Study for Invesgation of Groundwater and Surface Water Irrigation in Habiganj, Maulavibazar, Sylhet,
SunamganjNetrokonaand Kishoreganj Districts

EXECUTIVE SUMMARY

The Department of Bangladesh Haor & Wetland Development (DBHWD) is mandated to
ensure overall coordination and monitoring for integrated development of haors and wetlands
that will holistically address thproblems related to water resoes, agriculture, fisheries,
livestocks, ecology and biodiversity. A large number of inhabitants are dependent for their
livelihoods on diverse activities around wetlands which influence the -scolmomic
condition of the ountry. Moreover, following theecommended strategy of the Haor Master
Plan, DBHWD is now giving emphasis on promoting investigation and expansion of
groundwater irrigation which has been formulated to facilitate improved and sustainable
management of sface water and groundwater resmes for agricultural use in haor area
through an integrated mathematical modelling study. DBHWD also giving emphasis on
assessment of interaction between Haor and river ecosystem. As a result, a study covered
Habiganj, Mawibazar, Sylhet, Kishoreganj, Mekona and Sunamganj districts is proposed

to explore the availability of both surface water as well as groundwater resources to develop
future irrigation expansion plan for proper management of water resources in aat@ttegr
manner.

Thestudy was formiated with a viewto explore the availability of both surface water as well

as groundwater resources for developing a future irrigation expansion plan for proper
management of water resources in an integrated manner. Tyelst addressdthe zoning

of the areafor future irrigation expansion based on the quantity as well as quality of surface
water and groundwater resources.

The major activitiesthat have been furnishetb accomplish the study objectives are
hydrogeologcal investigations, assessmeafitwater resources using mathematical modelling

and development of an Interactive Information System (IIS) using the state of art technology.
Hydrogeological investigations include exploratory drilling, construction of mtomiu
tubewells, long term aquef tests, installation and monitoring of groundwater level,
geophysical survey, seepage and percolation measurements and water quality sampling and
analysis. The modellingctivitiesinclude development, calibration and daliion of surface

water and groadwater interaction model for the study aaea simulations of model for likely
scenarious

The major study findings from hydrogeological investigations are illustrated below:

1 The data collected from the secondary soursewell as from field investigains
reveals that three major aquifers encounteigd 200m deptkhroughout the study
area with some exception in Sylhet, Maulvibazar and Sunamganj districts. Tthickness
of the first aquifer ranges fromBL5m, second aguf ranges from :352m and
third aquifer ranges from 1&8m. The thickness of the aquifers is thicker in
Netrokona, Sunamganj, Kishoreganj and Habiganj district rather than that of Sylhet
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and Maulvibazar distrist The aquifers are mostly composed of feaad, medium

sand and coarse shmaterials with a semi confined in nature.
1 Depth to groundwater level/tableom ground surface for the project installed
observation wellsn the study areeeveals that the minimum depth of water level is

observed during August and maximum during MaochApril. Groundwater level
starts to decline in September and reaches to the maximum depth inrApailcnd
then moves upward again in monsoon to regarsthtic water level in Julugust.
The maximum and minimum depth to groundwater table alorfy flictuation for

different districts is presented below:

District Depth to Groundwater Table
Minimum Maximum Fluctuation

Kishoreganj | 1.5t0 5.0m| 4.5t011.0m | 2.5and 7.0m
Netrokona 15t04.5m| 4.5t0 11.0m| 4.0 and 19.0 n|
Sylhet 3.5m 55m 2.0m

Maulavibazar| 1.0to 1.5m| 25t035m| 1.0and 1.5 m
Habigan;j 15t05.0m| 6.0to 10.5m| 4.5and55m
Sunamganj | 20to8.0m| 6.5t09.0m| 1.0and 8.0 m

1 The geophysical investigations revealed that in the study area 3 nos. of aquifers
separated by aquitaekist upto the deptbf 200m which is similar to the borelog

data.

1 Thetopgetmgicaluni t i s
which is clay or silty clay.
1 The next unit is Aquifed also termed to be shallow aquifer shows resigtiv

vari
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104m. Maximum thickness of Aquifelr is about 104m at Atpara, Kishoreganj and
minimum thickness is about 4m at Madan, Netrokona.
1 Aquifer-2 also shows the same resistivigynge. Thicknes of this unit varies from 3m
to 135m. Maximum thickness @fquifer-2 is about 134m at Madhabpur, Habiganj
and minimum thickness is about 3m at Bajitpur, Kishoregan).

Maximum depth of the lower boundary of Aqui&ris about 171m at Madhabpuitabigan;

and minimum depth is about 100m at Mohanganj, Netrokona.

1 Hydradic propertiesobtainedfrom aquifer tests conducted installing production
wells aregiven below:

SI(;_ District Upazila Latitude | Longitude Well(rg)e pth P()Sstirt?‘(l)?]e(rm) Trirrﬁ%:;')\”ty
1 Habiganj Bahubal 24.32082 | 91.529585 60.98 35.67%53.35 380

2 Sylhet Balaganj 24.750651| 91.826652 145.43 123.78143.90 347

3 Sunamgan] | Bishwambarpur| 25.109018| 91.331422 100 79.8796.95 70.86

4 Sunamganj Chhatak 24.959974 | 91.67454 80.49 60.37%77.44 1241.76

5 | Sunamganj | Dowarabazar 25.061507 | 91.513586 79.27 54.8876.21 996.7

6 Netrokona Kendua 24.650789| 90.73543 121.95 99.09119.51 2697.28
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ﬁ;_ District Upazila Latitude | Longitude Well(rlri]);e pth P()Sstirt?(i)rr:e(rm) Tra(r::zr/r:ji;s/i)vity
7 Habiganj Madhabpur 24.133174| 91.317786 132.93 117.07131.71 982.7
8 | Netrokona gzgg:‘om 24.92976 | 90.78699 | 146.74 | 126.02143.7 1090.03
9 Kishoreganj | Pakundia 24.33247 90.68894 94.88 68.6791.84 1059.86
10 | Kishoreganj | Kuliar Char 24.151159| 90.931561 118.9 92.68115.85 1128.90
11 | Maulvibazar | Kamalganj 24.431566 | 91.842153 108.23 78.96104.57 270.68
12 | Maulvibazar | Kulaura 24.531552| 92.035999 150.3 1280-1480 853.06
1 Hydraulic properties from aquifer tests conductedVdiy! usingexisting production
wells aregivenin tablebelow:
Isl;. District Upazila Latitude | Longitude De\p/)\{ﬁ“(m) Pos;rt?;rr‘]e(rm) Trar(‘;’?/‘j:;‘;“y
1 Kishoreganj | Hossainpur | 24.384963 | 90.670189 24.39 9.4524.39 976.33
2 Kishoreganj | Pakundai 24.347127| 90.680394 18.29 9.4518.29 2906.00
3 Kishoreganj | Hossainpur | 24.431675| 90.686672 27.44 16.7727.44 381.38
4 Kishoreganj | Pakundai 24.317144| 90.714931 18.29 4.87-18.29 1268.33
5 | Kishoreganj | Katiadi 24.244321| 90.824074 18.29 8.17-18.29 1116.33
6 Kishoreganj | Katiadi 24.338581 | 90.830665 19.81 9.1419.81 452.67
7 Kishoreganj | Kishoreganj| 24.42832 | 90.743163 28.% 12.0728.96 673.33
8 Netrokona Kendua 24.659028 | 90.83409 21.34 5.1821.34 988.33
9 | Kishoreganj | Kuliar Char | 24.150566 | 90.902424 21.34 14.3321.34 647.00
10 | Netrokona Purbadhala | 24.847156| 90.624749 17.37 3.6517.37 3093.00
11 | Netrokona Barhatta 24.8853 90.888705 20.42 4.57-20.42 1120.67
12 | Netrokona Barhatta 24.902348 | 90.82222 26.82 10.3626.82 498.33
13 Netrokona Atpara 24.793216 | 90.805503 21.34 15.2421.34 263.67
1 The maximum and minimum S&P rate for different districigressented as bellows:

District . TQ’&P Rate (mm/day)
Minimum Maximum
Kishoregan] 3.6 13.0
Netrokona 3.0 11.0
Sylhet 7.1 11.4
Maulavibazar| 5.3 10.9
Habigan;j 5.1 12.0
Sunamganj 8.6 14.6

Major findings from water quality sampling and analysizased on 40 nos. samgleollected
under studyare as bellows:

1

pH values range from 5.68 to 6.96, indicating neutral to slightly acidic conditions. Ec
values ranges from 11fds/cmto 1537us/cm, TDS values range fromnidl to
578mg/l and salinity value varies from 0.0 to 0.7 ppt and temtyoer of groundwater
samples ranges from 28Gto 29C. But in Dowarabazar upazila of Sunamganj
district, the groundwater possesses slighthhaigemperature and found 3%C2
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1 Manganese concentrations vary from 0.01lmg/l to BR@b The maximum
concentation (2.65mg/l) found at Kendua upazila. There are 32 samples (80%) that
exceed Bangladedbrinking Water Standards 1997 guideline limit of Mmmese.
Therefore, the study area has a potential threat of groundwater Manganese
contamination.

9 Calcium concatrations vary from 156.80mg/I to 2.88mg/l. Only 1 sample at Kendua
upazila of Netrokona district exceeds Bangladeshking Standard guideline.

1 Iron concentrations vary between 0.09mg/l to 30.05mg/I with mean, median and
standard deviation of 4.29mg/l,65mg/l and 5.14mg/l, respectively. Bangladesh
Drinking Water Standard is from 0.3mg/l to 1.0mg/l. Maximum Iron concentration
is found in Karighat upazila of Sylhet district. Considering the Banglad®siking
WaterStandard 83% samples show concentratiabove taste limit.

1 Phosphate concentrations vary between Omg/l and 12.67mg/l. Bangladesh Standard
follows 6mg/l maximum allowable concentration based on the taste threshold. All
the samples except Balaganj and Golapganj upazila of Sylhet districtthre safe
limit.

9 Salinity index for irrigation wateiquality found that all the samples collected
categorized under medium to low salinity classes except the groundwater from
Jahangirpur and Chandigor union of Netrokona districts.

1 The Sdium AdsorptionRatio (SAR)values 0f98% of the samples are found to be
less than 10. Groundwater classified based on SAR as being excellent for irrigation
(i.e., S1 category) except the groundwater from Mannargaon union of Doarabazar
upazila in Sunamganj District whid fall in goodcate@ry.

1 The classification of groundwater samples with respect to percent sddium
irrigation uses isound that 70% samples belong to permissible category. Maximum
Na% found for the groundwater from Mannargaon union of Doarabazaitaupaz
Sunamganj Disict which is unsuitable for irrigation.

1 In the study area, the magnesium hazard (MH) vdoesrigation water quality
analysishave been calculated in the range of 17.27% to 70.71%. 88% of the samples
showed magnesium index valuel®w 50%, suggestindneir suitability, while 12%
fall in the unsuitable category with MH more than 50%, indicating their adverse
effect on crop yield.

1 Surface water quality analysis indicates the presencecofilin river water whereas
it is free from eavy metal (Mercury, &mium, and Lead).

Major Findings from the Mathematical Modelling Study:
1 Available groundwater resource has been calculated based on useable recharge which

is 75% of potential recharge. The estimated potential recharge for diffpaeileuis
givenbelow:
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SL No District Upazilla Potential Recharge (mm)
1 Habigan; Baniachong 1219
2 Habigan; Nabigan;j 612
3 Habigan; Ajmirigan] 1101
4 Habigan; Bahubal 689
5 Habigan; Habiganj Sadar 426
6 Habigan; Lakhai 893
7 Habigan; Chunarughat 679
8 Habigan; Madhabpur 855
9 Kishoreganj | Itna 1234
10 Kishoreganj | Tarail 1126
11 Kishoreganj | Karimganj 1086
12 Kishoreganj | Kishoreganj Sadar 970
13 Kishoreganj | Hossainpur 914
14 Kishoreganj | Mithamain 1250
15 Kishoreganj | Nikli 1090
16 Kishoreganj | Austagram 1186
17 Kishoreganj | Pakundia 609
18 Kishoreganj | Katiadi 1108
19 Kishoreganj | Bajitpur 770
20 Kishoreganj | Kuliar Char 995
21 Kishoreganj | Bhairab 1097
22 Maulvibazar | Barlekha 568
23 Maulvibazar | Kulaura 718
24 Maulvibazar | Rajnagar 642
25 Maulvibazar | Maulvi Bazar Sadar 690
26 Maulvibazar | Kamalgan; 490
27 Maulvibazar | Sreemangal 860
28 Netrakona | Durgapur 897
29 Netrakona | Kalmakanda 458
30 Netrakona | Purbadhala 865
31 Netrakona | Netrokona Sadar 973
32 Netrakona | Barhatta 932
33 Netrakona | Mohanganj 938
34 Netrakona | Atpara 1013
35 Netrakona | Khaliajuri 1043
36 Netrakona | Kendua 713
37 Netrakona | Madan 958
38 Sunamganj | Tahirpur 606
39 Sunamganj | Dharampasha 932
40 Sunamganj | Bishwambarpur 554
41 Sunamganj | Dowarabazar 543
42 Sunamganj | Sunamgaj Sadar 1042
43 Sunamganj | Chhatak 582
44 Sunamganj | Jamalganj 961
45 Sunamganj | Derai 1199
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SL No District Upazilla Potential Recharge (mm)
46 Sunamganj | Jagannathpur 973
47 Sunamganj | Sulla 1022
48 Sylhet Jaintiapur 577
49 Sylhet Gowainghat 635
50 Sylhet Companiganj 584
51 Sylhet Kanaighat 687
52 Sylhet Kotwali 705
53 Sylhet Zakigan;j 626
54 Sylhet Beani Bazar 600
55 Sylhet Bishwanath 520
56 Sylhet Golabgan;j 462
57 Sylhet Balaganj 658

91 Due to the future abstraction considering 80% areeuttivable land under HYV
Boro, it is observed that most of the areas, groundwater table drops down by about
0.1m to 1.0m compared to the groundwater table of present condition. However,
groundwater table drops down upto 6m in Habiganj and Bahubal lldpatiere
most probably abstraction has been imposedhidustries.

1 The study reveals that due to extreme drought condition most of the areas of
Netrokona and Kishoreganj districggoundwater table drop down from %0 2m
in comparison with the basemdition.

1 Due to the increment of abstraction theugrdwater recharges also increase which
implies that aquifer has potential for receiving more recharge if provision is made.

1 Available surface water resources in the selected khals after conttbiingatetby
water control structure is given below:

. Length of Volume (m®) of
District Haor Name Khal Name Khalg(Km) Water to be(lrri)gate d
Digha Nadi 6 504500
Boro Haor Baniajan Gang 7 122000
Singua Khal 12 178000
Noapara Haor Pania Khal 3 341000
Kishoreganj Khaiyar. Khal 7 351000
Naogaon Haor Markhdi Khal 5 900000
Nandir Khal 6 299000
Dakhshiner Haor | Shankir Khal 6 242500
Sunair Haor Suti Khal 16 1590000
Chatal Haor Noaparakhali 1.8 324000
Netrokona Khaliajuri-4 PutiaKhal 5 165000
Khaliajuri-2 Naiyari Khal 8 889000
Jaliar Hao Rauli Kha_l 6 71500
Sunamganj Dora Nadl_ 8 42500
Dhakua Haor Muktakhai Khal 12 670000
Dharmapasha Hao| Manai Khal 16 680000
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. Length of Volume (m®) of

District Haor Name Khal Name Khalg(Km) Water to be(lrri)gated
DaharGang 7 132500
Agunia Khal 8 221500
Hail Haor Lunglabijna 24 2145000
Moulvibazar Lash Gang 12 525000
Kawardighi Haor | Sampad Khal 9 630000
Udna Gang 12 531000
MedhabeeKhal 5 304500
Mokhar Haor Old Kushiyara2 18 948000
Habigan; Rajendrapur Kha 5 118500
Gangajuri Teli Khal . 6 214000
Shashya Nadi 10 118000

1 Sufficientsurface wateresources are availabile Dhanu, Baulai, Ghorautra rivers
for round the year irrigation while limited resources available in Saidulbaruni,
Mogra, Kangsha rivers in dry period but sufficient water is available in October for
supplemental irrigation.

1 Based on the surface watewailability and its development constraints, the
maximum possible irrigation area expansi@as been determined and future water
demand has been estimated. Areas under HYV Boro have been estimated to be about
87500 ha forsurfacewater based irrigation.

An Interactive Information System (lIS) for storing, visualizing, manipulating, maintainthg a
managing a huge volume of hydrological, hydewmlogical, meteorological hydro
geochemical, topographical, physiographical, soils and agricultural data fosgmithl and
spatietemporal for the project area has been develagech enables users support for data
management, visualization, data analysis, data retrieval and reporting

Recommendation from the Study

1 Crop diversification is recommended i.e cudtion of crop with less crop water
requirement can be increased instead of HYV Boro crop for improve water
management and crop yield.

9 Coordination among the different stakeholders working in the haor arehl sfeou
well established. There should have aomsfj coordination among different
organizatios, departmers such as DBHWD, BIWTA, BWDB, BADC, LGED,
DPHE, DAE etc.

1 During infrastructure development in hoar area, there should have navigation
facilities. For ay infrastructure related project, coordinati@mong different
organizatios/departmertis highly recommended.

1 Reexcavation of major khals is highly desirable. Large scale dredging through
technical study and monitoring is recommended.
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1 Water is limited,and its uses should be appropriate and efiity. As per
government policy surface watbased irrigation is encouraged. As suchreduce
the dependency on groundwatsurface watebased irrigation is recommended
under this study. To reduce the cegance and other losses, buried pipe systémg us
LLP is highly recommended.

T During stakeholderodés consultation and fi
the rehabilitation of pumps and other infrastructure of Manu Irrigation project. So,
steps shdd be taken to rehabilitate the existing pumps

1 The transportation system of haor area during rainy season is not good enough to
bring the crops from field to high lands. As such the combined harvester is
recommended here to reduce time and the cosibof las well as reduce the risk of
crop damage

1 Regulatory structusehave to be constructed fognsuring theproper drainage and
navigation

Regular monitoring of water quality in Haor region is recommended.
Natural reservoir may be used to store excaissvater during rainy season.

Plan wise groudwater abstraction considering water act is recommended.

= =2 =/ =

The future climate change scenarios need to be addressed since due to changing of
rainfall pattern, more complicated flooding situation may arise.

1 As pe ToR, this study covers only the technicaltp®o detailed feasibility study
considering environmental viability, economic feasibility and social acceptability
needs to be addressed before implementation of the project.

T I'n the st akehaqPI@ eneelirg, locab leveluorkshops amah final
workshop at Dhaké#or several study projects have been suggested to take for the
sake of the improvement of haor livelihood. As such a comprehensive integrated
studyconsidering the following issues is highlgcommended under this study:

V The quality ofthe model can further be improved undertaking a comprehensive
study on geological formation, aquifer properties, recharge pattern and
groundwater abstraction rate. A further study is needed to formulate differe
land and water management options for @itermplanning

V Assessment of detailed water quality for drinking and irrigation purpose.

V Protectionof fish sanctuary as well as estabirednt of new sanctuary in the
haor areas also recomanded

V Solid wastemanagement for reducing the risk of contartiora of surface
water.
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V Industrial waste management specially for Habiganj, Sayestaganj and
Madhbpur industrial area.

