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A STUDY OF THE PALANA LIGKITE FIELD
IN RAJASTHAN

I NTRODUCTION

The lignite occurrence at Palana ( 27°51%:73'19’ ) near Bikaner City has
been well known'amongst the Tertiary coal deposits of India. It has been worked
continuously over the past balf a century and since the formation of Pakistan, it
has been the only lignite mine of its kind in India. The mining operations are
. carried out by the Department of Mines and Geology of the Government of Rajas-
than, With the reports of the lignite mining plans in Madras State, this operation
also gains some importance partionlarly due to the fact that the Rajasthan State
suffers as much if not more, from the fuel shortage as the Madrag State and proba-
bly both the States have great future if their lignite deposits are successfully har-
nessed to produce power and the valuable by-products.

About 150 tons of coal have been produced at Palana per day to meet
partially the fuel requirements of the Government owned Power-houses both at
Bikaner and Shri Ganganagar. This coal field issituated about 14 miles south-
west of Bikaner, the headquarters of the Division of the same name in the State of
Rajasthan. The Palana railway station lies on the Bikaner-Jodhpur branch of the
Northern Railway and is connected bya good motorable road wnh the Bikaner
City,

Lientr2 Discovery

It was in the year 1896 when the discovery of lignite was accidentally
made here by some villagers who were sinking a well in the locality. The occur-
rence was noted at a depth of 200 feet from  the surface, the ground water level
being 150 feet further below the lignite horizon.

-

A
- .
-

In place where fuel is so scarce and where coal from Bengal or Madhya
Pradesh coal fields is not easily available or is quite costly, such a discovery proved
to bs a boon and attracted much interest. The State Government soon started
further exploration and mining operations to prove and win the minerall Many
eminent mining engineers and geologists including La Touche * Holland, Heron ?
and Fox?® bave visited this area and have expressed varying opinions about the
‘method of mining which might be adopted to best suit the local conditions and the
difficult nature of the deposit. The methods of mining chiefly consisted of sinking
shafts for the purpose of proving coal and later to be used for raising in case of
their meeting a workable thickness of coal seam. The reserves were ascertained
almost from year to year and mining was so adopted as to produce sufficient coal
to meet the requiremeat of the Power-houses to the maximum extent,

1" La Touche, T. D *“*Raport onthe ocourremnces of coal at Palana Villagain Bikaner State”, ‘4 S.I. Records, Vol.
XXX, 1897 P. 122, ’

2. Heron, A. M. “The Mineral Resources of Rajputans”, Trans. Min. Geol. Ingt., Vol. XXXX, P. 4, 1835.

8. Pox, C. 8. *A Nots on the coourrence, Recovery and Utilisation of the Lignite st Paluna, Bikaner State, Rajputana,”
1944 TUnpublished. .
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GeoLoey oF Parana Coar FigLs

The coal field is sitnated in North Rajasthan practically in the heart of
Thar Desert. Thepe is a complete absence of exposures of any geological forma-
tions in the vicinity except the enveloping aeolian sands which cover varying
thicknesses from 2-10 feet or even more at some places. Beneath this layer of
sand, kankar beds have been found generally in association with ferruginous nodules
and extend to depths of 0-70 feet, They are followed by weathered sandstones
and clays of about 20-40 feet thickness. Below these, a hard, compact and buff
coloured limestone is found, underlain in order of sequence by nummulitic lime-
stones shales, impure ferruginous limestones, clays and about 50 feet thick fuller’s
earth bed. It is followed by a 10-30 feet thick incomplete section of bluish grey
and piok shales, and a thin band of friable sandstone and lignite. Below the lignite
seam there ig an occurrence of 2-4 feet thick band of soft clay grading into a crum-
bling sandstone. This clay is peaty in appearance and is interstratified with sand
at places. Tests conducted at the Central Glass and Ceramic Research Institute !
indicate that it is quite a good fire-clay with a p. c. e, value of Orton Cone 31 i.e,,
1680°C, and suitable for manufacturing even high grade refractorywares, Where
lignite seam is not present the beda of fuller’s earth and shales are directly under-
Jain by coarse sand, locally called ‘bajri’s The latter is generally followed by a

stratum of bluck shale.

The mining operations in this regioa ( Plate 1) have pkovideda volume of

information, particularly about the geology, the nature and shape of the deposit and
its extent,

1. Almost socon after the discovery of the lignite in this region, the first
shaft marked ‘66’ on'the plan and located about 1807 feet north of the well, was
sunk, but it proved only two feet thick lignite seam and so wasabandoned,

This was the beginning of a series of shaft and pi't sinking which in many

cases were primarily intended for prospecting, but subsequently were equipped
and used as raising shafts.

2. A new shaft 490 feet to the south of the water well was then sunk dur-
:ing the year 1900, which touched a 25 feet thick lignite seam at a depth of 211

feet from the surface. This was the first main coal raising ghaft ( P 26, S.1)* in
_this field. -

3. In order to prove further the extent of the deposit a bore-hole was
drilled by Messrs Bird and Company, which were granted a mining lease here
terminating in 1906. The strata found in this borehole near the shaft P 26 has
been shown in Section I. This shaft continued to yield coal till 1912, when ano-
ther pair of shafts P, 37; P 37 A of 11 feet diameter were sunk about 1500 feet west

of it. Being located on the rige side they touched a 30 feet thick seam at a depth
-west of 175 feet only from the surface.

4. Soon afterwards an exploratory shaft (P, 44) was sunk 900 feet
further to the west showing only 157.5 feet of over-burden and 50.5 feet thick

seam- These shafts ( P. 37; P. 44 ) were abandoned due to collapse of roof and -
fires in the year 1917.

1. Anllyuls Beoport No, CCT/25-62- of 15-1.63 of Central Glass and Ceramio Research Institute, Ja.darpur, Caloutta.

3
®  Abbreviation: g E::;l: g:::o:l;.omm‘
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S, ‘For months afterwards there was no shaft from wbich coal could he
won. Another pair of shafts which were ‘under sinking for some time, were
completed during the year 1918, They were knownas ‘East’ shafts and were
located 1800 feet to the East of ghaft P. 26. They met 18 feet thick seam,at a
depth of 192 feet and 196 feet respectively ( P. 13; P. 14, section II), The seam
thinned out as the workings advanced towards the north and due to this, these pits
had aiso to be abandoned in 1922,

-6, In 1923, again two.shafts ( P. 16; P.17 ) were sunk about 2200 feet and
1900 feet respectively to the gonth-east of the shaft P. 26 and these proved a
thickness of 25 feet and 43 feet of lignite ata depth of 155 feet and 137 feet
respectively, Production was obtained from them for the next four years when
they were abandoned due to falls and fire.

7. In 1927 the management was again confronted with the task of finding
out further lignite bearing area, The advice of the Chief Inspector of Mines in
India was sought for and two other pits{ P. 39, P.40, S IV and V) were sunk,
which produced lignite for sometime. The shaft P. 40 was only 200 feet away
towards the north of shaft P, 39 and the lignite was found-in it at a much higher
level due to a fault. It is estimated that it had an up-throw of about 40 feet,
Fires and falls compelied the management to abandon these pits also in 1936, The
presence of fault, crushed nature of the lignite and thinning out of the seam
ahortem_;:d the lift of these pits,

8. In 1929, however, a seven fe_ef diameter shaft (P. 25) was cdﬁlpletqd in
between the abandoned workings of the shaft P. 26 and the south-east shafts P. 16-
and P, 17 to augment the out-put,

9. In 193], while some production was on ftom P 39, P. 40 P. 25, three
more shafts (P. 11, P. 12, P.15, S 11I) were thensunk. Inthese qhafts the blue shade
was geen well developed which is an indication for thicker lignite horizon and was
welcomed by the management, a 36 feet seam of lignite was met, These shafts
provided a steady out-put for a number of years, in fact the raisings exceeded the’
normal requirement and the production was slowed down by working for only four

to five days a week.

