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SECOND CYCLE OF TESTS ON UNDERGROUND GASIFICATION
OF COAL IN THE KUZBASS
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B.F. GRINDLER

B e e R bt e il

A e

In the May lst issue of "Leninskii shakhter"
[Leninsk Minerl BE.F. Grindler, scientific supervisor and
chief of operations on underground gesification of coal,
reported that the seam was ignited on April 27th at
10 p.m. after 8 h of cold tests on the coal panel and
equipment. 12 h after ignition Tuel gas was obtained
from all three parts of the prepared panel.

In the vresent paver the author gives a profound
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analysis of the earlisr trials and develops a detailed
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picture of the second cycle of tests. The entire Soviet

society is paying close attention to this work.
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In the course of underground gasification of the Zhurinsk seam
in the Leninsk mine in 193k we were able to observe, for the first time in
the world, a continuous 6-month long formation of fuel gas from a coal
lock ignited underground; also for the first time in the world, the
undergrouni-produced gas was used for 38 days to drive a steam boiler
satisfyving all the reguirements of the Leninsk mine. However, these first
tests indicated that both in the selection of the test section and in the

reriformance of the trial itself we failed *o take into acccunt certain

circumstances which had an adverse effect on the course of the underground

gasification of coal (UGC).

This shortcoming was not due to general technical incompetence or

negligence, as it appeared only in the course of the trial, in a process

that at present cannot by any means be regarded as fully mastered or

studied. Also, together with the adverse conseguences for our first trial,

the above shortcoming gave us and the whole UGC sector something very

valuable: 1if taught us a great dea), and -- with a very minor expenditure

of time and means -~ helped to orient uz in a number of aspects of the

proviem; it served as a lesson showlng how UGC should not be carried out.

This refers in the first place to the configuration of the test

section. The coal block used for the first trial {see illustration) was

taken in the natural state in which it had been left after being worked

from three sides by the Leninsk mine, following the fire of 1928-1929.

According to the original plan, proposed by us in 1932 (see "Ways and

means of putting the idea of an underground gas generator into effect"

at Leninsk, Ugol' Vostoka, No. L4, 1933), we aimed at checking
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8.I. Drago's concepts and hence selected & scheme in which ignition was
carried out in places indicated by the crosses: fresh air was introduced
via shaft No. 2 and the gas was pumped off through shaft No. 1.

If Drago's idea that the combustion would move from shaft No. 2
toward shaft No. 1 through the block were confirmed, the UIGC process in
our section would have lasted for over a year. However, owing to the
insufficient amount of air supplied by the blower set up on shaft No. 2,
there was only enough oxygen for maintaining combustion along one long
side cof the panel adjacent to shaft No. 2. This promoted the development
of gasification under our conditions, but at the same time it also
promoted spread of the combustion in the direction of shaft No. 2 and
burnirng out of the coal along line A-B.

At the same time a hazard appreared with respect to the mine yard
of shaft No. 2, protected only by a clay bLulkhead constructed to allow
safe exit of personnel from the shaft after ignition. When, after 5%
months, the mine yard and the lower part of shaft No. 2 burnt and
collapsed, and the coal block was burnt out along the drift to a distance
of about L m (see broken line), the remaining part of the block could
not stand up to the ever-increasing pressure of the settling rocf from
side A-B and cracked u.. Ehort Tlows of air were then established
between shafis Jo. 2 and 1 and combusticn procesded along the line B-D.

Drago's scheme of prevaration of the section as carried out by
us thus proved o be unsuitable. We might in fact speak of a greater
distance between spafis 2 and 1 (along B-D) and of a more obtuse angle,
but even then, since the air flow stould have passed (starting from shaft

Mo. 7) along the fire face, the latter -- and consequently the normal
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course of the entire process -- would always be threatened by collapse of

the roof, which could deflect the flnw from the surface undergoing

pasification and even completely block up all passages.
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Plan of the UGC test section in the Zhurinsk coal seam.