V Update existingHaor Master Plan considering climate chasgenariosand
other humaninterventions for the duration of next 100 years inel with
Bangladesh Delta Plan 2100.

V Address the Social, Environmental and Ecological factors holistically.

V Identification of changes of bidiversity before and after the-excavation of
haorbeel.

V Investigaton of the longterm impact of iron on land fality and its remedial
measures.

V Assessment of the sanitation, education, health and livelihdeabofegion.
V Establishment of draining out of water from upstream of Kawa Digi Haor.

V Study for asessment of groundwater flow from Meghalaya hill tracts to
understand the groundwater flow direction as well as flow volume.

V Study for assessment of the impact on ecosystem due to surface water irrigation.

V Research on irrigation efficiency amshvironmental flow analysisf major
rivers

V Study to assess the moghbgical changes in the river system of haor region in
Bangladesh.

V A study on establishment of linkage between Agricultural/Livestocks and others
with haor ecosystem.

V A study on wise usef wetlands and best wetland management practices for
restoration obcosystem in haor area.

V Research on sedimentation and sink for haor area.

V A hydrogeological study to determine the spacing of tubevesltl aquifer
mapping
V Assessment ofolume of watecomes from transboundary river in hoar region

V Study to improve theavigation facilitiesfor transportation opaddy by boat
during dry seasan
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1 INTRODUCTION

1.1 Background

Haors are large saueshaped flood plain depressions located mostlyorih-eastern region

of Bangladesh covering about 25% of the entire region. There are altogether 411 haors
comprising an area of about 8000 %mtispersed in the districts of Sunamganj, Sylhet,
Maulvibazar, Habiganj, Netrokona and Kishorgan). These haersudaject to very peculiar
conditions and suffers from extensive annual flooding. This makes livelihoods extremely
vulnerable and limits the pential for agriculture production and rural enterprise growth.

Boro rice is the main dry season crop grown he haor areas requiring irrigation for
cultivation. The total cultivated area in those haor districts is about 1.26 million hectares of
which 068 million ha (nearly 66%) is under haor. Almost 80% of this area (i.e. 0.68 million
ha) is covered by Boro ricevhile only about 10% area is covered by T. Aman production
(Huda, 2004).

In the districs of Habiganj, Maulvibazar and Sylhet, as per thetergslan study, irrigation
coverage during dry season is about 62% of net cultivated area. In Rabi seaso83%botit

Boro crop area is irrigated and the rest of the area is irrigated by traditional methods or remain
under rainfed condition. Other drynk Rabi crops are grown under fully rainfed condition. In
kharif-1l season, major crops Aus and Aman are mostlvated under the rainfed condition.

Total irrigation coverage during dry season is about 8.17 lakh ha. Irrigation coverage by
groundwater isbout 3.45 lakh ha of where coverage of deep tube well (DTW) is about 0.37
lakh ha and STVis about 3.08 lakh haf land. The remaining 4.72 lakh ha area is irrigated by
surface water.

The Department of Bangladesh Haor & Wetland Development (DBHWD) islateoh to
ensure overall coordination and monitoring for integrated development of haors and wetlands
that will hdistically address the problems related to water resources, agriculture, fisheries,
livestocks, ecology and biodiversity as a large numbenludbitants are dependent for their
livelihoods on diverse activities around wetlands which influence the -secamomic
condition of the country. Moreover, following the recommended strategy of the Haor Master
Plan, DBHWD is now giving emphasis on promagti investigation and expansion of
groundwater irrigation which has been formulated to facilitate improved artdiraise
management of surface water and groundwater resources for agricultural use in haor area
through an integrated mathematical modellingdlg. DBHWD also emphasis on assessment

of interaction between Haor and river ecosystem. As a ressiitidy ara located in Bahubal,
Chunarughat, Madhabpur, Nabiganj and Sadar upazilas of Habigan] district; Barlekha,
Kamalganj, Kulaura, Rajnagar, Sreermgal and Sadar upazilas of Maulvibazar district;
Balaganj, Beani Bazaar, Bishwanath, Fenchuganj, Gopalganj, Ggedj Jaintapur,
Kanaighat, Zakiganj and Sadar upazila of Sylhet distiicta, Tarail, Karimganj, Kishoregan;
Sadar, Hossainpur, Mithamaiiikli, Austagram, Pakundia, Katiadi, Bajitpur, Kuliarchar,
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Bhairab upazillas of Kishoreganj districts; Durgapkialmakanda, Purbadhala, Netrokona
Sadar, Barhatta, Mohanganj, Atpara, Khaliajuri, Kendua and Madan upazillas of Netrokona
districts; TahirpurDharampasha, Bishwambarpur, Dowarabazar, Sunamganj Sadar, Chhatak,
Jamalganj, Derai, Jagannathpur and Sul{@azla of Sunamganj district$-igure 1-1 is
proposed to explore the availability of both surface watevedlsas groundwater resources to
develop future rrigation expansion plan for proper management of water resources in an
integrated manner.

Groundwater is the key source of water supply to the crops in high and medium high land
where surface water is notadily available. However, trevailability of groundwater varies
throughout the region and its extent is not well known. Also, there is no comprehensive study
on data collection and surface water & groundwater resources assessment in an integrated
mannerin the study area. Groundwatapping occurs mainly in the private sector; its rate of
extraction is uncertain. Also, unplanned way of abstraction of groundwater may cause
depletion of groundwater level. It is making extraction of groundwater rathésuttifind
renders it unavailabty for drawing by pumps. Therefore, it is of paramount importance to
undertake a study to explore the availability of both the surface water as well as groundwater
resources to develop future irrigation expansion planrfgrgr management of water resces

in a sustainable way.

1.2 Engagement of Institute of Water Modelling (IWM)

Department of Bangladesh Haor and Wetland Development (DBH¥dlgd for Eol for
engagement of consul ting or g aationpfa&Gtoundwatert o c o
and Surface Water Irrigation in Habiganj, Maulavibazar, Sylhet, Sunamganj, Netrokona and

Ki shorganj Di st r i lotesponsgM sidmitted the EblZide n2idalnb. .
42.07.018.01.03.1713.2016/1056, Dated April 07, 2016.Re qu e st f osrissued o p o s a
by DBHWD vide the memo No. 42.04.0000.003.14.390.16.272, Dated May 12, 2016 for
submission of technical and financial proposal to conduct the study.

In response, IWM submitted Technical and Financial proposal to DBléw@une 20, 2016.

The poposal was duly evaluated by DBHWD and the study was awarded to IWM accordingly.
A contract agreement has been signed on November 10, 2016 between D&tdMIDM to
conduct the studgs presented iRigure 2. IWM mobilized the study team on November 13,
2016 for preparatory works, necessary primary and secondary data collection. Primary data
collection program comprises mainly exploratory drilling (upto 200m) ancliasbn of
monitoring well, groundwatdevel monitoring, construction of production well, aquifer test,
geophysical surveygeepage angercolation (S&P) measurement, water quality measurement
etc. The secondary data collection includes collection afrtgejand relevant data from related
organizations.
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Figure 1-1: Base Map of theStudy Area
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Figure 1-2: Contract Signing Ceremony between DBHWD and IWM.

As per contract and ToB¥f the study, the Draft Final Report was submitted on May 30, 2019.

A workshop on the DFR was held participated by representatives of Planning Commission,
MoWR, MoA, BWDB, BADC and other concerned argzations. This Final Report has been
prepared incorp@ating necessary corrections and improvements as per comments and as well
asrecommendatiosof the workshop.

1.3 Objectives of the Study

The study is formulated with a view to explore the availabilitgaih the surface water as well
as groundwater to develdpture irrigation expansion plan for proper management of water
resources in an integrated manner. The objectives of the study are as follows:

1 Assessment of groundwater resources through integrattztts wateigroundwater
interaction modelling and analis.

1 Determine the overall irrigation development opportunities that can be achieved
through sustainable uses of water resources.

1 Assessment of the impact on groundwater table due to increasedtaistrac

1 Identification of both surface water and groundsvatources through surface water
groundwater interaction modelling.

1 Zoning of the area for future irrigation expansion based on the suitability of surface
water and groundwater resources.

1 Assessmenf surface water and groundwater quality.

1 Development bfuture agricultural expansion plan.
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1 Design an appropriate groundwater monitoring system to understand and assess the
future impacts of abstraction.
1 Development of comprehensive Interactive InfolioraSystem (11S).

1.4 Scope of the Works

The following activties wae envisaged in achieving the study objectives:

Collection of related mapseports and data

Exploratory drilling (upto 200m depth) at 40 selected locations

Construction of production tubewells at 12 locations

Long term (3 days) aquifer tests H3 selected locations using existing shallow

tubewells or deep tubewells.

1 Long term (3 days) aquifer tests at 12 selected locations in newly installed production
wells.

1 Installation and monitoring of 40 groundwater observation wells including BM

connection

Water quality sampling and analysis at 50 locations.

Seepage and percolation measurements at 50 selected locations.

Geophysical survey at 60 locations.

Assessment of present and future water demands.

Lithological characterization and delineation of dgusystem in the study area.

Development, calibration and validation of surface water and groundwater

interaction model.

Assessment of surface water agrdundwater resources.

Assessment of present and future groundwater status through mathematical model

study.

Zoning of irrigation expansion areas for various mode of irrigation.

Development of 1IS for the project.

Design a sustainable groundwater monitgrsystem.

Transfer of technology through training program.

Six numbers of consecutive workshops didricts to disseminate the draft findings

from the study to beneficiarieend stakeholderbefore finalization oDraft Final

Report (DFR. Another oneworkshophas beerheld after submission of DFR at

Dhaka to disseminate the study outcomes to thesidecmakers.

1 Reporting: Inception, Progress, Technical, Draft Final and Final Reports.

= =4 =4 A

= =4 =4 4 A8 -4

= =4

= =4 =4 4 A

1.5 Structure of the Report

This reportis thé&inalRe p or t  oof Invastgatiwrdoy Grdundwater and Surface Water
Irrigation in Habiganj, Maulavibazar, Sylhet, Sunang Netrokona and Kishorganj

Di st rThis tegod contains the technical works carried out during the study period,
findings, conclusions and recomnalettions. The report is presentedwo volumes for sake
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of clarity and ease of comprehending the éssaddressed during the study. The volumes are
as follows:

Volume Title of the Report

Volumel Main Report
AnnexA: Terms of Reference (ToR) of tistudy

Volumell Appendix A: Details of Borelogs
Appendix B: Groundwater Level Data
Appendix C: Detail Dagn of Production Well

Appendix D: Water Depth Status f@eepage and Percolation (S&
Measurement

Appendix E: Water Quality Analysis
Appendix F: Details of Geophysical Survey
Appendix G: Analysis of Aquifer Test Data

Appendix H: Field Irrigation Water Rglirement (FIWR) and Surfaq
Irrigation Water Requirement (SIWR) for Aus

Appendix J: Calibration and Validation Plot of Mathematical Model
Appendix K: Sensitivity Analysis of Mathematical Model
Appendix L: List of Paitipants Attended in the Workshop

This is Volumel: Main Reportwhich comprises 4 chapters including a list of references
mentioned in the report. A list of acronyms and abbreviations used in the report has been
presented following the table of contents

Chapter 1 focuses on the projecabkground, stdy objectives and scope of works.

Chapter 2 Collection and review of reports of the previous studies andnfjsdielated to this
study.

Chapter 3 provides the physical setting of the project that incluldesroject area description,

its climate and topography, groundwater and hydrogeological setting, river system and surface
water, physiography and soil condition, agricultural practices, existing irrigation system and
coverage.

Chapter 4 focuses on thenajor data collection issues. It dealith the data requirements, data
collection program from both the primary and secondary sources of different types of data such
as hydrometric and hydrometeriological data, hydrologic and hydrogeological datavete:, re

of data availability and methotbmy for data quality control.

Chapter 5 represents thaquifer system of the project ard&e analysis of geophysical survey
and bordog also describein this chapter.
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Chapter 6 focuses the analysis of aquifer properties within the study area. Thel toén
groundwater tabkeis also descrilzkin this chapter.

Chapter 7 describes the computation of irrigation, domestic and industrial water demand.

Chapter 8 describes thedevelopment, calibration and validation of surface water and
groundwater flow modsel

Chapter 9 presentshe prospects of future surface water development

Chapter 10 illustrates theapplication of groundwater model which includes resources
assessment, aph formulation and analysis

Chapter 11 describes the details of design and develept of Interactive Information System
(ns).

Chapter 12 gives a brief on technology transfer to the project authority. It also includes the
findings and recommendation thie workshop that have been conducted under the study at the
field level and natiorldevel.

Chapter 13 lays the conclusions on various issues by which the project has been studied and
analyzed. The recommendations of the study have also been provided in this chapter.

Chapter 14 cited the References of the reports and manuals consaltéidef preparationfo
the report.

Annex-A: Terms of Reference (ToR)
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2 REWIEW OF PREVIOUS STUDY

Since the inception of the study, IWM collected various reports, data, maps and related
documents fronrelevant organizations. To obtain a preliminary ideahydrdogical and
hydrogeological issues pertaining the study and to identify information and data gaps for
formulation of primary data collection program as well as to utilize judiciously the existing
information, the review aielevantprevious studiebas been conducted. Some of the important
study findings are briefly presented in the following sections.

2.1 StudiesCarried out by NEMIP, Ministry of Agriculture

Ministry of Agriculture (MoA) designed a project entitlétNorth East Minor Irrigation Project
(NEMIP)0 to popularize the use of various minor irrigation equipments for extraction of
groundwater resource in the greater Sylhet area. The NEMIP has been executed under the
financial asstance of Asian Development Bank for the period from 19320 20@-02. As

per NEMIP provision, two studies were undertaken to prepare a database on the availability of
the aquifer conditions as well as to determine the aquifer characteristics fazahe ar

2.1.1 Aquifer Parameters Study by NEMIP (1997)

North East Minor Irrigdon Project conducted pumping tedb determine the aquifer
parameterdor designing and planning management of minor irrigation system through
installation of shallow tubewells and othreode of minor irrigationTwenty-eightnumbers of
aquifertests wee conducted in the year of 1997 in the greater Sylhet @leaaquifer test
conducted for 48 hours by continuous pumping aloserving the changes in hydraulic head
in the piezometersThe results obtained from the 28 pumping test sites in the gredbat Sy
areahas beempresented ifable2-1 .

Table 2-1: Aquifer Properties in the Districts of Sylhet, Maulavibazar, Sunamganj and
Habiganj (MOA, 1997)

District: Sylhet

Union, C, L, R and _
. I Well KD, S, § and Aquifer
Upazila Mouza (L. Number | Adopted Method Adopted Type Remark
No., Plot No.] P Method yp

Beanibazar| Beanibazar, | SYL/BEA | KD=304 HCF | C=2792Walton | Leaky
Dasura (JL: /ST-01 S=1.8X1(? HCF | L=742 Walton
116, Plot: Sy=1.6X102NCF | R=833 Walton
4292
Fenchugonj| Ghilachara, | SYL/FEN | KD=180 HCF| C=19,879Walton | Leaky SY=S
Dharon (JL:| /ST-02 S=1.5X10* HCF | L=1530 Walton
21, Plot: SY=1.6X10? NCF | R=1718 Walton
4151)
Ghilachara, | SYL/FEN | KD=370 HCF| C=220,000 H-J | Leaky
Sultanpur /ST-06 S=7.4X10* HCF | L=10,341 H-J
Sy=0.1 NCF | R=11,582 I

Final Report Volume-| 2-1 IWM



Study for Investigation of Groundwater and Surface Water Irrigation in Habiganj, Maulavibazar, Sylhet,

Sunamgaj, Netrokonaand Kishoreganj Districts

. Union, Well KD, S, S and € L R and Aquifer
Upazila Mouza (JL. Number | Adopted Method Adopted Type Remark
No., Plot No.] Method
(JL: 25, Plot:
930)
Golapgonj | Bodeshwar, | SYL/GOL | KD=358 HCF| C=39,000 HJ | Leaky
Fatehpur /ST-03 S=1.9X10* HCF | L=3619 HJ
(JL: 36, Plot: Sy=5.1X10% NcF | R=3962 H-J
229
Gowainghat | Nandirgaon, | SYL/IGO | KD=684 Walton | C=8181 Walton| Leaky
Angarjore W/ST-01 | S=1.7X10* walton | L=2286 Walton
(JL: 200, Sy=3.3X10% NCF | R=2567 Walton
Plot: 87)
Jaintapur | Nizpat, SYL/JAl/ | KD=1266 HCF| C=1140 HJ Un- S value
Laxiprasad | ST-01 Sv=0.16 NCF | L=939 H-J confined | omitted
(JL: 328, R=1052 H-J
Plot: 39)
Sylhet Sitam, SYL/SAD | KD=153 WAlton | C=606 Walton | Leaky
Rustompur | /ST-01 S=2.9X10* walton | L=305 Walton
(JL: 143, Sv=4.9X10*NCF | R=342 Walton
Plot: 818)
Zakigonj Zakigonj, SYL/ZAK | KD=442 Walton| C=1814 Walton
Madhudatta | /ST-04 S=1.6X10° walton | L=742 Walton
(JL: 73, Plot: Sy=5.3X10%2 NCF | R=833 Walton
94)
District: Maulavibazar
Upazila Union, Well KD, S, § and | C, L, R and]| Aquifer Remark
Mouza (JL. | Number | Adopted Method | Adopted Type
No., Plot No.] Method
Baralekha | Dasherbazarf MOU/BA | KD=416 HCF| C=18,182 Walton| Leaky
Gulua (JL:| R/ST-01 | S=6.4X10° HCF | L=3048  Walton
15,  Plot: Sy=8.4X102 NCF | R=3423  Walton
646)
Kamalgonj | Kamalgonj, | MOU/KA | KD=365 Thesis| C=1471 HJ Confined | S value
Kumrakapo | M/ST-06 | S=1.1X1@Thesis| L=729 H-J omitted
n (JL: 79, R=817 HJ
Plot: 1579)
Adampur, MOU/KA | KD=527 HCF| C=492 HJ Leaky
Tilokpur M/ST-17 | S=3.1X10* HCF | L=408 HJ
(JL: 84, Plot: Sv=0.22 NCF | R=457 HJ
9776)
Kulaura Hajipur, MOU/KU | KD=285 HCF| C=686 HJ Leaky
Chandgaon | L/ST-02 S=6.3X10* HCF | L=436 HJ
(JL: 135, Sv=0.59 NCF | R=488 HJ
Plot: 445)
Rajnagar | Tengra, MOU/RA | KD=605 HCF| C=653 HJ Leaky
Admabad J/ST-03 S=1.5X10° HCF | L=653 HJ
Sv=0.92 NCF | R=731 HJ
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Upazila Union, Well KD, S, § and | C, L, R and| Aquifer Remark
Mouza (JL. | Number | Adopted Method | Adopted Type
No., Plot No.] Method
(JL: 161,
Plot: 116)
Tengra, MOU/RA | KD=185 HCF | C=69 HJ Leaky
Tengra @L: | J/ST02 S=3.7X10* HCF | L=106 HJ
111, Plot: 786) Sv=0.12 NCF | R=119 HJ
Maulavibazar | Chandighat, | MOU/SA | KD=384 HCF | C=9189 Walton| Leaky
Borshigora | D/ST-02 | S=2.0X10° HCF | L=1554 Walton
(JL: 205, Sv=0.21 NCF | R=2438 H-J
Plot: 400)
District: Sunamganj
Upazila |Union, Mouzal Well KD, S,Sand C,L,Rand Aquifer | Remark
(JI. No. Number | Adopted Method Adopted Type
Plot No.) Method
Biswambapur | Polash, SUN/BIS/ | KD=582 HCF| C=240 Walton| Leaky
Kacirhate | sT-04 S$=2.6X10° HCF | L=335 Walton
(JL: 5, Sy=8.0X1(? NCF | R=376 Walton
Plot: 413)
Dhannapasha | Picorte, SUN/DH | KD=507 HCF | C=1544 ) | Leaky
Alapuchar | o/ST-01 | S=8.7X10° HCF | L=925 HJ
(JL: 76, Sy=8.8 X1®*NCF | R=1036 H
Plot: 3502)
Doarabazar| Banglabazar | SUN/DW | KD=672 HCF| C=3515 Wabn | Leaky
Paeicpara | A/ST- S=5.0X106° HCF | L=1554 Walton
(JL: 07, Sy=5.1X1®*NCF | R=1746 Walton
Plot: )
Jagannathpur | Patly, SUN/ KD=577 Walton| C=387 H | Leaky
Kasapur JAG/ST - | S=2.7 X10? walton | L=408 HJ
(JL: 48, 01 Sy=0.22 NCF| R=457 HJ
Plot: 467)
Sunamgonj| Rangrchor, | SUN/SUN | KD=295 Walton| C=407 Walton| Leaky
Fatergaon | /ST-03 S$=2.0X10® Walton | L=311 Walton
(JL: 45 Sy=1.12 NCF | R=349 Walton
Plot:144)
Tahirpur Badagat, SUN/T KD=331 Waltm | C=194 Walton| Leaky
Jaspratap | AH/ST-03 | S=2.3X10° walton | L=234  Walton
(JL: 159, Sy=4.6X10? R=262 Walton
Plot: 455) NCF
District: Habiganj
Upazila |Union, Mouza| Well KD, S,S,and C,L,Rand Aquifer | Remark
(JI. No. Plot | Number | Adopted Method Adopted Type
No.) Method
Ajmirigonj | Jalshuka, HOBJ/AJ KD=274 HCF| C=12,586walton | Leaky
Atpara (JL: | \/ST-03 | S=2.6X10? HCF | L=1555 Walton
30, Plot: Sy=4.7X10* NCF | R=1746 Walton
4610)
Bahubal 7 No. | HOB/BA | KD=558 HCF | C=87 Hl | Leaky
Badeshar, H/ST-05 S=6.0X10° HCF | L=190 HJ
Kandarapur Sy=5.6X10° NCF | R=213 HJ
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Upazila |Union, Mouza| Well KD, S,Syand C,L,Rand Aquifer | Remark
(JI. No. Plot | Number | Adopted Method Adopted Type
No.) Method

