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Ecological disruption due to acid mine drainage is one of the most persistent 
pollution problems in some of the Indian coalfields, particularly in the lower 
Gondwana coal of Barah formation, and Tertiary coal of Assam. The problem no 
doubt is mostly confined to a localized zone at the source, but may extend to 
distances if the acid mine water is allowed to get discharged into the main water 
stream. The coal mines that face a serious pollution problem due to acid mine 
drainage in India art Baragolai (ECL); Churcha, West Chirimiri, Ambora and 
Rkhikol ( w a ) ;  Gorbi ( N u )  and rslatka (BCCL). 

The exact mechanism of acid mine drainage formation is not fully 
understood, but it is believed to be formed due to circulation of water through the 
oxidised sulphide m i n e d  associated with coal-overburden and coal. The potential 
of a coal seam to produce acid mine drainage is governed by a number of factors. 
Among them the important one are, the sulphur content in coal seams and 
associated strata; hydrology and geology of the area. When acidic water is 
discharged into a nearby surface sue.iun of a pond it causes deleterious effects on 
water quality, and therefore makes it unsuitable for the use of animals, plants, 
mankind and aquatic life (Killey, 1988; Kimel, 1988; Williams, 1988). 

To overcome acid mine drainage problems in a coal mining complex a 
number of processes have been suggested by researchers (Hoey, 1971; Heunisch, 
1985; Harvey, 1981; and Betson, 1987; Kimel, 1988). These are neutralisation 
by lime or limestone; avoidance of water filtration into acid producing minerals; 
submergence of acid forming minerals into stagnant water, sealing off acid 
producing a .  and overburden, and the use of acid t o l a c e  plants such as algae, 
cattails, etc. However, the unfoxtunate pan is thai they all lack universal acceptance 
in the mining field, either due to unsuitability of their adoption in a given field 
situation, or, because of cost limitations. To control acid mine drainage in a field 
situation, some workers have recommended the diversion of acid mine water 



Figure 1 Location Map of the Site of Investigarion 



through such type of overburden rock materials which are alkaline in character 
(Dhar et al, 1987; Jamal, 1989; Dhar, 1990). 

In this papcr an attempt has been made, to study the feasibility of this 
technique as a means of controlling thc acid mine drainage problem in one of the 
opencast coal mining project at Singrauli Coalfield, of the Northern Coalfields 
Limited, where pH of the water was found to be e x a m l y  low (Dhar et al, 1986). 

CASE STUDIES 

This study was made at the Gorbi mine of Singrauli, one of the largest coal 
mining complexes of the world. The topography of the area is highly plateau 
terrain and is located in the drainage area of the Son and Rihand rivers. The north 
flowing s a a m s  in the Mohar scrap area join the Bijul river, which is a tributory of 
the Son and the south flowing steams mostly join the Kanchan, a mbutory of the 
Rihand. River Son join directly into the Rihand reservoir or join the perennial 
stream, Baliya nalla Among the north flowing streams the most important is the 
Mehrauli nalla, which maintain a perennial flow. Most of the other nallas in the 
plateau area such as Turra, Murwani, etc. arc seasonal. In the Amelia area, the 
main drainage comprises Parawar and Bandha nallas with semi-perennial flows. 

The coal field is divided into 11 mining projects, viz. Kakari, Bina, 
Marrak, Khadia, Dhudhichua, Jayant, Nigahi, Amlohri, Mohar Block B, Gorbi 
and Jayant projects (Fig. 1). At present coal production is confined only in the five 
blocks namely Bina, Jhingurdah, Jayant, Gorbi and Dhudhichua, while the rest of 
the blocks arc in the various stages of development. The local nalla used for 
disposing off acidic mine water of the Gorbi sump, covers roughly 1.5 km through 
Barakar sandstom rock, and about 3 km through Archean rock before it finally gets 
discharged into the Bijul stream. Figure 2 shows the geological formation and 
drainage pattern in and around the various mines of Singrauli Coalfield. 