10. When production from P. 11, P. 12 and P. 15 was coming, another
shaft known as the “Silver shaft’’ (P. 9) was sunk at 1500 feet to the east of shaft
P, 16 in the year 1937, A 40 feet thick lignite section was intersected at a depth
of 131 feet from the ground level. This is the smallest section of overbutden met
8o far in the Palana Coal Field, Within about 200 feet south of this shaft a big
wash-out was met with which practically runs across the eatire length of the coal
field and so further development in this area from this shaft came toa close,

11. 1n order to continue Further raisings, two sevea feet diameter shafts
(P. 7, P, 8) were sunk when the silver shaft P, 9 was about to be abandoned in
1939. Lignite section of 14 feet and 16 feet were met with at a depth of 210 and
213 feet respectively from the surface. The seam was found thinning out to-
wards the north again and so the development was extended towards east, It
had to be restricted, however, due to the main railway llne passmd over thxs
area from Bikaner to Jodhpur, '

12. Arrangements to swing this railway line to the east were ‘made and
completed in 1949,  During this intervening period most of the development
work in the south-eastern district was curtailed and only anexploratory shaft five
feet in diameter was sunk in 950 to the east of the railway line (P. 3, S Vi),
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which touched a 20 feet thick seam, proving the continuity of the lignite bearing
area in this direction, Another shaft P. 4 (Section VII) was also completed in this
year. The ghafts P, 3 and P. 4 yielded a steady out-put for about three years,
Extensive wash-outs were encountered to the South of these pits and so they
were abandoned towards the end of the year 1953,

13. The development operations though restricted to the south-east
section, were continued with vigour in the north-west section of the field during
the yeafs 1945 to 1950. In 1945, three shafts (P. 49, P. 45, P. 41, S VIII) were sunk,
The first two (P. 49, P, 45) continued 'yielding a steady out-put till 1949 bat, the
third one (P.41) sunk on the basis of examination of the mine plan and meant ta
win the coal from several unworked 200 feet square pillars in the vicinity did not
meet with success, When the galleries were driven from it, the pillars were
found to be too small with badly rubbed sides and their surrounding galleries
were practically choked with fallen debris of shale from the roof. It therefore,
yiclded very little lignite.

14. Another exploratory pit (P. 50, S IX) sunk in this area to explore lignite
formation proved a thickness of about 14 feet of seam at 218 feet depth from the
surface,

15. Attempts to prove further coal bearing area continued and exploratory
(P. 38) shaft was sunk in the north in this area which conclusively revealed that
the seam thinned out towards the north and only a thickness of 6 feet 9 inches
seam was met at a depth of 257 feet from the ground level.

16, In 1948 two shafts (P, 54, P. 55) were sunk about 1000 feet south-west of
P. 43. The pit P. 55 proved a thickness of 61 feet of lignite at a depth of 140 feet
from the ground level which was the Jargest section of lignite seam intersected so
far in any shaft or bore hole, The shaft P. 54 touched a thickness of 47 feet at a
depth of 161 feet, These shafts were responsible for the maximum out-put attained
by this colliery at any time during its history, viz, 72,000 tons in the year 1948,

However, they had to be abandoned in 1949, owing to an extensive roof fall and
ﬁl’e. ° '

17. The necessity of cheap lignite fuel for the power houses continued to
provide urge for further exploration and development. Two new shafts P. 62,
P. 63,5 X ) were sunk in 1948 at a distance of about 2000 feet to the north-west
of the shaft P. 54, It proved a thickness of 17 feet of lignite at a depth of 183 feet,
Unfortunately the galleries driven for a short distance of 150 feet from these shafts
met extensive wash-out and clay pockets and had therefore to be abandoned.

18. With these attempts it was generally felt that there was no coal bearing
area left for development and production in the north-west section, However,
as a last attempt two shafts P.47, P. 48 were further sunk in the year 1950.
They were intended to work a small triangular patch of coal left between the pits
P. 50 and P. 55 sunk in 1945 and 1946 respectively and hounded by a big wash-out
on one side. Ag a result of these difficulties, the out-put of lignite in 1950 contracted
toabout 25,000 tons and all attempts to increase the same did not meet with success,

19. A pit P.60 (S, XI) sunk on theassumed azis of the field in the year
1949 also failed to strike the ligni_te formation and instead met another washout.

20 Two shafts (P, 31 and 32) were sunk in the year 1951. A chance was
taken to find out if a workable thickness of seam in virgin area could be found out.
This proved to be a success and the shafts proved 25 feet and 28 feet seam ata
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depth of 226 feet und 221 feet respectively. These are the shafts which are the
present lignite winning pits and a quantity of about 27,000 tons of lignite has so
far been mined from these shafts, Another shaft (P. 33) to accommodate double

cages has been sunk, equipped and kept ready for removing the shaft pillars of
P. 32,

The tale of sinking shafts for the purposes of exploring and then employ-
ing them for lignite winning if a workable seam was encountered, and then
abandoning them due to collapse of roof or fires has been repeated. The
featureless surface of the field, the dull and repulsive look of the lignite, its high,
moisture content and calorific value and comparatively cheaper cost of bituminous
coal in the early stages from Bengal and Bihar coal-fields contributed to the slow
exploration of this field. Its market wasalso limited to power-houses only because
the chopping blast of the locomoatives made this fuel unsuitable for them. . Never-
theless its uaefulness was fully recognised for raising steam from stationery boilers,
The margin of profit in mining was very meagre and as such there was always
reluctance in financing extensive prospecting and exploration programme,

This situation, however, has materially changed since World-War II, when
the long distance of Bikaner from the Bihar coal-field and the hizh haulage cost,
transport bottle neck, increased the dependence of the Power-houses on this fuel
and it became necessary to consider, not only improved methods of mining aiming
at higher extraction ratio of available lignite, but also for its intensive prospecting
hydraulic stowing seemed inconceivable, The pneumatic stowing also could not
be of much help because suitable stower and stowing material were not available
and it was apprehended that clogging of pipes would rather be the rule than except-
ion. The need for detailed prospecting further became imminent in 1949-50 when
an exploratory shaft sunk on the assumed axis of the lignite bearing area indicated
presence of large washouts. o :

With the procurement of a Hole Master rotary core drilling rig it bas
been possible to drill fifty tour bore holes during a period of about four years (1952-
54) and this methed of prospecting has proved to be a boon to explore lignite in
an area, where as already mentioned, the surface is a mere vast expanse of sand.
These boreholes have helped to locate two virgin lignite bearing areas marked
ABCD & PQRS about half a mile long and about 1200 feet wide indicating a
thickness of lignite varying from 22 feet to 5 feet. The sections of the strata met
at thege bore-holes indicate the same nature of rock formations, -

A study of the data from plan of the shafts and bore-holes of this coal-
field clearly indicites that the lignite seam extends over a distance of about 3, 5
miles in the north-west south-east direction and is about half a mile wide in
NNW.SSE direction, It dips about 1 in 12 towards north-east. The seam is not
repular and contains sporadic occurrences of clay pockets, These clay pockets or
washouts present evidence of the erosion of the lignite formation by a stream
after it had been deposited, and appears more or less wedge-shaped,: With a
maximum thickness of 61 feet as found in shaft P, 55, it gradually thing out
towards the north in the dip direction and shows a thickness of 5 feet only in bore-
hole, NW 17-52* and completely vamshes in about 25 feet distance further north
from this bore-hole. It has been observed that the thickness of lignite seam
approximately decreases by about a foot in every 50 feet distance travelled

*  The abbreviation NW means North-West, first nwmoral 17 means serial number of bore-hole, and (ho last
nuwbar 52 means the year whon it was drilled.
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lateeally from south to north. The depth of the seam from the ground level ha’:-
also been found to be varying from a minimum of 131 feet as seam at the 'Silver'
shaft (P, 9) to a Maximum of 302 feet in the bore-hole N. W. 1-54.