(JL: 130, Plot:
516)

Baniachong | Baniachong, | HOB/BA | KD=476 C=7338 Walton | Leaky
Tarashal (JL{ N/ST-05 | Jacob(r=C) L=1554 Walton
125 Plot: S=9.5X1¢? R=1745 Walton

=0.26 NCF
155) Sy=0.26 C

Chunarughat | Deorgach, | HOB/CH | KD=301 HCF| C=12,000 HJ | Leaky
Sararkhona | y/sT-05 | S=1.4X16°® HCF | L=1905 HJ

(JL: 108, Sy=9.0X1®? NCF | R=2134 HJ
Plot: 134)
Hobigonj | Shaestagonj,| HOB/ KD=324 HCF| C=163 Walton Leaky
Jagatpur (JL:| HOB/ST- | S=4.6X10* HCF | L=198 Walton
129, Plot: 05 Sy=0.29 NCF | R=223 Walton
134)
Lakhai Carab, Caralj HOB/ KD= 852 Theis | C=5566 HJ | Confined
(JL: 29, Plot:| | AK/ST- | S=208X10* Thesis| L=2177  HJ
2934) 05 R=2438 HJ
Nabigonj Showodp HOB/NA | KD=277 Walton
ur, (JL: B/ST- S=8.4X10? walton
45, Plot: Sy=0.1 NCF
144)

Note: HCF : Hantush Curve FittpMethod
H-J  :HantushJacob Method
NCF : Neuman CurvEitting Method

KD : Transmissivity (A day); S: Storativity (dimensionless);
Sy : Specific Yeild ((dimensiess); C: Hydraulic Resistence (days);
L : Leakage Factor (m); R: Radius of Pumping Influence (m)

From Table 2-1 it is observed thatalculated aquifer parasters vary considerably among
differentmethodsThe transmissivity value varies frob®3m?/day to1266n%/day, 185m?/day

to 605m%day, 295m?/day to672m?%/day and 27i?/day to852m?%/day in Sylhet, Maulvibazar,
Sunamganj and Habiganj districts respectivelfie study revealed thatthe study area
encounter mostly of highlgiiscontinuous aquifeft has been observed that the storativity and
specific yield values vary widely in the ar@#&hout following any trend. The leakage factors
and radius of influencesf all the tessites have very wide variation and follow no trend. High
leakage factors indicate th@onfining layer is relatively impervious and the influence of
leakage is smallThe studyindicatal that the SylhetMaulavibazarand Sunamgangistricts
have relatively lesaquifer volumes, so, high capacity STWs may not be suitable at places and
it may happen that STWs might dry up after prolonged pumping. It has been recomrmended
this study, as the aquifer conditions are very complicated in thiswegfiteast onpumping

test is necessary for each of the union in the future.
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2.1.2 Aquifer Availability Study by Ahmed (1997)

This report wapreparedunder the groundwat developmentomponent of NEMP based on
the data obtainedrom test drilling to focus w the aquifer availability and deep setting
requirements foshallow tubewells in the project area.

Ahmed (1997) collected and analyzed 1000 bore logs drilled by NEMIP, andog@gs
from NMIDP, BADC, BWDB and DPHE sources. The data analyzed\bgned elated to
lithology of an upazila are weighted averaged and assigned eg¢rkr@id of the upazila for
preparing districwvise zoning of different parameters. The averdgekness of top silt/clay
layers and average thickness of screenafleferas obained from the analysis of Ahmed
(1997)is given inTable2-2.

Table2-2 show that the average thickness of the top aquitard is less than 30marttiesn
and southeaste piedmont areas. The average thickness of theduitard, in a&losed sub
region consisting parts dbunamganjand Habiganj districts is greater thad5m. In the
remaining areas forming a wide central band extending from this deeperto the eastern
boarders, the average thickness varies from 30D#5m. Averagehickness of the aquifer
layers varying from less than 3m to greater than 12difierent zones of the are@hickness
and extent of the aquifer layers are highly variable and unprediatahle greater Sylhet area.

Table 2-2: Upazila Wise Average Aquifer Condition (Ahmed 1997)

Average Average
Thickness | Thickness
N , of Top of . .
District Upazila SilUClay | Screenable Aquifer C ondition
Layers Aquifer
(m) (m)
: Relatively extensive but discontinuo
Balaganj 43 ! single layer, have poor yield
. Relatively extensive but discontinuo
Beanibazar 30 8 single layer
: Multiple; both layers discontinuous, le
Biswanath 38 7 extensive
Companigan; 37 5 Relatively extensive budliscontinuous
panigan single layer, have poor yield
Fenchugani 32 8 Multlplg; both layers discontinuous, le
Sylhet extensive . . . .
Golapaoni 36 6 Less extensive discontinuous sing
pgon) layer, have poor yield
, Relatively extensiveébut discontinuoug
Gowainghat 30 15 single layer
. Multiple, both layers discontinuous, le
Jaintapur 34 ! extensive, poor yield
, Relatively extensive but discontinuo
Kaniaghat 44 6 single layer
Less extensive, discontinuous sin
Sylhet 35 S layer, poor yield
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Average Average
Thickness | Thickness
. . of Top of . L
District Upazila SilUClay | Screenable Aquifer C ondition
Layers Aquifer
(m) (m) . . - .
Zakigon; 42 10 gﬁg}g\/lzlsl/e;axtenswe but discontinuo
Baralekha 34 8 Less extensive, discontinuous sin
layer, poor yield
Kamalgonj 18 21 gﬁg}g\/lzlsl/e;axtenswe but discontinuo
Kulaura o5 11 Multiple, both layes discontinuous
Maulavibazar lower one more extensive
, Multiple, both layers discontinuous
Rajnagar 25 15 lower one more extensive
, Multiple, both layers thin
Maulvibazar 31 9 discontinuous, less extensive
Srimongal 26 7 Less extensive, discontinuous sin
layer, poor yield
Biswambharpur o8 10 Multiple, both layers discontinuous
P upper one more extensive
Chhatak 48 10 Il;;;sesr extensive, discontinuous sin
Derai 72 2 No aquifer
Dharmapasha o8 12 R_elatlvely extensive but discontinuo
single layer
Dwarabazar 33 8 L_ess extensive, highlydiscontinuous
single layer
Sunamgan] i i i i
gan| Jagannathpur 44 10 II;Jleysesr extensive, discontinuous sin
Jalamgonj 62 3 Is_ienssI Iexten:swe, highly discontinuo
gle layer
Sunamgan; 43 9 tsleysesr extensive, discontinuousngle
Sulla 59 29 II_ess extensive, discontinuous sin
ayer
Tahirour 19 12 Multiple, both layers discontinuou
P upper one more extensive
Ajmirigon; 52 9 Extensive single layer
Bahubal 32 14 II_ess extensive, discontinuous sin
ayer
Baniachong 43 11 Extensive single layer
Chunaruahat 23 15 Multiple, both layers discontinuou
Habiganj 9 upper layer more extensive
Habigan 31 12 II_ess extensive, discontinuous sin
ayer
Lakhai 41 12 Extensive single layer
Madhabpur 41 28 Extensive sinig layer
Nabigon;j 40 12 Extensive single layer
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According to Ahmed (1997), it may be concluded that:

1 Some of the main aquifers are divided into two or more separate aquifers, have high to
low hydraulic connections and are suitable for installation lwéwells.

1 Almost all the upaziles in Habiganjdistrict have good lithological conditions for
shallow tubevells.

1 In Maulvibazardistrict, Kamalgonj is the most promising upazila in terms of suitable
lithology for STWSs. Rajnagar & Kulaura upazila also héaidy good prospects.

1 In Sylhet district, Fenchugonj, Zakigonj, Goainghat, Kanairghat and Beanibazar
upazilas are the promising upazila

1 In Sunamganjdistrict, Dharmapasha, Tahirpur and Biswamvarpur upazilas have
comparatively more favorable lithologicabnditions than other upazila. Doarabazar,
Jagannatpur and Chatak upazilas also have fairly good aquifers.

However, since in most of the upazilaMdaulvibazar Sylhet andSunamganglistricts, relative
volumes of aquifer materials in the aquifer zonessanall, high capacity STWs in these
aquifers may not be suitable and at many places, it may happen that STWs will dry up after
prolonged pumping.

2.2 The UNICEF-DPHE Study (1994)

The study was done nationwide to plan for installation of TARA pumps accorditige to
requirement of the area. They have used the same suit of models as developed by MPO (1991)
during the preparation of National Water Plan.

UNICEFR-DPHE (1994) was needed to know the areas where the dry season water table is
falling at various levels alevelopment. The study also assessed the groundwater development
potential for irrigation and water supply. The groundwater resources assessmenadeas m
from the UNICEFDPHE report to show the upazila wise groundwater resources available
along with the bsic land and hydrogeological parameters. The groundwater resource
assessment by UNICHBPHE (1994) for the area of greaiSylhet is presented hereTiable

2-3.

Table 2-3: Groundwater Resource Assessment by UNICEBPHE (1994)

District Upazila Transmissivity | Deep Percolation Potential
(m?/day) (mm/d) Recharge (mm)

Baralekha 500 3.3 1397

Kamalgonj 500 3.3 1183

Maulvibazar Kulaura 500 3.3 1124
Rajnagar 500 3.3 859

Maulvibazar 500 3.3 1032
Srimongal 500 3.3 999

Balaganj 400 3.3 1327

Sylhet Beanibazar 500 3.3 1511
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District Upazila Transmissivity | Deep Percolation Potential
(m?/day) (mm/d) Recharge (mm)

Biswanath 500 3.3 751
Companiganj 500 3.3 1531
Fenchuganj 500 3.3 1003
Golapgon;j 500 3.3 1343
Gowainghat 500 3.3 1447
Jaintapur 500 3.3 1241
Kaniaghat 500 3.3 1271
Shylet 500 3.3 1332
Zakigonj 500 3.3 1175
Ajmirigonj 500 3.5 2029
Bahubal 500 3.5 832
Baniachong 500 3.5 2479

Habigani Chunarughat 500 3.5 763
Habiganj 650 3.5 967
Lakhai 500 3 1819
Madhabpur 850 3 787
Nabigmj 500 3.3 1419
Biswambharpui 700 3.3 2112
Chatak 650 3.3 1041
Derai 500 3.3 1587
Dharmapasha 500 3.3 1087

Sunamgan; Dwarabazar 500 3.3 1923
Jagannathpur 500 3.3 1373
Jalamgon] 500 3.3 1503
Sunamganj 500 3.3 1609
Sulla 600 3.3 1297
Tahimpur 500 3.3 1695

2.3 The Sudy of Groundwater ResourcesPotential by BADC, 1990

The study was done under IDA Deep Tubewell Il Project on the greater Sylhet area. The study
made a preliminary assessment of groundwater potential of greater &galedsed maily

on a program of exploratory drilling and testiogrried out in 151pazilawhere little or no

drilling had been carried out previously. In addition, an autographic water level recorder was
installed at Sylhet upazila in 1986 and was being operated\ByYCBand an inventory of deep

and shallow tubewells vgacompleted under the study.

According to this report the screenable aquifers were most likely betweramri®b 70mand
between 107m and 119m, but the probability hardly exceeded 50% at any depthgAifes,
samples contained higher proportions of sittd clay. The very low probabilities of
encountering screenable aquifers in the top 46m indicated that the small numbers of STWs
were operating in Sylhet areBumping tests were cagd out at 12 explation sites as
summarizedn Table 2-4. The pumping test results shows that many of the tubewells are
hydraulicallyinefficient when pumping at 2 cusec.
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Table 2-4: Summary of Pumping Test Analyses (BADC, 1990)

Tested . Specific L - Leakage
Upazila Mouza Discharge DL(jI,rl?;'())n Dra?/vdown Tran(sr,nrr;}3§|V|ty Perngnllty Cos-?f;ii?:nt Factogr]
(I/s) ' (ft/cs) (m)
Jagannathpur | Jatrapasha 59 50 19.08 479 19.6
Biswanath Singerlach 54 53 27.2 456 16.6 0.00056
Sylhet Sadar | Hassanpur 54 34 14.13 692 25.2 0.00029 812
Gowainghat Uparatlihai 40 28 30.8 478 26.1 0.00052 475
Kanaighat Durgapur 60 50 17.5 800 26.2 0.0007 1360
Zakigan;j Kazalsar 58 48 1587 631 20.7 0.0007 680
Beanibaar Alipur 45 48 34.75 278 9.1 0.0007 881
Golapgan;j Tikorpara 36 48 42.93 280 10.2 0.0007
Kulaura Hajipur 35 46 43.39 316 13.0 0.00035 700
Maulavibazar | Barbag 18 2 36.05 285 11.7 0.00035
Lakhai Zarunda 48 44 22.49 707 29.0 0.00002
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Watersamples for laboratory analysis were collected during ten of the pumping tests. The water

was found anaerobic, and this was reflected in the significant concentrations of iron and

perhaps also the low concentrations of sulphate and nitrate. Althoughmaenmeo oxygen,

there were very high concentrations of carbon dioxide at some sites, and methane was
encountered at Maalibazar.

The high concentrations of bicarbonate were matched by very low concentrations of calcium
and magnesium and consequently théewia extremely under saturated with respect to the
common carbonate minerals calcite and dolomite.

2.4 Economic Design of Deep Tubewells by MMIL, 1990

This study was undertaken to make an economic evaluation of the various well design options
for greater Sylet area. In determining economically justified discharge, the optimum well
design and the scope for adjusting the balance of capital and operating costs, Mott MacDonald
International Limited (N\MIL) carried out the study under the IDA Deep Tubewell 11 &roj

In preparing this report it was assumed that a deep tubewell project would be followed.

The objective was to produce a "What if " model for the economic design of the tubewells
incorporating capital and operating costs, variations in depth and acpiiféitions, and well
components. The model was based on the Jacob equation, the Logan approximation and actual
head loss characteristics for casing and screen. The criticalgeyirgical parameters for the

model were the depths, thickness @edmeabiliy of the aquifers, static water level and the
irrigation water requirement.

The activities included three distinct stages such as construction of a technical economic model
for well design, definition of the economic costs and benefits, and finally uke afodel to
examine the sensitivity to all relevant parameters.

According to this study, the optimum tubewell design would have approximately 21.5m of
PVC screen. The top 9m, at least, of this screen should be 15cm in diameter while the lower
part couldbe usefully replaced by 10cm screen. Howetke best overall result will be
obtained if screen lengths are kept within the range 0f24.28m. Screen lengths of less than
15.2m are not recommended because of high screen entrance velocities andydedinigsk

than 12.2m because of excessive approach velocities at the aqeier interface. In areas
where the average hydraulic conductivity is lower it would be advantageous to increase the
screen length, if practical. In areas of very low hydraglnductivity, but otherwise
screenable, aquifer screen lengths could be to about 30.4m. However, in areas where the
hydraulic conductivity is the same but proportion of screenable material is less, screen lengths
should be kept as short pgssible(but notless than 15.2m).

As per the study, for the average conditions in Sylhet the optimufs DAW design would
have 12.&n of 1&m diameter PVC screen, although there would be a little extra overall cost
if this were increased to 15.2m. The optimu#r/s DTW would be much less profitable than
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the optimum 2&s DTW with benefit cost ratios of 1.69 and 2.53 respectively. In areas where
the hydraulic conductivity is lower, the optimum screen length increases. For 50% reduction
in hydraulic conductity the g@timum length isl5.2- 18.2m, given that 14/s wells are most

likely used in poor aquifers areas. However, screen lengths of less than 12.2m are not
recommended, also because of excessive approach velocities at thaqpaibdr interface.

The dudy indcated that 14/s DTW designs do not stand up to the same worst case analysis
used to test 28s designs. A relatively efficient use (i.e. pumping hours and discharge) and
productivity (crop yield and price) is needed to ensure their econonhitityia

The study was carried out on the basis of the "model aquifer configuration” made from the
lithological logs of only 15 numbers of drilling of exploratory boreholes in the greater Sylhet
area. As the aquifer condition is complicated and changeattim & very few kilometers in

the area, the drilling sites considered in this study are very limited. In the model, it was
considered that the screenable layers are situated betweem &@4137.&h below ground
surface and unscreened layers make no ibonion to the yield of the tubewell. But, it is
experienced that the study area has screenable layers within 30.5m from ground surface in
many places where 1% wells can be installed successfully.

