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ABSTRACT

The paper traces the study of the liability of coals to self-heating at the university of
Nottingham. The adiabatic oxidation technique has been used a measure means to investigate
the mechanism of spontaneous combustion. The test procedure and condition have been
standardized to enable all coal samples to be tested under identical condition. An example is
given on the application of the laboratory results for the prevention of spontaneous
combustion coals at a UK based Colliery.

Current research into the development of computerized intelligent system interfacing
laboratory hardware is introduced. The system could be used to develop an Intelligent Mine
Monitoring System by combining artificial neural networks to assist the early detection of
spontaneous heatings and mine fires.

OZET

Bu bildiri, Nottingham Universitesinde komiiriin kendiliginden yanmaya yatkinlig
calismalarinin bir devamidir. Kendiliginden yanma mekanizmasini incelemek icin adyabatik
oksidasyon yontemi kullanilmistir. Tim kOmiir numunelerinin benzer sartlar altinda
denenmesini miimkiin kilmak icin deney yontemi ve sartlart standart hale getirilmistir.
Ingitere'deki bir komiir madeninde komiiriin kendiliginden yanmasim ©6nlemek icin
laboratuvar sonuglarinin uygulamast ile ilgili bir 6rnek verilmistir.

Laboratuvar donamimuyla koordineli zeka sistemindeki gelismelerle ilgili mevcut arastirma
tamtilmigtir. Kendiliginden yanma ve ocak yanginlarinin erken algilanmasina yardimer olmak
icin yapay sinir aglarinin birlestirilmesiyle bir Ocak Ortamimi Uzaktan Algilama Sistemi'nin
gelistirilmesi icin bu sistem kullanilabilir.

(*) Research Fellow, Department of Mineral Resources Engineering, University of
Nottingham, Nottingham NG7 2RD, U.K.

(**) Senior Lecturer, Department of Mineral Resources Engineering, University of
Nottingham, Nottingham NG7 2RD, U.K.
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1. INTRODUCTION

Spontaneous combugtion of coa is generdly defined as the dow heating and oxidation
initisted by the adsorption of oxygen a low temperatures. Fires due to sdf-hegting of coa
can occur in underground mines, quarry benches of open cast mines, stockpiles and sea-borne
cargoes. It has been a mgor problem in the mining industry, particularly with coa and
sulphide ores. Spontaneous combustion of coal and other carbonaceous materials is an
environmental issue of great importance associated with waste management that needs to be
taken into account during the planning of a new mine and land reclamation. The importance
of an adequate prediction of the potentia liability of cods to spontaneous combustion is
justified when sdlecting mining methods, storage procedures, transportation means, and the
prevention measures to be employed.

Since earlier 60's, the Department of Minerd Resources Engineering at the University of
Nottingham has been active in conducting research work into the problem of spontaneous
combustion of coal. Adiabatic Oxidation technique was used in the laboratory to study the
propendity of coas to sdlf-heating. The research work has generated a large amount of data
and some interesting points. Recently a computerised sysem using a Knowledge Based
gpproach has been introduced to evaluate the potentiad hesting risk in & proposed mining
Situation.

2. PREVIOUS RESEARCH

The study of spontaneous combustion of coa in the Department of Minerd Resources
Engineering a the University of Nottingham was started by Hodges and Hindey in 1960
(1,2,3). Their research work concentrated on the influence of moisture on the spontaneous
combustion of coa. They found that moisture has an important bearing on the occurrence of
spontaneous heatings, and that both the atmospheric humidity and the moisture associated
with the coa take part in the process. Their work was latterly joined by Acherjee (4),
Bhattacharrya (5) and Guney (6). Most of their work focused on the influence of humidity on
the initial stages of the spontaneous heating. Guney also examined the gaseous products from
the heating process and individud factors effecting the oxidation of coa (7). Although their
work were widdy referenced by other researchers in the world, subgtantial work in the
department was rare in the following fifteen years.

The work was resumed by Singh and Demirbilek in early 80's. Their work standardised
the experimenta condition and developed a risk dassfication sysem (8,9,10). They dso
conducted a statistical study of the intringc factors affecting spontaneous combustion of coal
(12). The research work wasjoined by Atkinson, Morris, Richards and Watt in other areas
associated with  spontaneous combustion. Atkinson examined ‘cod fires in ships holds (12),
and with Morris, the geological, mining and seam factors affecting the spontaneous hesting of
cod (13,14). Morris sudied the interpretation of the state of a mine fire behind the fire



stoppings(15) while Richards and Watt approached the problem by examining the movement
of air through the waste(16).