Leninsk-¥uznetskii, western Siberian territory.
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Therefore, our first and most important conclusion at the end of

€ months of the trial, conclusion perhaps mest important for the UGC
sector in general, was

Pl

that the methods of section preparation and the

conTiguration must be such that the circulati

ion of air and the gases is
least threatened hy:
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a) collapse of the roof in the "worked out" space, and

b) establishment of "shor*t circuits" between the air and the gas-

removal shafts (or pipes), promoting ignition and even combustion of the

gas.,

The second conclusion was the very harmiul effect of any flooding,

evern ghort-lasting, such as occurred twice in our case in the course of

the 6 months during the drilling of control holes and disturbed the

proccss for 15-20 dayz on each occasioa.
The third very important point

is thart it i necessary to prevent in

some way the variations in the qualitative composition of the gas, observed

bRk £ R P

both in our case and in othe test sections (e.g. at Lisichansk and at

Shakhty} as a result of changes in the air regime.

Afrter a decrease or even & temporary interruption of the fresh-air
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injection the process rapidly changes in the direction of a rise in the

L

proportion of fuel constituents

i.e, a rise in the calorific value of

the gas. This is followed by gradual cooling and degradation of the gas

quality, requiring additional amounts of air, etc A graph showing the

character and the amount of the fuel components, and alsc the calorific

ue of the gas, will be represented by strongly broken curves correspond-

ing to times of changes in the regime.

It is self-evident that the gas consumer cannot accept such

variations, especially when they go in the direction of lower calorific

value, and thus the gas must be made apd distr

ivuted with some more or less
average composition.

Another factor that has to be mentioned is cne specific mainly to




the severe Siberian climate: we cannot inject directly to the [ire face
air at a temperature of minus 30 or L0 degrees, since anything that
affects the high temperature of the process must eventually be reflected
in the compesition and calorific value of the gas.

The rext conclusion, emerging from cobservations on the boiler
operation, is that the nozzle construction and the regulation of the gas
eombustion in the furnace must be such az to avoid a repetition of cases,
whieh occurred in our trial throughout the boiler's operation on the UGC
gas, where a considerable proportion of the gas components, and especially
carbon monoxide, failed to burn and were lost through the stack of the
boilerhouse.

To avoid the above shortecomings, which aopeared -- as already
stated -- oply in the course of the observations during our first trial,
we have developed a scheme published in Tekhnika of September 24, 193h4
and explained by us at the first technical party conference on UGC, held
on November 3, 1034 in Leninsk.

To what extent does *his scheme satisfy us today and, what is most
important, what is suitable for the gavification of secms in their natural
conditions of occurrence underground?

We shall first consider what we have left in the scheme as definitely
satl “foctc and recommendable for all cases of underground gasification of
coal, namely:

2y Simultanecus gasification of several panels with individualized

admission of air to each panel {or to each penel group) and with

individualized withdrawal of gas from them.




This ~onetruction or preparation of an underground gas generator

makes it possible, by alternating certain changes in the regime :n each

panel, to obtain in the gas .older (or a2 mine working replacing it) gas

of more or less constant make-up sand eliminates the cycle cf variation
observed earlier,

This idea cannot be guarrelled with and there were no cbjections
to it at the conference., Mining engineer A.85. Kuzietsov, chief of the
wvork on "UGC at Shakhty in the Azov-Black Sea territeory, 1is also in favor
of it (see Tekhnika of December 18, 1934, N..118), and his opinion, the
opinion of an engineer with =solid experience in undergreund gesification
af coal, counts fer & lot with us.

2 Distribution of the panels in such a way that the fire face
in =ach of them is on the line of the strike and the gasification <f the
panels proceeds along the rise of the seam.

This method of panel distribution and gasification we no retain
only Tar gently dipping seams; the limiting dip of a seam to te gasified
by this scheme is determined in each individual case +, dependencet on
the coal's thickness and hardness and eon the character of the roof recks.

For steep seams we consider it necessary tg start the igniticn
from a side perrendicular to the seam's strike, and *he gasification scheme
for seams of thisg kind should diffe. conziderabdly from cne that can be
adopted for gently dipping seams and, in particular, from the scheme
suggested for the second cyecle of %trials in th2 Kuzbass.

