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Abstract

The investigated area of 4000 hectare is located at Bijoynagar Upazila of Brahmanbaria district which lies in the north-eastern part of Bangladesh. This research report is the outcome of feasibility study of peat resource which was mainly operated by the augering method (shallow boring method). More than eleven hundred auger holes have been drilled in the study area to delineate the real picture of the peat deposit. Peat is found surface to near surface during the field survey and estimated reserve is about 14 million ton (dry peat). The quality of this peat is medium to good (Containing average fixed carbon-20.5%, Ash content-32% and calorific value-5700 B.T.U). Most of the peat dominant areas are low lying/floodplain which have been submerged under water for four or five months in a year. Nine more peat bearing areas are identified which are well communicated and easily accessible by the metal and non-metal or semi-metal road. Some barren lands are also found at surroundings that may be used for stacking of peat after mining. Open pit mining method is appropriate and excavator may be suitable for cutting the peat. The extraction peat in the study area of Bijoynagar upazila may be used to run a peat fired small power plant which continue upto 60 years. Peat dominant floodplains areas are very fertile and have grown several types of crops (mainly paddy) two or more times in a year. As a result, before the extraction of peat must be considered some factors like proper plan, management, future land utilization etc. All kinds of negative impacts resulted before and after extraction of peat must be considered from initial stages of the mining.

Introduction
The surveyed area lies latitudes: A-24°02´40´´N; B-24°01´32´´N; C-23°57´40´´N; D-23°58´10” and longitudes A-91°15´30´´E, B- 91°18´32´´E, C-91°16´10´´E, D- 91°13´30´´E as well as is covered by depressed swamps and floodplain under the Chandhura, Pattan, Uttar Ichapur, Paharpur, Haraspur and Chompoknagar union of Bijoynagar upazila, B, Baria district (figure-1). This area is bounded by Habigonj and Sarail upazila in the north; Tripura state of India in the east; Akhaura and Kasba upazila in the south and B’Baria sadar in the west (figure-1).Total mapped area covers about 40 square kilometer. The location of nine peat bearing areas comprises of different villages (Manikpur, Chandhura, Borochal, Ariol, Pachgaon, Ichapur, Shohdevpur, Mirjapur, Bijoynagar, Dhariapur, Hazipur, Paikpara, Bonderbari, and Tulatola) of Bijoynagar upazila, Brahmanbaria district. The surveyed area is located about 20-25 km northeast from the B, Baria district town, which is well connected to the Dhaka-Sylhet national highway. Peat deposited area is connected with B, Baria district town by metalloid road. Ministry of Power, energy and Mineral Resources, Energy and Mineral Resources Division, under the direction of Honorable Prime Minister, requested GSB to explore the thickness, extent, reserves and quality of peat deposits at 4000 hectare area of Bijoynagar upazila of B, Baria district, Bangladesh. As a result GSB conducted the study to fulfill the requirements of the ministry and this report is the outcome of this feasibility study.
Methodology
Mining potentiality of peat at study area are carried out by mainly augering during the fieldwork. Lithological data of every auger hole (ranges from 0.1 m-7 m below the surface) was collected at different places of the study area during the field investigation. GPS data was taken for the demarcation of peat deposition and map preparation. Final maps were prepared by using Arc GIS software. Cross section of every peat bearing area prepared with the help of surfer software. Total exploration work was carried out by stages. In the first stage, the location was demarcated and GPS data (especially latitude and longitude) was written down in the field notebook. In the second stage, auguring and lithological information of every auger hole as well as thickness of the peat were written down. In the third stage, snapped the samples and view of augering as well as surrounding area peat field, sampling (collected samples at different depth of auger hole) and labeled, then it was preserved for further analysis. In the fourth stage, samples were analyzed in the G.S.B Laboratory after that final maps and report were prepared. Topographic survey was done by survey team of G.S.B. The spot heights of 241 points at different areas of specified 4000 hectare of Bijoynagar upazila points were taken by the height of instrument method. In this method heights were carried away from a geo-referenced point (Benchmark) using a leveling machine and a Global Positioning System (GPS). The heights of different points are plotted on the upazila map and the digital surface elevation map (DEM) and 2-D surface elevation map was prepared by using Arc GIS software
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Geographical Information of the Mining Area

