
iently open for water to pass through. The water aects
as a buffer between gas and air; under ideal econditions
only a few inches would be refuired; but in this case it
would be necessary to provide sufficient head to dm.ve
the water into every opening.

(e)- Location and construction, of Seals:-

The possibility of construceting seals
which will bomd with the shaft walls and make an air-
tight joint 1s held to be remote. 1t would be
necessary to provide a sealing medium, such as a head
of water above the seal, to ensure that neither air
nor gas could pass. <
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When choosing a site for the seal, cores
of rock should be taken and tested for permeability to
air under a pressure of 25 pounds per squeare inch.

The seals should be made of reinforced
conecrete, sultably arched, and designed to carry a 150!
head of water with a safety factor of 10. \

High-gelling mud should be filled in
above the seal, to a depth of about 30 feet, The purpose
of thls mud is to prevent leakage of water thrcugh any
defect in the seal, or between the seal and the rock.
Water should then be filled in to glve a total head of
about 150 feet above the seal.

Since provislon would have to be made for
keeping the water at a falrly constant level, which might
moan the addition or removal of water from times to time,
a site about 200! below the 800' water flow would
probably be satisfactory, Alternatively, the seal could
be constructed 150 feet bolow the surface, where freedom

- from salt water indicates that the strata are impermeable.

In this case 1t would be desirable to instal a plpe of
adequate capacity to carry the water from the water-rings
at the 800' flow to the shaft sump, whence it would be
removed by the desp=well pump, and thus prevent further
damage to the shaft brickworlk.

There would be some advantage 1n having
the seals near the surface: only one pump would be
necessary (in the Downcast shaft sump) as water could
stand betwesn the seal and surface in each shaft; seal
construction would be simplified, and alr could be provided
riore readily to ensure safe working conditiocnse.

(f) Safety:-

The problem of de-gassing the shafts so that .
workmen can descend to instal pumps, repair water-rings,
repair brickwork, withdraw casings, etc., is one {or the
State Mines Department and the Company's technlical advisers.

Both seals should be constructed with
pipe nipples bedded into the apex, and with 12 « inch
pipe extending back to and securely anchored at surface,
Full-opening gate valves to be fitted at surface.

During the intial stages of seal construction
in the Downcast shaft natural draft wouldpresumably
ensure safety of operation; prior to constructing the apex
of the seal, the pipe to surface should be installed and
connected to an air-pump having sufficlent capacity to
keep the ¢as content of tihhe return alr within the limits
prescribed by safety, with an assumed gas yield of 4,000
cubic feet per hour. Air pumping would continue until
the Upcast shaft seal is placed.



After the mud and water have been placed
in the shafts, the pipe. from one seal would be connected
%o a gauge, to glve readings of pressure or vacuum
conditions under gas recovery while the other pipe would
be connected to the cas pump. Provision should be made
for running a dipper on a plano wire, using a packed gland
and a econtainer, so that periodilc tests may be made of
water level at shaft base with a view to keeping the oper-
ation of the deep-well pump to a minimum.

The projeected work is confined to the
shafts, Provided that ventilation ecan be restored., the
work may be carrlied through in complete safety, &1l
defective seectiorns of the shaft being repaired or shored-
up before the men proceed deeper. The werk programme
should be carefnlly planned, with safety of parsonnel as
the ruling faetor,

While horizontal drilling into the eoal
seam would undoubtedly improve the yield of gas, the cost
of repairing the main heading to give access to the coal
face would be prohibitive, nor could this work be ecarried
out without serious risk to personnel.

Non-~szarking tools should be used. on all
underground work.

{h) Dip of Goal Sesm i~

According to the Shaft Log, the cosl seam
dips 1 in 40'N. 75° E. Since the main heading follows
the coal and runs almost due east, it must have a downward
slope. If this is correct, water must be progressively
deeper along the main heading than it is near the Downcast
shaft.

It follows that the reported loss of water
by seepage into the c¢oal may not have occurred. The
water may be running away down tne haading s may even have
~ reached the workings. ‘

Since this aspeet has not been touched upon
by any earlier writer, 1t is possible that evidence may
have been obialned of a change of dip in the ¢oal seam
not far from the shaft.