OzrreIy oF THE DEPOSIT

The Palana lignite is believed tohave been formed due to the accumulation
of plant rebris brought by the rivers and deposited in an estuary near the shores
of a gulf in the Eocene times. Several deposits of almost the same age, though
varying in their nature and quality, have been noted at Makarwaland Khost
(Pakistan) and also in the State of Jammu and Kashmir, The washouts or clay

pockets in the same horizon with lignite might have been formed as already
mentioned by civer action. ’

At the junction of the clay pockets and the lignite seam no evidence of
faulting, drag or shattering has been noticed, The presence, however, of pebble-
beds as shown in some of the old shaft sections suggest ‘diift’ origin.

Aak or ¥ Derostr

The lignite occurs here associated with shale and fuller’s earth lying
below the nummulitic limestone possibly of the lower Kirthar series. The fuller's
carth, shale and lignite are together grouped in the Laki facies of the Sind
Tertiaries. There are further indications of coa) in almost al} the Laki formations
which extend from Sind to Kashmir. For instance, lignite occurrences have been
reported in the Thatta Taluka near Karachiand the anthracites near Jammu
described by Middlemiss ! are quite well known.

The argillaceous beds below the nummulitic limestone in those localities
are evidently of the Laki age. Whenever the nummulitic limestone is absent as
for example north of Barmer in the Jodhpur Division, the fuller’s earth en-
closing the fossil Cibicides “Nummulites” is said to belong to the Laki series, this -
fossil being a typical associate of the Laki beds. Burt in the absence of other fossil

evidence excepting nummulitic limestone in the Palana area, generally the * Laki”
age can be assigned.

Natvez or ™8 Parana LieNiTE

Several opinions have been expressed about the Palana Lignite and its-
nomenclature. Roy ? was of opinwon that it should be regarded more asa peat
than a liguite, Fox * on the other hand suggested that an uphft of the area has
resulted in the temporary exposure of the peat to the atmosphere thereby arres-
ting fucther bacterial action, responsible for the conversion of the peat to lignite.
He thus accounts for the incomplete transformation of the peat to lignite. In
general appearances, however the DPalana lignite is brown in colour as most
lign tes are and 1s highly resinous and in its chemical composition and calorific
value it closely resembles lignite In United Statesof Americaand United Kingdom
the terme lignite and brown coal are used by some ae synonymous. In Germany
tne term lignite (Lignit) is reserved for the wood or woody material of the coal
as ‘ligbum’ means ‘ wood”, The term “Brown Coal”’ (Braun Kohle) is generally
used for coals which are brown in colour, and contain more than 30 per cent

1. Middlemiss,

2. Moy, S; unpublished report in old records of the Palana Colliery.
3. Fox, 0 S.aop b,
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moisture. It embraces both the brown coal and lignite of the A. S. T. M. * classi~
fication and all but the Glanz braun-kohle of the German classification. A typical
analysis report * of this lignite is given below:—

“The sample was in the form of dark brown dull lumps some what woody
in appearance. Most of the lumps vary in gize from 4 inches to 2 inches and
showed cracks on the surface, breaking readily along certain directions when
pressed with the fingers.

The results of the tests carried out on a representative portion of the
sample ate as follows;—

Mcisture . .- cas ces 36.14%
Puroximare ANaLy:is oN THE Driep SanerLe
Volatile matter, ces aes eos 50.22%
Fixed Carbon, " ees eee 41,96
Ash. 7.82%
100.00%
Natare of coke, Non-caking,
Colour of ash, Brown.

Cavonriric VALUE oN tHE Driep S8amrre

Calories per gramme. aes aes 6,674,
B. Th. U. per pound. ees . ees 12013,

The result of the ultimate analysis carried out on the dried sample is
as follows:-- o '

Carbon . aes - 67.37%
Hydrogen .ee oee ... 5.037
Nitrogen . ese . ase  aes 0.90%
Sulphur (Volatile) .se . .es 2.24%
Ash cos ese vee 8.10%
Oxygen by diffesence) ... - - ees 16.36%
100.00%,
Total Sulphur vee cra 3.249%

Sulphur in ash. caiculated on the basis of ash:~13 01%".

Results of analysis carried out by Fuel Research Institute, Jealgora, are
also given below:— ‘

“PRoXIMATE ANALYSIE

Aty dried Dﬂf bases

Moisture. 26.7%, Nil.
Ash. 1.4% 6.0%,
Volatiles o S 45,29, 61.7%
Fixed Carbon. 23.7% 32.3%__
100,009, 100.009%,
Calorific Value in B, Th. U. per pound:—9,740 13,290,

1. 1902 Book of A. § T. M. Standards, Part 6, P. 8:3 published hy smerican Sooiety for Tesbiug Materials,
Philadelphin, D. 8. A. .

2, Beport Alipar Test Houre, Calcutta, No. AIN/13/19 dated 5-4 1940 and No. MN/16/19 drted, 19.5.194¢.



ULTIMATE ANALYSIS

Air dried Dry basis

Moisture. i 26.7% ‘ - Nil
Mineral matten. . 4.849%, 6.60 %
€arbon. £2.32% 71.20%.
Hydrogem 4.74%. 6.47%
Sulpbur. 1.68% 2.3 %.
Nitrogen. 0.91% 1.24%,
Oxygen by difference. &81% 12.10%,

100.00% 100.00%

Extraction wnth P. E, and benzene mixture:—30:70,

P. C. extract on, dry lignize. 16.5 abaut 25%, which was wax insol' in Etherc
Ash fusion range in mildly reducing atmospheres—1120° to over 1300° C..
Sp. gri— : 1.213: at 40°/#4° C".

Fuel ratio of lignite;—

_Fixeq.CE‘llo_m__ 4 1.96 __0.835ta.a per analysis by Govt. Test House,.
Volatile matter. 50 22 Alipur, Caloutin..

The fuel ratio of Palana lignite is abiut double that of peat but slightly
Tess than pormal lignite, The comparative figures of fuel ratios are as follows:—

Peat—0,460 - Palana lignite—0,835 Normal lignite—0988
According to Hill's Law coale older in age generally carry less volatile-
matter and moisture content owing to deeper barial and the resulting high pressure.

Comparative merits and demerits of Palana lignite as against other browm
coal deposits:—

“As a look into the comparative chart (Plate) giving amlysis of important
world deposits of lignites will show. the values of moisture andash contents of
the Palana Lignite are Jower than some Australian and Gernian brown coals, the

ash content of Palana coa) is almost equal to that of U, S.and Cana;d'faq brown
coals, '

The vokatile matter of Palana lignite is higher tham other world depasits:
Therefore, in this respect the Palana Lignite does not fare better. But it has alsor

higher percentace of fixed carbon and thus it fares better than otber brown
coal deposits,

The calorific value of Palana lignite is 7,384 calories per gram  which is
higher than thatof German brown cnals and South Arcot lignite but lower thamr
Australian, U. S, and Camdian brown coils. The percentage of sulphur as:
shown by the ultimate amilysis is higher in case of Palanz lignite but it is not
g0 ha1, bscause some of the Australian brown coals contain a very high amount of
sulphur, i.e, 569%. The Palim lignite though containing higher sulphur content
than South Arcot lignite, fare mach better in this respect than "South Australian,
Central German and Turkish brown coals.

It also containghixher am»unts of Carbanand Hydrozen but Iower Oxygen
The Nitrogen content in the Palanz lignite is 1'24 which is lower than

that of South Dakota, Terasand Turkish brown coals but higher than Australiar
and North Dakotz brown coals.

eontent.