2.5 Groundwater Recharge Study by Karim, M.A., 1987

In this study te actual recharge was computed based on the maximum water table fluctuation
of the area for a period 19-4®83 multiplied by specific yield. The fluctuation of groundwater
level for each upazila was worked out from the difference between theestrmddigt of
groundwater level in the months of August to October and the maximum depth of groundwater
level in the months of April to May. The available recharge was estimated after deducting the
loss of groundwater, which varies from 10% to 40% of theuahretarge before the first
week of November when groundwater discharge starts. The specific yield values for different
physiographic units considered in this study were taken from different BWDB Technical and
Water Supply Papers, UNDP (1982), Waterddak Stdies of BWDB/UNDP (1983), MPO
(1987) and others. Maximum fluctuation of groundwater level was multiplied by specific yield
of water table fluctuation zone to estimate the annual recharge to groundwater. The actual and
available recharge and futugroundwaer development potential in the project area as
calculated by Karim (1987) are shownTiable2-5.

For the greater Sylhet area, the tablenghthat the average annual recharge is 81.5mm with a
range from 20mm t812mm. The available recharge varies from 14mm to 159mm in the area.

It has been observed in this study that about 26% of total annual recharge is being lost by
discharges through evagranspiration and into the khals, streams and rivers before thefstart o
the irrigation seasons in the month of November. In determining the groundwater level, only
80 observation wells were used to develop hydro graphs for all over the study areaswhich
not sufficient. In calculating the available recharge, different wpiEof groundwater losses
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(10% - 40% of the annual recharge) for different upazila were considered in this study. No
basis is found in considering the quantity of groundwater Ideses Upazila.

Table 2-5: Upazila Wise Groundwater Recharge (Karim 1987)

Maximum Specific| Actual | Loss of | Available

District Upazila Fluctuation of Yield | Recharge| GW | Recharge
GWL (m) % (mm) % (mm)
Gowainghat 3.88 3 116 25 87
Katwali 2.02 5 101 20 81
Biswarath 2.74 2 55 20 44
Balagonj 2.21 3 66 20 53
Fenchugonj 2.41 3 72 25 54
Sylhet Golapgon;j 2.02 5 101 20 81
Beanibazar 2.63 5 132 20 106
Zakigon;j 2.21 5 111 20 89
Kanaighat 1.74 5 87 20 70
Jaintapur 4.24 5 212 2 159
Companigonj 3.93 5 197 2 158
Maulvibazar 1.87 1 20 30 14
Srimangal 4.06 2 81 25 61
. Kamalgon; 3.1 2 62 25 47
Maulvibazarc - agar 221 3 66 20 53
Kulaura 3.25 2 65 20 52
Baralakha 3.42 2 68 20 54
Taherpur 3.93 2 79 30 55
Derai 2.39 2 48 35 31
Jagnnathpur 2.74 2 55 30 39
Sunamganj 1.54 2 31 25 23
Sunamganj| Chatok 3.38 2 68 25 51
Jamalgon;j 2.12 2 42 20 34
Sullah 2.39 2 48 20 38
Dharmapashg 5.26 2 105 20 84
Dewarabazar 3.26 3 98 25 74
Ajmerigonj 3.12 1 31 30 22
Baniachong 3.1 3 93 30 65
Lakhai 3.68 3 110 30 77
Habiganj Madhabpur 3.46 2 69 30 48
Chunarughat 3.12 3 94 35 71
Habigan; 3.38 2 68 25 51
Bahubal 3.4 2 68 25 51
Nabigon;j 1.87 2 37 20 30
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2.6 Study onHydrogeology of Greater Sylhet Area by BWDB, 1986

This is a technical report, which is one of the series cif $ype of reports prepared as a part

of the project of groundwater survey and investigation in Bangladesh. It is an area wise specific
study for quantitative and qualitative evaluation of groundwater to plan the future water
resources development schenEse main objective was to study the recharge and discharge
condition of the area and to evaluate the groundwater potential of the area for furthe
development. To evaluate the role of groundwater in regional development for irrigation
planning the hydrogdogical condition of the study area was investigated. For the systematic
potential development of the groundwater resources study was under taken

According to the studyhe actual annual recharge of the area has been estimated to be about
1404.21Mn3. The potential recharge has been calculated by lowering the groundwater table
from 2.5 meter to 12 meter from the highest groundwater table arsibelka estimated about
1896.6Mm3. The available rechardgesbeen calculated by subtracting 40% of the padént
recharge and is about 1137.98RIm

The study show that the sediments of the area mainly comprises of little consolidated sand
stones and shalesd unconsolidated sandy sediments in the hills. The topsoil is not favorable
for infiltration of rainwaterBelow this layer a water bearing zone exwissisting of fine to
medium sand, in some places the main aquifer is interbedded with clay lss@ndrarea, the
thickness of main aquifer ranges from 20 meter to 98 meter and may be considered as
moderately good aquifer for tubewell development. It has been indicated that the
hydrogeological condition of the area is not promising for utilization rotigdwater for
irrigation.

According to the study, the groundwater flow greater Sylhet arestudy area isnainly
centralized in haor areas and the hydraulic gradient varies from 0.27 meter to 0.29 meter per
kilometer. The maximum depth to groundwagdslé of the study area varies from 0.77 meter

to 9 meter from land surface and it is observed during the maintlarch and April.
Groundwater fluctuation of the area varies from 0.19 meter to 6 meter. The transmissivity of
the main aquifer varies from 14® nf/day to 825.45 Riday and storage eefficient from

1.5xI0° to 3.48xI0%. The actual annual groundwategcharge varies from 66.53mm to
294.00mm estimated based on groundwater table fluctuation. The average potential recharge
varies from 91.45mm t876.35mm estimated based on lowering of groundwater table up to
potential recharge limit as estimated from togiaphs. The available recharge is about 60
percent of the potential recharge. It was observed that there was some rejected recharge and on
theseassumption potential recharges was calculated.

2.7 Tealrrigation Report by Pakistan Tea Board, 1967

In 1967, Goernment of Pakistan investigated surface water and groundwater resources with
the help of consulting Engineers Sir M. Macdonald and Partners in cooperation with Hunting
Technical Services (HTS) Limited for irrigating tea in the greater Sythat &he HT &.imited
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assessed the potential for groundwater irrigation in the tea estates. The study included 13
exploratory boreholes, 8 pumping tests and an inventory of tube wells on the tea estates. The
HTS (1967) obtained an average specific drawdofwift/cuse with a range between 24 and
63ft/cusec. The average hydraulic conductivity of 2.1ft/sec was found in this study. Storage
coefficients were determined for three tests and ranged from 1°2@&1D6xI0°% and it was

noted that most tests shaiva leaky agifer response.

The study also included chemical analysis of groundwater from both private and the test wells.
The study concluded that there would be negligible risk of crop damage from salinity, alkalinity
or boron.

2.8 Study Carried by Ahmed etal 2015

Ahmed et al 2015 conducted a study to improve the understanding of groundwater recharge,
age, interaquifer connectivity, mixing pattern and hydrogeochemical processes within the
Holocene andPleistocene aquifers in the Surma Bdsbylhet. Topogmaphically diven flow,

free convection and tectonically driven flow are the main geological process that control the
reginal groundwater flow in the Surma bagin.isotopic and hydrogeochemical approach has
been used in this purpo$l nos. groundwatend 12 nos. bsurface water samples has been
analyzed in this study. Groundwater sample has been taken from shallow dep@m(30
intermediate depth (7145m) and deep well (14870m). Water quality analyses revealed that
groundwater type in shallow adei is NaMg-Ca-HCOs whereas groundwater in intermediate
and deep aquifer is NdCOs type But groundwater in intermediate aquifer in Sylhet City
Corporation area is Glg-Na-HCOs and deep aquifer water in Gowainghat and Fenchugan]
area is NeCaMg-HCO:s.

Seven & threesamples of intermediate & deeper defBalaganj)are found with higher
Arsenic concentration respectively. The likely reason of this may be the migration of shallow
arsenic contaminated water to intermediate and deeper depth of the aqaifeloe mue to
improper well construction or because of intensive groundwater pumping (over ag020

yrs). The aquifers in this case are in mid Holocene stage where the aquitard or clay lenses are
absent. These cases do not necessarily imply the Arseniaminatio of intermediate and

deep aquifers.

Spatial distribution of 14C shows that low concentration in northern part and high
concentration in southern part of the basin. Low 14C activity in the northern part GW represents
the old age recharged wat@&he presece of high 14C activity in the southern pgndundwater
reflects an open system unconfined aquifer and thus representaogebn to modern
rechargePlots of Oxygerl8 vs. Tritium indicates that in monsoon, the Surma river shows
some connedtity with the adjacent shallow aquifei/ith the higher €14 and depleted-C3

values indicated some mixing trend in the groundwater.
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2.9 Arsenic Contamination in Groundwater in North-Eastern Bangladesh,
Badruzzaman et al, 1998

In this study, arsenic contamination ofetimortheastern region of Bangladesh has been
assessed based on analysis of 1,210 groundwater samples from six districts in that region. The
districts are Kishmanj, Netrokona, Sylhet, Maulavibazar, Sunamganj and Habigan;j. It has
been found that about @26 of the tubewells in the nordastern region contain arsenic
exceeding the acceptable limit set by the WIB@Img/L) for drinking water and about 33.2%

of the tubewells exceed the Bangladesh EQS (0.05 m@f_the tubewells exceeding the
Bangladesh EQ about 42.8% contain arsenic over 0.100 mg/L posing a potential threat to
human health. Among the six districts arsenic contamination in Sunamganj appeatkdo b
worst with 74.1% of the wells exceedithe Bangladesh EQS. In a upazilse perspective

the Karirngonj, Nikli, Itha and Kuliarchampazilain Kishorganj district appears to be the worst
affected. Similarly, in Netrokona district Mohongonj, Khaliajand Madan than as have the
higher percentages of tubewells contaminated with arsenic. Iyafghidistrict the Bahubal,
Ajmirigonj and Madhabpur thanas have the larger shares of tubewells affected with arsenic.
This study clearly shows that the nedéstern region of the country is severely affected by
arsenic contamination of groundwater.

2.10 Groundwater Management and Feasibility Study for 148 Pourashavas having no
Piped Water Supply, IWM 2013

In this study several aquifer teshave been conducted to tlgmine the performance
characteristics of a well and hydraulic parameters of the aquiferferatif Pourashavas all

over the Bangladesh. The summary of the aquifer test results with in the present study area has
been presented ifable2-6.
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Table 2-6: Aquifer Test Results(IWM 2013)

. . , . " Discharge KD K Area of
District Upazila | Pourashava| Aquifer Materials Screen Position (m) Rate (I/s) (m?d) S (m/d) | Influence (m)
Netrokona | Durgapur | Durgapur Fine to Medium San( 48.77 t0 76.21 42.47 3848.78| 0.00105 | 106 580
Netrokona | Madan Madan Fine toMedium Sand  204.27 to 228.66 28.31 986 | 0.0000734 330
Fine to Medium
Netrokona | Kendua Kendua Sand/Medium Sand 185.67 to 209.76 37.85 439 0.000113| 13 400
. . : : 106.71 to 121.95 anq
Moulvibazar| Kamalganj | Kamalganj | Medium Sand 14177 to 150 91 28.26 566 | 0.0002472 8.84 160
Fine to Medium
Kishoreganj | Karimganj | Karimganj | Sand, Medium Sand 79.27 to 125 42.47 2318.33| 0.0027305/ 30.41 390
& Coase Sand
Kishoreganj | Pakundia | Pakundia 864 0.014440 7
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2.11 Assessment of State of Water Resources, IWM 2016

In this studyupazila wise lithostratigraphy has been constructed using a number of borelogs of
the Upazila. This probability diagram represents vertical and lateral variation of lithology upto
33 meter dept, which helps to assess the upper aquifer chensiits. The summary of the
analysis has begiresented ifTable2-7 .

Table 2-7: Summary of Stratigraphy (IWM 2016)

Upazila Top Layer Description Upper Aquifer Description
Aimirican; The top most clay layer exists | V Fine sand, very find sand and silt
Jminganj about 90% of area upto 1.5m V Confined in nature
The tob most clav laver exists V Fine sand, however some very find sd
Bahubal b y ay and siltlenses are observed
about 90% of area upto 21n% . : . .
V Semiconfined to confined in nature
The ton most clav laver exists V Very fine sand aquifer, fine and mediy
Baniachong P y ay sand aquifer
about 90% of @ea upto 6m ! :
V_Confined in nature
. V Fine sand, fine to very fine sand a
The top most clay layer exists , )
Chunarughat about 70%of area Ubto 6m medium sand aquifer
P V Semiconfined in nature
Habigani The top most clay layer exists | V Fine sand and medium and coarse
Sadagr ) about 80% of area upto 3m a aquifer is presat
70% of area upto 9 meter V Semiconfined to unconfined
The top most clay layer exists V Thetop most clay layer exists in abog
I o)
Lakhai about 100% of area upto 15m 100 /° of area upto 15m
V Confined in nature
The tob most clav laver exists V Very fine sand to fine sand and medil
Madhabpur b y a8y sand aquifer is present
about 90% of area upto 3m ' -
V Confined to semtonfined
. I'V Very fine sand and fine sand aquifer
L The top most clay layer exists i
Nabigan; present
about 90% of area upto 6m. ; :
V Confined in nature
, . |V Very fine sand, fine sand and mediy
The top most clay layeexists in e
Barlekha about 80% of area ubto 10.50m sand aquifer ipresent
0 Pto U-5UM- |y, semiconfined to unconfined in nature
| The top most clay layer exists V  Very fine sand, flne. sarjd and mediy
Kamalganj andcoarse sand aquifer is present
about 90% of area upto 7.50m : .
V Confined in nature
h lav | . V Very fine sand and fine sand aquifer,
Kulaura The top most clay layer exists present
about 90% of area upto 9m - .
V Confined in nature
: The top most clay layer exists | V Very fine sand and fine sand aquifer,
Maulvibazar 0
Sadar about 80% of awe upto full study| present .
depth V Semiconfined in nature
The top most clay layer exists | V Very fine sand and fine sand aquifer,
Rajnagar about 70% of study area upto 9 present
depth V Semiconfined in nature
Sreenanaal The top most clay layer exists | V Very fine sand and silty aquifer is prese
9 about 90% of area upgiudy depth V  Confined in nature
. V Very fine sand and fine sand aquifer,
. The top most clay layer exists
Balaganj present
about 90% of area upto 6m. - .
V Confined in nature
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Upazila Top Layer Description Upper Aquifer Description
. V Very fine sand and fine sand aquifer
. The top most clay layer exisia
Beani Bazar present
about 90% of area upto 6m - :
V Confined in nature
_ The top most clay layer exists V  Very flne_ sar_ld, fine and and mediun
Bishwanath sand aquifer is present
about 100% of area upto 12m ' .
V Confined in nature
Copaniaani The top most clay layer exists | V Clay and fine sand aquifer is present
Pani9an | apbout 80% of area upto 3m V _Confined in nature
. V Very fine sand, and fine sand aquifer
. | The top most clay layer exists
Fenchuganj present
about 70% of area uptitBm ) , :
V Semiconfined in nature
The top most clay layer exists | V Mainly composed of very fine sand, fif
Golapgan;j about 90% of area at the top 4 sand and silt but medium sand is pres
70% upto study depth. V Confined in nature
... |V Fine sand and medium and coarse s
- The top most clay ler exists in e
Jaintiapur aquifer is present
about 100% of area upto 2m . .
V Confined in nature
h lav | . V Fine sand aquér, fine and medium san
Kanaighat The top most clay layer exists aquifer exist
about 100% of area upto 3m . )
V Confined in nature
The tob most clav laver exists V Very fine to fine sand and medium sa
Sylhet Sadar P y a8y aquifer is present
about 100% of area upto 6m . :
V Confined in nature
The ton most clav laver exists V Composed of fine sand medium sand
Zakiganj b y ay very fine sand
about 90% of area upto 6m. . :
V Unconfined in nature
The ton most clav laver exists V Very fine sand, fine sand and medil
Chhatak about 1p000/ of are)g uyto 18m sand aquifer is present
0 P V Confined in nature

2.12 Water Supply Sanitation and Drainage Project in Sylhet & Barisal City, BETS
IWM (2009)

The overall objective of the project is to ensure safe and adequate water supply in Sylhet and
Barisal cities. The study revealed that the layered hgttegigraphy of thearea is not
homogeneousral assemblage of sands, silts and clays. The aquifer layer of Sylhet city
corporation area consists primary of medium sand and occasional presence of fine sands with
intercalation of clay and silt layers.

Two number of aquifer téswereconducted to know the aquifer properties in Sylhet city area.
The aquifer test at Balur Char area revealed that the drawdown after 72 hours of pumping at
production well, observation well (30m distance from production well), observation vell

(90m distance from production well) and observation w@l{300m distance from production

well) is 10.22m, 2.91m, 1.68m and Om respectively. The rate of pumping was d#grithe
average hydraulic conductivity found 16.69m/day.

Another aquifer test was oductedat Ansar Training Center with a pumping rate 2592ay .
The drawdown at observation w@ll(200m distance from production well) found 0.03m.
Analysis showed that average hydraulic conductivity found 13.296m/day.
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Modelling study also conducted umdleis study to assess the potentiality of subsurface aquifer
system of Sylhet city and surrounding areas to fulfill the projected future demand of 2010, 2020
and 2030. For abstraction of 101470ay of water in 2030 from aquifer water level will
declinein the city area. It was observed from the model predicted groundwater level that a cone
of depression develops around the city area. In the central part of the cone the water level might
fall to about-2.0m.

From the model study, groundwater recharge aqagifer storage volume was stand as
14.89Mn? and 5.92Mm respectively. The available groundwater storage volume up to 8m
rated drawdown depth in aquifer was estimated using saturated thickness of the aquifer, area
and the specific yield of the aquifer mag for the city area and estimated volume of water

was about 35.78Mn

Water quality of Surma River was analyzed under the study. The test results have been
presented iTable2-8 andTable2-9.