If no such change oecurred, the whole
question of recovering gss from the ecolllery would have
to be reconsidered in the light of a possible water blocke
age in the headings at a point where the strata were
locally competent. 1In the absence of falls and roof
shattering, such a blockage might effectively sesl off all
gas in the workings.
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16, Sunmary.

The Balmain Colliery was very gassy,
ylelding up to one million cublc feet per day during the
‘mining period. Coal was never produced at a profit,

The production of gas for disposal as motor
fuel during the war was not commercially successful. A
proposal to utilize the methane as a substitute ror gas oll
in the enrichment of town gas was rejected on the grounds
that the quantity avallable did not warrant the capltal
expenditure on exploitation.

Leakage of gas at shafthead was known, and
was believed to be responsible for the low commerclal
recovery of gas. Tests were accordingly made by the
Buresu of Mineral Resources, Geology and Geophysics in
February, 1947 to determine, if possible, the rate of
leakage and the optimur yleld of gas which would be avallable
if all leaks were stcpped.

While the tests gave additionsal information
relating to the behaviour of gas in the mine, they did not
provide all the data necessary for accurate assessment of
the gas production rate.

On the basis of these tests, and previous
tests made by Austrslian Gas Light Company Limited, a case
has been made out in general terms as follows:-

(a) The gas yield has fallen from 1,000,000 cuble
feet per day in 1911, to about 60,000 cubic feet per
day in 1944. This drop in production is normal,
and the colliery may now be considered to be a
depleted gas fileld.

(b) The rate of production decline now approaches
gero and the mine will continue producing gas at
slightly below the present rate indefinitely.

(¢) The mechanics of gas flow within the coal are
complex, with three prinelipal factors:-

permeability of coal, pressure avallable todisplace
cas towards the workings, and adsorptive power of
coal in relation to gas. The original gas pressure
was low leading to & rapid decline in gas production
when mining operations ceased. No information is
avallsble on the other factors.

(d) The efgectiva volumetric capacity of the Shafts
1s 1.5 x 10° cubic feet, while that of the Workings
is between 2 and 3 x 108 cubic feet. The shafts are
separated from the Workings by an imperfect seal,
while an adjacent permeable stratum facilitates

cas flow,
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(e) Leakage at surface and flow through or past the

bottom seal conforms to Darcy's law for the linear
' flow of gas through permeable strata. The leskage

rate in February, 1947, was bestween 300 and 700 cubice

feet per hour at minimum permissible shafthead/atmos-

pheric pressure differential, and probably nearer

the lower limit.

- (f) The gas yleld in February, 1947, was between
2,500 and 3,000 cubic feet ppr hour, when the Workings
pressure waa 435" water gauge absolute with the
shafts full of gas.

() The gas yleld varied with barometric pressure
during the mining perlod but the extent of variation

is unknown; 1t varied in 1944, when ylelds approximately
1,600 to 2,300 cubic feet per hour were obtalned, with
the Workings subject to atmospheric pressure plus a

head of air in the shafts; it still varies, and
reduction of Workings pressure by the application of
vecuum will accordingly gliven an increased yield of

288

(h) The gas yield resulting from application of

vacuum of the order of 21.5 inches of mercury cannot be

calculated with such data as are at present avallable.

If this vacuum had been applied in 1944, the gas yleld

would have had an estimated minimum value of 7,000 cubic
‘ feet per hour. The present minimum yield would have

a lower value.

(1) Inspection of mine records may yield data which
will permlt reasonably close assessment of potential
gas yleld, thus enabling returns to be estimated and
compared with probable production costs to show
whether or not the project is commercially
attractive.

(3) Problems relating to the construction of seals
in the shafts have been outllined, and the necessary
work can be carried out in safety.

(<) The possibility of a water lock in the headings
has been recognlised.

17. Recommendations

It 1is consldered that no useful purpose
would be served in makin, further tests of gas yleld under
‘ existing conditions.
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The implications of a possible water
lock in the headings should be carefully examined before,
making any plans to recover gas on a commerclal basis,

An opinion should be obtained from a
competent authority upon the conditlons under which

methane exists in coal, with partiocular reference to
adsorption of gas and the critlcal pressure of adsorption.