Geographical information is important for the development of mining in the peat bearing areas. The investigated area comprises the Meghna and Titas river floodplains. The surveyed area comprises vast floodplain with swamps and some very small hilly region, in the studied area of peat field lies mostly in depressed swampy and flood plain region (figure-1). The maximum and minimum elevation of mapped area is 15 m and 0.3 m (figure-1) above mean sea level respectively.
 Average highest temperature is in the month of June which is 34.3°C and average lowest temperature is in the month of January which is 9.4°C. The yearly average humidity is 74%. Rainfall records of the study area indicated that precipitation is minimum between November and March, little rainfall or not in the dry season from December to May. As Bangladesh belongs to the tropical zone, the climate is characterized by hot in summer season, moderate in monsoon and cool in winter season. Titas river is the main river of this investigated area, which trending from north-south direction. The surveyed area stands on the Titas River. Besides, there are some small rivers and several canals observed in the investigated area, as Meghna river, Louho river, kalachan river, Gaspur khal etc. Huge amount of ponds, beel and several shallow tub-well also observed in the surveyed area. Low lying/depressed swampy floodplain area of 4000 hectares remains under water for 3-4 months in a year. Irrigation system of the study area depends on rainfall and flood water.  Some shallow and deep tube wells are used for irrigation purposes. In 4000 hectares area of Bijoynagar upazila of B’Baria district, flood level is usually highest from July to October especially the low-lying and depressed swampy region. Average flood level of the studied area is 1.8 m to 2 m. In the dry season, lasting from the month of November to April the maximum river level. All of these canals are dry during the winter season which flood level is 0. The studied area comprise of vast plain land/floodplain area which is very fertile, huge amount of paddy are grown in every year. Wheat, popcorn, mustard, dal potato, bean, khira, groundnut and many kinds of summer and winter vegetables are grown in the study area. Several abroad species trees are also grown around the area. The elevated area are well vegetated and social plantation is mentionable.

Economic Aspects and Stratigraphic Position of Peat
The surveyed areas of 4000 hectares of Bijoynagar upazila, B’Baria district are peat bearing region. Peat is present in the surface to near surface. The peat bearing areas are in low-lying alluvial plain or flood plain. The quality of the peat is moderate to good. This peat may be used in different purposes. The peat deposit in the Bijoynagar upazila is important in the context of limited energy resources in the country. If the peat is used for small power plant that will help to boost up the economy of the country. The stratigraphic position of the peat is within the Alluvium Formation of Holocene age (M.A Zaher, 1962). It has been observed that every location of peat deposits is within the Alluvium Formation. Most of the peat is found in subsurface (0.3 m to 2.3 m below the surface) condition. Peat invariably overlies the bluish grey clay. Two units are observed over the peat, one is bluish grey silt which overlies the peat and other is brownish grey silty clay which overlies the silt. Bluish grey clay considered as base of the peat (Detail shown in figure of cross sections). It should be mentioned that this peat is absent in and below the Madhupur Formation of Pleistocene age.  
Detail Description of Peat Bearing Areas

Nine peat bearing areas were identified during the field investigation (fig. 2). The peat deposit is located in a topographically depressed area within the flood basin.  The thickness of the peat varies from 0.2 m to 6.0 m in place to place and are found in surface to near surface of the surveyed area. These areas are included in six unions of Paharpur, Haraspur, Chandhura, Uttar Ichapur, Budhanti and Chompoknagar of Bijoynagar upazila. These areas are submerged under water for three or four months in a year. Maximum peat bearing areas are low lying agricultural land. Several types of crops have been grown in the peat bearing area in two or more times in a year. Some peat bearing areas are also present under the residential places. 
Dhigar Beel Peat Bearing Area: Peat bearing area of Dhigar beel of Bulla mouza (Borotan) under the union of Haraspur named as Dhigar beel peat dominant area. It is bounded by Hazipur village in the west and south, Haraspur village in the north and Bonder Bari village in the east. This peat bearing area is a swampy area and submerged under water for three or four months in a year. This area is 954.33 m in length and 349.23 m in width. Average thickness of the peat is 2.30 m. This area is covered by agricultural land. 