Palana lignite thns compares favourably with other lignite deposits as

regards fixed Carbon and its calorific value though they are not very high can be
considered satisfactory-

1. Puse! Research Institute, Jealgore, Wo. 529 of 18-G. 1052,
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STRUCTURE OF THE DEPOSIT

The deposit is an irregular lense shaped one, There are evidences of
small upthrow faults but no major faults have beep located. It is considered that
on the north-west side a strike fault is present because the lignite in this section
is met with at a higher level on the dip-side, which may be due to the seam having
been faulted and upthrown on the dip-side. On the whole item, however, be
assumed that the area enjoyed comparative quiescence, even though there may be
evidences of local faults, or displacements and minor folds.

MzrHOD OF WORKING

A glance at the underground plan ( Plate) will show that to mine this
lignite deposit, the room and pillar method has been adopted, shafts are sunk from
time to time for winding the coal and raising and lowering men and material.
Galleries six feet wide and six fect high are first driven in the virgin seam near
the floor and are supported at intcrvals varying from 2 feet to 5 fect according to
circumstances by timber (sal ballies) props of 4 to 6 inches in diameter. The
soft pature of the lignite and also of the sandy shale above has made close
timbering almost obligatory and recently on the main headings close skin to skin
timbering has been adopted. Side walls with masonary bricks in line and arches
have been tried to support the main roads, though this minimises the disintegra.
tion of coal toa certain extent but it cannot totally stop the drying up of the
exposed lignite surfaces. It has been found that the disintegration goes on at the
rate of about an.inch of deptha month, After driving the main headings toa
distance of about 1,000 feet from the shaft pillar extractiun is generally staried
and as much roof coal as possible is taken out after proper timbering. The timber
is then withdrawn and the roof allowed to fall, The pillar extraction is done right
upto the shaft pillars. Ina few caces even the shaft pillars bad been attacked till
any of the pair of shafts after taking out all the materials, fittings, equipment etc.
Process of sinking ngw shafts continues where the depillaring is'on, assoonasa
pair of shaft is abandoned, the new ones which have been completed, are equipped
and used for coa] winning, This method has been in vogue since the very
beginning of the mining cperations at this Colliery.

As already described from the year 1895 till 1950 more than sixty shafts
have been sunk and abandoned though some of them were meant chiefly for
prospecting and exploration only. In the underzround plan ( Plate 2 ) the various
areas, the abandoned shafts, and other features have been shown by different
notations, It is abundantly clear from the same that the clay pockets, occurrence
of apontaneous combustion, fires and roof falls have compelled the management to
depart from the normal practice and approved ‘plan of working and to adopt
modifications to suit the conditions present,

In 1921 the *Panel’ system of working was tried, to meet the problem
of spontaneous combustion. The area around the shaft { P, 13 and 14 ) was laid
out in Panels, This helped to control the fires to some extent, but the collapse
of the roof at the main junction and self-heating within a few weeks after the
ccllapse made matters werse.

In the year 1927, the advice of Simpson ! was sought for, he suggested
driving main headings from the shaft in stone cither above or below the seam,
laying out the workings in panels and working the seam, by means of drifts from
the stone headings. Unfortunately no stone with the required hardness was
available reasonably near the seam itself and so the idea had to be dropped,
Since then the headings are almost always driven in coal the galleries are kept

Ly Simpson, R. B, Communioation iu old filey of Palana Qulliery,
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staggered and the workings laid out in panels. As soon as development is finished
in one district depillaring is started in that district without waiting for the
completion of the development in other districts. As the stratum immediately
above the seam consiste of very soft sandy shale some roof coal has to be left for
support and even then close timbering is necessary. On account of this, a minimum
thickness of 9 feet of the seam is considered necessary for winning the lignite.

The difficulties in mining have been referred to visiting consultants from
time to time and at one stage suggestions were received from Case ! that long wall
method of mining with pneumatic stowing and mechanization may be adopted in
modification of the existing method, The State Government purchased four
electrically driven compressors of a total capacity of 4,00 Cft., per minute for
pneumatic stowing, but the plan never went through and the compressors were not
vsed for the purpose they were purchased. As early as 1939 it was revealed that
the known reserves in this field have well nigh exhausted, though efforts to win small

quantity of Iignite by every available means and explorations of the adjoining
areas have continued even to the present day,

VENTILATION

In the underground workings, the ventilation equipment used has been
fairly adequate. The lignite contains much moisture near about 36% onan
average. On being exposed to air particularly to the dry air of the desert region,
it starts losing the moisture rapidly and consequently cracks start developing and
spailing begins exposing fresh surfaces to the air. It has been observed thatin
about six months time nearly six inches thickness of the coal flakes off. Thusa
gallery driven only six feet wide by six feet high becomes 7 feet wide and 6 feet
6 inches high in six months time, necessitating a replacement of the timber sets.
If the air circulation is restricted this disintegration is comparatively lcss
pronounced. Even then, due to the evaporation of moisture, the mine air soon
becomes almost saturated, In order to minimise this effect by preventing much

air circulation the working of most of the pitsin the past depended on nitural
ventilation,

This was adequate in the early stages, but Jater, when greater out-put was
brought out and mere extensive area was opened, the natural ventilation was not
only found to be inadequate, but also uncertain  The present mines (P, 31, 32, 33)
are, therefore, now ventilated by a compressing fan with a capacity of about 50,000
Cft, of air per minute at pressure of 2 inches.  An exhaust fan witha capacity of
30,000 Cft,, of air per minute at a pressure of about one inch is also available for
any future underground development work.

PowEer

Formerly the Colliery was exclusively worked by steam power using lignite
as fuel in its crude form and by burning it in vertical, Cornish and Lancashire
boilers, The only change in the boiler fittings necessary to suit this fuel was to
keep the spaces between the fire bars only 3/3" instead of the usual 1. As soon
as the grate is charged with freshly mined lignite it acts as damper and once the
moisture is driven out, the lignite burns with a good flame and formsa little clinkar.
Cleaning the fire grates is less often necessary tban in the case of other coals. the
reagon being that the ash content of lignite is lJower than that of other coals. When
it is burat in vertical boilers the lignite consumption has been very high that is
about 10% of the entire output, on the other hand with Lancashire type boilers the
consu nption is reduced to 3% of the total out-put. In the latter case, the shifting
and installation has been very cosily becaus: of the frequent abandonment of

L Cave J.W *Roporton the working of Uikaner Btste Golligry, Valuna, 1939, unpyblished.
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raising shafts, Every fourth or fifth year, the boilers have to be removed and
reinstalled at new sites. It is to avoid this recurring expenditure that the Colliery
has arranged for its power supply from the Power House at Bikaner since 1942
The power is transmitted through high tension over head lines and brought at
6,600 volts, which is stopped down at three different points (1) by a 100 KVA
transformer at shafts P. 32 to work the electric hoist fan and haulages(2) by a
50 KVA transformer at the Colliery water well to work the main pump (40 H.P.)
against a lift of 350 feet and a surface pump used for distribution at various points
_ (3) bya 50 KVA transformer for the workshop, equipped with lathe and dnllmg
machine and for lighting.

