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EXECUTIVE SUMMARY 

A. OvEnvlew 
The overall goal of MACH is to promore ~.cologictrlly so~r/id nrrtncgearc~rr~ o/:/lr~oell~l~rlt~ ,~~so~rre.cs flslrc '1,s 

and other wetland prodticts) for the srrstninable supply oJ'Jbod to !he poor o/'Snnglndcsh. i I 
i 

Hydrology study is csscntial Tor thc propcr ninnngcmcnt oT wcllands. Changc in prductivily, fish and o i e r  
aquatic rcsourccs, cco-svslcrn and bidivcrsity largely dcl~cod 011 Iiydrolr,gy rcpi111c. Wctlnnds ccosyslcrn 3so 
dcpcnds on tlic ul111cr wntcrshcd hydrologv. I)cgr;~tlcd \vi~tcrsIinl c;~uscd l ~ i g l ~  I~IIIUIT 1111tl ICSS i~~lillratip~l. 
which is o l ~ c  ol' thc cnclscls ol' inm~llicic~~t w:ltcr ovatl;~l)ili~y i n  I I I C  tlry sc11sc111. Alsu, tllc I I I ~ J I  sedi111 111 
inclusion fro111 tlic dcgrndcd wntcrshcd inlo lhc wclla~lds mpid tilling or llaor conwcluci~lly ~ ~ n p a c t  g g 
bidivcrsity and coo-systc~n ul. llic [laor nt lnrgc. For this rcnsoll, Tronl tlic I1c$in1ii1il: of'I11c prqicct. MA@H 
has been giving importance to hydrology s~udy of wctlands as wcll as uppcr watcrshcd. i 

! 

The scope of the work included installation and operation gauging stations to measure stream flow and w ter 
levels in the HaorBeellRiver, operation of metwrological station to measure ramfall, surveys to convert all 
recorded water levels to a common datum and sampling of water and sedirncnt. Also, historical data of w ter 
levels, rainfalls of the sites has been collected 6om the WARPO. I I 

B. HAIL H A O R  HYDROLOGY AND W A T E R  RESOURCES 
I 
i ~ 

Before the MACH project intervention in Hail Haor there were some othcr projccls undemkcn in the te 
First feasibility study of Hail Haor Inigation Project was conducted by the Consulting Engineer with 
assistance of Berger Associates, USA in 1967. Another report was prepared in 1976 based on the 

fh; 
feasibility study. Thcn in 1980, a report presents thc results o f a  rcview of the feasibility and definite pro ct 

flood protection, drainage improvement and irrigation. 

f f" '  
report on the Hail Haor Inigation project prepared in 1976. The main physical components of thc plan \liere 

1 
I 

Stream System a n d  Charac~cristics ! 

Total catchment area of Hail Haor is around 60,000 Ha. The Bilashi Chhora with a drainage basin are of 
about 12,600-hectare (21% of the total Hail Haor catchment area) is the largest stream tributary to the 4 ail 
Haor. Approximately 40% of this catchment lies in India. The second largest stream is the Udna. which h s a 
catchment area of about 8,600 hectare. Other largc and dominating Chhoras arc Gabur, Shaon. Sial, Jag. d 
Kai on the eastern side and Alia, Boula, Por, Boro, Palria on the wcstem side oftlie Hail Haor. 
The largest river north of Hail Haor is the Kushiyara River. The Barak River, thc principal source o l  thc 
Kushiyara Rivcr has a drainage basin of about 2,590,000-hcctarc, around 40 timcs largcr than thc Hail or 
drainage area. Monu Rivcr is a tributaty of the Kushiyara Ri\.er. Its principal tributaries are the Dhola or 
Doloi, which collccts thc drainagc from Rajkacldi and Dalisliirn rsngcs or hillocks. Shaka Borak River nd 

Gopla River. I Kam+hali  Khal, which passcs through Boro Haor. north or Hail Haor, conncct thc Kushiyara Rivcr \;ith 
! 

! 
Hvdrolopv Overview 1 
R&fdl- 
Average annual rainfall o\.er the Hail Haor is around 2200 mm. Rainfall analyses showed that the dry se n 
of the year,2000 has received much rain than the year 2001. The early rainfall of March hampered pr ect 
intervention works like re-excavation olbeels. However. 2001 dry scason \\-as normal as usual. 

' + I 
Water level 1 
Wntcr Ic\.cl anillyscs shosvcd that water rcnlains vcry littlc in thc d p  season but thcrc is a sharp risc ofwster 
from May. Pcak lcvcl occurs in betwccn July and Aug~ust. In tllc dry scawn, 1999, \vcltcr lcvcl \vns vcp  I ~ W ;  
draught prevailed for a long time leaving some small pockets of water in the Haor. I 

I 



Water Area 
A bathymetry survey was conducted for the Hail Haor in Dccember 1999 to prepare DEM of the site. The 
rcsult of the DEM run is presented in thc report, which is prcparcd by Ulc GIS division of BCAS. Monthly 
average flood extent of the Hail Haor has bccn analymd. Tlic wnlcr cxtcnt or ihc hnor at thc lowest water 
lcvcl of April wns nround 3000 hcctnrc whcrcas the mnsimum cstcllt in Augllst was 12,000 hn. This monthly 
analysis will bc continued to corrclatc fish catch w ~ i h  thc arinl cstcnl 

aream Dl- 
22 Chhoras of Hail Haor wcre nionitorcd from Nov 99 to Oct 2000. Analyses showed that Maximum flow 
occurrcd in the month of Julie when total dischnrg was 31.66 cubic nic~crlscc Lowvcst flow (3 nl'ls) 
rcmaincd in the month of Februalyhlarch. Thc causc of insignif~cn~it flow in thc d y  wnson idcntifiai ns thc 
lower rainfall and thc withdrawal of surface watcr for BOLO ricc cultivation. It is also dcpictcd from thc 
monitoring, 25% of total yarly flow persists in the dry scason. Some Chhoras like lchamati, palria, Alia, Aam, 
Shial, Kakia and Khai havc very low contribution in the dry season flow in compare to the their respective 
yearly flows. 