Hazipur-Paikpara-Pakharaspur Peat Bearing Area:This area is bounded by the north Bulla/Nayahati village, the east Borochal village, the west Bondherbari/Paikpara village and the south Haraspur/Pakharaspur village. It comprises of low lying or alluvial floodplain areas of Hazipur, Bulla, Haraspur, Bagdia and Paikpara villages and some areas are submerged under water for three or four months in a year. Peat present at the depth of 0.7 m to 1.5 m below the surface. Average thickness of the peat is 1.2 m. This area is 3985.03 m length and 1295 m width. It is under the Bulla, Paikpara, Hazipur, Haraspur mouza of Haraspur union. 

Lama Khatinga and Paharpur Peat Bearing Area: This area is started from the east Haraspur-Awliabazar road and extended to the Paharpur village in the west, also Bounded in the north-south by Lama Khatinga village. This area is 1481.13 m length and 418.56 m width. Peat is present at the depth of 0.5 m to 1.0 m below the surface. Average thickness of the peat is 4. 5 m, this area is under the Paharpur mouza of Paharpur union. 

Dhariapur-Sonamura-Pachgaon Peat Bearing Area: It comprises the area of western part of Dhariapur; low laying floodplain area of Sonamura and western part of Pachgaon village. This area is 855.15 m in length and 493 m in width.  Peat is present at the depth of 0.3 m to.5 m below the surface. Average thickness of the peat is 2.5 m; this area is under the Dhariapur and Sonamura mouza of Haraspur union. 

Paranga Peat Bearing Area:Peat dominant area of Paranga beel of Sadgaon and Paikpara village is named as Paranga peat bearing area. It is a depressed swampy area and bounded by the north Hazipur village, the south Mirjapur village, the west Akhaura-Chandhura road and the east Paikpara village. This area is 552.59 m in length and 348.27 m in width.  Peat is present at the depth of 0.3m to 0.6m below the surface. Average thickness of the peat is 2.3 m, this area is under the Posherchan, Sathgaon, Paikpara mouza of Chandhura union. 
Manikpur Korcha Peat Bearing Area:It comprises the area of Korcha beel of Manikpur village. It is also a depressed swampy area which remains under water for three or four months in a year. This area is 801.25 m in length and 200.62 m in width. Peat is present at the depth of .20 m to .8 m below the surface. Average thickness of the peat is 2.5 m. This area is under the Hazipur mouza of Haraspur union. 

Shohdevpur-Ariol-Chompoknagar Peat Bearing Area:It comprises the area of Shohdevpur, Ariol, Ichapur, Mirjapur village and bounded by Chandhura-Akhaura road in the west, highland of Paharpur village in the east, Chompoknagar village in the south and Pachgaon-Paharpur road in the north. This peat bearing area is a low lying or alluvial floodplain and some areas are submerged under water for three or four months in a year. This area is 3212.89 m in length and 1800 m in width. Peat present at the depth of 2.3 m to 3.9 m below the surface. Average thickness of the peat is 2.5 m, this area is under the Tulatola, Ariol, Shohdevpur, Chompoknagar, Mirjapur mouza of Uttar Ichapur/Chompoknagar union. 
Bithormala Peat Bearing Area: It comprises the entire area of Bithormala beel and bounded by the south Paikpara and Hazipur village, the west Paikpara and Amtoli village, the east Bijoynagar-Haraspur road and the north Pachgaon. This area is 1253.56 m in length and 532 m in width. peat present at the depth of .3m to .9m below the surface. Average thickness of the peat is 2.5m; this area is under the Hazipur, Bulla, Bagdia, Paikpara, mouza of Haraspur union. 
Reserve of Peat

Reserve calculation is one of the most important criteria for exploration and mining. Reserves should be calculated carefully before exploration or mining of any economic deposits. Peat reserve calculations have been done following some steps. Firstly, measure the thickness of  peat at different peat bearing areas with the help of augering (shallow drilling method); Secondly, identify and demarcate the peat bearing area; Thirdly, calculate  the length and width of every peat bearing area; Fourthly, calculate the volume of peat bearing area (Volume of Area =Length x Width x thickness). Finally, volume of every peat bearing area calculated by multiplying with the specific gravity of peat (Specific gravity of peat considered as 1.0 in wet condition IGR-2 (Zaher, 1962). The detail reserves of peat in the study area are shown in table 6.
Table-6: Reserve of peat at nine peat bearing area of 4000 hectare, Bijoynagar, B’Baria.