The massive information generated from this research was summarised and refined by
Ren and encoded into an Expert Sysem for the assessment of Spontaneous Heating, known
as ESSH (17,18). The sysem consists of four application modules covering underground
mining (19), surface stockpiling (20), coa shipment and waste disposd (21). The sysem
utilises laboratory experimental results, extrindc parameters, and incorporates uncertainty
anadyss wherever appropriate to assess the degree of spontaneous hesating risk. It is able to
identify the mgor factors contributing to the risk and to recommend measures to counter the
hazards.

Present research work in the department is directed towards the computerisation of the
adiabatic oxidation apparatus in the laboratory. The expert sysem is linked with the
apparatus through interfacing a real-time data acquisition and control sysem (22). A more
detailed description will be given in this paper.

3. ADIABATIC OXIDATION

A number of laboratory methods have been used to study the lighility of coa to ignite
spontaneoudy, however, none is in universal use. In order to more precisdy determine the
liability of coals to spontaneous combustion, the experimental condition should be controlled
in away that is close to the actud Stuation.

It is generdly agreed that the adiabatic oxidation test is the most direct approach and the
conditions during the test can be smulated closer to the actuad conditions found
underground. As aresult of past experience gained in the department, the adiabatic oxidation
method was chosen to evauate the liability of cods to sdf-hesting. The test procedure and
condition have been standardised to enable dl coa samples to be tested under identical
condition. The initia rate of heating (IRH) and total temperature rise (TTR) under vacuum
dry coa/saturated air condition has been chosen as the criterion of the spontaneous hesting
ligbility. This provides an opportunity to compare the oxidation potential of different coals.

The study of the experimenta results together with their historicaly known spontaneous
combustion record enabled the development of arisk classfication system, as shown in Table
1 (8). The results are dassfied into four groups as very high, high, medium and low risk to
indicate their inherent liability to heating.

3.1. Experimental Set-up

The adiabatic apparatus was congtructed in a slvered dewar flask of gpproximately 9
litres capacity, filled with low-temperature oil. Figure 1 shows a schematic diagram of the
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Risk Adiabatic Oxidation Test Results Ri Ratingin Ride :Dr;(rnijgdatlm
Classes Initial Rittof | Todl Temperare | AdisbalicTest | Raring | (months)
Hesting"Chr | Rbe°C
lowrisk <0.6 <25 1 1-10 >18
medium risk 06-1.2 25-4.5 2 11-20 9-18
highrisk 1.2-20 4.5-7.0 4 21-40 3-9
very high rick >20 >7.0 8 >40 0-3

Table 1. Spontaneous Combustion Risk Classification of Coals (8)

Figure 1 Schematic Diagram of the Adiabatic Oxidation Experimental Set-up




experimenta set-up. The design principles of the apparatus are described in detail by Hodges
(2). The main design and construction features of the adiabatic apparatus is that, it adlows the
low temperature oxidation reaction to take place without any sgnificant heat transfer to and
from the surroundings. Temperature measurements in the adiabatic apparatus are made by an
array of thermocouples.

3.2. Sandardised Experimental Conditions

The conditions during the test are designed to be smilar to those found in an actua
underground mine or cod storage environment. The operating variables such as initid
temperature, air flow rate, humidity of air, moisture content of coal and duration of test are
standardised in order to produce comparable results for the liability determination.

Since it is accepted that no or little heat exchange occurs between the coa and its
immediate surroundings due to poor conductivity, adigbaticity of the apparatus will resemble
the actua mine environment Variables are sdlected either based on previous experience or
determined in the [aboratory by preliminary tests.

321 Coa Samples

Coa samples were collected from working faces and sedled as quickly and adequatdly as
possible by using polythene bags. This preserved moisture and excluded air so as to reduce
any partia oxidation taking place to a minimum during transportation which may not only
cause deterioration of the sample, but aso adversdy effects the adiabatic oxidation test
results. Cod samples obtained were temporarily stored in their origina sedlings filled with
nitrogen in the laboratory. It is consdered that possble interaction of oxygen with coa on
the surface of the sample can be ignored and will not serious affect the experiment results.