Sediment load of Chhoras have been analyzed. It is observed fiom the analyses that the Bar, Boula, Joita, Alia 
carry considerably big volume of silt (1500 to 2600 tons) in thc b e t  scason. On thc othcr hand, Bilashi 
contributes around 24% of the total sediment loading. However, the Bilashi catchment is around 20% of thc 
total Hail Haor watershed. - 
Rate of soil emsion of different Chhoras sub-watersheds were also analyzed. This is derived in mm for 
different Chhoras sub watershed from the total volume of suspended sediment contents in the monsoon of 
2001 dividing by the corresponding Chhora sub watershed area. Analysis shows that thc Jag watershcd is the 
most degraded watershed followed by Shial Chhora. Dewa, Shial, Jag and Khai are the eastern side Chhoras 
of Hail Haor show high soil erosion rate whereas among the western side Chhora like Joita, Alia, and Boula 
show high rate of soil emsion. 

Turag-Bangshi river basin is in the North Central Rcgion (NCR) of Bangladesh. This region is bounded by 
Jamuna. Padma, Old Brahmaputra and the Sitolakha river: Jamuna on the west, Old Brahmaputra on thc north 
and ndrtheast and Sitolakha on the east. Other important wntenvays are the Dhaleswari-Kaliganga River, 
which crosses the southwestern part of the region. Besides these main rivers, the region is drained by many 
rivers, such as Bangshi, Pungli. Banar etc. 

Typical of most low-lying floodplains within Bangladcsli Lhc Turag-Bangshi Rivcr runs through the site with 
beels on either side of the river. At the beginning of the rainy season, as floodwaters enter the upstream 
portions of the Bangshi, water spills over the riverbanks through canals or khals that connect the river to those 
adjacent beels. Fish, for the most part, move from the rivers to the beeVflwdplain areas for spawning or 
nursing and then into the deeper perennial portions of the beels or back into the river as water recede after the 
rains. Due to the d q  season reductions in water levels causcd by mainly Farraka Dam in India, ground nnd 
surface water extraction for boro rice irrigation and reduced flows due to deforestation in local and upper- 
water shed arens dry season water levels in the local rivers and beels are much rcduced. In drought years 
flows cease in the formerly perennial Turag with water and fish on\!. remaining in river pools (called 'kum') 
and in the deepest portions of the beds (called 'doha'). Annual fish production is dependent in large part on 
the breeding populations remaining in those kum and dohas. 
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Within thc Turag Sitc a total of  26 bccls cxist and havc a watcr surfacc arca of approxhnatcly 10,000 h 
at full flood, which is nduccd lo  lcss Uinn 700 ha at thc cnd of  the. dry scason. I b c  lu rag  Kivcr ru 
approximakly 30  km nnd another 28km of khnlscxist within the sitc. 

Hydmlogv Overview 

Rainfall during the December lo March period equals to 2 to 3% of the annual total. In the pre- 
p e r i d  from March-May, 20-25% of the annual total occurs. Also during this period temperature 
maximum of over 40 'C.  The southwest monsoon bcgins in thc month of June and lasts until Octob 
rainfall during this period is convoctivc. During this scnson hcnvy rainfall occurs ovcr thc wh 
relative humidity remains vcry high. Total annual rainrall stlows a minimnni valuc a1 1400 I 

Tangail. 

p 
Bangladesh Water Development Board (BWDB) has been monitoring the water level at Kaliako' and 
Mirzapur Upazila on the Turag-Bangshi River. Averagc daily water levcl has been monitored since 950 
ivithout considering the tidal effect in the rivcr. T 
Analyses showed that before 1970, dry bason and wet season water levels show a normal uend. How ver. 
after the year the yearly lowest flows are trending downward while the yearly maximum flows arc tre ding 
upward. Thc lowcring of flow in the dry season is mninly duc to thc Farakka barragc ilnpact, dcforcstnti n at 
the upper reach, intensive Boro-rice irrigation, etc. The F a r a k a  bamage has had a signilicant impact o the 
major and minor rivers of  the region since the barrage began operating after 1970. i 
T- 
The Turag River has been more heavily influenced by the tide during the last two decades particularly d 
the dry season. This is due to the lowering of flow in the river during the dry season. Turan is 
Meghna River through Tongi Khal and t6e Lakhya River and is also connected with ~ a d m a / ~ a n g e s  
Buriganga. 
BWDB data of water levels of Tongi khal and the Buriganga River has been analyzed. Tongi kha 
upward trend for its maximum water level afler 1970 whereas Buriganga shows a stablc trend. Durin 
30  years, the tidal level of Tongi khal in thc dry season has increased by approximately 40cm. Th 
can be concluded that the tidal effect in thc Turag is likely to be caused by the Lakhya Rivcr, 
comecled with Turag through Tongi Khal. 

Water Level Variation in the be el^ 
The water levels of Mokas Beel usually increase sharply 6om the end of June and begin to decrease 
September. Turag has higher water levcls in wet season of  2000 than the 200 I. It is also observed that the 
river experiences tidal effect in the d q  season, Januar?. to April. In the dry season, Turag virtually ha no 
flow, and it dries to a series orpool, which have been used as dn. season refuge of fish. 

1 I 

Inflow and outflow of  Mokas beel 
I 

Inflow and Outflow of Mokas beel \vcrc rnon~tored dunns h c  \.ear ZOO0 and 2001. In 2000 Oun-Aue). davs 
of inflow from Turag River to Mokas Bcel \\.ere 15 whereas. h 2001 (Jun-Aug)? days oilnflc\v from T ag 
River to Mokas Bee1 \\-ere 31. Number of Inflo\\.days is higher in the year 200 1 because of  the higher \\ ter 
level in h e  Turag compared to Mokas beel and; the less inlcnsih of local rainfall. 

-' t 
I 
I 
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I!kccrtliw Sun~morv 

Water 1ssue.v 

Tu~P-Baneshi Rivm 
Uy UIC ond o r  1')YO d ~ y  scc~so~~,  pollions o r l l ~ c  Turnyl I l a ~ ~ y s l ~ i  lZivcl.l~nd <ll.icd to n scrics orlmols. Water no 
longer flowed in l l~is I'ornlerly pcrennic~l river. Out or26 bccls in IIIC arco. t1111y Knliclnl~n rclni~~ctl SOIIIC wntcr. 
Wnler shorlngc i n  i l ~ c  dry scnsor~ is t l~c  rcsi~lt ol' 11 c o n ~ b i ~ ~ i ~ l ~ t r ~ ~  01' li~clois i ~ ~ c l u J i ~ ~ [ :  i lcl i)~.csl~~lio~~ i l l  t l~c  
upslrcaln forcsts nnd riparian ?,ones, csccssivc \vatcr e x t r i ~ ~ l i ~ ~ ~  (i)r '1101~1' ritic ~ ~ r i g u l ~ o ~ ~  I I I I ~  LJIC G ~ I I I ~ C S  
upstream barragc at Farakka. 