	Name of the peat bearing area
	(length x width x thickness) x Specific gravity of  peat
	Reserves

	1. Shohdevpur-Ariol-Chompoknagar
	3212.89 x1800 x1 x 1
	5.78 Million Tons

	2. Katinga-Awlia-Viti Daudpur-Paharpur
	2142.76x676.79 x3.2 x 1
	0.64 Million Tons

	3. Hazipur-Paikpara-Pak Haraspur
	3985.03x1295 x3x 1
	15.48 Million Tons

	4. Lama- Khatinga-Paharpur
	1481.13x418.56 x4 x 1
	2.47 Million Tons

	5. Dariapur-Panchgaon-Sonamura
	855.15x493 x2.7x 1
	1.14 Million Tons

	6. Dighair Beel
	954.33x349.23 x2.9 x 1
	0.97 Million Tons

	7. Bithormala Beel
	1253.56x532x2 x 1
	1.33 Million Tons

	8. Paranga Beel
	552.59x348.27x2.1 x 1
	0.4 Million Tons

	9. Manikpur-Korcha
	801.25x200.62x2.5 x 1
	0.4 Million Tons

	                The total reserves of peat at nine peat bearing area
	32.61x.4, Million Tons
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Mining Aspects of the Peat

The investigated area of 4000 hectares, Bijoynagar Upazila, B, Baria district consisted of low lying/floodplains and few small hilly regions. Most of the peat dominant areas are occupied in these low lying/floodplain areas which have been submerged under water for four or five months in a year, some of the peat dominant areas are in small valleys or in residential area. Peat reserve is observed in surface to near surface of surveyed area. It is one of the largest peat deposited area in Bangladesh, about 32.61 million tons wet peat (13.044 million tons dry peat) reserve in location of nine peat bearing areas. These areas are well communicated and easily accessible, both metal and non-metal or semi-metal road and residential infrastructure are available in here. Agricultural lands (peat dominant entire low-lying or depressed swampy/floodplain area) are present, it is also a well-vegetated area. Peat dominant floodplains areas are very fertile and have grown several types of crops (mainly paddy) two or more times in a year. As a result, before the extraction of peat of 4000 hectors area, Bijoynagar Upazila, B’Baria district must be considered some factors like proper plan, management, future land utilization etc. All kinds of negative impacts resulted before and after extraction of peat must be considered from initial stages of the mining.

 Mining Method

There are several methods applied to the mining of economic deposits. Especially for coal/peat mining, two main methods have been applied.1) Open pit mining method and 2) underground mining method. During the field investigation of 4000 hectare area have been observed that peat was deposited in surface to near surface. Hence, open pit mining method is appropriate for the extraction of peat.  In this method overburden of peat should be replaced with the help of excavator and cutting the peat. Before preservation of peat, excavated peat should be stacked in an open field for drying in the sun light. When the moisture level is reduced to 30%-35% then this peat may be marketed for different purposes of use. A ditch extending from 1.0 m to 6.0 m depth will create in the peat bearing area due to extraction of peat. The peat may be extracted by using small barge mounted dredgers when it remains under water during the wet season. 
Probability of heating fuel at small power plant: The peat in 4000 hectres area of Bijoynagar upazila may be used to run a peat fired small 20 MW power plant. Annual fuel requirement for the above would be 200 thousand tons of dried peat (35% moisture level, Zaher, 1962 and Imam, 2005). This could be obtained easily by mining of peat in 4000 hectares area of Bijoynagar upazila, B’ Baria district. The total reserve of peat of 4000 hectors area is about 13.044 million tons in the dry condition (35% moisture level). If 80% of the peat (10.0 million ton) is mined and used in a 20 MW power Plant, this could run for 50 years.
Reclamation of Land