322 SampleSize

Previous work has indicated that the increase in external surface accompanying reduction
of particle sze is of minor dgnificance compared with the increase in accessible interna
surface. Oxidation experiments carried out on separate samples of the same coal with particle
szes of 420-250 microns and -210 microns showed no dgnificant difference in oxidetion rate
(23). Consequently, the upper limit of-the particle size of the samples in this study was
standardised to be -210 microns and lower limit was not defined due to the actual particles
produced by degradation of coal underground also being small.

Samples were prepared one by one as required for the test while the rest were kept in
their polythene bags. All the samples were ground to -210 microns and put into smal
polythene bags with zips and filled with nitrogen. The ground samples were divided into two
parts: Some were stored under vacuum for at least 48 hours a room temperatures to dry the
specimen and to avoid premature oxidation; the rest were left in the bags for subsequent
experiments.
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32.3. Initial Test Temperature

It is wel known that the initigtion of the sdlf-heating of coal is "gredtly affected by
temperature to which it is exposed. Underground mine temperature mostly depends upon the
thickness of the overburden and the characteristics of the amospheric ar entering into the
mine. Nevertheless, other factors existing in the mine environment have a sgnificant role over
the ambient temperature.

The actua temperature at the face in British cod mines varies, but is usudly around 30°C
and this was measured between 38-43°C in goaf areas (7). Therefore, an initid test
temperature of 40°C was chosen in the test in order to smulate the underground mining
environment in an worked-out areas (goaf).

3.2.4. Moisture Content of Sample and Humidity of Air Flow

There are two sources of moisture that need to be considered, namdy, the inherent
moisture in the coal substance and the moisture associated with the oxygen of the air which is
in contact with the coal. It is found that the combination of dry coal and saturated air provide
the most reactive test and gave remarkable demongtrations of the propensty of coal to sdf-
ignite and therefore vacuum dry coal/saturated air was chosen as the standard test condition.

3.2.5. Air Flow Rate and Temperature

The rate of spontaneous heating of cod is dependent on the accumulation of heat
generated from its oxidation reaction. It is therefore essentid that an ided condition can be
created for the accumulation of hesat reflecting the hesting potential of coals. There are three
mgor problems which should be resolved for the establishment of the ided accumulation
gtate during the tests, which are:

a Prevention of heat exchange between coal sample and its surroundings;
b. Provison of sufficient oxygen in order to maintain maximum heat generation;
c. Prevention of heat loss due to convection by excess air.

Prevention of heat exchange between the cod sample and its surroundings is achieved by
the use of the adiabatic apparatus. In addition, the air flow (or nitrogen) was firdly alowed
to pass through the water bath which was maintained at 40°C, and the oil bath, before
entering the sample container. This diminates the cooling effect which could occur while the
sream is passing through the calorimeter. Air supply of 100 ml/min., 200 ml/min. and 300
ml/min. were tried under the conditions of dry coal/saturated air. These tests indicated an air
rate a 200 mi/min was ideal to provoke the maximum oxidation of the coa sample.

3.2.6. Experimental Time

The spontaneous combustion process takes weeks and even months due to the dow rate
of oxidation of coa. For the present experiment, a test period between 6 to 10 hours is



consdered aufficient to determine the spontaneous combustion characteristics. The sampling
of temperature was taken at 5 minutes interval.

3.2.7. Test Procedure

After the specimen was dried under vacuum for at least 48 hours, a 150 gram of cod
sample was placed in the reaction vessel without any compaction. This ensured that there was
an uniform distribution of air flow within the sample. A 100 ml/min. dry oxygen-free nitrogen
gas flow was allowed to pass through the sample for at least 24 hours to further dry the
specimen while preventing any partial oxidation. The test was not ready to proceed until the
temperature of whole system was stabilised at 40°C and the sample is sufficiently dried.

Once the system had attained the desired test condition, the nitrogen flow was cut off and
a 200 ml/min. saturated air flow was alowed to pass through the coal sample.

Throughout the test, the system was carefully controlled and temperature readings were
recorded with time.

4. AN EXAMPLE

D Calliery is a UK based underground coal mine works exclusvely in the Thick Coal
taking upper leaf and, where faulting permits, a lower leaf. As shown in Figure 2, the Thick
Codl is formed from a series of seams. In descending order, they are the Two Yard, Bare
Coal, Ryder, Top Nine Feet and Bottom Nine Feet.