It hag been experienced that due to sand storms in summer months the
current supply is interrupted though in winter this trouble is not there. The
current failure can cause dislocation in air circulation within a few minutes and
reversul of air current may also happen. To ensure freedom from such trouble
it has been decided to work the main}winder by steam and keep a steam engine as
a stand by to work the fan. A new Lancashire boiler has been installed at the
shaft P. 33in 1953, )

OpeNcast MINING,

The depleting reserves in Palana and the anxiety to recover all the lignite
left underground as support of workings carried out during the last half a century
for meeting the pressing demands for fuel for power houses and other industries
prompted the State Government to consider alternative methods of working.
They invited Mr. W. L. Opie !, a Consulting Mining Engineer from England, in
1945, who suggested opencast mining methods after stndying the area and its
problems. His report which has not heen published carties study on the various
aspects, According to him the lignite area worked and proved till 1945, covered
17.7 Million Sq. Yards. Considering on an average the thickness of lignite to be
20 ft, this area is estimated to carry about 12.7 million tons, During the past
fifty years, only about a quirter and a million tons was raised from this area. It
can safely be assumed that about 10 million tons of lignite is lying in this area
along. Since 1945 further areas have been developed, and the recent driiling
operations have also indicated presence of nearly 3 million tons of lignite, The
total available coal would very nearly be 15 million tons, Exercising all the safe-
guards it can be assymed to be nearly 12 million tons

The present system of mining -has proved quite unsuitable for working
lignite. The friable nature of the material and other characteristics have resulted
in the collapse of galleries and other occurrences due to which the present

workings do not leave any possible chance of there being re-entered on any but the
smallest scale,

Whatever method of working may be used in the new deposits which may
be found, it is quite certain that the opencast mining i.e. removal of over burden

and open quarrying of the lignite is the only possible method of salving the l:gmte
in the worked out areas,

The method of operation suggested by My, Opie is summarised below. The
over burden to be removed has an average depth of about 210 ft. 1he thickness
of deposit varies from 40 ft. to 15 ft. or less averaging about 20 ft.

Very briefly the method of operation is to open up the first exposure of
lignite the inost suitable position being ascertained and shown in Plate. 1 as
bounded by the rectangle ABCD Obviousiy this ‘first cut' will be mainly
dealing with over-burden,

1. UOpiv, W. L. *The developrpont of the Palana- Opsncast Colliery. The Planning lapert’, 1946,
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In the complete’ strippihg down to the lignite an approximate total of 2
million 80 thousand cubic yards of spill will be removed which would uncover
105 thousand tons of lignite.

The excavation referred to will be done partly by Tournapul, scrapers ard
partly by drag-line excavators. The first cut baving been made, the amount of
over burden to be removed would be dumped back into the areas from which
Jignite has already been excavated,

The plan was then estimated to cost a block capital of 21 lacs of rupees,
Normal technical difficulties in launching opencast mining methods would be:—

( i) A high ratio of over burden to the thickness of lignite will be
about 9. 1 considering average thickness of lignite to be 20 feet.

( ii) Possible loss of some lignite left unworked as support due to any
fires or roof falls,

(iii) Possibility of extensive reheating by spontaneous combustion of old
fire zones due to the uncovering and exposure to air,

(iv) Disposal of a minimum quantity of one thousand tons of lignite for
industrial and other uses ( this is considered to be the lowest daily
production unit ).

All the above points have generally been considered in preparation of this
plan, It is true that if opencast mining is adopted it will be unique effort in the
aim to win lignite for industrial and other requirements of fuel for this region,
But its usefulness canaot be lost sight of. In fact the plan was accepted by the
former Bikiner State Government and machinery worth about a million of
rupees was purchased, but later on when it was known that electric power from
Bhakra-Nangal Project would be available in a few years time, the State Govern-
ment revised their previous decision and dropped further pursuvance of the same
and whatever equipment was obtained was put to alternative uses in the
irrigation works. The computations made by Mr. Opie show cost of removal of
debris and lignite as under:—

‘ Totui Cost, Cost per Ton
Plinth charges ( writing of all plants Sh. d.

in four years ) ‘ £87,636 1 11
Fuel charges. £114,703 2 6
-Supervmun. ' £32,092 o 7

Since this report had been submitted in 1946, considerable strides, have
been made in the use of large earth excavating and transporting machinery in this
country. The various irrigation and power supply schemes initiated under the
First Five Year Plan have millions of rupees worth of equipment under operation.
Characteristics and operative capacity of them is now a known feature, In the
light of such available data 10d information the calculations made in 1946 can be
reviewed but it is promptly felt that in view of the geographical position of the
field and comparative high cost paid for Bengal and Madhya Pradesh coals and
possibility of use of large tonnage of lignite daily for industrial uses, the opencast
plan in fact becomes a more ecoromic and sound proposition, In the present case
an 1dditional advaatage can also be claimed because in the column of the over
burden besides the lignite, fuller’s earth limestone. kankar and ciays are also
availablz. The fullac’s eacth is considered 1n uscful industrial mineral particularly
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as a filler and for bleaching, clarifying or neﬁtralising (some times combining,
decolourizing and neutralizing) of mineral, vegetable and animal oils, fats that
greases. Manufacture of petroleum products also requires its use, besides the
textile and paper industry and a small quantity for medical purposes. Its demand
though at present isabout 15 thousand tons annually would increase as industri-
alization proceeds and activated and refined fullers earth is available to the

consumers. The typical analysis of fuller’s earth obtained from this area is given
below. '

Chemical Analysis.

Hygroscopic moisture 8.80%
‘Water of combination 8.71%
Silica | | | 56.58%
Lime Traces
Iron Oxide & Alumina 17.15%
Magnesite ) ) 8.767
Alkalies and loss
Physical Analysis,

Talc 27.60%
Silica, iron ete, o 72.40%

Microscopic Analysis.
Silvery white, translucent, good lustre
siliceous parts and slightly coloured.

The selling price of this fuller’s -earth is Re. 40/- to Rs. 50/- per ton at
pit's mouth. )

Estimates indicate that for every 1000 tons of lignite production by
opencast method, nearly 1400 tons of fuller’s earth will be produced which would
present 2 serious problem for disposal. It will require further research to find
some more industria]l uses of this mineral. ~Activated fuller’s earth demand is also
likely to strencthen with the development programme- envisaged in the First and
Second Five Year Plan.

The Palana Lignite a8 a fuel or as a source for valuable bye-products bhas
considerable importance. and very favourably compares with the Bengal coal
which after its long haul is certainly not as economic as the lignite i.e. inspite of
high moisture content and weak physical nature it is reckoned that the relative
values of the two fuels are in the ratio of 100:54 on a useful or pet calorific value
basis or in other words the lignite cught to be available in just a little over half the
price of Rergal coal as far as the consumer can afford to pay upto Rs 21/6/- per
ton for the lignite as excavated without bearing any loss, With Jarge production
of lignite by ooencast method it would be necessary to briquet this soft friable
mineral and make its transport possible to the consuming centres, Some experi-
ments have been carried out on briquetting, which would be described later.

Since Opie’s Report on this plan, considerable strides have been made in
large dam construction and bighway engineering in the Indian Union. The Bhakra-
Nangal Irvigation and Hydro-power Project is on its way to fruition and canal
waters will irrigate 523.000 acres of land in the North Rajasthan alore besides
large acreage in West Punjab, P.E.P.S.U. and other adjoining areas. Tt will also
supply 11.000 K.W. of electric power to Rajasthan. The consequent agricultural
development world call for establishment of two to three scores of mandis
( townships } which will stand in need of this fuel for lime and kankar burning ani
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other various uses. ' The Central Electricity Commission visualize electric power
generatlon on-thermal basis in South and Central Rajasthan, whicn would: present
persistent demand for cheap fuel and lignite produced by opencast mining would
have no dearth for market. Recently much interest has been evinced in the possible
Ammonium Sulphate Fertilizer Project based on gypsum mineral in Rajasthan.
Experiments had been conducted in Germany as early as 1930 by the former

Bikaner Government to investigate the gasification and low temperature carboniza-
tion of lignite,

The area marked ABCD in the plan has been considered by him
(Mr, Opie) as best suited for initiating the opencast operation. The former
Bikaner State at one stage accepted Mr. Opie's recommendations and obtained
equipment worth nearly Rs. 8 00,000/- which included articles such as tournapulls
bulldozors, rooters etc. The entire scheme according to Mr. Opie was to cost
about Rs. 21,00,000/-. However, later in 1547-48 Government revised its previovs
decisions and dropped further pursuance of this project. The equipment was
diverted to the Irrigation and Electrical and Mechanical Departments, where it
has been used for several odd jobs, like repair of Ferozepur irrigation canals etc.
Most of this equipment is now unserviceable,

Fururr DEvVELOPMENT

A case for opencast mining bas been fully made out though due to change
in prices of equipment it is necessary to reassess. their value and examine the costs.
The programme has been included by the State Government in their Second Five
Year I’lan However, to keep continued production. till opencast supplies are
available. for supplies to the.local Power House, it is planned to develop areas
ABCD and PORS as shown in Plate 1 by undergrourd methods. These are
virgin coal bearing areas located by exploration with core drill It is- proposed to
modify the mining method by instituting a long wall system of working.