3a Drainage and =mutving of the water. Since it has now been
shown in 111 that water, i.e. the excess moisture in coal, is & very

unfavorable factor degrading the gasification results, wherever the seam




has water-bearing rocks higher up or when water can enter it (during the
summer after rainfall, in the spring owing to the thawing snow, etc.) it
will be necessarr to provide = ong the seam's rise draining ercavations

and 1o connect them with wate: Arifts and with the mine drainiag pit, or

to .ead the waler into lower-situated workings. The water-emptying shafts

or pits should be below the section marked down for gasification. In

certain cases between ignition and the entc of the opening up and preparation

of the penels it may he userul to leare some time Tree for drying of the

coal,

Prevention of the establishment of "short circuits" between the

alr and the gas-removal shafts. Our scheme, aiscussed at the technical

oarty conference, fully satisfies this requirement, extremely important

for the UGC procuss.

However, the main disadvantage of tl.is scheme is the fact that it

does not enuure the continuous injection of air te the fire faces from

the side of the "worked-out space' after the roof hal collapsed into

this space.

Mentioning *his <3 the principal flow, which got many fully deserved

comments and criticisms during the conference, we must admit that it is

one of the weak and inzufficiently developed aspects of the scheme.

Equally, we rust admit that whe) the air is injected according to
our scheme, i.e. with frontal blast from a shaft situated below the panels
marked out, it would te difficult to dc anvthing sbout the low temperature
af the air going to the fire faces.

Takin,, into account the criticisms levelled at the scheme by certain

wir kers (comcades Tseitiin, [oganson [Johanson?], Zolotov, ete.) during the
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conference, we pondered over it ana introduced a number of tundamental

changes and corrections. Wirth all these modificaticns the scheme now

a9

determines the character of *the preparation of the second test section,

Vo

especially as it has heen basically improved and admitted to be highly

interesting at 2 conference in the technical division of Podzemgaz on

e = TE T

January 29, 1935.

et i

Srocifiecally (see the fipure for the second sectinn, shafts 3 and

A

i), the changes econsist in that the air is sent to the fire face not from

the ignition end, and not from the side, but through workings made in the

L E ¥ N

-

enal block snd sctive until this rccal has burnt out completely.

However, if the fresh air came in as in the first trial, i.e.

L R

through unpretected drifts, then the combustion, moving mainly against

the flow, would lead to burning and collapse of the walls and to a dis-
turbance of the gasification proress. To aveid this, we came to the
conclusion that the fresh air must be brought to the gasifying surface
through pives, and th:se pipes, or rather conduits, should be assembled
so that, as the fire faces migrate and during the collapse occurring in
the gasified space, their length decreases approrriately and ensures a
steady suprly of air, by displacement of the outlet orifices.

The presence of such air conduits, embedded in bulkheads every
7.5-15.0 m, apart frorm the main purpose of stopping propagation of the

combustion toward the incoming air also hinders the es:ablishment of

1 "

shorts" between two flows sweeping the long sides of a panel in opposite
directions, even if the panels contain fissures, as was the case in one

of the last tests in the Krutovsk section in the Moscow hasin.
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Let us now see how the second test section has been prepared.
In the first plece, it lies in the direct vicinity and almost
tourhes the first {(see figpure); it is limited on one side by the fault

lin= and on the second, and rartly the third side.it rests on the old

Leninsk mine workings.

L

A A

Shaft No. 3, lower along the dip is intended, according to the

scheme, for emptying water. In our case, after it had been used tc
intensify the preparation and cutting-in of the panels, it remains as an

auxiliary shaft for work on opening up the first trial section (see the

working marked out with a broken linej, and also for communication with
the drift going round and with inspection ercosscuts, so that we can get

as far as possible into the panels tc be gazified.

Shaft No. L should serve for both air and gas conduits. These
conzist of steel seamless pipes 22 mm in diameter (300 mm at the flanges),
laid along the shaft and then along horizental workings.