The Thick Cod is particularly ligble to spontaneous combustion owing to its rank,
ambient conditions, oxygen and moisture content, particle sze and the presence of trace
elements. It has been the usua practice to advance faces in the top section, and then to
retreat faces in the bottom section of the seam, as shown in Figure 2. This mining system has
been developed from experiences a Collieries working the Thick Coa over a number of
years. The new roadways for retreat working are driven in the destressed area below the
goaf of the upper working. The system of longwal mining in either the upper section or in
the lower one has resulted in mgor spontaneous combustion fires with consegquent loss of
districts.

4.1. Experiment Result and Its Application

Samples representing Two Yard, Ryder and Bare Cod were collected from a working
face a D Colliery and subsequently subjected to adiabatic oxidation test. The results are
givenin Table 2, 3 and 4. A plot of temperature vs. time for the three samples is illustrated in
Figure 3. These results indicate the following points:

a All three ssmples are highly ligble to ignite spontaneoudy and Bare Codl is the most
reactive one with IRH = 7.88 °C/hr and TTR = 8.15°C
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Figure 2. Seam Section and Two-leaf Extraction of the Thick Cod at D Colliery
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Figure 3. A Plot of Temperature vs Time - Results of Adiabatic Oxidauon Test
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Time: 10:15 D»le: Thundijr, 16 April 1992 Simple: two yanb

Nal o Na2 No.3 * No.4 NaS No.6 o
oTime (Mi) * MV TCQ TRCCM)* MV TfO TRIC/H* MV TCO TRCQH)* MV TCQ TKCC/Hy* MV TIC) TSOOH)» MV TCQ TRfOIO*

0.00 1768  38.94 (1} 1767  39.05 (1} 1765  38.85 0 1766  38.89 0 1768  40.76 0 1770  39.08 0

5.00 1777  39.14 0.2 1770  39.11 0.06 1769  38.94 0.09 1770  38.98 0.09 1770  40.81 0.05 1770  39.08 (1}

10.0 1815  39.97 1.03 1788  39.51 0.46 1772 39 0.15 1773 39.05 0.16 1772 40.85 0.09 1772 39.13 0.05
15.0 1860  40.96 2.02 1821  40.24 1.19 1782 39.22 0.37 1777  39.14 0.25 1774  40.9 0.14 1775  39.19 0.11
25.0 1930 4151 3.57 1888  41.72 167 1812 39.88 1.03 1786  39.33 0.44 1780 41.04 0.28 1780 39.3 0.22
30.0 1964  43.25 4.31 1925 4X54 3.49 1831 403 145 1799  39.62 0.73 1782  41.09 0.33 1791 39.55 0.47
40.0 1976  43.52 4.58 1939 42.85 3.8 1841  40.52 1.67 1808  39.82 0.93 1801 41.52 0.76 1800  39.75 0.67
50.0 1984 43.7 4.76 1953  43.16 4.11 1853  40.78 1.93 1817  40.02 1.13 1810 41.73 0.97 1808  39.92 0.84
60.0 1987 43.76 4.82 1963  43.38 4.33 1867  41.09 124 1827 40.24 135 1818  41.92 1.16 1816  40.1 1.02
75.0 1985 43.72 4.78 1971  43.55 4.5 1883  41.44 159 1835 40.41 1.52 1824  42.05 129 1821  40.21 1.13
90.0 1979  43.59 4.65 1974  43.62 4.57 1895 41.71 2.86 1844  40.61 1.72 1831 4X21 145 1828  40.36 128
110 1973 43.45 4.51 1974  43.62 4.57 1912 42.08 3.23 1853  40.81 1.92 1837 42.35 1.59 1832 40.45 1.37
125 1972 43.43 4.49 1978 43.71 4.66 1930 42.48 3.63 1865  41.07 2.18 1841 4245 1.69 1836  40.54 146
140 1979  43.59 4.65 1987 4391 4.86 1948  42.88 4.03 1877  41.34 2.45 1848 4161 1.85 1841  40.65 157
155 2000 44.05 5.11 2004 44.21 5.23 1962  43.18 4.33 1888  41.58 2.69 1855  42.77 101 1846  40.76 1.68
165 2008 44.22 5.28 2016 44.55 5.5 1979  43.56 4.71 1905  41.96 3.07 1860 42.88 2.12 1849  40.83 175
1SO 2007 44.2 5.26 2021  44.66 5.61 1996 43.93 5.08 1926 42.42 3.53 1873 43.1* 242 1857  41.00 1.92
200 2007 44.2 5.26 2019 44.62 5.57 1998  43.98 5.13 1927 42.44 3.55 1882  43.39 263 1867 41.22 2.14
225 2001  44.07 5.13 2017  44.57 5.52 2004 44.11 5.26 1943  42.79 3.90 1891 4360 2.84 1875 41.40 232
240 1991 43.85 491 2009 44.39 5.34 2007 44.17 5.32 1960  43.17 4.28 1899 43.78 3.02 1882  41.56 248
255 1983  43.67 4.73 2002 44.24 5.19 2006 44.15 53 1968  43.34 4.45 1906 4394 3.18 1884  41.60 252
275 1971 4341 4.47 1990 43.97 4.92 2003  44.09 5.24 1984 43.70 4.81 1919 44.24 3.48 1886 41.64 256
300 1973 43.45 4.51 1988 43.93 4.88 1995 4391 5.06 1973 4345 4.56 1917 44.20 3.44 1882 41.56 2.48
31S 1970  43.39 4.45 1986 43.89 4.84 1994  43.89 5.04 1972 4343 4.54 1919 44.24 3.48 1895 41.84 176
330 1968 43.34 4.4 1984 43.84 4.79 1994 43.89 5.04 1979 43.59 4.70 1921  44.29 3.53 1895 41.84 176
345 1963 43.23 4.29 1978 43.71 4.66 1990 43.8 4.95 1976  43.52 4.63 1925 44.38 3.62 1896 41.87 179
360 1956  43.08 4.14 1971 43.53 4.5 1985  43.69 4.84 1977 43.54 4.65 1928 4445 3.69 1895 41.84 2.76
375 1950 42.95 4.01 1965 43.42 4.37 1979  43.56 4.71 1972 43.43 4.54 1930 44.50 3.74 1895 41.84 176