Mokas B& 
Mokas beel lacks dry scason water. Mokas is fcd by rninwnler h ~ n  its cntcl~n~ent and the l'urag Rivcr during 
the monsoon. A large portion of the Beel drains to the Turag at tllc end o r  Monsoo~~. Only a small portion 
remains in the Beel. The farmers of the surrounding area cxtract water froni the Beel for their Boro field 
inigation. An additional problem at this site is industrial pollution from indusbics on the Dhaka-Tangail 
Highway. This includes raw wastes born tanneries and garments. 

Aola beel 
Aola Beel also exhibits dry season water deficits. Farmcrs surrounding the Beel use shallow pumps to extract 
water for theu Boro rice inigation, and limited water is retained in the Bee1 in the dry season. Average water 
depth in the deepest part of the Beel is around 5m in thc wet scason and retains only a few ccntimeters in the 
dry season. It has been a general practice for some years to construct earthen dam on the connecting canal to 
store monsoon water. These dams have been disputed by parties who did not see it to their benefit. People 
living downstream of the dam are deprived of the stored water and hence they were against the dam 
conskction. 

Wate-r Exlraetion 
During the 1999 dry season, a survey was conducted on water extraction from the river. It was found over the 
30 kilometer section of the river within the project that an estimated 80 pumps were operating. each with a 
capacity o f 6  HP to12 HP. Based on information gathered from pump operators these pumps are run for 12 

. hours per day over a period of t h e e  months. If correct this would amount to a daily exbaction of 172 million 
liten of water. Total exbaction from the river over that period would then amount to 155 billion liters of 
water. This does not include water extracted born deep tube weUs operating in thc area. 

D. UPPER KONGSHAW-MALIJHEE BASIN 

The upper Kongsha\v-Malijhee basin is partly situated on the Meghalaya Fan and on the Brahmaputra 
floodplain. Alluvial fans are generally found along thc Meghalaya foothills which are located along the 
northem border o i  the basin. The Old Brahmapuba floodplain land consists of sediments that were laid prior 
to the Brahmaputra River's avulsion in the 18" centup. The topography slopes from the northwest to the 
southwest with land elevations varying from 3 1.5m, PWD to 5.0 m, PWD. 

The Sherpur project site is a flash flood prone area. The farmers of the site suffer repeated hea\y damage o i  
theu crops by the flooding from Shomes\vari, Malijhee and Chellakhali Rivers. Flash flood occurs in these 
rivers more than once per year and spills over a large portion of the project ama. 

Flash flood discourages the use of the intensive pond aquaculture in the area. Continued flood damage to the 
monsoon crop would force farmers to shiA to dr)i season boro. The resulting increasing in abslraction of 
surface water and groundwater for inigation would cause damage to {yetlands and environment during the dn. 
season. 
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Hydrology Overview 
! 

Arcas undcr study by thc project includc wntcr lcvcls nt  scvcn slntions in thc rivcrs nnd onc rainfall gaugc a( 
Tinani U I I A ~ I I ~ .  Tlic wnlcr levcl gnugcs arc nt I .  Dholi hccl, 7.  Mnlijhcc Kivcr. 7.  Chcllnkhali Kivcr. 4. Knpnsi 
Hridgc. 5 .  Iloitha~nuri bridyc. (I. Kcwta bwl n111l 7. ' I ' C I I I I ~ ~ U I I ~ I  k l ~ i ~ l .  . , I Ila Knl~na~n n ~ l t l  I )n~lke~~lnr~ atnllollu w~~sidcrctl ns t l~c  ( , I I I I G ~ S  L , I ' I ~ I C  ~ i v c ~  ~ ~ S I C I I I .  Once K < ) ~ ~ y s l ~ s ~ - M l ~ l i j l ~  
bnsin li~lly tll.sincd to Sl~o~i~csl~owri  rivcr ol' Nc~rtrL(~lln I)islrlc~ I N I I  i~ l ~ i ~ s  l ) c c ~ ~  cl~~lc~p,ctl rwcnl 
Shonicsliowri Kivcr at Jlicnoignti illia~iln is clinr;~clcr~~ctl ;IS I';~!:la rivcr ( I I I I I L ~  rivcr) Ibr its lllltllrr tiI'c1111igi1 
course. It hns already changcd throc courscs nnd is flowing in o ncw clinnncl. 'l'hc rivcr llows ovcr scvcr 
beck and mcets with Malijhee River at Paglam~~~lih,  a plocc on thc Shcrpur-Jhcnnigati rood. A r o ~ ~ n d  6/7 yc 
before it was the normal course of flow. However, due to the siltation at the Paglarmukh and re-excavation 
Tenachura khal at Sreebordi Upazilq Shomeshowri River diverted 6om Paglarmukh to Tennchura khal. 
significant portion of the Shomeshowi River flows to Tenachura. Tenachura khal is connected with Mri 
River, a tributary of Old Brahmaputra River. 

w;. There are no climatologically stations within the basin other than MACH rainfall statio . 
Mymensingh climatological station, though located outside the basin, is the nearest relevant statio . 
Maximum temperatures in the area vary from about 29OC to 40°C with the highest temperatures esperience 
during the period between March and October. Minimum tempcratures range between 16' C and 20' C. 1 
Evaootransoiration: Annual potential evapotranspiration as measured by BMD at Mymensingh is 1506 
with the lowest monthly amount in December (87mm) and the highest monthly amount in April (162mm). 

I 
I 

Rainfnll: There is an increasing trend of rainfall from south to north of the area. The mean annual rainfab 
varies from 2800mm to 4400mm. One rain gauge is placed at Tinani bazar in Jhenaigati union. The read 
has been keeping daily rainfall records since September 2000. Virtually there was no rain in the dry seaso 
from Jan-April 200 I. $ I 

Pt.iorItkatwn of Beels for MACH Management Activities I 
Rapid sedimentation is a problem in Sherpur site. Siltation rate of some beels are very high compared 
others. Therefore, in the beginning of Sherpur sitc activities: considering the sustainability and effective futu 

beels of the system on the basis of siltation, a survey was conducted in September 2000. Beels we 

$ 
management MACH decided to concentrate in those beels which have low siltation rate. To prioritize K 

prioritized considering the channel network, source of sediment and distance Cro~n the channel, dcposited ba 
materials, etc. Also local peoples opinions were highly considered in this regard. 