Prosrecring AND EXPLORATION

The State Department of Mines and Geolory which is incharge of mining
operations at present at the Palana Colliery have undertaken prospecting
operations since 1950, The area was geologically examined and subsequently a
grid plan was prepared to undertake core drilling operations. A rotary type core
drill has been in use bere since 1951. The exploratory drilling operations were
carried out in.the NW and SE extremities of the kncwn lignite field. Seventyfive
bore holes have.since been drilled upto the end of June, 1957 and their'core logs.
the plan showing the locations of the bore holes and a statement 1nd|catmg llgmte
and overburden thickness is appended hereto.

Tt will. be ohserved that the prospecting operations were successful in -
marking out ligaite seams in fifty bore holes over 20.5 m. square feet area. An
estimate of the .virgin lignite reserve in this portion marked deeprred on plan
( Plate No 1) has been made at about 9 million tons, Prospecting operations are
however, in progress. From the record of the bore holes the average tbickness
of lignire aviilable calculates cut to be 13’. The maximum thickness recorded
was 29", - The exploratory drilling operations further suggested extensicn of the
seam towards NE diréction where drilling will be continued.

An examination of the underground plan has been carried out in order to
estimate as accurately as possible, the lignite left unierground in the areas where
mining operations have been conducted since 1898, The reason for this coal
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baving been left underground has been low extraction® due t6 bad toof conditiof
which did not permit an extraction of more; than 15% ,of the available coal:
These mined out areas have, therefore, been marked on the plan from ‘A' to ‘I’ and
the information about the Results has been tabulated belos~= - o

Year of work drea "Tbnndge e 'Toﬁnage " Tonnage Left
- , Extracted. . ; : .Behind '

1 2 8 4 o B
1918—1923 E 14,26,704 92,800 . . 13,33,004
19311936 D 16,18,675 21,700 . 14,06975
1937—1939 C 4,82,342 . .106800. ... . 375542
1941—1943 B 10,20,728 1,33229 - - - 8,8%499
1943 —1945 F 4,10,093 02,511 - - 317,582
1948 I - 47,432. .. | 470 ‘. ... 46,962
1945—1950 H 1977976 ' 268807 - -‘1'7,'0'2,:1'65”;
1950—1953 A 1,23,000 46,439 7 T V76,561
1951 G 6,56,993 ... 67,826 - - 580,167
1952—1956 G U5163,745.,.  1,63746' 1010 400,000

| e AT ot
1,46,33,593 17,84,580 1,14 42,030 |
Less 10% allowed o TR
for mitti pocketas. 7 14, 63, 359 L TP IS
1,31,70,23¢ .. 1

. . . LA £

According to this the tonnage left behind in the worked out areas, therefore,
calculates outat 1,14,42,030 tons ie. say 11.5 million tons. Thus the -total
reserve now available at Palana lignite field works out to be 11 S5plus 9 ie. 20.
million tons. The position of reserve- will, however nnprove 1f prosPectlng
operations indicate further coal bearing: area' o

" Ormen OCGURRENOE OF LIaNITE AND CAB;BONAGEOUB Smm‘.a AND THEIR. ..

Fun'mm PROSPECTING., -

Since the first lignite occurrence was dlscovered at Palana, G0vernment|
was naturally interested in searching other similar deposits elsewhere in the State,
As a result of preliminary investigations; sinking of prospecting sha‘ts and bore
holes etc, occurrences of lignite and carbonaceous shales have been noted at the
following places - C | '

1, A lignite seam of three feet thxckness ‘was met. with »inside -a- well -
section in village Khari (27°58%-45":73°57' ),  The seam was found ata depth of
105 feet from the surface. The debris ly:ng at the pit’s. bank. though weathered

L]

resernble those met within the Falana shafts.- : Lo rz

2. Existence of lignite hag heen reported ff°m Chauneri (27°45'30": 72%48")
where also it has been encountered in a well. The extent of Channeri llgmte is
not known but the indicated - thlckness is 5 feet thh sxgns of thlckenmg of the
seam in the easterly direction. o .

3. A three feet lignite seam .bas also been found.at Ganga Sarowar
( 27° 56°-48"-72° 54’-6"" ) at a depth of 220 feet... This lignite was aralysed at .the:
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Government Test Houge, Alipore and had the following analysis. It appears to be
alightly inferior to the Palana Lignitet-—

Loss on Drying at 110° : 46.20%

APPROXIMATRE ANALYSIS OF DRIED SAMPLY,

Yolatile matter : 45,15%
Fixed Carbon 48.45%,
Ash, _ 6.40%
Nature of Coke Non-cocking.
Colour of ash ‘ Brown.
Calorific value of dried sample

Calories per gramme 6.319

B. Th. U, per pound 11,374

4. A thin band of lignite of about 2 inches thickness, has been noted in a
well at Mudh ( 27° 51° : 72° 58" ), though no other occurrence has been reported
from other wells situated in the locality.

5. A sudden collapse of small area near the village Napacar 27° 56" 48" :
73° 33" 40" ) occurred some years ago, It is belisved to be due to the collapse of

limestone caves below, Fox suggested that Fuller's Earth or Lignite might be
found below, ‘

6. Fuller’s Barth occurrence has been reported in the village Kesardesar
( 27° 51°: 7%° 29" ) but is not known whether any lignite was also intersected there.

7. A thin lignite seam has been found in a well at Gunga (26°15: 710119
in the Shiv District about 150 miles South-West of Channeri near Jodhpur-

Taisalmer border. Prospecting of this area with bore-holes has recently been
started, '

It is difficult to say that all the above occurrerces promise to become
potential sources but attention will be paid to all of them. There is another area
at Bania village, east of Palana worth investigation, where a thick carbonaceous
shale bas been known to exist. Occutrence at this place which is north f
Surpura ( 27°32":73°26" ) has been reported by M/s Bird an1 Company. A little
further to the north is Napasar village, already mentioned abave where according
to Fermer further Jignite formations may be possible to discover.

T rILIZATION

As already mentioned the opencast mining plan cannot be successful
unless a minimum tornage of about 20 to 30 thousands is produced every month.
The local Power House corsumption is not expected to exceed 7,000 to B.000 tons
a month. Therefore, a large quantity of lignite would be left as a surplus and can
be used if a Thermal Station is located here or biiquetted lignite is transported to
other parts of Rajasthan and neighbouring provinces, 1t was also possible to use
this mineral for the manufacture of a number of bye-products. The chart attached
herewith desctibes some of the important uses of lignite,

o The lignite is so friable that when it is burnt in boiler it is generally found
thit the chopping blast drivesaway incandescent coal particles through the chimney,
resulting in the loss of heat causing, thereby loss of efficiency. When this physical
weaknssa could be removed by briqustting it is possible to burn lignite success‘ully
both in water tube and fire tube boilers
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Briquering ..

Briquetting of lignite has been successfully carried out in several- foreign
countries. A number of experiments have aleo been carried out in the past with
the Palana Lignite in order to determine its briguetting 'qualities at the Yeadon
plant installed at. the Nazira Coal Company. Ltd’s Colliery in Assam. The pitch

was used as a binder for all the tests and was supplied by Shalimar Tas onducts
Co., Ltd., and had a melting point of 85°C.