Table 2-8: Water Quality Analysis Surma River, Sylhet during Decemler, 2008

Location Unit Masimpur, Sylhet | Gashitola, Sylhet
Calcium,Ca mg/L 21 20
Magnesium, Mg mg/L 6.5 6.51
Sodium, M mg/L 11.95 12.22
PotassiumK mg/L 1.71 2.21
Iron, Fe mg/L 0.8 0.72
Manganeseyin mg/L 0.008 <0.08
Lead,Pb mg/L 0.015 0.012
zZinc, Zn mg/L 0.02 <0.02
Cadmium,Cd mg/L <0.001 <0.001
Arsenic,As mg/L 0.001 <0.001
Boron,B mg/L 29 2.7
Ammonia, NH3N mg/L <0.017 <0.017
Ammonium,NH4-N mg/L 0.03 0.03
Nitrate, NO3-N mg/L 0.8 1.8
Nitrite, NO2-N mg/L 0.256 0.008
Silica, SiO2 mg/L 6.1 7.4
lodine, 12 mg/L 0.04 0.05
Fluoride,F mg/L 0.13 0.09
Orthophosphatd?04 mg/L <.04 0.184
Carbondioxide,CO2 mg/L 6 9
Chloride,ClI- mg/L 6 8
Sulphate SO4 mg/L a7.7 46.9
CarbonateCO3 mg/L 0.03 0.03
Bi-CarbonateHCO3 mg/L 56.1 57.3
Total Coliform, TC CFU/100mL 500 350
Fecal ColiformFC CFU/100mL 400 200
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Table 2-9: Water Quality Analysis of Surma River, Sylhet during March, 2009

Location Topkhana_(near existing | Naya Bazar, Kush_i Ghat, (near
WTP site), Sylhet prposed WTP site), Sylhet

. 2453 14.2 24 52 35.5

GPS Position 9151516 91 53 30.4

Time/Date 8:40(06/04/09) 10:45 (06/04/09)

Tempfc) 27.6 27.4

pH 8.22 8.35

DO (mg/l) 6.52 6.54

BOD (mgl/l) 2.25 2.28

COD (mgl/l) 143 139

TSS (mgll) 4.82 5.2

Fe (mg/l) 1.85 1.68

Clz (mg/l) 0 0

NHs (mg/l) 1.2 1

NOsz(mg/l) 0.65 0.75

Mn (mg/l) <0.01 <0.01

Turbidity (NTU) 22 18

2.13 Feasibility Study with Detail Design of Surface Water Treatment Plant for Sylhet
City Corporation (IWM 2017)

Sylhet City Corporation (SCC) carried out a feasibility study with detail design for a 50 MLD
capacity water treatment plant witlasing water from a suitable location of S&wowain
River. Details of the sampling campaigns carried during both wet season and dry seasons
are given below:

Sampling Date Sampling Location GPS Position Weather
& Time Ping Latitude Longitude | Condition
26/07/2016, | Salutikor Bridge on
17:15 SariGowain River 24 59 18.50| 91 50 57.20 | Sunny
26/07/2016 | Badha Ghat Bridge or
16:30 SariGowain River 24 57 00.00| 91 48 07.00 | Sunny
24/08/2016, | Badha Ghat Bridge or]
10'10 SariGowain River 24 56 54.20| 91 47 58.80 | Sunny
27/09/2016, | Chamura Kandi on
0930 SariGowain River 24 57 39.60| 91 49 24.20 | Sunny
24/12/2016, | Chamura Kandi on
08:50 SariGowain River | 24°741.3| 914926.8 | Sunny
14/02/2017, | Chamura Kandi on
08:20 SarrGowain River 2457 42.4| 9149288 | Sunny
19032017 | ChamuraKandion | ) 50 4061 914931.3 | Sunny
SartGowain River
24/04j2017 | ShamurakKandion |, 50 45 4| 91 4929.1 | Sunny
SartGowain River

The results of the hsitu testing and laboratory analysis of water samples collected from the
Sari Gowain Rver during both wet and dry seasons are presenfeahile2-10andTable2-11.
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Table 2-10: Characteristics of Raw Water Colle¢ed during Wet Season (Julyi September
2016) from Sari Gowain River

_ Concentration Present Bangladesh
Water Quality Unit Drinking
Parameter ni Salutikor Badha | Badha | Chamura Water
Bridge Ghat Ghat Kandi Standard

pH - 6.76 6.87 6.47 6.54 6.58.5

Color PtCo 37 38 175 72 15

(Apparent)

Color (True) PtCo 6 12 53 42 15

Turbidity NTU 5 5 34.4 30.8 10

TDS mg/L - - - - 1000

Iron (Fe) mg/L 0.18 0.12 0.60 0.70 0.31.0

Total Coliform cfu/100

(TC) mL 660 390 TNTC 1520 0

Fecal Coliform cfu/100

(FC) mL 250 190 TNTC 690 0

EC at 25C puS/cm 36 55 58 59 -

Dissolved

Oxygen (DO) mg/L 4.39 4.65 3.56 4.01 6

Ammonium

(NH-N) mg/L 0.060 0.070 0.290 0.556 0.5

Ammonia

(NHs-N) mg/L 0.000 0.000 0.000 0.001 -

TSS mg/L 10 12 25 39 10

Temperature °C 27.1 26.9 30.4 303 20-30

COoD mg/L 4 3 25 19 4

BODs mg/L 0.8 0.4 0.4 0.8 0.2

Chlorophylla pg/L 0.7 0.7 2.4 3.0 --

Lead (Pb) mg/L 0.005 0.002 | N | 'Nottested]  0.05
tested

Cadmium (Cd) mg/L <0.001 <0.001 Not Not tested 0.005
tested

Chromium (Cr) mg/L <0.001 <0.001 Not Not tested 0.05
tested

Zinc (Zn) mg/L <0.001 <0.001 Not Not tested 5.0
tested

Mercury (Hg) | mgiL <0.0001 | <0.0001 | N | Nottested  0.001

Table 2-11: Characteristics of Raw Water Collected during Dry Seaso (December 2016 April
2017) from Sari Gowain River

Concentration Present Bangladesh
nger;glé?g[y Unit Cham ura Cham ura Chamu_ ra | Cham ura D\r/:/nalf[gg
Kandi Kandi Kandi Kandi Standard
pH - 7.76 7.34 6.90 6.36 6.58.5
Color (Apparent)| PtCo 112 20 90 15 15
Color (True) PtCo 52 8 57 14 15
Turbidity NTU 31.6 34 31.3 32.0 10
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_ Concentration Present Ban_gle_ldesh

Water Quality Unit Chamura | Chamura | Chamura | Chamura Drinking

Parameter Kandi Kandi Kandi Kandi Water

andi andi andi andi Standard
TDS mg/L 57 81 77 33 1000
Iron (Fe) mg/L - 1.25 0.90 1.24 0.31.0
Total Coliform cfu/100
(TC) mL 500 1380 582 TNTC 0
Fecal Coliform | cfu/100
(FC) mL 258 840 278 TNTC 0
EC at 25C puS/cm 82 112 101 56 -
Dissolved
Oxygen (DO) mg/L 7.61 5.46 5.17 5.60 6
Ammonium
(NH-N) mg/L 0.31 0.324 0.546 0.567 0.5
Q;“mon'a (NH- gl | 0.001 0.004 0.002 | 0.001 -
TSS mg/L 30 28 27 21 10
Temperature °C 28.4 22.6 22.3 23.4 20-30
COoD mg/L 9 23 5 7 4
BODs mg/L 1.4 1.2 0.2 0.4 0.2
Chlorophylta MHg/L | Not tested 4.1 1.4 0.6 -
Lead (Pb) mg/L | Nottested] 0.032 Not tested| Not tested 0.05
Cadmium (Cd) mg/L | Nottested] <0.001 | Nottested Not tested 0.005
Chromium (Cr) mg/L | Nottested] 0.007 Not tested| Not tested 0.05
Zinc (Zn) mg/L | Nottested] 0.047 Not tested| Not tested 5.0
Mercury (Hg) mg/L | Nottested] <0.0001 | Nottested| Not tested 0.001
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3 DESCRIPTION OF THE STUDY AREA
3.1 Location of the Study Area

The study area is located in theriwvEast region of Bangladesh. The gross area of the study
area is about 17747sqg. km which is 85% of N&#st region of Bangladesh. The study area

is located in Bahubal, Chunarughat, Madhabpur, Nabiganj,rijamj, Baniachong, Lakhai

and Sadar upaziladg Habiganj district; Barlekha, Kamalganj, Kulaura, Rajnagar, Sreemangal,
Juri and Sadar upazila of Maulvibazar district; Balaganj, Beani Bazaar, Bishwanath,
Fenchuganj, Gopalganj, Gowainghat, Jaintapur, KduajgZakiganj, Companiganj, South
Surma and S#ar upazila of Sylhet district; Itna, Tarail, Karimganj, Kishoreganj Sadar,
Hossainpur, Mithamain, Nikli, Austagram, Pakundia, Katiadi, Bajitpur, Kuliarchar, Bhairab
upazila of Kishoreganj districts; DurgapuKalmakanda, Purbadhala, Netrokona Sadar,
Barhdta, Mohanganj, Atpara, Khaliajuri, Kendua and Madan upazila of Netrokona districts;
Tahirpur, Dharampasha, Bishwambarpur, Dowarabazar, Sunamganj Sadar, Chhatak,
Jamalganj, Derai, Jagannathpur, Dakshin SunapagahSulla upazila of Sunamganj districts
asshown inFigurel-1. The north and east side of the study area is bounded by Indian boarder,
Brahmanbariand Narsingdi districts in the south side of the study area whereas the west side
is bounded by Mymensinghdrict.

3.2 Topography

The topography map of the study area has been showigime 3-1, which reveals that
topography of the stydarea varies from 0.7mPWD to 208®WD. Central part of the study

area is mainly low ing areaThere are two very low areas in the central basin, one near Sulla
and other along the north central rim. The low area near Sulla and Khaliajuri has large tracts
below 3mPWD. The basin itself is a succession of Bills and Haors, interspersedveith
cutoffs, scours, swales and long higher levees. From the central low area, the basin rises on all
sides but imperceptibly. The rise is fairly sharp on the west and very gradual in the east. The
rise is gradual at first and then fairly steep in thetlseast. Irthe north, there is a fairly high

rim of land.

Small hills, locally known as tilas are found scattered at many places along the Sylhet city up
to Srimangal and Maulavibazar. The Central Sylhet Low Land contains the Hakaluki Haor and
the low lands to itsnorthwest and southeast. Sylhet Hills include Meghalaya foothills and Tila
ranges. Area elevation curve of the study area has been presehigar@8-2 which reveals

that about 76% of the study arée televation is within 20mPWD.

Final Report Volume-| 31 IWM



Study for Investigation of Groundwater and Surface Water Irrigation in Habiganj, Maulavibazar, Sylhet,
Sunamgaj, Netrokonaand Kishoreganj Districts

N

A

Digital Elevation Model (DEM)

Study for Investigation of Groundwater and
Surface Water Irrigation in Habigonj,
Moulvibazar, Sylhet, Sunamgonj,
Netrokona and Kishoregonj Districts.

Legend
| Rver

: [ | Distict Boundary

Elevation (mPWD)

Elo-279 [ 8.89 - 14.7
28412 N 14.8-27
[4.13-476 I 27.1-526
[[4.77-6.09 N 52.7 - 106
[le.1-888 . 107 - 219

Index Map

Study Area

Data Source: Topographic Sheet, SoB

Scale 1:25000 Sheet
Department of Bangladesh Haor %

Institute of
& Wetland$ Developments Water Modelling (IWM)

=3 e C = =
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Figure 3-2: Area Elevation Curve of the Study Area

3.3 Climate

Rainfall: Rainfdl is the most distinctive component of climate in the study area. On the other
hand, the climate is dominated by distinctive geographical characteristics refgibn which
ultimately plays a main role in determining the spatial and temporal distribafticainfall,
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evapotranspiration and hydrology of surface and groundwater. The climatic factors of the
region are suropical monsoon in nature with three prioent seasons, viz. summer, monsoon
and winter.

Summer begins in April through to June. The swon is the rainy season, extending from
June to September. Winter is the following season with the peak cold weather in December and
January. The study areadbaracterized by highest rainfall and relatively low temperature
compared to annual averagetioé country. There is a huge variation of rainfall pattern in the
study area. The average annual rainfall of the study area varies from 2150mm to 5600mm
(IWM 2016). The spatial distribution of annual rainfall pattern is showRiguire 3-3. The

annual rainfall totals show a slight decline (20mm/year) on average from 1985 to 2009 in north
east region of Bangladesh (CSIRO 2014).
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Figure 3-3: Spatial Distribution of Rainfall in the Study Area

Evapotranspiration: Evapotranspiration has been found to be the highest in April in most part
of the study areas whereas it has been found minimum in December. The average monthly
evapotranspiradin varies from 2.03.40mm/day during dry period ana@ 3.904.80mm/day

during wet period throughout the haor region (Haor Master Plan 2012)-teongannual
evaporation of the study area varies from 1200mm to 1345mm (IWM 2016). The spatial
distributionof annual evaporation patternsisown inFigure3-4.
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Figure 3-4: Spatial Distribution of the Evapotranspiration in the Study Area
3.4 River System

Three major river systems govern in the haor area inside BangladeshrreBawlai, the

Kalni- Kushiyara and the Kangdahanu as shown ifigure 3-5. The Barak River (Indian
River) feeds the Surma and the Kushiyara. Consequently, it plays an important role in the two
major systems, th8urmaBaulai and the KalrKushiyara. The rivers contributing in these
systems are described below:

SurmaBaulai Sygem: This system carries the flow of the Surma and a large number of
transboundary rivers flowing from the north to south. The Surma im#in river of this system
which fed by Barak River. The Baulai is another important river of this system which flows
entirely within Bangladesh. The Surma River conveys a part of the Barak river discharge and
the discharges of its rught bank tributariésthe bifurcation near Amalshid, the channel bed

of the Surma is higher than that of the Kushiyra; as a resulipftoes from the Barak River

into the Surma is less. Major tributaries of this river system are Sarigowain, Piyan, Dhalagang,
Chela, Jalukali, Jadukata and Someswari rivres. This river system meets theK{alhiyara
system at Bajitpur upazila of Kishoag district.

Kalni-Kushiyara Systenithe Barak River is bifurcated forming two wings namely Surma and
Kushiyara near Amalshid in Bangksh just after the Indian border. The Barak River drains
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about 25260 sq km of land in the state of Assam, Manipur Mizdrum and crosses
Bangladesh border near Amalshid.

The main left tributaries of Kushiyara are SeBardal river, Juri river and Mamiver flowing

in between Amalshid and Sherpur. Downstream of Sherpur, Kushiyara River flows in a
westerly direction trough the Suriya channel until reaching Markuli. Before 1978, the upper
Kalni river would collect runoff from SurmBEushiyara inter basimnd drained southwards

into Kalni river at Markuli. In 1978, a closure was constructed across the Kalni River atiMarku
and the flow from the inter basin were diverted into Darain River system.
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Figure 3-5: Major River System in the Study Area

The Kalni River flows to downstream of Markuli through the Jlgimg areas oSylhet Basin.

It is controlled by backwater flow of the Meghna River during monsoon season. Spills occur
at several locations along the rivermonsoon. These spills divert water from the Kalni River
into the north and south floodplain. The Kalni Rivditsmear Issapur, with the western branch
(the Baida River) flowing through the Meghna Estuarine floodplain and the eastern branch
takes themame as the Dhaleswari River. The Ratnasatai and Khowai River falls into Dhaleswari
River near Madna. This riveras an irregular, split channel pattern with abandoned channels
and oxbows adjacent to the main channel. The river is tidal at low flowsyatet levels are
controlled by backwater from the Meghna River.
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KangsaDhanu Systemrlhe Kangsha River originaté®m the confluence of the Bhugai and
Malijhee, just upstream of Sarchapur, from where it follows as easterly course until it joins the
Baulia just south of Sukdevpur. The Kangsha River receives-bmsgsdary inflows coming

from the north via the MalijheeChillakhali, Bhugai, Nitai, Shibganjdhala and other hilly
streams. The river also receives rainfathoff from the local area within Baraglesh, which

is mostly located to the north of the Kangsha. The Dhanu River originates from the Bhogai
River and Kagsa River at the border of Mohanganj and Jamalganj upazilas. The combined
flow of the Dhanu River and Baulai River forms the GhOtea Rive.

The combined flow of these three systems ultimately drains through Bhairab Badaar
Meghna River.

3.5 Geologral Setting of the Study Area

The project area includes Habiganj, Maibazar, Sylhet, Sunamganj, Netrokona and
Kishoreganj Districts arender the physiographic units of Jamuna (Young Brahmaputra)
Floodplain, Haor Basin, Surr@ushiyara Floodplain, Ol#leghna Estuarine Floodplain and
Low Hill Ranges. Hydrogeological parameters of these areas are governed by the
lithostratigraphic and prevailg tectonic activities, which is part of regional hydrogeological
setting and tectonic features. A Physiographapraf studyareais shown inFigure 3-6.
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Figure 3-6: Physiographic Map of the Study Area (SRDI1997; Rashid, 1991; Reimann, 1993)
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The detail description of each physiographic unit is described as below:

Haor Basin:A large, gentle depressional feature is bounded by the Old Brahmaputra floodplain
in thewest, the Meghalaya Plateau's foothills in tleeth, Sylhet High Plain in the east and
Old Meghna Estuarine floodplain on the south. Its greatest length, Botlaiad NS, is just

over 113 km. Numerous lakeseek), largeswams andhaos cover this sauceshaped area

of about 7,250 sq km. The sinking of thésde area into its present sausbape seents be
intimately connected with the uplift of Madhupur Tract. Local tradition has it that the land sank
9 to 12m in the last 200 years. This area is still undergoing persistent subsidence. In addition
to the hils located along the southern spur of thdl8hg Massif, a number of hillocks, locally
known asTila, form minor but morphologically distinct, ranges around Sylhet in northeastern
Banglaceksh. These elevations, as for instance Kdiikes Dupi Tila and the tilas at Beanibazar,
east of Sylhet, are generally built up of PReistocene clastic sediments and reach maximum
elevations of about 60m above MSL. It is regularly flooded duringnibresoon.

Jamuna (Young Brahmaputra) Floodplaiis dual name is used for the mighty Brahmaputra,
because the Jamuna channel is comparatively new and this course must be clearly distinguished
from that of the older Brahmaputra. Before 1787, the Brahmaputalse swung east to
follow the course of theresent Old Brahmaputra. In that year, apparently, a severe flood had
the effect of turning the course southwards along the Jenai and Konai rivers to form the broad,
braided Jamuna channel. The change in eoseems to have been completed by 1830. Due to
the uplift of the two large Pleistocene blocks of Barind and Madhupur, the zenbsifience
between those turned to a rift valley and bectreenew course of the Brahmaputra and came

to be known as the great Jamuna. Both the left and right banks of the river are included in this
subregion. The Brahmaputdamuna floodplain can again be subdivided into the Bangali
Karatoya floodplain, Jamuri@ahaleshwari floodplain, and diyaras actths.

The rightbank of the Jamuna once a part of the Tista floodplain is part of the bigger
floodplain. Several distributaries of the Jamuna flomtigh the lefbank floodplain, of which

the Dhaleshwariis by far the largest and suassed, namely, the JameDhaleshwari
floodplain. The southern part of this stdgion was once a paof the Ganges floodplain.

Along the BrahmaptraJamuna, as along the Ganges, there are many diyaras and chars. In fact,
there are more of them along this channel than in any other river in Bangladesh. There is a
continuous line of chars from where thiger enters Bangladesh to the -tdke pointof
Dhaleshwari River. Both banks are punctuated by a profusion of diyarassolihand
topographyof chars and diyaras vappnsiderably. Some of the largest ones have point bars
and swales. The elevation between the lowest and highest points of these accretions may be as
much as 5m. The difference between them and the higheslewveeither bank can be up to

6m. Some of theidges are shallowly flooded but most of the ridges and all the basins of this
floodplain region are flooded more than 0.91m deep for about four monthsg¢medto miel
October) during the monsoon.
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Northern andeastern Piedmont Plainghe unit is generall sloping piedmont plains border

the northern and eastern hills; (similar piedmont plains adjoining the hills in Chittagong region
have been included in the Chittagong coastal plain). These plains, which seegalesced
alluvial fans, mainly have siltpr sandy deposits near to the hills, grading into clays in the
basin adjoining the neighbouring floodplains. The whole area is subject to flash floods during
the rainy season. On the higher parts, flooding @&niy intermittent and shallow; but it is
modeately deep or deep in the basin. The-sedjon covers most or parts of the upazilas of
Nalitabari (Sherpur), Tahirpur, Bishwamvarpur, Dowarabazar, Companiganj (Sylhet),
Gowainghat, Madhabpur, Habiganj Sadainunarughat, Sreemangal, Kamalganj and Kulaura

Old Meghna Estuarine Floodplaifihe landscape in this extensive unit is quite different from
that on river and tidal floodplains. The relief is almost level, with little difference in elevation
between ridge and basins. Natural rivers and streams arejpart in the southern part and
drainage is provided by a network of rasade canals (khal). The sediments are predominantly
deep and silty, but a shallow clay layer in some basin centres overlies thermaS#asding

is mainly deep, but it is shalloim the southeast. Some basin centres stay wet throughout the
dry season. Virtually everywhere, this flooding is by rainwater ponded on the land when
external rivers flow at high levels; the exceptions arentireow floodplains alongside small
rivers (sub as theGumti) which cross the unit from adjoining hill and piedmont areas.