.E; 
I I 

E. SPECIAL STUDY 1 ! 

l 
o Feasibility Study of Reopening of SImka Rorak River i 

I 
I 

MACH intends to increase natural production of fish and other aquatic biodiversity through ecologic I 
management of wetland habitats with active participation of local community One of the objectives & 
MACH is to reestablish lost connectivity among the diverse wetland habitats for free movement of fish an 
other aquatic organisms. Once Hail haor was connected with Kushi9ra River and was rich in f s h  producti 
cspccially riverine specics of fish. Ho\vever, fish production reduced substantially due to the loss 
connection ! 
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Therefore, MACH has laken initiative to study the feasibility of rc-establishing conneclivily betwccn Hail 
Ham and Kushiyara River and thereby ensure increased fish production and biodiversity in Hail haor. 

Lructloq 
The Pakistan water development board had conduclcd a study on Hail haor and Born hnor during the year 
1963 and 1964 aiming to protcct the arca from the early spring flood nnd Tncilitnlc the nren with irrigntion. It 
was concluded in the report as follows: 
"1. Damage lo harvestablc Born crops in the Hail haor. Boro haor and in the adjaccnt arca, during early spring 
floods arc primarily due to thc backflow from Kushiynro througll Shaka Bnrnk. 
2. For the present cropping pattcrn, die prcscnt draini~ge cficicncy is adcquntc Tor posl-monsoon drninnge. 
During the spring floods. however. the drainagc cficiency of h e  Cioplo Rivcr is low duc to 1l1e bnckflotv fro111 
Kushiyara through Shaka Borak and therc is drainag congesLion. 
3. In order lo save, damages due to spring floods, a control structure at the intakc oT Shaka Barak is 
necessary." 

The drainage outlet of the Hail haor is the Gopla river which flows first northward, then swings south-west 
into the Gunjajuri haor and finally flows through the channcl of Ratna river into the Dhaleswari River at a 
point above a mile upstream of Madna covering a total distance of about 50 milcs. 11 drains not only Hail haor 
basin but also Gunjajuri haor and Bara haor. The drainage of the area was slow before the consbuction of 
sluice gate near Shaka Borak offtake because the capacity of the river was not adequate to drain large volume 
of accumulation water of the two haors which are fed by number of streams from the surrounding hills and the 
baekflow of Kushiyara. 

During monsoon all rivers maintain high stages leaving no scope for gravity drainage for the low lands of the 
area. In the normal years when early spring floods did not occur and the stage of river Kushiyara was not 
high, the runoff resulting h m  the m a l l  amount of rainfall on the Hail haor basin is completely drained into 
the Gopla River which ultimately drains into Swma-Meghna River near Madna. 

It is of no doubt that the fish production as well as biodiversity of the Boro haor and Hail Haor will be 
increased if the lost connection is reestablished through Shaka Borak River. However, the re-opening of 
Shaka Borak will be devastating without putting a control sbucture on the river to prevent intrusion of early 
spring flood of Kushiyara River. The construction of a traditional type under-shot sluice gate w i l l  not fulfill 
our purpose to migrate fish from Kushiyara to Boro than to Hail Haor. A fish 6iendly spill type gate may be 
constructed to enhance fish migration. 
The only active existing canal connecting Boro haor with Kushiyara is Kamarkhali khal. Thc existing 
Kamarkhali sluice is not in favorable condition oT fish migration becausc of its high velocity in the sluice. 
Therefore, construction of a fish-by-pass is necessary to accelerate fisli rno\,ernent 

o Waterslred Study 

Overview 

Hail Haor watershed management plan, prepared by Centre for Natural Resources Studies (CNRS): envisages 
integrated development of Hail Haor basin and its watersheds spreading o\.er the Satgaon, Foyzabad and 
Balishira hills ranges of the Sreemongal Upazila of Moulvibazar Distric~. The goal and objectives ofthe plan 
is to demonstrate on a sub-watershed scale, improved land and water management practices that are 
conductive to improving the quantity and quality of water, reducing the sediment inflow into the haor basin. 
creating congenial habitat for forest-based resources production and long tern1 sustainable utility ofhnor basin 
as a productive fishery ground. 
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In ordcr to nchicvc the goals and objectives of UIC progrnln, rcgulnr n~on~toring would be required clod 
conductcd. Two typcs of hydrology monitoring hnvc bccn condt~clcd: I .  (ic~~crnl hydrology monilor/ng 
comprising discharge, sedimcnt load, rainfall monitoring at a lowcr frcquc~~cy of the rcprcscnlativc 20 
Chhoras ofthe entire Hail haor system, and 2. Intensive hydrology nionitoring of selcctd two Chhoras +b 
watershed, Joita and Jag, at a higher ffquency to charactcrizc rainfall-runoff and sediment loading relatioq of 
different land use pattern. This section will cover the intensive monitoring only. 1 
For intensive hydrology monitonng, both the Chhoras were divided Into three sub watersheds. The dlvisidns 
were done mainly on the basis of land use. I 

Rainfall 
The prcscnce oftwo hills, Shatgaon and Balcsera hills on the wcst and east side orthe Hall haor influence he 
local rainfall pattern. The orographic effect on the Joita Chhora watershed causes more rainfall than the ag 
Chhora watershed. 1 I 
Rainfall and Flow 
Hilly streams are usually flashy in nature. Both Jag and Joita Chhora flash in a small rain. One-meter 
water levels usually occ;r in a half an hoir  mode& rainfall. To catch this peak flow intensive monitorin4 of 
three hours interval was conducted. General monitoring exclude this situation. Discharge at all section 
Joita Chhora increased sh~rply with rainfall and droppcd aRer the nin. Ho\\rever, in the Jag Chhora at 
upper reach run-off don't occur quickly as the rainfall intensities. This is becausc of the dense forcst 
the Lawa hills, upper reach of the Chhora. i 

Joita Chhora: For better understanding, sih content per 1000 m3 of water was computd. Percentagc of s in 
the flowing water was almost same in the Tea road section (middle reaches) as well as Lemon garden sec 4 'on 
(upper reaches). Analyses also show thc same tendency of increased silt contents with rainfall event. 0 
other hand, metal road section (lower reaches) varied with others. Thc changc of silt content didn't follo 
rain event always. Silt content was higher in this section compared to other seetions mainly due to th 
use of thc surrounding area, bank erosion at many places along the channel rcachcs. General land use 
section is mainly homestead garden, potato and other vegetable garden. Soil erodes easily at this area 
small rainfall event. Also, huge volume of water passes through this section and this causes bank cro 
many places of the channel. 