KH = 2.24'Cftu TTR=5.32°C

Table 2 Results of Adiabanc Oxidation Studies - Two Yards



_Time: (104 Diate: Thuraday, 16 April 1992 Sample: Bare Coal

. . Nal No2 » No3 Nod No.5 No.6 L
‘TiagMa) * MY TCO TRCCA)S MV TCO TROCH® MY (O TROCAD * MY (O TRCCAD® MY TCO  TROGH)® MY TO0)  TRCCAD®
0 176 3933 0 1787 3949 O 1788 3935 O 1788 3938 0 1789 4135 0 1789 395 0
5 1807 398 047 1792 396 011 1792 3944 009 1791 3944 006 1792 4132 007 17% 3931 007
10 1887 4156 123 1823 4028 079 1805 3973 038 179 3955 017 1794 4136 1793 3939 0.9
IS 1984 437 437 1888 4172 123 1843 4056 ul 1819 1006 068 1805 4lez O 1800 3975 035
20 2073 4566 633 1960 4351  4.02 1898 4177 142 1858  40.92 154 1829 4117 092 1814 4005 055
25 2133 4698 765 2036 4499 53 1947 4185 33 1895 4174 136 1854 4175 13 1820 4039 089
30 2181 4803 87 2097 4634 685 2000 4402 467 1939 417 332 1884 4344 119 1848 4081 131
35 2205 4836 923 2135 4718  7.69 2040 449 555 1971 4341 403 1912 4408 183 1867 4132 172
40 2223 4896 963 2169 4793 844 2075 4567 632 2008 4422  A84 1942 4477 352 1889 4171 = 121
45 2231 4913 98 2194 4848 899 2108 464 705 2043 4499 561 1975 4553 428 1914 4236 176
50 2231 4913 98 2203 4868 919 2124 4675 7.4 2062 4541 603 1993 4595 47 1928 4157 307
55 2208 4907 974 2209 4881 932 2136 4701 766 2077 4574 636 2010 4634 509 1943 419 34
60 2221 4891 058 2212 4888 939 2146 4733 788 2093 461 672 2028 4676 551 1960 4328 378
65 2214 4876 943 2212 4888 939 2152 47.37 802 2102 4629 691 2040 47.03 578 1971 4352 402
« 2186 4814 881 2199 4859 91 2158 475 815 2121 4671 733 2071 4775 65 2004 4425 475
90 2167 47.73 84 2183 4824 875 2157 4748 813 2125 468 742 2082 48 675 2019 4458 508
100 2145 4724 791 2169 47.93 844 2150 4732 797 2125 468 742 2089 4816 691 2030 4482 532
110 2128 4687 754 2155 47.62 813 2143 4717 782 2121 4671 733 2000 4819 694 2036 4496 546
120 2106 4638 705 2136 472 771 2132 4692 757 2114 4656 718 2089 4816 691 2040 4504 554
135 2081 4583 63 2114 4671  7.22 2116 4657 722 2104 4634 696 2083 4802 677 2042 4509 559
150 2061 4539 606 2094 4637 678 2105 4633 698 2093 461 672 2076 47.86 661 2040 4504 554
165 2045 4504 571 2078 4592 643 2091 4602 667 2084 459 632 2071 4775 65 2040 4504 554
180 2036 4484 551 2068 457 621 2084 4587 652 2077 4574 636 2065 4761 636 2037 4498 548
19 2024 4458 525 2055 4541 502 2075 4567 632 2068 4555 617 2050 47.47 622 2034 4491 = 541
210 2011 4429 496 2043 4515 566 2063 4541 606 2057 453 592 2048 4722 597 2028 4478 528
225 199 4396 463 2025 4475 526 2047 4505 57 2042 4497 559 2034 4689 564 2018 4456 506
240 1082 4365 432 2011 4444 495 2034 4477 542 2031 4473 535 2024 4666 541 2011 444 49
255 1971 4341 408 1999 4417 468 2023 4453 518 2021 4451 513 2016 4648 523 2005 4437  AT7
270 1967 4332 399 1993 4404 455 2016 4437 502 2015 4438 50 2011 4636 511 2002 4421 471
285 1961  43.19 386 198 4380 44 2009 4422 487 2009 4425 487 2006 4625 5 1998 4412 462
300 1956 43.08 375 1979 4373 424 2003 4409 474 2003 4411 473 2001 4613 488 1994 4403 453
315 1949 4192 359 1934 4384 435 1995 4391 456 1996 4396 458 1995 46 475 1990 4394 444
345 1947 4288 355 1969 4351 402 1994 4380 454 2003 4411 473 2010 4634 509 2008 4434 484
360 1940 4173 34  19%4 434 391 1991 4382 447 2002 4409 471 2010 4634 500 2012 4443 493
375 1926 4242 309 1952 4313 364 1981 436 425 1994 4392 454 2004 463 495 2009 4436 486
390 1922 4233 30 1946 43 351 1976 4349 414 1989 4381 443 2000 4611 486 2004 4425 475
IRH = 7.88°C/hr TTR = 8.15°C