The observation made during the briquetting tests showed that a ten tons
wagon load sent from the Palana Colliery to Noginimarea ( Assam ) weighed at
destination, 8 tons 19 cwt.only suggesting thereby aloss of moisture of 1 ton
I cwt., or 10.5% of the total weight during the transit. e

As the percentage of pitch to make a satisfactory briquette with Nazira
coal is about 7%, it was desired to test Palana lignite from a mixture of 8% pitch
to the limit of successful briquetting. The first. experiment showed that it was
impossible to make briquettes without the use of water; therefore this was used in
varying quantities in the latter tests. Eleven tests were _carried out, details of
which are given below:— A S Y

15t Test:—929, coal, 8%, pitch and no .. Tw_até;: Briquetteé were soft and
unsatisfactory.

2nd Test:—929%, coal, 8%, pitch and water. Briquettes were harder and
more sausfactory than the first test, but not as hard as desired.

3rd Test:—93 % coal, 7% pitchand water. Much the same as the second one,

4th Test:—94%, coal, 6% pitch and less water than in the third test. Bn-
quettes poor.

5th Test:—95%, cozl, 5% pitch and sufficieut water. Briqu.:ttes as, gatis-
factory as those in the fourth test.

6th Test:—9%%, coal, 5% pitch and sufficient water, - Briquettes slightl}_r
softer than those in the fifth test -

7th Test:—969, coal, 49, pitch and sufhment water. Briquettes similar
to those in sixth test. oo
8th Test:—97% coal, 39, pitch and sixlficic-nt water. ‘Briqu_gt't;s softer
than those in szventh test. . Ly
9th Test:—959, coal, 2% pitch and 39, rice meal. DBriquettes fairly good,
though not hard enough,
10th T st —98% coal, 2% rice meal and sufhment water. Apparently as
‘hard as in the prevxous ‘case.

11th Test—No binder at all but w:;h falrly large quantlty of watcr.
The briquettes fan'ly good but, shghtly softer than with 29 rice,

The bnquettes never - attamed a hardness c0mparable to the bnquettes
made with Nazira coal.” : : -

E S B R

Samples of all the bnquettes were fo;wa.rded ina closed box by passenger-

_ train, but they did not travel very well, there being broken briquettes i in each sam-
ple. The briquettes when knocked togethet had dull ‘sound 4s compared with
the sharp ringing sound of the Nazira - bnquctlés and i€ appeafs‘that the' pressdre
exerted by the roll may not b enough- for- thls type of hrmlte * The mbost satis
factory briquettes seem to be - those “madé-'in"the test"Nos.'8:9and 10 which rely
as much on the dextrine” content of the rice as’on the pressure in tke rolls, The
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objection to this type of briquettes is that they are not waterproof and so are lia.ble to
disintegrate in the humid atmosphere. The use of starch also requires the intro-
duction of some chemical to prevent fermentation of mould which tends to weaken
the briguettes. '

Present results show that the briquettes of a kind which can be made, are
not completely satisfactory yet in view of the difficulties experienced in various
countries in arriving at a suitable formula for makiog a satisfactory lignite briquette
on a commercial scals, it is desirable to find as to how the present product can be
improved upon. It is probable that with a pitch binder of 5% to 6% the briquettes
can be made sufficiently bard to stand jerks during transportation, As to how
briquettes would weather is a differsnt matter. A suggestion has been made to
use molasses asa binder instead of pitch. No experiments, however have so
far been carried out with this material.

Tests were conducted in 1946 when opencast mining plan for Palama
Colliery was under preparation and the following facts have been established.
It should be taken that these facts are unable to give a first approximation to the
specification of a g:md Palana briquette. '

(1) Size'of material:—The most favourable size of material from which
to make the briquettes is to crush the raw lignite just sufficient toenable it all
- to pass through a % inch screen, ( or 4 mesh screen could be used, i.e. 4 holes
toa linear inch ). Smaller crushing givesa weaker product. Larger sizes also
seem to give a weaker briguette but this is not yet entirely proved.

(2) The mould:—By grinding out and polishing ( lapping) the inside of the
mould an improved briqueite was obtained. It was found that the moulds as

being used were distinctly rough inside. .

(3) Lubrication:—Greasing of the inside of the mould and the plunger
gave much greater uniformity in the product.

(4) Double p;essure:—lt was found that by giving each briquette a
second pressare a much more uniform hard briquette was obtained. The plunger
is merely druwn back after the first pressure and then returned on to the briquette
at full pressure for ahout a second.

(3) Removing briqueties from the monld:—It was noted that practically
all the failures in the briquettes seemed due to the breakage while coming out of the-
mould across the briquette,

L

Observation showed vibration cracks and it appears certain that unless the
mould is p:rfectly smooth inside, and better still both smooth and lubricated, the
briquette sticks firmly in the moull. The use of the plunger to remove the
briquette jars along the inside of the mould extruding it at the end in an already
fractured and weakened state.

(6) Present specification of Palana briguetie:—

Size of Fzed. ves Minus } inch {unscreened)

Dimensions, ‘e 12" diam, 23" long finished

Mould. Perfectly smooth inside and
Jubricated

Plunger. Lubricated

Pressure, Approximately 8 tons pey sq.

inch applied twice.
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Briquettes made as above are hard and uniform and burn well. There is
some sparking but all sparks are small and go out within three or four yards of
the fire. All sparks are uniform in size and small.

Further tests on briquetting of this lignite were carried out at the
Fuel Research Institute, Jealgora’. The results of tests are given below.

Lignite samples fresh from the mine were sent in sealed drums. This was
quickly crushed by hand to 27 size and later crushed in jaw crusherto %' size.
It was next coned and quartered and further crushed to pits 6 mesh (B. S. S.).
A portion was crushed to pass through 72 mesh for prozimate and ultimate
analysis. For briquetting the sample was crushed to below 2 mm., with a majority -
of particles below 6 mm, Briquetting tests were carried out in a 50 ton hydraulic
press and plunger type moulds were used, Briguettes with cylindrical shapes
1.5" dia. and about 2” in height were ohtained, The following results on different
tests on the briquettes are given:—

1. Compressive strength: :—The optimum moisture for medium pressure
briquettes ( 1 ton per sq. inch ) is 18.5%, while for bigher pressure
ranges it is 10.2% ( at 17 ton per sq. inch),

2. Resistant to water emersion and weathering:—The briquettes usually
disintegrate in a matter of few minutes in water, Onexposure to
weathering these briquettes developed cracks and fissures on storage
and lost strength. Thisfact was more prominent in case of high
moisture briquettes,

3. Combustion characteristic;:—The briquettes were found to burn aicely.
It gave good fire and percentage material combustion in ash was
usually below 47/,

The result of prozimate and ultimate analysis are given below:—

Prozimate analysis Adr dried Dry
Moisture. 13.5% Nil.
Ash, ' 7.9% - 09,1337
Volatile matter 43,8% 50.64%
Fixed Carbon, . 34.8% " 40,24%
Calorific Value/B. Th. U./1b, 10,200 . 11,800

Ultunate Analysis
Moisture. : 13.57 —e
Mineral Matter. —_ . —
Carbon. ‘ 54.41Y% 66 377
Hydrogen,  401% 4.4517
Sulpbur. 2.51% 2.904%
Nitrogen. 0.89% 1.0289%

The tests indicated that Palana lignite could be briquetted without the
addition of a binder, simply with the application of pressure. It wasfound that
moisture played a significant role in the strength of briquettes, the critical moisture
being 18.5% for medium pressure and 10.3 for higher range of pressure.