SurmaKushiyara Floodplain:This unit comprises the floodplain af’ers draining from the
eastern border towards the Sylhet Basin (Haor Basin). Some small hill and piedmont areas near
Sylhet are included within the boundaries. Elsewhere, the relief generally is smooth,
comprising bboad ridges and basins, but it is logallregular alongside river channels. The

soils are mainly heavy silts on the ridges and clays in the basins. This area is subject to flash
floods in the pranonsoon, monsoon and p@sbnsoon seasons, so the extemd depth of
flooding can vary greatly whin a few days. Normal flooding is mainly shallow on the ridges

and deep in the basins.

Low Hill RangesThe unit comparatively low hill ranges occur between and outside the high
hill ranges. They are mainly formeder unconsolidated sandstone and shidieir summits
generally are <300m above MSL. Most areas are strongly dissected, with short steep slopes,
but there are some areas with rolling to edelyel relief (e.g. in the best temowing areas of

Sylhet regon). In the Sylhet region, there are ifanain hillocks in the northern zone and six

hill ranges project into the south of Sylhet district from the Indian state of Tripura. These six
ranges, which project into the plains from the south, are, from eaststpRatharia, Harargaj,
Rajkandilta, Bhanugach, Tarap and Raghunandan.

3.6 Hydro-geology of the Study Area

Hydrogeological parameters ofetlstudy area are governed by the I#toatigraphic and
prevailing tectonic activities, which is part of regional rogiological setting and tectonic
features.
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The haor areas are underlain by a thick sequence of Quaternary deposits (Mebius 2003). These
Quaternary deposits and the Dupi Tila formation below constitute the potential aquifers. The
areas have an aquifer syst of semiconfined to confined types. &8t of the areas are covered

by alluvial clay and silt deposits of the Meghna River and its tributaries (Mebius 2003). The
sediments are not as well sorted and uniform as the deposits of the Brahmaputra River to the
west. The top silty clay layer of thestgm is relatively thick and the main aquifer is located at
relatively greater depth below the land surface (MPO 1@B&Merallythe alluvial deposits in

the haor areas show rapid lithological changes, both Viéytiaad laterally. Probably all
Quaternay aquifers in the haor areas are of a local character (Mebius 2003). In Sunamgan]
district, a shallow alluvial aquifer is also available which is used for domestic water supplies
with HTWSs screened at 160 m belowthe land surface (Joarder et al. 2008)gation wells
typically tap deeper aquifers in the region at10® m depth. The main aquifer of the haor
areas has low transmissivity. The specific yield is also low in the central part of the haor basin.
Irrigation development in the haor areas hasrbeoderate, except for Sylhet where such
development has been very low (Mondal 2015). A major part of this irrigation development
has also been by using surface water based low lift pumps. Thus, groundwate hadeaior t

areas has been in general vaswl However, in Baniachong and Ajmiriganj areas, a good
number of DTWs are used to irrigate rabi crops. The groundwater recharge in the haor areas is
high due to high rainfall, and extensive, deep and extended péflodding. Even with a low

level of goundwater development, there is some scattered evidence of groundwater mining in
the haor areas. However, the evidence is not as strong as it is in the barind areas and could be
due to the localized character of thguifer. The presence of iron in growater is an acute
problem for the haor areas. Except the Dharmapasha upazila, all other upazilas in the haor
region have iron problem. All upazilas except Jagannathpur of Sunamganj district also have
arsenic in groudwater exceeding the Bangladesh standaven the deeper aquifer in Chhatak

and Sadar upazilas, where data was available from DTWSs, have arsenic problem. The worst
affected upazilas are Derai, Dharmapasha and Jamalganj, where more than 50% hand/shallow
tube wells contain arsenic exceeding thenBladesh standard. All the upazilas of the haor
region have a manganese problem in groundwater. The badly affected upazilas are Nabigan;,
Baniachong, Bishwambarpur, Jagannathpur, Derai, Jamalganj and Companiaduditidm to

the above chemical qualigpncerns, there is also a major microbiological quality concern with

the source water in the haor region as about 62% households of the Sylhet division fetch
drinking water from sources containing E. coli bacteriardvcfu/100 mL (BBS 2015).

Limited information is available on the aquifer system in the hilly areas. The main aquifer in
the northeastern hilly region is of sersbnfined to confined types and that in the sesrdbtern

hilly region is of confined typelhe hills in the nortkeast are overlainy Plio-Pleistocene and
Holocene deposits (Mebius 2003). A prospective aquifer in the-eadtern hills is the highly
weathered alluvial sands of the Dupi Tila formation (Hoque et al. 2003; Khan 2000; Mebius
2003) These sands are fine to medium graiaed crop out in small hillocks in Sylhet and
Maulavibazar districts and in some parts of Habiganj district. However, the permeability of
these sands is lower than that of the alluvial deposits. The young gravelt alao form a
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potential aquifer, althagh they are poorly sorted and contain large amounts of gravel and
pebbles, making it difficult to use lewost drilling techniques.

According to Rahman M. S. 2002, in the greater Sylhet area, aquifers are thishiereper,
individual aquifer layers adess well sorted and often contain a higher proportion of fine sand.
Existing stones, rocks and gas pockets make the aquifer conditions poorer. The whole of the
upper aquifer sequence behaves as a single multipieeagystem in which all the units are
hydraulically connected. The thickness and extent of the aquifer layers are highly variable and
unpredictable in the area. The overall lithology of the greater Sylhet is highly discontinuous in
nature having less extsive to relatively extensive layers tipoor to moderate yielding
capacity aquifers.

According BWDB, 1986 the groundwater flow of the study area is mainly centralized in haor
areas and the hydraulic gradient varies from 0.27 meter to 0.29 meter peet&iloirthe
maximum depth to groundwatextlie of the study area varies from 0.77 meter to 9 meter from
land surface. Groundwater fluctuation of the area varies from 0.19 meter to 6 meter.

Analysis of present groundwater table data reveals that groundablevaries from 0.23m

to 15.03m in Sylat, 0.52m to 8.70m in Habiganj, 0.61m to 7.10m in Sunamganj, 0.30m to
8.50m in Maulavibazar, 0.41m to 10.54m in Kishoreganj and 0.31m to 10.60m in Netrokona.
It is observed that maximum groundwater table occurs gah@ month of March and April.
Depth togroundwater table has been increased in the present condition with comparison to
study conducted by BWDB, 1986. Countrywide historical groundwater table data was analyzed
under CSIRO, 2014 study, they also foundeel steady decline evident in the groumadisv

level in Sunamganj, Sylhet and Maulavibazar (CSIRO 2014).

Regional groundwater elevation contour naspshown irFigure 3-7 for dry season of 2015

has been prepared with for better understanding of regiavaldirection. Water level data

has been taken from Bangladesh Water Board (BWDB). In the mapped area groundwater is
flowing mainly towards the centrabpt (haor area) of the study area from neighboring area.
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Figure 3-7: Groundwater Elevation Contour and Flow Direction Map of the Study Area (Dry
Season, 2015)

3.7 Landuse Pattern

Since the depth of flooding is one of the major determining factors of the crop production
practices, the cultivated area under différfood depth classifications regions the monsoon
season of the study area is crucial. Rainfall runoff from the hitlimand outside Bangladesh,
rushes overland as well as through the rivers to the Haors. This results in flash floods
characterized byapid increase in flood levels during the 4qmensoon season and deep
flooding in the monsoon season. The farmers haygsted their crop production practices
according to the mentioned hydrologic regime. The Soil Resources Development Institute
(SRDI) pepared landuse maps of the country including the study area which shBignra

3-8. FromFigure3-8 it is shown that Boro and T. Aman are the major crops in the stedy ar
Sylhet is famous for teproducing area in the world. Out of 152 tea estates in the country, 130
are in Sylhet. Thesestates account for 93% of the total area and contribute 96% of the total
tea production in Bangladesh (IWM 2009).
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Figure 3-8: Landuse Pattern of the Study Area (SRDI 2005)
3.8 Soil Condition

The Soil Resource®evelopment Institute (SRDI) prepared soil association maps of the
country including the study area shown irFigure3-9. A general soil type of thegroject area

may broadly be classified into four groups: flood plain soils, brown hilly soil, peat and terrace
soils. Flood plain soil mainly consists of Silty Clay, Clay and Loamy soil texture.
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Figure 3-9: Soil Map of the Study Area (SRDI 1997)
3.9 Irrigation Practice

In the study area, surface water is being used mostly to expand irrigated area by LLPs for
agricultural development since 1962. Duritige recent past years, groundgrause for
irrigation has significantly been increased due to decrease of availability of surface water in
the rivers flowing through the area during dry months. Groundwater is being extracted for
irrigation mainly by Deep @ibe Wells (DTW) and Shallow TebWells (STW). Flooding
irrigation is practiced for both groundwater and surfaeagerirrigation.
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4 DATA COLLECTION AND PROCESSING

41 General

It is understood from review of the ToR, available reports, field visits and disousith

project officials that the aim of the proposed study is to explore the availability of both the
surface water as well as groundwater to develop future irrigation expansion plan for proper
management of water resources in an integrated manngtefyated approach hasdigaken
incorporating the land and water ecosystem, interaction between the surface and groundwater
of the area to assess the availability of water resources. Prior to application of models for
simulation, different data colleateboth from primary and secondary sources have been
analyzed. Data collection and processing is required to understand and comprehend the
following issues:

1 Physical characteristics: topographical, hydrological, meteorological and
hydrogeological variables.

1 Peformance of existing physical settings: irrigation canals, DTW and STW, various
infrastructures etc.

1 Inputs for the model: crossection, rainfall, evaporation, water use, land use, surface
water levels, river flows, groundwater levels, water use denand, aquifer
characteristics etc.

T Stakehol dersdé6 responses on devel opment

1 Existing and future project operations.

Different type of data that has been collected under the proposechaitgtyoadly classified
into following groups:

Hydro-meteorological
Hydrogeological
Agriculture and Soils
Water Abstraction
Seepage and Percolation
Water Quality

= =2 =4 4 A8 -2

Different organzations such as DBHWD, BMD, BWDB, BADC, DAE, SRDI and LGED are
the secondary sources for these data and information. It Basobserved that, some of the
data are not sufficient while some are not available from secondary sources. To fulfill the study
requirements, IWM has undertaken a field data collection programme. All secondary and
primary datahasbeen checked for qualityand consistency using standard procedure. The
following sections discusses the primary and secondary data collection and processing.
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4.2 Secondary Data

Hydro-meteorological data that has been collected for the study includes rainfpdraian,
temperaturge relative humidity, sunshine hours. BWDB and BMD have very good data
collection network in the area as shownHigure 4-1. Exiging historical data has been
collected from BWDB, BMD and other relevant agencidse Tentral database of IWM also
contains historical timseries data for all monitoring stations in Bangladesh maintained by
BWDB.

Rainfall

The list of BWDB rainfall statons along with the data availability are giverilable4-1. The
available rainfaltatahave been collected from BWDBnN general, most of the statis contain

long time series data. However, there are certain gaps in the data record, which has been duly
filled in after carrying out necessary djtyachecking following the standard procedures of

IWM Data Processing Manual (IWM Handbook). Quality cheglof rainfall includes visual
observation of plots of rainfall, preparation of double mass curves, estimation of yearly mean
values, and comparisai monthly values. Double mass analysis reveals that rainfall data for
most of the stations are consistefstier necessary consistency and quality checkiaigfall

data has been used for the model development.
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Figure 4-1: Hydrometeorological and Hydrological Stations in the Study Area
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Table 4-1: List of Rainfall Stations of BWDB for the Study Area

SL No. | Station ID Station Name Data available
From To
1 CL105 Chandpur Bagan Apr-61 | Dec18
2 CL110 Habiganj Apr-61 | Dec18
3 CL111 Itakhola(Baikunthapur)] Apr-61 | Dec18
4 CL120 Markuli Apr-62 | Dec18
5 CL101 Bhairab Bazar Apr-62 | Dec18
6 CL112 Itha Apr-62 | Dec18
7 CL61 Bajitpur Apr-62 | Dec18
8 CL71 Kishoregnj Apr-61 | Dec18
9 CL104 Chandbagh Apr-61 | Dec18
10 CL108 Dakhinbagh May-61 | Dec18
11 CL114 Kamalgan] Apr-61 | Dec18
12 CL117 Langla Apr-61 | Dec18
13 CL118 Latu Apr-66 | Dec18
14 CL122 Moulvi Bazar Apr-61 | Dec18
15 CL126 Srimangal Apr-61 | Dec18
16 CL229 Manu Rly. Br. Apr-85 | Dec18
17 CL113 Khaliajuri Apr-62 | Dec18
18 CL115 Kendua Jun62 Dec18
19 CL121 Mohangan; Apr-62 | Dec18
20 CL123 Netrokona Apr-61 Dec18
21 CL63 Durgapur Apr-61 | Dec18
22 CL68 Jariajhanjail Apr-62 | Dec18
23 CL107 Chhatak Apr-67 | Dec18
24 CL109 Gobindagan; Apr-62 | Dec18
25 CL124 Pagla Apr-62 | Dec18
26 CL127 Sunamganj Apr-61 | Dec18
27 CL102 Bholagan] Apr-62 | Dec18
28 CL116 Lallakhal Apr-61 | Dec18
29 CL119 Manumukh Apr-61 | Dec18
30 CL125 Sheola Oct62 | Dec18
31 CL130 Zakiganj Apr-62 | Dec18
32 CL228 Kanairghat Apr-84 | Dec18
33 CL64 Gafargaon Apr-62 | Dec18
34 CL65 Goaripur May-62 | Dec18
35 CL73 Mymensing Apr-61 | Dec18
36 CL75 Nandail Jun62 | Decl18
37 CL77 Phulpur Jun62 Dec18
38 CL103 Brahmanbaria Apr-61 | Dec18
39 CL128 Sylhet Apr-57 | Dec18
40 CL129 Tajpur Apr-62 | Dec18
41 CL131 Sarail Apr-64 | Dec18
42 CL132 Nasirnagar Nov-61 | Dec18
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Evaporation

Evaporation pans are subject to errors arising from intervention by cattle, birds and children,
and the data mustwdys be treated with due caution. BWDB maintains 6 evaporation stations
in the vicinity of the project area. Information of this statiogiien inTable4-2.

Table 4-2: List of Evaporation Stations for the Study Area

SL No. Station ID | Station Name Data available
From To

1 E16 Jamalpur Jan1964 Dec2018

2 E38 Sylhet Janl1964 Dec2018

3 E37 Sunamganj Jan1964 Dec2018

4 E26 Netrokona Janl964 Dec2018

5 E24 Mymensingh Janrl1964 Dec2018

6 E46 Shimrail Janl1975 Dec2018

Groundwater Level

There are 152 nos. of BWDB groundwater monitoring wells located in the study area which
have been monitored by BWDB for a long period of time. To fill up the data gap and
comparison with the existing data available from secondary sou4@esps. of groundwater
monitoring wells have been installed under this project. The list of all groundwater monitoring
wells available from BWDB is given ihable4-3.

After necessary quality checking these data has been used in groundwater model and various
analyses have been carried out for evaluating seasonal variation, regional fluctuation and flow
dynamics of groundwater in the study area.

Table 4-3: List of Groundwater Level Monitoring Stations for the Study Area

Sl. No. | Station ID Source Data Available

From To
1 GT5814001 | BWDB Jan79 Dec18
2 GT5814002 | BWDB Jan79 Dec18
3 GT5814003 | BWDB Jan79 Dec18
4 GT5856004 | BWDB Jan79 Dec18
5 GT5856005 | BWDB Jan79 Dec 18
6 GT5856006 | BWDB Jan79 Dec 18
7 GT5856007 | BWDB Jan79 Dec18
8 GT5856008 | BWDB Jan79 Dec18
9 GT5856009 | BWDB Jan79 Dec18
10 GT5856010 | BWDB Jan79 Dec18
11 GT5865011 | BWDB Jan79 Dec18
12 GT5865012 | BWDB Jan79 Dec18
13 GT5865013 | BWDB Jan79 Dec18
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Data Available
From To
14 GT5865014 | BWDB Jan79 Dec18
15 GT5865015 | BWDB Jan79 Dec18
16 GT5865016 | BWDB Jan79 Dec18
17 GT5865017 | BWDB Jan95 Dec18
18 GT5865018 | BWDB Jan95 Dec18
19 GT5865019 | BWDB Jan79 Dec18
20 GT5865020 | BWDB Jan79 Dec18
21 GT5865021 | BWDB Jan80 Dec18
22 GT5865022 | BWDB Jan79 Dec18
23 GT5874023 | BWDB Jan87 Dec18
24 GT5874024 | BWDB Jan79 Dec18
25 GT5874025 | BWDB Jan79 Dec18
26 GT5874026 | BWDB Feb81 Dec18
27 GT5880028 | BWDB Jan79 Dec18
28 GT5883030 | BWDB Jan79 Dec18
29 GT5883031 | BWDB Jan79 Dec18
30 GT5883032 | BWDB Jan79 Dec18
31 GT5883033 | BWDB Jan79 Dec18
32 GT5883034 | BWDB Jan79 Dec18
33 GT5883035 | BWDB Jan79 Dec18
34 GT5883036 | BWDB Jan79 Dec18
35 GT5883037 | BWDB Jan79 Dec18
36 GT5883038 | BWDB Jan79 Dec18
37 GT5883039 | BWDB Jan79 Dec18
38 GT5883040 | BWDB Jan79 Dec18
39 GT3602001 | BWDB Jan76 Dec18
40 GT3605002 | BWDB Jan70 Dec18
41 GT3605003 | BWDB Mar-77 Dec18
42 GT3611004 | BWDB Oct-75 Dec18
43 GT3611005 | BWDB Oct-75 Dec18
44 GT3611006 | BWDB Jan78 Dec18
45 GT3626007 | BWDB Jan70 Dec18
46 GT3626008 | BWDB Jan70 Dec18
47 GT3626009 | BWDB Jan70 Dec18
48 GT3626010 | BWDB Jan70 Dec18
49 GT3626011 | BWDB Jan70 Dec18
50 GT3626012 | BWDB Jan70 Dec18
51 GT3644013 | BWDB Feb94 Dec18
52 GT3668014 | BWDB Jan94 Dec18
53 GT3671015 | BWDB Jan94 Dec18
54 GT3671016 | BWDB Jan94 Dec18
55 GT3671017 | BWDB Jan94 Dec18
56 GT3671018 | BWDB Jan94 Dec18
57 GT3671019 | BWDB Jan94 Dec18

SI. No. | Station ID Source
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Data Available