Table 3 Results of Adiabatic Oxidation Studies - Bare Coal
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Time: 12 23 Date: Thursday, 16 April 1992 Sample:Ryder Coal

. . No.1 . Nol No.d Nod No.$ No.& .
"Timegam) * MY TPO) TROCH)® MY TCO  TROCH* MY TCO TROCH) * MY T0OQ  TROCH)® MV T(C) TRCCH)* MV (O TROCH)*

0 1756  38.67 0 1755 38.78 0 1751 3854 0 1741 38.34 0 1740 40.12 0 1739 384 0

5 1820 40.08 141 1808 39.95 117 1791 39.42 0.88 1768  38.94 0.6 1758  40.53 041 1750 38.64 0.24
10 1883  41.47 2.8 1853  40.95 217 1822 40.1 156 1794 3951 117 1780 41.04 0.92 1765 3897 0.57
IS 1931 4253 3.86 1891 41.79 3.01 1850 40.72 218 1818  40.04 17 1802 41.55 143 1785 39.41 101
20 1961 4319 4.52 1916 42.34 3.56 1869 41.14 2.6 1835 4041 2.07 1818 41.92 18 1799 39.72 132
25 1977 4354 4.87 1933 42.71 3.93 1883 41.44 29 1847  40.68 2.34 1829 42.17 2.05 1811  39.99 159
30 1990 43.83 5.16 1947 43.02 4.24 1898 41.77 3.23 1860 40.96 2.62 1841 42.45 2.33 1823 40.25 185
35 1994  43.92 5.25 1954 43.18 4.4 1905 41.93 3.39 1866 41.1 2.76 1847  42.58 2.46 1830 4041 2.01
40 2004 4414 547 1970 43.53 4.75 1926 42.39 3.85 1889 41.6 3.26 1869 43.09 297 1846 40.76 2.36
45 2012 44 31 5.64 1979 43.73 4.95 1935 42.59 4.05 1898 41.8 3.46 1876  43.25 3.13 1856  40.98 258
50 2012 4431 5.64 1982 438 5.02 1939 42.68 414 1902 41.89 355 1831  43.37 3.25 1862 4111 271
55 2008 44 22 5.55 1983 43.82 5.04 1942 42.74 4.2 1905 41.96 3.62 1834 43.44 3.32 1867 41.22 2.82
60 2005 44.16 5.49 1983 43.82 5.04 1943  42.77 4.23 1908 42.02 3.68 1886 43.48 3.36 1873 41.36 2.96
70 1992 4387 5.2 1977 43.69 491 1944  42.79 4.25 1910 42.07 3.73 1888  43.53 341 1876 41.42 3.02
80 1981 4353 4.96 1972 43.58 4.8 1942 42.74 4.2 1910 42.07 3.73 1890 4357 3.45 1880 4151 311
90 1969 43.36 4.69 1963 43.38 4.6 1939 42.68 414 1908 42.02 3.68 1891 436 348 1831 41.53 3.13
100 1953 43.01 4.34 1952 43.13 4.35 1933 4255 401 1905 41.96 3.62 1890 4357 3.45 1882 41.56 3.16
110 1940 42.73 4.06 1942 4291 413 1926 42.39 3.85 1901 41.87 3.53 1888 43.53 341 1881 41.53 313
120 1927 4214 3.77 1932 42.69 391 1920 4X26 3.72 1897 41.78 3.4 1886 43.48 3.36 1879 41.49 3.09