(He Temple Watta.)

Melbourm .

29th December, 1948.
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APPENDIX.
. References.
A Australian Journal of Sclence, Vol, 1V. No.d

Be

C.

De.

Decermber, 1941, pe.p. 102-103, ampllfied by the
present writer.

Report by Messrs. Phillips and Reid, $/2/46,

Annual Report, N.S.W, Department of liines,
1007, page 1t4.,.

Extract from log of bore sunk below the
Downcast shafts-
4177' Struck gas in soft sandstone. Cemented
6" casing at 4,170 feet. Gas pressure
16 pounds per square inch.

4546' Struck gas in shale and sandstona. Gas
pressure 15 P.S.I.

4602' Struck gas In shale. Gas pressure
3 P.S.I.

Gas 1s loggced at greater depths, but initlal
pressures were low.

27th Nov. 1936: Depth 4,756'. Bore sealed down.

26th " Pressure 2 P.S.I.
20th " v 4 n
2nd Dec. " 5 "
3ra " " 9 n
7th " | " 9 "
24th " | Depth 4,305'., Bore sealed down
27th " Pressure 4 P.S.I.
28th " " 54 O
31 st ] n 8 n
10th Jan. 1937: "2
1st reb. " 16 N
2nd " " 17 o
gra " f 17 n

24th July,1937: Depth 4,935'. Bore sealed down.
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lst Aug. 1937: Pressure 12 P.S.I.
20th " u 50 n
12th Oct. " 52 n

(Note: Comparison of the rate of pressure rise at depth
4,805' with that at 4,935' indicates that the higher
pressure gas was encountered below 4,8086!,

There are gaps ln the sample log; the bore
was stlll in Coal Measures at 4,543', and in Upper
Nerine at 4,750',

The rate of gas flow from the bore was
variously reported, but exhaustive tests made in January-
February, 1942, proved that the yield was between 200
and 400 cubic feet per day under a vacuum of about 22
inches water gauge),

Darcy's law for linear displacement of gas through
permeable strata:-

2 _ .2
Q = 124K (P] -Pj)

niL T2,
where =
= rate of displacement, cubic feet per day.
- area, square feet.

= effective permeability, darcys.

Py and Po = pressures, pounds per square inch

absolutes
T w® viscosity of gas, centipoises.
T = temporature, °Re¢
L = length, feot.
Z = compressibllity factor.

Caloulation of H 18 in accordance with
Spang - Chelfant Englineering tables -
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(a) to determine tie effect of temperature gradient
on density of gast

D, _ b, L
D, L 8. Y T )
where:

D, = average density of gas column

D, = pas denslty at shafthead

= depth of bore, feet.

= temperature gradient, feet per degree i's
T, = shaftiead temperature in gegrees Pe

absolube. (Taken as €63~ at the zone
of constant tempersture, 1t feet below
shafthesd, at Balmain).

(b) to determine the pressure rise/to the welcht of /a
a column of gass ' ue

P
2 o o .000034% Dy L
P

1

where:

Py = absolute pressure at bottom of borse,

(any pressure units may be used).
‘Ge Density of gas at NelePe

The official analysis of the Balmaln gas
is given by Australien Gas Llght Company Limited as -

Cop = 3425

0 043
N 2.2
) or, 94,3

100,0
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The denslty of thisocomposite gas has been
calculated as 0.5948 at 60 F. and 29.921" Hg.

Spitzglass' equation for flow of low-
pressure gas, from Gas Engineer's Handbook -

Q = 3550 h D°
346
GL (1 + = 003D )
where =

Q = rate of flow, cublc feet per hour.
h a pressure drop, inches water gauge.
D = diameter of pipe, inches.

G = specific gravity of gas (air = 100)

L w® length of pipe, feet.

The following additional publlicatlons

refer to the Balmaln Colliery:-

"Rock Temperatures at Szdney Harbour Colliery,
Birthday Shaft, Balmain", by J.L.C. Rase,

EeFe Pitman and Prof. T.W.E. David.,.

Journal of the Royal Soclety of New South Wales,
Vol.33, 1899

"Problem of the Great Australian Artesian Basin"
Alex du Toit. Idem., Vol.Ll., 1917.
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