Jact Chhora: Percentage of silt content per 1000m3 of flouing water of Jag Chhora is relatively lo\ver than the 
Joila Chliora. Also the fluctuation of silt content was quite rclnted \\,it11 the rainfall intensih. This is bec sc 
ofprescnce ofcomparatively good vegetation cover in this \vatcrslied. Y 
One ofthe objectives of the study \\.as to understand the status of sub-\\ratcrshed in respect to soil degrada 
Analyses of the hvo Chhoras. Joita and Jag, showed high siltation rate. The croded sediments are cani &: 
the smeams and ultimately reaching to Haor. filling beels rapidly. If this process keeps continued for a dechde 
several inches of sediment will be pilled up and many beels \\ill lose their perennial naturc and thereby /ose 
habitats. Therefore. sediment intrusion into the haor needs to bc stopped immediately. i i 
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1' 
B A. INTRODUCTION 
- 

I 
BACKGROUND 

The overall goal of MACH is to promote ecologically sound management ofloodplain resources 
fisheries and other wetland products) for the sustainable supply of f w d  to the poor of 
Bangladesh. 

The major purpose of the program 1s to demonstrate to communitics, local government and policy 
w maken the viability of a community approach to natural resource management and habitat 

conservation in Bangladesh over entire floodplains. In many cases this may involve the 
surrounding watersheds. The 'community' includes all of those people dependent, either . economically or nutritionally on the floodplain and its products. The program emphasizes and 
works with poorer groups, particularly the fishers. It also includes and involves local government 

I 
as well as the local elite, to make the program truly sustainable. 

_ I  

The MACH project objective is to establish community-based management for the major water 

I: bodies within its working area. This local management, that ineludes resource users, will mainly 
be based on the indigenous knowledge and local resources blended with the responsibility 
towards their k ture  generations. Community-based organizations would be formed that will 

.. manage their local resources sustainably and in an environmentally sound manner. MACH 
differs from other community-based projects in that its goal is to increase the sustainable 
productivity of all floodplain resources-fish, plants and wildlife-over an entire floodplain 
ecosystem (beels, seasonal floodplains, rivers) and not just in a single water body. Additionally 
MACH is aware that many of the wetland problems are actually upper watershed issues. At all 

! MACH sites, the project is involved in working with communities to begin to solve or mitigate 
those problems. Where feasible (and with community support), MACH will consider 
involvement in watershed problems. Recognizing that the reduction of fishing pressure is likely 

I to be a critical part of reviving the floodplain fisheries, MACH has included supplemental income 
generation activities that are focused on fisheries and others directly dependent on fishing. 

The project supports local communities in forming and then operating their management 
committees for the overall management of the physical and biological components of selected 
portions of floodplain ecosystems. MACH emphasizes the conservation and rehabilitation of 
degraded or lost aquatic habitats. Major physical interventions consider facilitation of aquatic 
animal movement into and out of the floodplain, re-establishment of dry season refuges 
(permanent beels and deep riverine kums or scour holes), short term protection to the animal and 
plant resources (after adequate assessment of need), work with local industries to reduce pollution 
and, where feasible, work to reestablish watershed function through re-vegetation and other 
appropriate methods. 

WHY MACH NEEDS HYDROLOGY STUDY 

Water is essential for all lives and is used in many different ways- for food production, drinking 
and domestic uses and industrial use. It is also part of the larger ecosystem on which bio diversity 
depends. Precipitation converted to soil and groundwater and thus accessible to vegetation and 
people, is the dominant pre-condition for biomass production and social development. 

Hydrology study is must for the proper management of wetlands. Change in production, fish and 
other aquatic resources, bio-diversity and eco-system largely depend on hydrology regime. 
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Wetlands ecosystem also depends on thc uppcr watcrshcd hydrology. Dcgraded waicnhcd causard 
high runoff and less infiltration which is one of the reason of insnffrcient water availability in the 
dry scason. Also, the high sediment inclusion from thc &graded watershed into thc wetlands 
causing rapid filling of Haor consequently impacting biodiversity and eco-systcm of the Ham. 
For this reason, from the beginning of thc projcct, MACH has bccn giving importance to 
hydrology study of wetlands as well as uppcr wafcrskd. To know tllc actual status of thc 
wetlands diffcrcnt parmnctcrs havc been ~ncasurcd frorn thc beginning of thc projcct and thqc 
will bc colrtitlucd for tlrc rwnaining projcct pcriod 'Ihcsc inclodc. watcr Icvck of wcilands, 
rainfall, strmm flow, scdlnlcnt load, siltulio~r ~t~arsurcmcnt ctc. Fish productioe is rclalcd to watcr 

. arca which is dcpictcd from the wakr lcvcls ~ I , I I ~  r;lcvi\ti~~l of tkc I l;lor I~ctl Thc availability af - , fiJ watcr in thc Haor is dcrived from thc watcr budgeting of lllc systc~n, wllich dcpcnds on thc 
' 4; rainfall, stream flow and water lcvcls rncasurcmcot. Uppcrshcd soil erosion a ~ d  thc runoff rc 

I being measured by the uppershed hydrology study. Sediment inclusion into the haor as wcll as 
., rate of filling of Haor is also quantified in the hydrology study. 

B. METHODOLOGY 

The purpose of the report is to &scribc thc hydrology and watcr and sedirncnt loading of the 
MACH site specially Hail Haor site and the hydrologic interaction of the fish resources with $he 
surrounding fIoodpIain. To meet these objectives the following steps were undertaken: 

1. Stream flow and water levels were monitored to know the flood extent and the volume of 
water entering and leaving the wetlands 

2. Transfer of water in and out of the Hail Haor were summarized in, the form of water 
budgets to quantify the adequacy of the current freshwater in the system. 