The two zir conduits are brought to bulkheads in drifts C and are

there cemented in. Steel pipes D-300 mm*, 4.5 = long, are then bullt

g
!
,1
3
:
.E
-
R

*Translator's note: 300 mm in diameter?
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into the bulkheasds, the latter being previded at 7.9 m intervals. Between

the ends of these pipes, protuding Z m from each side of the bulkbeads,

S W e FAR

o

we put in pipes of the same diameter, made from roofing tin, 3 m long

e

cad lined on the outside with thick wooden boards. The individual pipe

unit 3 outside the bulkheads are held up by wooden surports cladded with

clay.




As the fire face moves in and the renf collapses, the integrity
of the air conduits is disturbed and the roofing tin sections burn out
and collapse as the bulkheads are reached by combustion, and this is
the whole point and the whole "secret” of this invention.

The gas-removal takes place in three drifts; up to the bulkheads
the gas moves through the free cross section of the excavations, and
from the bulkheads it is drawn un to the surface by three independent
exhausting ventilaters, entering the gas holder and mixing in there
before going to the pipeline leading to the boilerhouse.

Apart from the gas holder, the second test section has a cooler
and a tar trap, the purpose of which is to remove from the gas water
vapor, which strengly degrades its quality, and to remove tar, which
rondenses upstream of the gas-pumping ventilators.

Since in the pew plan on ihe second test section we have envisaged
three gas exhausts in cne and the same shaft, these heing heated to
100-110°C in their uppermost part, and two air conduits, we have here all
possibilities for the preliminary heating of air going down to the face,
i.e. for maintaining a high-temperature process.

Az can be seen Trom the drawing, the section with a total seam
area of A0 x A0 m is cut <through along the line ¢r' the strike by two arch-~

gshaped drifrs without bracing and five similar drifts along the rise, not

counting the special-purpose working going round. These drifts form L bands

or panels 58 m long and @ m wide. The middle two panels are the main ones
and the end panels are auxiliary.
Fresh air is injected by two blowers through ~ther air conduits,

laid on the cutside of the main panels. Leaving the pipes, the air sweeps




the twe short sides (which in 21l panels are ignited before the start
of gasification) and, already in the form of gas having a certain compositicn,
is drawn up by 2 single centrzl ventiiator set up on the surface.

Depending on the character and the results of the process taking
place in the two main panels, vart of the air is drawn off from drifts C
to the twe auxiliary faces of the enu panels by two independent ventilators
placed in series with the ventilator working on the main panels.

The regulation and alternation of the decresased or increased air

surnly to the main panels and to each auxiliary panel should provide the

optimal conditions for maintaining at all times zonal gasification of coal
and, as already mentioned, for obtaining in the gas holder a gas of constant
composition and constant calorific value.

While the preparatcory work cn the first test site was done without
sufficient means, materials, or manpower, lasted nearly 2 years, and ccst
about 80,000 roubles, includivg the costs of the tests themsnlves, the

preparation of the second section is done exclusively by the percussion¥®

¥ ranslator's note: Tlot clear. This term may mean
anythling from a blow to a detonation. However, it
does not mean "exvlozion”.

method. Tt startad in Decermber 193k and will be completed in May 1935.

The volumes of work in the two cases are of very different

mnagnitude. Thus:

Mining work -- +the number of shafts sunk in the new section is

twice as large as before, the number of drifts f times as large, and the

number of pipe conduits 12 times are large.




The number of ventilators set up will be €, as opposed to 2 in the
firet section. The number of boreholes will be 28, as opposed to 1k, ¢nd
moreover, in the new section there will be 20 brick bulkheads 2¢ bricks
thick and 12 bulkhesads 1% brie . thick, whereas the first section had

ne bulkheaids at all.

Cansider the cost structure of the preparation of the second test

Zay

section. The total is arcund 165,000 roubles. This includes 10,940

e e,

routles on buildings and structures, 93,540 roubles on mine workings and

drilling, 54,200 roubles on equipment and assembly, and 5900 rouhles on
miscellanecus expenses.
[Tine missing Trom the Russian text] ... coal extracted as
15,320 roubles, we get the total planned costs as 149,250 roubles.
Repeating our earlier calculations that the fire face moves 15 cm
per day, we get the daily gas production as 9.0 x 5.0 x U x 0.15 x
1.2 x 3000 = 100,000 m3. Taking *he same mean calorific value as before,

i.e. 1750 cal*/mS, we obtain about 175 millicon calcries per day.