From To

58 GT3671020 | BWDB Jan94 Dec18
59 GT3671021 | BWDB Jan94 Dec18
60 GT3677022 | BWDB Jan94 Dec18
61 GT4802001 | BWDB Jan71 Dec18
62 GT4802002 | BWDB May-77 Dec18
63 GT4805003 | BWDB Jan70 Dec18
64 GT4805004 | BWDB Apr-76 Dec18
65 GT4805005 | BWDB Jul76 Dec18
66 GT4811006 | BWDB May-76 Dec18
67 GT4811007 | BWDB Apr-76 Dec18
68 GT4827008 | BWDB Jan70 Dec18
69 GT4827009 | BWDB Sep75 Dec18
70 GT4833010 | BWDB Jan71 Dec18
71 GT4833011 | BWDB Apr-76 Dec18
72 GT4842012 | BWDB Jan70 Dec18
73 GT4842013 | BWDB May-76 Dec18
74 GT4845014 | BWDB Jan70 Dec18
75 GT4845015 | BWDB Jan70 Dec18
76 GT4849016 | BWDB Jan70 Dec18
77 GT4849017 | BWDB May-76 Dec18
78 GT4849018 | BWDB Jun76 Dec18
79 GT4849019 | BWDB Jan70 Dec18
80 GT4854020 | BWDB May-76 Dec18
81 GT4854021 | BWDB Jan70 Dec18
82 GT4876022 | BWDB Apr-74 Dec18
83 GT4876023 | BWDB May-76 Dec18
84 GT4876024 | BWDB Juk76 Dec18
85 GT4876025 | BWDB Jan70 Dec18
86 GT4879026 | BWDB Mar-76 Dec18
87 GT4879027 | BWDB Apr-76 Dec18
88 GT4879028 | BWDB Jan71 Dec18
89 GT482029 | BWDB Jan71 Dec18
90 GT7204001 | BWDB Jan70 Dec18
91 GT7209002 | BWDB Jan70 Dec18
92 GT7218003 | BWDB Sep75 Dec18
93 GT7218004 | BWDB Juk74 Dec18
94 GT7238010 | BWDB Apr-76 Dec18
95 GT7238011 | BWDB Jan71 Dec18
96 GT7240005 | BWDB Jan75 Dec18
97 GT7240006 | BWDB Oct-75 Dec18
98 GT7240007 | BWDB Oct-75 Dec18
99 GT7247008 | BWDB Feb74 Dec18
100 GT7247009 | BWDB Dec74 Dec18
101 | GT7256012 | BWDB Sep75 Dec18

SI. No. | Station ID Source
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Data Available
From To
102 GT7256013 | BWDB Oct-75 Dec18
103 GT7263014 | BWDB Feb74 Dec18
104 GT7263015 | BWDB Oct-75 Dec18
105 GT7263016 | BWDB Juk77 Dec18
106 GT7263017 | BWDB Jan70 Dec18
107 GT7274018 | BWDB Feb74 Dec18
108 GT7274019 | BWDB Feb75 Dec18
109 GT7274020 | BWDB Jan80 Dec18
110 GT7274021 | BWDB Jan70 Dec18
111 GT7283022 | BWDB Jan70 Dec18
112 GT7283023 | BWDB Jan75 Dec18
113 GT9023001 | BWDB Jan75 Dec18
114 GT9023002 | BWDB Oct-75 Dec18
115 GT9023003 | BWDB Jun76 Dec18
116 GT9029004 | BWDB Jan76 Dec18
117 GT9047005 | BWDB Sep76 Dec18
118 GT9047006 | BWDB Jun76 Dec18
119 GT9047007 | BWDB Jan81 Dec18
120 GT9050008 | BWDB Jan76 Dec18
121 GT9050009 | BWDB Apr-77 Dec18
122 GT9050010 | BWDB Feb79 Dec18
123 GT9089011 | BWDB Jun75 Dec18
124 GT9089012 | BWDB Jun76 Dec18
125 GT9092013 | BWDB Jan78 Dec18
126 GT9108001 | BWDB Jun75 Dec18
127 GT9108002 | BWDB May-76 Dec18
128 GT9108003 | BWDB May-76 Dec18
129 GT9117004 | BWDB Jan70 Dec18
130 GT9117005 | BWDB Jan75 Dec18
131 GT9120006 | BWDB May-76 Dec18
132 GT9127007 | BWDB Apr-77 Dec18
133 GT9135008 | BWDB Jan70 Dec18
134 GT9138009 | BWDB Jan70 Dec18
135 GT9138010 | BWDB Sep76 Dec18
136 GT9141011 | BWDB Jan70 Dec18
137 GT9141012 | BWDB Sep79 Dec18
138 GT9141013 | BWDB Sep79 Dec18
139 GT9141014 | BWDB Jan75 Dec18
140 GT9141015 | BWDB Jan78 Dec18
141 GT9153016 | BWDB Jan75 Dec18
142 GT9153017 | BWDB Jan75 Dec18
143 GT9159018 | BWDB May-76 Dec18
144 GT9159019 | BWDB Apr-77 Dec18
145 GT9162020 | BWDB Jan70 Dec18

SI. No. | Station ID Source
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Data Available
From To
146 GT9162021 | BWDB Jan70 Dec18
147 GT9162022 | BWDB Jan70 Dec18
148 GT9162023 | BWDB Jan70 Dec18
149 GT9162024 | BWDB Jan75 Dec18
150 GT9162025 | BWDB May-76 Dec18
151 GT9162026 | BWDB Jan81 Dec18
152 GT9194027 | BWDB Jan75 Dec18

SI. No. | Station ID Source

Datahave beenchecked for consistency following the standard procedures of IWM Handbook.
A sample plot of groundwater level and along with deaiyfall data is showmiFigure4-2.

GT4805005
Upazila: Bajitpur Dist: Kishoreganj Rainfall Station: CL61 (Bajitpur)
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Figure 4-2: A Sample Plot of Groundwater Level Data at Bajitpurfor GT 4805005

Surface Water Level

There are 57 nos. of BWDRigace water monitoring stations available in the study area as
shown inTable4-4. After necessary quality checkinthesedata hae been used in surface
water model setup and various analyses have been cartifed evaluating seasonal variation
and trend analysis.

Table 4-4: List of Surface Water Level Stations for the StudyArea

Sl. No| Station ID Station Name River Name Data Available
From To

1 |Sw138 Sofidbad Korangi Apr-97 Dec18

2 |SWI157 Ballah Khowai Jan99 Dec18

3 |SW158 Chunarghat Khowai Janr96 Dec18

4 |SW158.1 |Shaistagan; Khowai Janr97 Dec18

5 |SW159 Habigan; Khowai Jan96 Dec18
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. . . Data Available
SlI. No| Station ID Station Name River Name
From To
6 |SW264A |Montala Sonai Jan99 Dec18
7 | SW272 Madna Lower Meghna | Jan95 Dec18
8 | SwW280 Sutang Rly.Bridge Sutang Janr97 Dec18
9 |SW230.1 |Bhairab Bazar Rly Bridg Old Brahmaputr{ Jan96 Dec18
10 |SW271 Azmiriganj UpperMeghna Apr-95 Dec18
11 |SW272.1 |Austagram Upper Meghna | Jan95 Dec18
12 |SW273 Bhairb Bazar Upper Megha Jan9s Dec18
13 [SW311.4 |Chamraghat Meghna Jul96 Dec18
14 [SW73  |itna pnanuBoulal | jan96 | Decis
15 |sw74 Dilalpur gnﬁ?;?aou‘fg Jan96 | Decl8
16 |SW135 Juri Branch(Silghat) Juri Jar04 Dec18
17 | SW135A |Juri (Continala Bridge |Juri Jan93 Dec18
18 |SW192 Motigan] Lungla Apr-96 Dec18
19 |SW201 Monu Rly.Bridge Monu Apr-96 Dec18
20 |SW202 Moulvi Bazar Monu Apr-96 Dec18
21 | SW67 Kamalgan] Dhalai Apr-96 Dec18
22 | SW262 Bijoypur Someswari Apr-96 Dec18
23 | SW263 Durgapur Someswari Apr-96 Dec18
24 | SW263.1 |Kalmakanda Someswari Apr-96 Dec18
25 | SW310 Netrokona Mogra Apr-96 Dec18
26 |SW3l11 Atpara Mogra Apr-96 Dec18
27 |SW344 Ghog Bazar Baruni Jul-96 Dec18
28 | SW36 Jariajanjail BhogaiKangsa | Apr-96 Dec18
29 |SW36.1 Mohangan; BhogaiKangsa | Apr-96 Dec18
30 [SW72  |Knhaliajuri gﬂi?&?;u‘{'g Jan95 | Deci8
31 [SW131.5 |Laurergarh Saktiarkholg Jadukata Apr-96 Dec18
32 | SW268 Chhatak SurmaMeghna | Apr-96 Dec18
33 | SW269 Sunamganj SurmaMeghna | Apr-96 Dec18
34 |SW269.5 |Dirai Jhalu Khali Apr-96 Dec18
35 [SwW270 Markuli Lower Meghna | Janr95 Dec18
36 | SW33 Gobindagan; Bhattakhal Apr-97 Dec18
37 | SW333 Muslimpur Julakhali Apr-96 Dec18
38 [SW333A |Dulura Jhalu Khali Jul97 Dec18
39 |SWa337 Urargaon Noyagang Apr-96 Dec18
40 |SW3% Durlavpur Dhanu Jul97 Dec18
41 |SW72B Sukdebpur DhanuBoulai Apr-96 Dec18
42 |SW172.5 |Amalshid Kushiyara Apr-96 Dec18
43 | SW173 Sheola Kushiyara Apr-96 Dec18
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. . . Data Available
SlI. No| Station ID Station Name River Name

From To
44 |SW174 Fenchugan; Kushiyara Apr-96 Dec18
45 | SW175.5 |Sherpur Kushiyara Apr-96 Dec18
46 | SW233 Protappur(Piyan Bran) | Piyan Apr-96 Dec18
47 | SW233A |Jaflong (Spill) Piyan (Dauki) Apr-96 Dec18
48 |SW234 Companiganj Piyan May-96 | Dec18
49 | SW251 Sarighat SariGowain Apr-96 Dec18
50 |Sw252 Gowainghat SariGowain Apr-96 Dec18
51 |SwW252.1 |Saldikar SariGowain Apr-96 Dec18
52 |SW265 Jaldhup SonaiBardal Apr-96 Dec18
53 | SW266 Kanairghat SurmaMeghna | Apr-96 Dec18
54 | SW267 Sylhet SurmaMeghna | Apr-96 Dec18
55 | SW326 Lubachara Lubachara Jul92 Dec18
56 |SW332 Islampur Dhala Apr-96 Dec18
57 |SwW341 Sonapur Omayan Chella| Apr-96 Dec18

Discharge Data

Discharge data have been collected for 33 locations to define the boundary conditions of the
surface water model as well as to calibrate the hydrodynamic model. Details of the availability
of dataare shown in th&able4-5.

Table 4-5: List of Discharge Measurement Stations for the Study Area

Sl. No|Station ID Station Name River Name Data Available

From To
1 |SW138 |Sofiabad Korangi Apr-64 | Dec18
2 |SW158.1|Shaistaganj Khowai Jun64 | Dec18
3 | SW264A | Montala Sonai Jun88 | Decl18
4 |SW280 |Sutang Rly.Bridge Sutang Apr-64 | Dec18
5 |SW230.1|Bhairab Bazar Rly Bridg Old Brahmaputral Jun79 | Dec18
6 |SW273 |Bhairb Baar Upper Meghna | Jun64 | Dec18
7 |SW262 |Bijoypur Someswari Jan97 | Dec18
8 |SW263 |Durgapur Someswari Jul65 Dec18
9 |SW36 Jariajanjail BhogaiKangsa | Apr-64 | Decl18
10 |SW131 |Saktiarkhola Jadukata Apr-88 | Dec18
11 | SW131.5|Laurergarh Saktiarkholg Jadukata Apr-93 | Dec18
12 |SW269 |Sunamganj SurmaMeghna | JanOl | Dec18
13 |SW33 Gobindagan; Bhattakhal Apr-64 | Dec18
14 |SW333 |Muslimpur Julakhali Apr-88 | Dec18
15 | SW333A |Dulura Jhalu Khali Nov-06 | Dec18
16 |SW337 |Urargaon Noyagang May-92 | Dec18
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Sl. No|Station ID Station Name River Name Data Available
From To
17 |SW135 |Juri Brant (Silghat) Juri Janl2 | Decl18
18 | SW135A |Juri (Continala Bridge) | Juri Apr-64 | Dec18
19 |SW192 |Motiganj Lungla Apr-64 | Dec18
20 |SW201 |Monu Rly.Bridge Monu Apr-64 | Dec18
21 | SWe67 Kamalganj Dhalai Apr-64 | Dec18
22 |SW173 |Sheola Kushiyara Apr-64 | Dec18
23 | SW175.5 | Sherpur Kushiyara Apr-82 | Dec18
24 | SW233 |Protappui(Piyan Bran) | Piyan Apr-88 | Dec18
25 | SW233A |Jaflong (Spill) Piyan (Dauki) Apr-96 | Dec18
26 |SW251 |Sarighat SarirGowain Apr-65 | Dec18
27 |SW265 |Jaldhup SonaiBardal Apr-64 | Dec18
28 |SW266 |Kanairgha SurmaMeghna | Apr-69 | Decl18
29 |SW267 |Sylhet SurmaMeghna | Apr-64 | Dec18
30 |SW326 |Lubachara Lubachara Aug-01 | Dec18
31 |SW332 |Islampur Dhala Apr-88 | Dec18
32 |SW341 |Sonapur Omayan Chella | Apr-92 | Dec18
33 |SW6 Off take of Surma Bahia Apr-64 | Dec18
Bore LogData

The occurrence and storage of groundwater are generally governed by sedimentary structure,
lithology, thickness and depth of different aquifers. Subsurface lithological characterization of
the model area and configuration of the hydro stratigrajtiis for groundwater flow model

has been prepared by analyzing these parameters. For assessing the aquifer geometry of
different aquifer systems exist in and around the study areapS56f litholog data have been
collected from BADC, BWDB and DPHE ttefine the regional geology of the model area as
shown inTable4-6. The depth of collected data varies from the depth of 26m to 300m and
most of the data are with 100im200m as shown iRigure4-3.

Table 4-6: Sources of Borehole Data

Sl. No. District Well Number | BADC | BWDB | DPHE

1 Habigan; 89 30 30 29

2 Maulavibazar 52 13 12 27

3 Sylhet 102 31 25 46

4 Sunamganj 37 0 3 34

5 Kishoreganj 181 13 85 83

6 Netrokona 95 16 72 7
Total 556 103 227 226
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101-200 m
46%

Figure 4-3: Depth Variation of Collected Bore Log Data

Landuse Pattern

Since the depth of flooding is one of the major determining factors afrdpeproduction
practices, the cultivated area under different flood defatbsifications regions the monsoon
season of the study area is crucial. Rainfall runoff from the hills within and outside Bangladesh,
rushes overland as well as through the riviershe Haors. This results in flash floods
characterized by rapid increase flood levels during the prmonsoon season and deep
flooding in the monsoon season. The farmers have adjusted their crop production practices
according to the mentioned hydrologiegime. The Soil Resources Development Institute
(SRDI) prepared landuseaps of the country including the study area which shoviaigare

4-4. FromFigure4-4 it is shawvn that Boro and T. Aman are the major crops in the stugly. ar
Sylhet is famous for teproducing area in the world. Out of 152 tea estates in the country, 130
are in Sylhet. These estates account for 93% of the total area and contribute 96% of the total
tea production in Bangladesh (IWM 2009).
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Landuse Map I
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Figure 4-4: Landuse Pattern of the Study Area (SRDI 2005)

Soil Condition

The Soil Resources Development Institute (SRDI) prepared soil association maps of the
country including the study areas shown irFigure4-5. In general soil type of thstudyarea

may broadly be classified into four groups: flood plain soils, brown hilly soil, peat and terrace
soils. Flood plain soil maly consists of Silty Clay, Clay and Loamy soil texture
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Figure 4-5: Soil Map of the Study Area (SRDI 1997)

Preparation of Digital Elevation Model (DEM)

A total of 139 nos. of digital sheets of topogragtiand basic mapavebeen collected from
Survey of Bangladesh (SoB) for teudyarea. All these sheets are produced in @0R5and
thirteen numbers of feature layers in digital form. The Contour and Spot point layers are utilized
for preparing the DEM Wich is shown irFigure4-6.
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Figure 4-6: Digital Elevation Model (DEM) of the Project Area
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4.3 Primary Data

Existing hydregeological data that includes groundwageel, lithologs and aquifer properties
has beertollected from available secondary sources. In addition, to fulfill the data gap, IWM
has initiated a comprehensive hydrogeological investigationrgmogthat includes(i)
Exploratory drilling (ii) Installéion of groundwater monitoring wells (iii) Monitoring of
groundwater level (iv) Construction of production well (v) Aquifer test (vi) Seepage and
Percolation measurement (vii) Geophysical survey amg Water quality sampling and
analysis.