3. Quantify the sediment intrusion into the Haor resulted from the degraded upper 
watershed 

The scope of the w o r k - ~ , ~ m  .- . 0 8  a p e d m  
and waterlevels in the -, clpsnlon qfmkteo 
surveys to convert dl m m ~ &  wii&r bab'tu a 
sediment. Also, historical drtr dvataf  larwlr, h U I  w f  
WARPO. 
At the three sites of the..- MACH is i w m l r w n p e  hydrology 
below and these are be iw tad br 4ulyziq mat impaEt. 
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Ficld data were collected to furnish cstinlatcs of rclcvmt surfacc-watcr, watcr cxtcnt, sediment 
load, etc. Surficc water and watcr cxtcnt arc uscful and important factors; in fish production. Also 
scdimcnt load measurement gives an idea of soil crwion rate of uppcr wahshcd and thc rate of 
filling d t h c  wetlands. Thc stations that makc trp thc fixcd data-cotlection nctwork arc ltstcd in 
table 1. 

Table 1: Fixed datacollection stations arid benchmarks included in the hydrologic and 
metearological data network at Hail Haor, Turag Bangsht basin and Upper Kongshow-Mdijhe 
basin. 

1 top (railing) 1 

.." . . ". 
1 

2 
3 
4 

5 
6 

7 

8 

9 

10 

I I 

12 

13 

14 

SL No. Station ! ontype LocPtion Deseriptlon Type of mcnswement Operation rtnrUng dale 

1 Mokas bee1 ! - gauge Tinani bazar villagc Daily water level June . 1999 
2 Turag river Stage Near Uori bari villagc Daily water level, inflow and April. ZOO0 - 

Inflow and outflow to Mokas and Aola 
I outflow I beel I 

3 I Aola beel I Stage gauge I Medi asulai villaxe [ Daily water level I June 1999 

Discharge mcasurcmcnt 

Cheoradubi 
bee1 
Nowa bcel 
Jethua beel 
Shomsergonj 
Br. 
Bhunobir 
MACH 
office 
Joita metal 
road 
Joita Tea 
road 
Joita lemon 
road 
Jaag Lawa 
hill 
Jaag metal 
road 
Jaag Haor 

Boula chora 

Alia chora 

- 
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Stage gauge 

Stage gauge 
Stage gauge 
Stage gauge 
Flow meter 
Ram 
Rain 

Stage, Flow 

Stage, Flow 

Stage, Flow 

Stage. Flow 

Stage. Flow 

Stage, Flow 

Stage, Flow 

Stage, Flow 

Wcst-Ccntcr of Hail llaor 

South of Hail Haor 
North-east of Hail Haor 
North of Hail Haor 

West of Hail Haor 
East of Hail IIaor 

West of haor, near the 
metal road bridge 
Middle of Joita chora 

Upper rcach of Joita chora 

Uppcr reach of Jaag chora 

Middle reach of Jaag chora 

Lower reach of Jaag chora 

Metal road br. 

kletal road br 

Daily water lcvcl 

Daily water level 
Daily water levcl 
Daily water level 
Discharge measurement 
Daily rainfall 
Daily rainfall 

Water level 
Discharge measurement 
Water level 
Discharge measurement 
Water level 
Discharge measurement 
Water level 
Discharge measurement 
Water level 
Discharge measurement 
Water level 
Discharge measurement 
Water level 
Discharge measurement 
Waler level 

May, 1999 

April, 2000 
April, 2000 
Oct, 1999 

June, 1999 
May, 2000 

1999 

2000 

2000 

2000 

1999 

2000 

1999 
- 



Y 
N- br. TIolb we 1 4 d  _1 

w c y  *I& level U 
6 fhni &zu Rain gugc ' k n i k ? ~ .  Daily watar l e d  June2001 1 
7 h bod Stage gauge Bakerkanda Village Daily m t a  lwcl ti 
8 V* br. Stage gauge Volpw b a . ~  dv&u& llarly a t c r  led he2001 1 

Br. I 

I 
2 

n 

~STRUMENTS USED 

o Raingauge : Manual stainless stcel rningaugcs wcrc uscd. Measuremnt were taken on 
daily basis and in some cases 3 hourly basis 

o Water Level: Manual wooden meter gauges were installed in the sites. Reading wsae 
taken on the daily basis and in some cases 3 hourly basis 

o Stream Flow: Current meter was uscd. In general, 'Float' method was adopted to 
measure flow velocity of streams and the measurement were calibrated with the Current 
meter reading. 

o Sediment Sampling: Standard sediment sampler has been used (model 5200, DH48 
Sediment Sampler). Usually 1-litter plastic bottles have been used to collect water sample 
during discharge measurement. Dh-48 Sediment sampler has been used randomly at 
different site to calibrate or standardize our technique. Collected sample is filtered and 
dried up and thcn balanced in a clcctronic balance to get the specific weight. 
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SECTION 1: HAlL HAOR HYDROLOGY AND SEDlMENTATlON 
PROCESS 
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1.1 ][NTRO~UCTI[ON li 
!I 

1.1.1 DBCRI~?~W C@THE BASM I - ...- .. . . 

The word hak5&- ta bo 8 !rm md Shagor I=) or the k . abic - . . -  
ward BaAPrfsea). T h e  rrt 35 bib h~ok in the S y l k  Di*sion, some d which mugc wi 

to the east, the A- Rsngc to thc sou& md the S a w n  Hills to the west Thc 
b . uwr of lfiil H#>r io tabout 6W s c p r ~  Kilometer (2375q. &I). AIl water m the bru 

from the au-irap M l e ,  with appraximatcly &S% from d i n  Barqiadeah an 
hdia. 

The rmly natural d e t  d ( k c  Haor is Gopla Rivet. Ihs Gapb R ~ v a  flows in r nortbwty dibtion 
from the Hail Haor, &en wings simply md flowa a6adwmtcrly intn the 
Gunhjuri Ksor drains hto Bard h, which flam thTnslgh Hibiganj and enters 
M e g b  at Madna. The Jugm river o w  the %I HWJI is Krrshiyare R i v ~ .  Kushiyar 
of the B a d  hvcr. KuUywtt flows in a westerly dhmon for some distance 
south and southwest to Fenchugsmj whro it is  j&mcl bylthc Jury river originating 
Tripun W. Ihe Manu River is a tributary of K u l M m  h e r .  Its p c i p a l  
Dholai or Daloi, did oonects the dmmgt h im -1 and Balishira 
Shaka Borak River and Knmarkhali W, wbt& pwcm W g h  Boro Haor, 
connect the Kushiyra River with Gopla Rivh. b ide  cheae there are nu 
foilowing i n .  the k. kmo* the Mly B W  b r a  is the larg 
System, makin8 up armd 30% of fbb total a&mmt iuca. The entire p r o j a  area is sh in 
figure 1 . 1  Tbc catchmt am d difhent is ahown in figure 1.21 Tb. b T r u  
perccnta&e of eome Charm m the total H m r  system is shown in table 1 .1  

' 1  
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Table 1.1 : List olChoras in the Hail Haor System and Their Corresponding 
Watershed Area. 