130 1918 42.24 357 1924 4252 3.74 1912 42.08 354 1893 41.69 3.35 1884 13.44 3.32 1876 41.42 3.02
145 1915 4218 351 1921  42.45 3.67 1914 4213 3.59 1895 41.74 3.4 1886 43.48 3.36 1880 4151 311
160 1914 42.15 3.48 1919 4241 3.63 1914 4113 3.59 1897 41.78 344 1888 43.53 341 1882 41.56 3.16
175 1903 4191 3.24 1910 4221 343 1908 41.99 345 1894 4171 3.37 1886 43.48 3.36 1831 41.53 313
190 1896 41.76 3.09 1904 42.07 3.29 1905 41.93 3.39 1891  41.65 3.31 1885 43.46 3.34 1880 4151 311
205 1896 41.76 3.09 1903 42.05 3.27 1906 41.95 341 1893 41.69 3.35 1887 4351 3.39 1883 41.58 3.18
220 1887  41.56 2.89 1895 41.88 31 1899 41.8 3.26 1889 41.6 3.26 1883 4341 3.29 1879 4149 3.09
240 1874  41.27 2.6 1883 41.61 2.83 1891 41.62 3.08 1883 4147 3.13 1879  43.32 3.2 1875 414 3

255 1868 41.14 47 1878 415 2.72 1886 41.51 297 1880 414 3.06 1877 43.28 3.16 1873 41.36 2.96
280 1872 41.23 2J6 1879 4152 2.74 1887 41.53 2.99 1882 4145 311 1879 43.32 3.2 1875 414 3

305 1871 4121 754 1878 415 2.72 1886 41.51 297 1882 ,41.45 311 1879 43.32 3.2 1876 41.42 3U2
325 1867 41.12 245 1875 41.43 2.65 1884  41.47 293 1881 41.43 3.09 1879 43.32 3.2 1876 41.42 3.02
350 1866 411 2.43 1872 41.37 2.59 1882 41.42 2.88 1880 414 3.06 1879 43.32 3.2 1876 41.42 3.02
375 1857 40.9 2.23 1864 41.19 241 1876 41.29 275 1877 4134 3 1876  43.25 3.13 1874 41.38 2.98

IRH = 4.23°C/hr TTR = 4.25°C

Table 4 Results of Adiabatic Oxidation Studies - Ryder Coal
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b. According to Table 1, Bare Coal, Two Yard and Ryder Cod can be respectively
classfied as coal with very high risk, high risk, medium risk of spontaneous
combustion.

Considering the mining methods being used a D Colliery and the above results, the
following conclusions and recommendations can be reached:

1. The mgor spontaneous combustion problem would come from the upper section of the
seam, especidly when the Bare Cod and Two Yard are left in the goaf areas. Thisisin
fact ausua practice for roof control a D Colliery and may cause hegting trouble not only
in the advancing longwall faces in the upper section, but aso the longwall retreat faces in
the lower section.