Further research by designing a suitable pilot plant is being considered
at present,

1. Report on Briquetting of Palana Ligunite communicated by the Director, Fuel Rescaroh Institute, Jealgors,
in May, 1953,
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CARBONIZATION

During the year 1931 the former Bikaner State Government sent samples
of this lignite to M/s Lurgi Gesellschaft Fuy Warmetechnik, Frankfurt at Maine,
Germany, f>r a complete test for low temperature carbonization on Palana
lignite to determine its amenbility to carbonization with the Lurgi Process.
The lignite was carbonized in 2 Lurgi Carbonizer and the products of carbonization
were further tested by distilling the tar produced and by briquetting the semi-coke,
It-was found that the lignite from Palana could easily be carbonized in the Lurgi
Carbonizer even with high through puts and the carbonization products (semi-coke
and tar) are of good quality. The carbonizing 2nalysis of lignite was as follows:—

Moisture. 25'0%

Aqueous distillate. : 6'8%

Tar. 82%

Colke. 47.8%

Gas p us loss. 12.2%

The yields under practical working conditions were found as follows: —
Coke, 46 0%, of the lignite,

Tar and Oils at a yield of 80% 6.5% of the lignite.

Crude L'enzine, 2 gallons per ton of ligaite.

Pi'ch : 20% of the tar or 1.31% of the lignite.

The tar distillation tests indicated that the tar and oil obtained in the
carbonizer plant can be used to produce a pitch suitable for briquetting process.
It was suggested that in order to obtain suitable pitch from this lignite it will be
necessary to distil the tar either under vacuum or by means of steam distillation.
The yield «f pitch will then amount to about 21% which would have a softening
point of absut 75 cm. {Kraemer-3arnow), high ductility and penetration. The oil
obtained in the scruber was tested with regard to suitability for lighting purposes,

It was foun1 that by suitably distilling the tar, an oil could be obtained which
would burn completely in a lamp.

Br.iquettin.'?, tests were carried out with the semi-coke obtained with the
carbonizer. It was found that with 8%, bituminous ¢»al tar pitch as binder suitable
briquettes baving calorific value of 11,980 13, Th, U. per pound can be obtained.

Furtter carbomzation tests were also carried out by Mr. Tozer of Batter-
Sea, Lond)n, who also opined that distillation plant called-‘ L. and N, Process”’

would be able.to produce 2C0 tons of briquettes a day using about 450 tons of lignite
and would simultaneously give 80 ecallons of crude oil.

Since the above tests w--¢ carried out considerable research have taken
place in Germm‘y, and also in Australia and U. S. A. for pressure gassification and
carbonization of lignite. Several important modifications in the process used in
the tests describsd above have been since then made. It has, however, been esta-
blished that the lignite from Palana can be used for the manufacture of briquettes
as well as byproducts such as tar oil, benzine, etc., etc, The method of the

treatment and a sujtable plant can bz devised only after further practical tests
employing modern methods.

CoxcLusIoN.

"It will be observed from the above that Palana lignite deposit has in the
past b:en worked out of necessity ina wasteful manner, The chief idea then was
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to make available supplies to the local power house at a cheap rate, but in the
present context, with India at the threshold of industrialization, the unworked
lignite left underground as support and the new discovered quantity of three million
tons could not be allowed to remain unworked. It would easily make an impor-
tant source of lignite production provided open-cast-mining method was adopted.
The ratio of overburden of lignite no doubt appears to be high yet with the
modern equipment the problem is not such as may not be solved.

The distance of North Rajasthan from other coal fields makes it impera-
tive that this quantity of lignite should be won and utilised for industrial pus-
poses, It is also well proved that Falana lignite can be briquetted and can be
utilised as a good source of fuel and it can also be employed as an excellent raw
material for carbonization and production of other important distillation products.
The discovery of more coal bearing area in the extension of the coal field and
indications of coal horizonat half a dozen other places in Bikaner and Jodhpur
Divisions show that probably more lignite formations could be found besides this
deposit and, therefore, an intensive prospecting programme for them bydrilling is
proposed,

In writing this article the chief aim had been to give an up-to-date infoz-
mation which the department possesses in respect of this colliery in a concise form
and in writing the same the authors are grateful for the assistance which hig bzen
given by Mr. A. Roy, Assistant Mining Engincer, in seeing through the draft
preparation of maps and statistical data. Assistance of other Officers of the
Department of Mines and Geology and of the Palana Colliery is also acknowiedged,
The authors aleo wish to express their thanks to Dr. M. S. Krishnan, Director
Geological Survey of Iandia for his valuable suggestions in connection with this
article,
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ANALYSES OF IMPORTANT WORLD BROWN COAL DEPOSITS

Au.li ralian Brown Coal
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BTU/Lb. = = — — — — — — —_, — —_ -, — —_ 12,013 13,290 9,500
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Statement showing Borehole Data '

2 Number of Thickness of ‘Thickness of - Remarks.
v borehole Overburden coal seam '
1 2 3 4 [
1 S.E. 2 Z251° 9 The 48 boreholes
a total lignite thick-
2 S.E 1 137% 23 ness of 618’ was
POSE S o3 W Derage thickness
4 S.E 4 199’ No. Coal of lignite seam is
618/48 or 13'.
5 NW.522 F 179’ 3
6 1 F 216 23
7 3 F No coal
8 5 F No coal
9 4 F No coal
10 6 F 232 27
11 8 F 28%’ No coal
12 7 F 200 29
13 9 F 250 21’
14 11 F .32 12
15 10 F 259" 1
16 12 F No Coal .
17 14 F No Coal
18 13 F No Coal
19 15 F 240' 12
20 17 F 200? 5°
21 16 F 235" 13
22 18 F, . 195 7
23 20 F - 263 12
24 19 F 200 4
25 21 F 190’ &
2 22 F No Coal
27 24 F 235" 3
8 23 F 282’ 13’
29 25 F 238 10
30 N.W, 54—=3 260 5
31 54—2 No Coal
32 N.W. 53—1 290’ 107
33 N.W. 54—~5 295? 10 ~
34 54—6 220° 15
35 54—7 235 10°
36 34—10 No Coal
37 54—6 190 ' 15
38 54—9 175 13
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1 2 3 4
39 54—11 No Coal
40 54—8 212 29
41 N.W. 56—1 212° 22
42 N.W. 55—1 245" 20'
43 N.W. 56—2 270 100
44 56—3 260’ 8
45 56—4 221" 17
46 56—56 285’ 7
47 54—6 296’ 8y
48 56—7 252 18
49 56—8 270' 6’
50 56—9 265’ 10’
51 56—10 245 29
52 56—11 256' 5
53 56—12 21% 16’
54 56—13 184’ 26
55 56—14 208’ 20
56 56—15 209’ 12
57 56—16 199’ 20
58 © 56—17 No Coal
59 56—18 265' 8
60 57—1 No Coal
61 57—2 255’ 7
62 57—3 No Coal
63 57—8 No Coal
64 57—9 No Coaal
65 57—10 No Coal
66 57—11 No Coal
67 57—12 No Coal
68 57—13 No Coal
69 §57—14 No Coal
70 57—15 No Coal
71 57—16 No Coal
72 57—17 No Coal
73 57—18 No Coal
74 57—19 No Coal
75 57—20 No Coal
76 57—=21 £43 4
77 57=—22 No Coal
78 57—23 No Coal
79 57—24 No Coal
80 5725 No Coal
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1 ) 3 A
81 57—26 201’ 5
82 58—1 246' 2
83 58—2 235 6’
84 58—3 No Coal
85 58—4 185" 15'
86 58—5 257 3
87 58—6 275" 8
88 58—7 190° 16’
89 58—8 235 5
90 58—0 No Coal
91 58~—10 No Coal
92 58—11 195 12
93 58—12 No Coal



SURFACE PLAN OF PALANA COLLIERY
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