Source: BWDB, Feasibility Report on Hail Haor Irrigation Project, Vol.1, Annex A: 
Hydrology, December, 1980 
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First feasibility study of Hail Haor Irrigation Project was conducted by the Consulting Engineer 
with the assistance of Berger Associates, USA in 1967. Another report was prepared in 1976 
based on the fvst feasibility study. Then in 1980, a report presents the results of a review of the 
feasibility and definite project report on the Hail Haor Irrigation project prepared in 1976. This 
renew study was supplemented by additional data collection, new engineering studies and 
investigations to formulate a number of alternative development possibilities for the project area. 
The main physical wmponents of the proposed alternative are flood protection, drainage 
improvement and irrigation. 

The land w i h n  the project boundaries are sloping to the Hail Haor, from about 25 to 30 ft GTS 
(Grand Triangulation Survey) along the eastern and south periphery, 50-55 ft GTS along the 
western periphery and about 25 ft GTS along the northern project boundaries to an unknown 
elevation in the haor (below I 5ft GTS). 

In the normal years when early spring floods did not oeeur and the stage of river Kushiyara was 
not high, the mnoff msulting from the small amount of rainfall on the Hail Haor Basin was 
completely drained into the Gopla River near Madna. During years when early spring floods 
occumd, flood water flow backed into Hail Haor fiom Kushiyara river through Shakaborak and 
Gopla river and submerged the low-lying lands (elevation varying between 8-15 ft GTS) on the 
periphery of the Bee1 where Boro rice was cultwated. During spring, this back-flow created 
drainage congestion in the Gopla River and delayed drainage of the runoff resulting from the 
rainfall in the project area. The combined action of the bacMow from the Kushiyara and pondqe 
of runoff in the project area caused damage to standing Boro crop on the low-lying areas around 
the Beel. Therefore, it was concluded that 

1. "Damage of the harvestable Boro crops in the project area and in Boro Haor and adjacent area 
during early spring floods are primarily due to the bacMow from Kushyara through 
Shakaborak. 

2. For the present cropping panern, the present drainage efficiency is adequate for post-monsoon 
drainage. During spring floods, however, the drainage efficiency of the Gopla river is low due 

' 

to backflow from Kushiyaa through Shakaborak and there is drainage congestion. 
3. In order to save damage due to spring floods, a control structures at the intake of Shakaborak is 

necessary (Kamarkhali sluice)". 

The main physical wmponents of the alternatives development that had been studied were: 

Case I: full flood control and drainage improvement 
Case 11: full flood control, drainage improvement and irrigation 

Case I provide protection against flooding from the north (early spring flwd from the Kushiyara 
river system). The main components of the proposal were: 

The north embankment, from Shomsergong to Moulunbazar. 
a drainage outlet structures on the left bank of the Gopla rivcr at Battala(either by gravity or 
by pumping) 
excavation and loop cutting of the Gopla 
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road improvement 

Case I1 envisages the supply of ihigation water during the winter season, protection against early 
spring floods from the Kushiyara river system and drainage of the project area during the 
monsoon season. The main component of the proposal were: 

thc north cmbankmcnt from Shomsergong to Mouluvibazar. 
the Hail haor rescrvoir cmbankmcnt 
embankment of both banks of the Lungla rivcr 
The Gopla river embankment 
drainage outlet structure at Pachaun (either by gravity and 1 or by pumping) 
a pumping station to supply the main canal with reservoir water 
an irrigation distribution system and appurtenant structures . . 
a main drainage system 
road improvement 

Existing Dike on the North and East of Hail Haor 

In the main proposal prepared in 1967, it was considered to construct dike around the Haor to 
serve haor as a reservoir (figure 1 .2~ ) .  It was written in the rcport that " a reservoir will be formed 
by diking the existing bee1 area and the lower reaches of the Lungla River. The main source of 
storage water in the reservoir is the Lungla River and its tributaries. The area of the reservoir is 
8000 acres with an active storage 112,000 acre-ft." 

In the feasibility report of Hail Haor irrigation project prepared in 1980, it was written, "The 
construction of embankment will ultimately reduce flood fisheries. A deereasing fish cateh is 
anticipated after project implementation. As fish at present constitutes an appreciable part of 
animal protein in the diet of the local population, action of the Fisheries Department seems 
necessary and justified when the project is to be implemented. Regular and continuous production 
of fry for stocking of the remaining water bodies, tanks and ponds in indispensable." 

In mid 80s. implementation works started. According to the project proposal, the following works 
have been completed so far: 

I .  Construction of Kamarkhali sluice gate, near 2km offtake of Kushiyara River. 
2. The north and east dike inside thc Haor. The dcsign and location of construction wcrc changcd 

from its original plan of 1967. 
3. Embankment from Shomsergong to Mouluvibazar. It is implemented according to the original 

plan. This was done only improving the existing road. 
4. Improvement of Bhunobir-shomsergon road (metaled road). 

Which are not completed yet but was in the original plan: 

o Drainage outlet at ~ a c h a u n  
o Sluice on the Gopla a t  Pachaun 
o Pumping plant for irrigation near Motigonj 
o Irrigation canals 
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The dike was wnstructcd in the Haor for the purpose of storing water cluring the dry season. 
However. drainage facilities outside the dike was eonridered but not implemented yet. Wefore ,  
a huge volume of water eoming through many streams of Balishira Hills is draining out by some 
openings in the dike. One of the openings is Joinka outlet on the northeast boundary of dike. 
Joinka canal drains about 10 st~eams like, Sial, Gabur, Narayan, etc. 