The sampling sites for water quality monitoring in and around the Singrauli 
coalfield area is shown in Figure 3. Table 1 summarises the physico-chemical 
analysis of water samples. From this table it is evident that the effluent of Gorbi 
mine is highly acidic in nahlrc and is fully loaded with the total suspended solids 
(TSS) and total dissolved solids (TDS). Among the dissolved solids, iron and 
sulphatc concentrations are high. The concentrations of hazardous metals such as 
chromium, lead, copper and zinc are also found to be above the tolerance limit. 
This acidic effluent is discharged into Bijul stream whose water quality in the 
upstream side is of potable nature. Due to disposal of acidic mine effluent the 
quality of the bijul water in the downstream side has changed to a considerable 
extent. Whereas in case of Jhingurdah mining project, the Chatka nalla, a tributory 
of Bijul receives the mine effluent The water of this nalla on the upstream side is 
suitable for bathing and drinking purposes but because of the presence of various 
undesirable constituents above permissible limit, the downstream of Chatka nalla 
has deteriorated to a significant level. The clear water changes into blackish due to 
high concentration of oil, grease, suspended pamculatc matter and high acidity. 
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Figure 4 Schematic Diagram of Acid Neutralisation Model 
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In the field study it was observed, that when the sump water of Jhingurdah 
mine flows down to a distance of approximately lkm in the Jhingurdah nalla 
through cod-overburden, water gets almost neutralised i.e. its pH has raised from 
5.5 to 7.44. Water of Jhingurday nalla then mixes with the water of Mehrauli 
nalla, the pH of which is about 8.7. This, thus causes a complete neutralisation of 
Jhingurdah mine water before it gets finally discharged into Bijul stream. Similar 
observation was also noted with the sump water of Gorbi mine. The pH of this 
water increases from 2.5 to 3.14 when it flows for a distance of 1 . 5 b  in the nalla 
which is in the fo-. pH in this case shows only a slight 
increase from 3.14 to 3.21 even after flowing for a distance of over 3km in the 
nalla through -. This highly acidic water finally gets 
disposed off into Bijul river. Thus, polluting the water of the local nalla and Bijul 
stream. Its impact is felt up to an extent of 1 to 1.5km beyond where it meets the 
Bijul stream, the point of confluence. 

To study the neutralising capacity of the coal-overburden rockmass, 
mineralogical study was conducted on the rock samples collected from various sites 
in the Barakar rock formations; (Table 2). The rocks show a marked variation in 
the physical appearance such as white sandstone, yellow sandstone, brownish red 
sandstone. The white sandstone is characterised by white and yellowish white 
colour consisting mostly of quartz, along with few mica and feldspar tints. Yellow 
sandstone is reddish yellow to brownish yellow in colour due to rich iron content 
and is also harder and fme gram4 in comparison to white sandstone, consists of 
large grains of feldspars (mostly albite and microcline), quaru and mica. The 
reddish brown sandstone is not very common and found in localised patches. It 
also has high iron content. The mineral constituents and important oxides are 
summarised in Table 2 and 3 which show that the overburden rock formation has 
alkaline character pahaps because of the presence of weathemi feldspar, alkali and 
alkaline metal oxides. This alkaline constituent of the rockmass is mainly 
responsible for raising the pH of the acidic mine water when once it flows in the 
nalla through Baraltar rock formation. Neumkhg capacity of the coal-overburden 
based on R-pH concept (Dhar, et al, 1987) also shows that the Baralrar sandstone 
rocks are in the basic range and can be used as a neutraliser for acidic mine water. 
Table 4 also meals that trace metal conctnaations in these rocks arc not much and 
thus if used for neutralisation purposes may not significantly affect the water 
quality. On the other hand, the rock of Archcan foxmation is less reactive in nature 
due to its fine grained hard and compact nature. To w n f m  further the field 
observation, water-rock interaction study was conducted in the laboratory on the 
Barakar rock samples which showed alkaline characteristics (Figure 4). The 
experiments were conduct&, one under static condition, simulating the condition 
of large settling tank where suitable rock formation which has good neutralizing 
potential in a particular coalfield (Figure 5 and 6). Thus, in case of Gorbi acidic 
mine water, the concept of diverting the existing water flow route through a new 
nalla passing through Barakar sandstone formation to somewhat longer distance 
before it is finally discharged into Bijul stream, may be a solution to control 
pollution of this water stream, Figure 7 shows a proposed channel plan for 
disposing off acidic water of Gorbi mine. Interestingly, the water in the Tuxra nalla 
(into which the acidic water is proposed to be discharge) has a pH value in allraline 
range (Table I), and therefme will furtbcr help in neutralising the acidic water if not 
properly ncutraliscd during its coarse of flow through the proposed channel 
through Barakar sandstone. 



The villagers living near this nalla also have strong objection against the 
discharge of acidic mine water in the nab .  The proposed approach of diversion of 
acidic mine water thus seems to be not only an answer to the objection of the locai 
population, but will also satisfy the statutory requirement of disposing off acid 
mine effluent water within the recommended limits into the inland water bodies, in 
order to avoid its pollution. The method is simple and cost effective and thus need 
to be given a field trial on a larger scale. The authors understand from the Regional 
Office of the CMPDI, Singrauli, that a pilot study to test the proposed technique 
has been taken up. 
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