4.3.1 Exploratory Drilling and Installation of Monitoring Well

Exploratory drilling and installation of monitoring well have been starteédmuary2017 and
completed the works accordingly. Forty nos. of exploratory drilling and monitoring well
installation have been condted in the study area. The list of exploratory drilling and
monitoring well locatios are givenn theTable4-7 and in theFigure4-7. The target drilling

depth was abou200m, which may vary based on probable depth of the aquifer. During
exploratory drilling washed sediment samples have been collected at 3m interval and preserved
as shown ifrigure4-8. A sampleplot of monitoring well design withthology has been shown

in Figure4-9 and other analysis have been giveNWalume-ll, AppendixA. The water jetting

or direct circulation method has been used for exploratory drilling considering the work
volume time and sedimentary nature of the subsurface formation of the study area

Table 4-7: List of Exploratory Drilling and Monitoring Well

Nscln District Upazila Union Village Well ID | Latitude | Longitude
Hahiganj Lakhai Karab Karab HGLH1 24.32628| 91.33452

2 | Habigan;j Madhabpur Adair Baksayed HGMP2 24.1219| 91.32177
3 | Habigan;j Chunarughat Deorgach Deorgach HGCG3 | 24.17532| 91.50758
4 | Habiganj Habiganj Nizampur Dhuliakhal HGHG4 | 24.32432| 91.43673
5 | Habigan;j Bahibal Satkapan Cholitala Bari HGBB5 | 24.35667| 91.54271
6 | Habiganj Nabigan;j Kurshi Kurshi HGNG6 | 24.58925| 91.58428
7 | Habiganj Baniachong Baniachong Tatarpara HGBC7 | 24.50088| 91.37142
8 | Maulavibazar | Sreemangal Ashidron Tikria Bichot MBSM1 | 24.27957| 91.72337
9 | Maulavibazar | Moulvibazar Kanakpur Damia MBMB2 24.4984| 91.71597
10 | Moulvibazar | Kulaura Joychandi Pushainagar MBKU3 | 24.53927| 92.05106
11 | Moulvibazar | Kamalganj Rahimpur Lakshmipur MBKG4 | 24.43866| 91.83637
12 | Moulvibazar | Rajnagar Rajnagar Bhabanipur MBRN5 | 24.54475| 91.87595
13 | Sunamganj Dowarabazar Mannargaon Jalalpur SGDB1 | 25.06158| 91.51382
14 | Sunamganj Sunamganj Lakshmansree Jogirgaon SGSG2 | 25.01199| 91.37943
15 | Sunamganj Chhatak Uttar Khurma Tokirai SGCT3 24.93898 91.655
16 | Sunamgan;j Bishwambarpur | Palash Palashgaon SGBP4 25.11931| 91.33597
17 | Sunamgan;j Jagannathpur | Jagannathpur Habibnagar SGJP5 24.76198| 91.55111
18 | Sunamganj Derai Karimpur Notun SGDR6 | 24.82883| 91.36012
19 | Sunamganj | Jamalganj Bhimkhali Noagaon SGJG7 24.97603| 91.29085
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NS<|) District Upazila Union Village Well ID | Latitude | Longitude

20 | Sunamganj Dhamapasha | Paikurati SGDP8 | 24.97294| 90.97958
21 | Sylhet Beani Bazar Bara Mollahpur SYBB1 24.8033| 92.16131
22 | Sylhet Balaganj Goula Bazar Brahmangram | SYBG2 24.69414| 91.72644
23 | Sylhet Sylhet Daudpur Noikhai SYSY3 24.81058| 91.91082
24 | Sylhet Golabganj Golabganj Rankali SYGG4 | 24.85619| 92.02802
25 | Sylhet Jaintiapur Darbasta Mahalikhala SYJP5 25.0609| 92.13695
26 | Sylhet Kanaighat Kanaighat Dharmapur SYKG6 25.0027| 92.24182
27 | Kishoreganj | Karimganj Niamatpur Duliakanda KGKM1 | 24.48859| 90.95266
28 | Kishoregan Katiadi Shahasram Dhuldig Gachihata KGKT2 24.34072| 90.82986
29 | Kishoreganj | Kuliar Char Kuliar Char Singla KGKC3 | 24.14935| 90.90418
30 | Kishoreganj | Tarall Tarail Sachail Sachail KGTR4 24.54369| 90.88998
31 | Kishoreganj | Hossainpur Hossainpur Purba Depashan KGHP5 | 24.41414| 90.65659
32 | Kishoreganj | Pakundia Pakundia ,'?A%'é”h’;drjzra KGPD6 | 24.33611| 90.68646
33 | Kishoreganj | Bajitpur Bajitpur Pollanpur KGBJ7 24.21596| 90.94367
34 | Netrokona Durgapur Birisiri Telunjia NTDP1 25.10097| 90.67022
35 | Netrokona Purbadhia Gohalakanda Kismat Barenga| NTPD2 24.85294 90.6149
36 | Netrokona Netrokona Thakurakona Barni NTNT3 24.9246 90.7858
37 | Netrokona Barhatta Sahata Swalpa Dashal | NTBH4 24.90423| 90.86642
38 | Netrokona Madan Jahangirpur Chandgaon NTMD5 | 24.70863| 90.94189
39 | Netrokona Atpara Sarmaisa Ubhiapacha NTAP6 24.79638| 90.80876
40 | Netrokona Kendua Kandiura Kamolpur NTKN7 24.65853| 90.83562
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Figure 4-7: Location of Exploratory Drilling
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Figure 4-8: Sediment Sample Collection during Exploratory Drilling
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Figure 4-9: Monitoring Well Design with Lithology at Madan, Netrokona
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4.3.2 Measurement of Groundwater Level

A total of 40monitoring wells havebeen installed in the project area. Daily groundwater depth
have been measured for the duration of two years to visualize the fuluction of groundwater
level. Bench Mark connection Yabeen established for each monitoring well. The luft
groundwater dath arepresented itvolume-l, AppendixB.

4.3.3 Construction of Production Tubewell

A total of 12 nos. production well have been constructed under the present study at different
locations. The location ka been shown irFigure 4-10. Theseproduction wek have been

used for aquifer test to determine the hydraulic properties of the ag@ifeample of
production well design is given Figure4-11whereas the details of the production whkve

been given in/olumell, AppendixC.
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Figure 4-11. Detail Design of Production Well at Netrokona Sadar
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4.3.4 Aquifer Test

To cover the entire study area and to get an updated understanding of aquifer progetties,

of 25 aquifer tests have been carried out, of which, 12 were in installed production well and
remaining 13 were in existing well Aquifer test was p&rmed in continuous pumping
method with constant discharge rate. Pumping was continued until static water level is
achieved. Observation wells were installed at different distances to monitor the groundwater
level and drawdown. Judging from the boundaspditionsof aquifers and the nature of the
aquifer tests conducted in the study area, different equations have been applied for analyzing
the field data to calculate aquifer properties. The details of the analysis has been presented in
Section 6.1

4.3.5 Seepag andPercolation in the Paddy Field

For assessment of S&P rate of the soil of the study area, necessary data collection arrangement
from the field has been made in 50 locations as shovwigure 4-12. The list of the S&P
measuement locationkasbeen presentad Table4-8. Data collection commencedJdanuary

2018 and continued upto April, 2018. Data on depth of water above the ground surface in the
irrigated field has been collected. sample plot of the daily field water status is shown in
Figure4-13where as the rest is givenWolumell, AppendixD.
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Figure 4-12: Map Showing the Location ofSeepage and Percolation Measurement
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Table 4-8: List of S&P Measurement Locations

SL No Observer Name District Name Upazilla Lat Long
1 Smad Islam Chayon | Sunamgan] Dhormopasha 24.94 | 91.00
2 Md. Abul Mashuk Sunamganj Tahirpur 25.11 | 91.26
3 Md. Azad Sunamgan] Chatok 24.94 | 91.66
4 Md. Nayem Islam Sunamganj Chatok 24.94 | 91.66
5 Amir Ali Sunamganj Shantigan; 2492 | 91.46
6 Md. Johur Mia Sunamganj Sunamganj Sadar| 25.00 | 91.38
7 Mokhlesur Rahman | Sunamganj Sunamgaj Sadar | 24.97 | 91.34
8 Md. Amir Hossain Sunamganj Dowara Bazar 25.06 | 91.51
9 Mehedi Hasan Joy | Sunamganj Jamalganj 24.98 | 91.29
10 | Sujon Khan Sylhet Osmaninogor 24.68 | 91.72
11 | Akther Al Sylhet Dakkhin Surma 2481 | 91.95
12 | Rejan Al Sylhet Dakkhin Surma 2481 | 91.91
13 | Ambia Sylhet Joyentapur 25.08 | 92.12
14 | Abul Kalam Sylhet Sylhet Sadar 2491 | 91.78
15 | Ibrahim Sylhet Golapgan;j 24.83 | 92.00
16 | Akmol Hossen Sylhet Biyanibazar 24.83 | 92.00
17 | Khadiza Begum Sylhet Biyanibazar 2490 | 92.19
18 | Fazlur Rahman Sylhet Kanaighat
19 | Abiron Chondro Maulvibazar | Maulvibazar 2451 | 91.72
20 | Md. Millat Mia Moulvibazar | Sreemongol 24.31 | 91.67
21 | Islam Uddin Moulvibazar | Borolekha 24.72 | 92.18
22 | Seba Akhter Moulvibazar | Kulaura 2451 | 91.99
23 | Touhidul Islam Moulvibazar | Rajnagar 2454 | 91.88
24 | Anzoli Rani Mollick | Moulvibazar | Moulvibazar Sada| 24.51 | 91.72
25 | Md. Harun Moulvibazar | Komolganj 24.38 | 91.85
26 | Abdul Hannan Habigan] Habigan; 24.32 | 91.44
27 | Humayan Kabir Bapp| Habiganj Lakhai 2433 | 91.33
28 | Lutfa Aktar Habigan; Baniachong 2450 | 91.38
29 | Ahad Miah Habigan; Chunarughat 2418 | 91.51
30 | Sompa Rani Das Habigan; Madhabpur 2412 | 91.52
31 | Salman Ahmed Habigan; Bahubal 24.36 | 91.54
32 | Md. Ikbal Netrokona Purbadhala 24.86 | 90.61
33 | Md. Mamun Mia Netrokona Atpara 24.80 | 90.81
34 | Md. Shaalom Netrokona Madan 24.69 | 90.92
35 | Sariful Islam Netrokona Kendua 24.66 | 90.83
36 | Abul Kashem Netrokona Barhatta
37 | Md. Abdul Matleb Netrokona Durgapur 25.12 | 90.22
38 | Md. Siddikur Rahman Netrokona Netrokona 24.93 | 90.79
39 | MD. Omor Faruk Netrokona Netrokona
40 | Jamal Khan Kishoreganj | Kuliar Char 24.15 | 90.90
41 | Ziaur Rahman Kishoreganj | Katiadi 24.34 | 90.83
42 | Md. Alamgir Kishoreganj | Pakundia 24.34 | 90.68
43 | Md. Rasel Kishoreganj | Hossainpur 24.41 | 90.66
44 | Md. Sajib Mahbub Kishoreganj | Bajitpur 24.22 | 90.94
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SL No Observer Name District Name Upazilla Lat Long
45 | Mehedi Hasan Roky | Kishoreganj | Bajitpur 24.22 | 90.94
46 | Humayan Kishoregonj | Kishoregonj Sadar 24.43 | 90.81
47 | Mokaddes Kishoregonj | Karimgonj 24.49 | 90.95
48 | Babul Mia Kishoregonj | Tarail 24.54 | 90.89
49 | Md. Raitan Uddin Kishorgonj Voirav 24.09 | 90.94
50 | Fazle Rabbi Sunamganj Tahirpur 25.11 | 91.26

Water Depth Status at Dowarabazar, Sunamganj

12

10 F

Water Depth (cm)

Ground Surface

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89
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| ——Depth above Soil Surface A Irrigation + Rainfall |

Figure 4-13: A Sample Plotof Daily Field Water Status

As mentioned earlienecessary field data as well as othenatic data required for assessment
of S&P rate of the study area have been collected and analyzbé éssessment of the S&P
rate at the test locatienThe computed S&P rate of the test sites are presenieabias-9.

Table 4-9: Calculated S&P Rate at the Test Locations

Sl. No Location (Union, Upazila, District) (Srﬁrzlggyt/()a
1 Uttar Khurma,Chatok, Sunamgan; 8.6
2 Shantiganj, Shantiganj, Sunamganj 14.6
3 Kathoir, SunamggrSadar, Sunamgan; 11.6
4 Shosharkandi, Osmaninogor, Sylhet 10.6
5 Dorboz, Joyentapur, Sylhet 8.69
6 Sylhet, Sylhet Sadar, Sylhet 10.3
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SI. No Location (Union, Upazila, District) (Srﬁrzlgg;/()a
7 Biyanibazar, Sylhet 7.7
8 Shula, Biyanibazar, Sylhet 7.1
9 Kanakpur, Moulovibazar, Moulovibazar 6.25
10 | Gazitaka Borolekha, Moulovibazar 7.8
11 | Kadipur, Kulaura, Moulovibazar 8.2
12 | Kanakpur, Moulovibaza%adar, Moulovibazar 7.2
13 | Karab, Lakhai, Hobigan; 7.7
14 | Deogach, Chunarughat, Hobigan; 6.5
15 | Adair, Modhabpur, Hobigan; 10
16 | Satkapan, Bahubal, Hobiganj 6.75
17 Kandiura, Kendua, Netrokona 6
18 Sahata, Barhatta, Netrokona 10.7
19 Kuliar Char, Kuliar Char, Kishoregan| 9.3
20 | Shahasram Dhuldi&atiadi, Kishoreganij 5.5
21 | Pakundia, Pakundia, Kishoregan; 51
22 | Bajitpur, Bajitpur, Kishoreganj 11.3
23 | DakkhinSurma, Sylhet 8.3
24 | Bonubi 2no, Sreemongol, Moulovibazar 5.3
25 | Komolgani, Moulovibazar 10.9
26 | Nizampur, Habiganj, Habiganj 5.1
27 | 3no union, Banaichong, Habiganj 12
28 Sarmaisa, Atpara, Netrokona 11
29 Nayebpur, Madan, Netrokona 9.7
30 | Chandigor, Durgapur, Netrokona 7.5
31 Thakurakokna, Netrokona, Netrokona 3
32 | Netrokona pouroshova, Netrokona, Netroko 10.3
33 | Hossainpur, Hossainpur, Kishoregan) 8.8
34 | Bajitpur, Bajitpur, Kishoreganj 9.4
35 | Niamotpur, Karimgonj, Kishoreganj 6.2
36 | TarailSachail, Tarail, Kishoreganj 3.6
37 | Kalikaproshad, Voirav, Kishoregan] 13
38 | Dhaka Dakkhin, Golapganj, Sylhet 11.4

4.3.6 Geophysical Survey

Geophysical Resistivity Survey at 60 locations have lbeaductedn the study area. Vertical
Electrical SoundingdVES) with 600 m spread were carried out at the selected 60 different
points in the study aress shown irFigure4-14. The survey has been done by the Department
of Geology, University of Dhaka. IWM professional®re supervised th&PRSworks as
given inFigure4-15. The details analysis and outputs are illustrated in the Séx@on
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Figure 4-14: GeophysicalResistivity Survey Location Map
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Figure 4-15: VES Data Collection in the Field

4.3.7 Water Quality

In order to assess the suitability of water for different uses, kyelnohemical investigation

has been carrieout. The quality of water used or drinking and agriculture purposes depend on
major, minor and trace elements present in water. Forty grouadwample have been
collected from installed monitoring wells. Informatiéor field parameters such as: pH, EC

TDS (measured) and temperature of water are also important, because these parameters control
the chemical environment of water.

Thepresent hydrageochemical investigation of the study area is mainly to assess the baseline
water quality conditions forrechking and agriculture purposes for 19 parameters at 40 locations
as shown inFigure 4-16. The details of the locations along with the depth of the well is
furnished inTable4-10. IWM officials have beewrollected the water quality samples as shown

in Figure4-17 and the Geology Department of Dhaka University has been assigned to do the
laboratory analysis.
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Figure 4-16: Groundwater Sampling Location
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Table 4-10: Details of Groundwater Sampling Locations

ﬁlc; Well ID District Upazila Union Ee(lfr'lu)ng No(r;[:]])lng D(E)rr?;h
1 | HGLH_1 Lakhai Karab 635681.71 690705.07| 85
2 | HGMP_2 Madhabpur Adair 634602.23| 668060.50 117
3 | HGCG_3 Chunarughat | Deorgach 653423.34| 674166.87, 70
4 | HGHG_4| Habiganj | Habiganj Nizampur 646055.40 690591.36 43
5 | HGBB_5 Bahubal Satkapan 656770.12| 694289.15 50
6 | HGNG_6 Nabiganj Kurshi 660692.41| 720094.37, 79
7 | HGBC_7 Baniachong Baniachong 639234.68| 710076.72 88
8 | MBSM_1 Sreemangal Ashidron 675204.85 685965.75 64
9 | MBMB_2 Moulvibazar Kanakpur 674336.40 711587.20 73
10 | MBKU_3 | Moulvibazar| Kulaura Kadipur 702224.90 712246.30 116
11 | MBKG_4 Kamalgan; Rahimpur 686414.30 703517.20 82
12 | MBRN_5 Rajnagar Rajnagar 690297.60| 715536.78 95
13| SGDB_1 Dowarabazar | Mannargaon | 652976.79| 772324.77/ 70
14 | SGSG_2 Sunamganj Sunamgan;j 642629.60| 773826.30 113
15| SGCT_3 Chhatak Uttar Khurma | 66738533 | 758912.77 72
16 | SGBP_4 Sunamganj Bishwambarpur Palash 634972.28| 778529.25 64
17| SGJP_5 Jagannathpur | Jagannathpur | 656308.50| 741021.00 76
18 | SGDR_6 Derai Karimpur 637729.79| 746383.63 84
19| SGJG_7 Jamalganj Bhimkhali 630574.28 762617.20 79
20 | SGDP_8 Dharamapasha | Salboros 601292.00 758008.80 67
21| SYBB_1 Beanibazar Shula 721661.70| 754906.70 43
22 | SYBG_2 Balagan; Goula Bazar | 674942.91| 731884.63 117
23 | SYDS_3 Sylhet Dakhin Surma | Daudpur 693420.30 745029.50 125
24 | SYGG_4 Golabganj Golabganj 705194.32| 75052.72| 128
25| SYJP 5 Jaintiapur Darbasta 715846.77| 773098.16 21
26 | SYKG_6 Kanaighat Kanaighat 726535.65 766821.95 113
27 | KGKM_1 Karimganj Niamatpur 596812.50, 708358.90 79
28 | KGKT 2 Katiadi gﬂﬁrd"’i‘zram 584467.13 691905.51 46
29 | KGKC 3| | Kuliar Char Kuliar Char 592144.10 670762.94 90
30 | KGTR 4 | Kishoreganj 5o Tarail Sachail | 590421.70| 714417.80 82
31| KGHP_5 Hossainpur Hossainpur 566851.07| 699940.83 101
32 | KGPD_6 Pakundia Pakundia 569922.21| 691315.73 128
33| KGBJ 7 Bajitpur Bajitpur 5961@®.57 | 678164.85 105
34 | NTDP_1 Durgapur Chandigor 572794.80 777594.00 110
35| NTPD_2 Purbadhala Gohalakanda | 562406.93| 748508.22 79
36 | NTNT_3 Netrokona Thakurkona | 579798.60| 757249.70 204
37 | NTBH_4 | Netrokona | Barhatta Sahata 587782.93| 754325.84 98
38 | NTMD_5 Madan Jahangirpur | 595554.43| 732716.81 52
39 | NTAP_6 Atpara Sarmaisa 582030.46| 742347.48 61
40 | NTKN_7 Kendua Kandiura 584838.63 727099.50 63
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Figure 4-17: Water Sample Collection and Testing

The field parameter such as Temperature, pH, Elect@calductivity (EC), Total Dissolved
Solid (TDS) and Salinityhave been measured at 40 locations in the study area. The measured
field parameters have been presentedable 4-11. pH values range from 5.68 to 6.96,
indicating neutral to slightly acidic groundwater conditions; Ec values range frous/thtio
1537us/cm, TDS values range fromnadd/l to 578mg/l and salinity value varies from @t

to 0.7 ppt and temperatar of groundwatesamples are more or less uniform, ranges from
23.9C to 29C. But in Dowarabazar upazila of Sunamgan;j district, the groundwater posses
slightly higher temperature and found €2

Table 4-11: Groundwater-related Field Parameters

SI.No.| WellID | Temp(°C)| pH | EC (e s /)¢ TDS (mg/l) | Salinity (ppt)
1 HGLH_1 28.6 6.13 223 112 0
2 HGMP_2 25.6 6.37 151 76 0
3 HGCG_3 26.8 6.86 123 62 0
4 HGHG_4 25.7 6.04 211 105 0
5 HGBB 5 26.3 6.11 157 78 0
6 HGNG_6 29.2 6.49 319 160 0.1
7 HGBC 7 27.2 6.87 297 148 0.1
8 MBSM_1 26.4 5.69 111 55 0
9 MBMB_2 25.7 6.08 388 194 0.1
10 | MBKU_3 25.7 6.39 359 180 0.1
11 | MBKG_4 26.4 6.51 164 82 0
12 | MBRN_5 26.6 6 109 54 0
13 | SGDB_1 34.2 6.96 524 262 0.2
14 SGSG_2 25.5 6.58 352 176 0.1
15 SGCT_3 24.6 5.89 714 357 0.3
16 SGBP_4 25.2 6.19 529 265 0.2
17 SGJP_5 24.7 6.38 203 101 0
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