* Trapslator's note: Presumably "keal" in
every case
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We have intentionally repeated all those calculations that we
accepted earlier. We shall now compare them with calculations carried
out by engineer Khlebnikova {un employee of Podzemgaz) during cur visit

to Moscow last February.

"N

Since the Zhurinsk seam easily undergoes seif-ignition and cracks
up, we postulate a high-temperature generator process; moreover, large

quantities of coal entering into the process will first undergo low-
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temperature distillation, so that we shall have not a pure generator gas
tut a mixed one, or a semigenerator gas, plus gas from low-temperature
distillatien of the coal" -- thus wrote Khlebnikova at the beginning of
her investigatiaon,.
She then went on to make the following assumptions:
1) 10 kg of coal is gasiried per hour per n® of coil bloek
surface area.
k.5 m” of gas is obtained per kg of coal,
o
The fire-frace area in the gasifying ranels is 220 m™.
The gas removed per hour amounts to 9800 m3.
The gas composition is as follows:
carbon dioxide
carbon monoxide
methane and unsaturated hydrocarbons
nydrogen
hydrogen sulfide 0.30%
nitrogen 55.55%

water 1.20%

100.00%
6) The calorific value of the mixed gas cbtained on a dry air
blast is 1035 cal/m3. Since this gas will be additionally mixed with

3

about B85 m~ of low~temperature distillation gas per hour, the latter's

composition being:
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carbon meroxide 5.2%

hydrogen 12.0%

methane 60.0%,
the fTinal ecalorific value of the gas should be taken as 11L5 calme.

7)  The amount of air required for the vrocess is 7000 m3/h.

's figures recaleculated for a period

We shall new give Knlebnikova's f

of 1 day* and compare them with thos= adopted on the basis of our first

* Translator's note: There is an almost illegible
line in the Russian text at this point, but the
meaning is probably as given above.

Gas production: According to Khlebnikova:

19800 x 85) x 24 = 237,000 "

Our figure: 100,000 m>.

af calories obtained in the gas:

According to Khlebnikova: 275 million

Our Tigure: 175 million.

This shows that our figures are not high.

If we compare the calorific power of the gas (1145 cal/m”

according to Khlebnikova and 1750 cal/mJ according to us), the difference

due to the fact that Khlebnikova assumed the use of an exclusively

dry

and should have been, strongly =zffected by the presence -f moisture.

blast, while under our conditions the course of the process was,

The first trial, carried out in 193k, was not organized at all well
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asz regards the control services and cobservation cof the process.
not go into the reasons for this shortcoming, but to aveid the situation
during the secondi trial we adopted the following measures:

1) T™wo mining engineers, comrades Zelotov and Makhin, were sent

to Leningrad to attend special courses on UGC; so were comrade Shevel 'kov,

a combustion engineer, and comrade Qdinckov, a chemical engineer.

2) Three laboratory assistants were trained in the gas-analysis
laboratory of Central Siberian Mine Safety Station.

1) Courses were organized to prepare 12 active members of the
Young Communist League for sample collection and measurements of the
amounts of gas, Lemperatures, efc.

i
in pood time.

Podzemgaz promised us considerable help in this undertaking, and
rome assistance has already been received. Here we expect to get
additional thermecouples, hish-prescsure gss blowers, gas counters, etc.
Here toa we shall apply for specialists to set up the control and
measurement instrumentation.

We hope that the second cycle of trials -- carried cut urder
completely different conditions of preparation, air supply, zZas with-
drawal, and maintenance -- will yield new data which, together with the
results obtained at other test sections, in other regions, will serve
for the fastest possible solutiocn of the great vroblem of underground

gasification of coal, bequenthed to us by Lenin himsel?f.

We shall

L) Acquisition of thermocouples, gas analvzers, etc. was ensured
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