After mining of any economic deposit reclamation of land is the most important factor. Some economic deposits of a region may comprise of vast land area which is usable (agricultural or residential land) or barren land/Hilly area. If comprises the usable land must be needed to reclamation of land after mining, so problems of land tenure and resettlement   after extraction need attention. Each peat bearing area should be carefully surveyed to collect basic data to land use evaluation. The investigated areas of 4000 hectare comprise of both agricultural lands residential lands which must be reclaim after mining. Nine peat bearing area covered about 40 sq km area (both agricultural and residential land). The land will be lowered 1.5 to 1.8 m from the present surface after peat extraction. So, most of these lands should be reclaimed for agricultural purposes after mining which may be possible by sand/mud filling in the depressed land. It is also reported from the local peoples that paddy is not well grown on the peat fields. But peat is removed and paddy is cultivated on the ground then the production is much higher.  The deep excavations may be used for Pisciculture. The excavations may be linked with the river by a canal for siltation and draining out the water after rainy season. The canals may also be used for the transportation of the peat.
Environmental and Socio-Economic Aspects
Peat has high global warming emissions and high environmental concerns. It may be compared to brown coal or worse than this lowest rank of coal. Peat is one of the most harmful energy source for global warming, there are several hazards may create for the mining of peat in the area of Bijoynagar Upazila B, Baria district. After extraction of peat, 1.0 m to 6.0 m hole or pit will be created in this extracting area. These areas will submerge under water depth of which may vary from 1.0 m to 6.0 m. As a result unprecedented flood may cause in peat dominant area. Huge agricultural lands, vegeted area, social plantation, roads and other infrastructure of peat bearing area may be destroyed due to the mining, heating fuel of peat for the production power energy. Several types of gas (CO2, CO, CH4, average .423% S etc) emitted for the fire of peat for production of energy which polluted the surrounding environment. Some harmful factors may face due to peat extraction which volatile the adjoining area of mining such factors are toxic metal release from the peat, eutrofication of surface waters, disturbance of hydrological balance, impacts on flooding and local fisheries, release of organic pollutants, changes of ground water supply, air pollution and fires, loss of genetic resources (flora and fauna), loss of social function etc.  Nine peat dominant floodplain areas (about 40.0 sq km) may go under water from 1.0 m to 6 m from their present surface. Because of peat mining the entire biodiversity of this peat bearing area must be face to vulnerable. Before mining the peat, these environmental factors should be addressed properly. 
Agricultural Potentiality

The entire peat bearing areas of 4000 hectors, Bijoynagar upazila, B, Baria district will subside 1.0 m to 6.0 m from their present surface due to peat extraction. Peat dominant about 40.0 sq km areas of agricultural lands may be destroyed as a result of mining peat. All of these agricultural lands are fertile and several types of crops (mainly paddy) are grown one or more times in a year. Most of the peoples (about 85%) of the area live on agricultural activities. Their living style may change due to peat extraction. Proper land management must be undertaken before and after mining, so that, the agricultural land may reuse. A proper initial survey is the only sound base from which the future uses of a peat may be planned. Swamp for agricultural purposes can be evaluated. A clear distinction must be made between the agricultural value of the organic materials and the suitability or potential of the peat swamp for agricultural development.

Future Agricultural Management and Land Use

After extraction of the peat it is essential that the area be made available for agricultural production. About 40 sq km of agricultural lands will be unusable for production of any crops as a result of peat mining. The area must have undertaken proper management plan for future land use before mining of the peat. Subsided lands of extracting area may be filled with sands or mud so that they may be reused for agricultural purposes. Subsided land can also be used for fishing purposes after mining. In this way subsided land may be used for seasonal fishing. Seven or nine months in a year these lands may be submerged in a year. Pisciculture may apply of these subsided lands at the time of submerging and in dry season several types of crops (short span of life crops) may grow of that lands. For this reason proper land management must have for the future land use before and after mining of peat. 

Conclusion and Recommendation
Based on the surveyed information of peat exploration of the 4000 hectors area of Bijoynagar upazila of B’Baria district, the following conclusions and recommendations are made:

1. The peat of the investigated area is moderate to good quality according to the results   physical and chemical properties of peat.

2. The reserve of wet peat in the surveyed area is about 32.61 million tons whereas the dry peat is 13.044 million tons.
3. The peat may be mined by using local dredgers in dry season and in wet season when the area remains under water; the peat may be mined by burge mounted dredgers.
4. This peat may be used at different purposes of domestic and small industrial purposes after mining. Small power plant like 20 MW may be run using this peat.
5. A proper planning for land use, environmental management and policy should be taken before extraction of peat.

6. Total price of cultivated crops in a year in the peat dominant cultivated land must be correlated to that of estimated peat reserve.

7. Mining of peat must be in such ways that prevents every kind of environmental hazards like landslide/subsidence of the peat dominant surrounding area.
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Figure 1 : Location and geographical map of the study area, Bijoynagar upazila,


B,Baria District, Bangladesh.





Figure 2: Peat bearing area of 4000 Hectares area of Bijoynagar upazila, B,Baria district,Bangladesh.