2. As indicated in the laboratory tests, it takes relatively less time for the Bare Coal to
undergo full oxidation. This may imply that there will be a short incubation period
necessary for norma oxidation to advance into the incipient heating stage and specid
attention must be given at the very beginning of the longwal face, particularly the set-off
and finishing line. Any coal left in these areas could cause heatings if sufficient preventive
actions are not taken in advance. The face must be planned to start and have relatively
smooth run without interruption by holidays or geological disturbances.

3. The short incubation periods are criticd requiring more rapid salvage techniques if dl
the equipment is to be recovered. Sdvage has to be planned and organised to be
completed as quickly as possible.

4. Rapid advance of the face is the most effective way of overcoming this type of heating,
athough some temporary control can be achieved by preventing ar leakage from the
main gate by use of fans and pressure chambers.

5. The laboratory tests confirm the fact that the Thick Coa is particularly lidble to
spontaneous combustion and Bare Codl is the mogt reactive part within the seam.

5. CURRENT RESEARCH

The ESSH sysem was designed to provide support for the engineers at the design and
planning stage of new mine sites, stockpiles or shipping operations, by saving time in the task
of early identification of potentia spontaneous hesting risk. The laboratory results play an
important role in the correct assessment of a heating potential.

The adiabatic oxidation test has traditionaly been conducted manualy by experienced
personnel. Due to the dow oxidation process of spontaneous combustion, the test requires a
consistent level of 'expert’ supervison and monitoring. An experiment normaly takes 6 to 8
hours to complete, which is time consuming and labour intensve. Moreover, the relighility of



the test heavily depends upon the provision of an adiabatic environment by the temperature
control unit. It is therefore highly desirable that a computerised sysem be introduced which
dlows the experimental results to be automaticdly fed into the ESSH sysem during its
inferencing process.
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Figure 4. A computerised intelligent system for spontaneous combustion

Present research is therefore directed towards the development of a computerised
intelligent system for the assessment of gpontaneous combustion. Figure 4 shows an overview
of the sysem. A high performance IBM PC is interfaced with the apparatus which alows
red time data acquigition and control. A specidised IC (Integrated Circuit) element is used
for dgnd conditioning, which provides high level linearised output signds with automatic
cold junction compensation. A low level software has been developed for data acquisition and
control usng C++. The expert sysem ESSH is interfaced with the software and used as an
intelligent front end to the apparatus, which enables smultaneous control, monitoring, data
collection and storage of the tests. The system is currently under testing and refinement. A
more detailed description of the system was given elsawhere (22).

The sysem could be further used to develop an Intdligent Mine Environmental
Monitoring System. Today's Mine Operating Systems (MINOS) for fire detection and
environmental monitoring in mines are capable of initiating an aarm. However, since the
variation in norma condition for any part of the mine can be quite large, colliery gaff are
often required to respond to fdse darm calls. The setting of darm levels is clearly of critical
importance and must take into account current knowledge of the normal environment.

The performance of the sysem could be further improved by the addition of Artificid
Neura Networks, another technique of Al currently under exploitation in the minera sector.
By using a neurd network to ‘'learn’ what are normad combinations of ventilation rate,
temperature, gas concentrations etc., for an individua location, such a stuation could be
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avoided. The products of hesting trom the adiabatic oxidation tests can be used as inputs to
train a neurd network to identify the occurrence of a hedting at the earliest stage. By
combining with a knowledge based system, an Intelligent Mine Environmental Monitoring
System could be developed to provide more reliable early detection of spontaneous hestings
and mine fires.

6. CONCLUSIONS

In order to minimise or avoid the risk from spontaneous combustion of coal, an important
approach is to identify the liability of a coa to heating and theresfter take corresponding
preventive actions. Study has demonstrated that the adiabatic oxidation test is able to provide
such prior knowledge and assist the mining engineers to reduce the danger of salf-hegtings in
mining operations.

The prediction of the spontaneous combustion potentia in a mine requires the knowledge
of the inherent lidbility of cod to sdf-hegting, the geologica conditions and mining design
parameters. The development of a computerised intelligent system incorporating laboratory
appraisa aswell as fidd evidence grestly enhanced the rdiability of the risk assessment.

Spontaneous combustion and mine fires continue to represent a mgor threat to mine
safety. The use of monitoring and detection equipment for fire detection is ill being
developed and evaluated in its use and experience. The pace of technologica change has been
50 rapid that there is no doubt that the adoption of new technology such as Artificid
Intdlligence into today's mine monitoring and control system will dramaticaly hdp the
elimination the fire hazard underground.
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