Impacts of the Dike a d  Sluice Gate on tlre Hail Haor 

The construction of sluice gate at the intake of shakaborak has great adverse impacts on the bio- 
diversity of Hail Haor. The Hail Haor and its adjacent Boro Haor was rich in river fish species 
beeause of its past good channel connection with the Kushiyara River. After the construction of 
sluice gate, the early monsoon fish migration from the Kushiyara to Hail Haor through Boro 
Haor, Gopla river has stopped because the gate remains closed during this time. 

The dike inside the Haor has great impact on the hydrology of the Hail Haor. It has obstnrcted the 
natural flow of the eastern side choras. It has changed the natural flow direction of eastern side 
choras. Now, a number of eastern choras flow towards northwest and mcet with Joinka gang and 
the combined flow crosses the dike at a point and drained to Gopla gang. Some other eastern 
choras flow toward southwest direction and cross the dike at some points. However, in the peak 
monsoon, water flows over most part of the dike. Also, the channel morphology has been 
changed by the human interventions. Most of the channel reach has been straightened over time, 
which is causing rapid runoff of the watershed. 

Also the dike has caused the high silt deposition outside the dike. Many perennial water bodies 
outside the dike have lost their character due to the high sediment deposition. 
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Figure 1 9  Hail Haor irrigation project plan 1967 It was proposed to construct dikes 
around the Hail Haor to store water in Haor for irrigation. The Kamarkhali sluice gate and 
north embankment was proposed to protect the area from early spring backwater effect 
from Kushiyara. Kamarkhali sluice, north embankment and eastern dike in the Haor was 
constructed in the 80s. 
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Total catchment area of Hail HBor is around 60,000 Ha. The Bilashi Chora with a drainage basin 
area of about 12,600-hectare (21% of the total Hail Haar catchment area) is the largest stream 
tributary to the Hail Haor. Approximately 40% of this catchment lies in India. It originates in the 

k 
Atarmura Range at an elevation of about 150 mctcrs and flows north for a distance of about 20 
km entering Hail Haw on the south side. The second largest otrcam is the Udna, which bas a 
catchment area of about 8,600 kctarc. Udna meets with Bilashi at Bilashi Bridge on the Dhaka- 
Sylhct highway and thc combincd flow bccomcs thc Bilashi. 'Ihc thrcc othcr main strcarns, 

U Kudali Chora, Ful Chora and Burburia Chora, havc a con~bined drainagc arca of about 5,200 
hectare. Other large and dominating Chom are Gabur, Shaon, Sial, Jag, and Kai on h c  castcm 
side and Alia, Boula, Por, Boro, Pa&ia on th western side of the Hail Haor. Choras on the castern 
side of the Haor originate in the Borsijura and Bdishira Kilh, flow westward into the Haor. The 
overall length of the streams range from a minimum of about 2 km to a maximum of 10 k 
While @e Udna-Lungia-Bilashi system has a length of around 15-20k.m. 

The western Choras originate fiom Satgaon Hills. The length of these streams range from a 
minimum of about 1 km to a maximum of about 6km. 

The largest river north of Hail Haor is the Kushiyara hvcr. The Bar& River, the principal source 
of the Kushiyara hver  has a drainage basin of about 2,590,000hectare, around 40 times larger 
than the Hail Hitor drainage area. Monu hver  is a tributary of the Kushiyara River. Its principal 
tributaries are the Dholai or DoIoi, which collects the drainagc fiom Rajkandi and Balishira 
ranges of hillocks. Shaka Borak River and Kamarkhali Khal, which passes through Boro Haor, 
north of Hail Haor, c o m t  the Kushiyara River with Gopla River. 

1.1.4 FLOW PATTERN IN THE  DL ~ O R  

h 
Hail Haor is a low-lying depression surrounded by hills on its east, west and southern side. All 
streams originating h m  dticse hills flow towards Haor. Tbe Gopla River, north of the Haor, is the 
only outlet of the Haor system. I! 
Due to the BWDB submersible dlke on the North and East Side of the Haor, flow from the 
eastern hills does not pass to the Gopla directly. Therefore, from Sial Chora water flow towards 
north and northwest direction, the combined flow passcs through Joinka Gang and Buda Gang. 

I 

Around 10 streams join with Joinka Gang. 

Flow of stream of Shaon Chora and the streams south of it flow in the south and southwest with 
the combined flow meeting with Bilashi flow. Around 20 streams join with this flow and there 
are around 50 seasonal and perenniql Beels exist in this flow path. I 

' 1 
The Gopla flows in the northward direction and the streams originating from the Satgaon hills 
join with this flow. 

MACH Hydrology Report 



1.2 HYDROLOGY 

1.2.1 RAINFALL VARIATION LN THE HAIL HAOR 

One manual rain gauge is installed at a local Hi& S c h d  in Bhunobir udan adjacent to the west 
of Haor. Thc school monitors the gauge. Another gaugc is in operation at thc MACH ofTii, cast 
of th &or. The r e m  behind instailtion of two gaugm in thc I h i l  Haor site is tho ~aisfdl 
variation over the two parts of thc Hnor resulted from the 0rographi.c emact duc to tho topography 
of tht area. 

Flgurs 1,4 shows tbc rnonillfy vnriation of rninfall in thc Hail Haor durinp tha ytar 1999, 2600 
and 2001. Average mnud raulfell over the Hail Heor is atound 2200 mm. 11 is ohwved &om the 
graph that the dry s a o n  of the year 2000 hrs received much rain than the ysnr 2001. The early 
rainfall of March h m p e d  project intervention works like re-excavation of bccb. However, 
200 1 dry season was normal as usual. 

-- .-- ------*-----+. ---.-- - -.--- . -- 
Monthly Rainfall Variatlo~ In the Hail Haor Site 

1 Jan Feb Mar Apr May Jun Jul Aug Sap Oct Nov Dee ] 

Figure 1.4: Monthly rainfall variation in the Hail Haor site during the year 1999, 2000 
and 2001 "I 
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1.2.2 WATER LEVELS VARIATION IN THE HAIL HAOK I 
It IS very important to knc&lPlc water lcvel va '%r the c u q ~ b n  
area. ~cs idcs  many othcr factors, fish catch/production dcpcnds on arcal cxtcrlt of the watcr body. 
Therefore, in the year 1999, three gauges wcrc installed in thc Haor, onc in thc Chcora Dubi k c l ,  
ollc in thc Bcri Bccl and anothcr gatrgc was markcd on the picr of Shonlscr Ganj Bridgc, thc 
outlct of Gopla Rivcr. Gaugc rcadings havc bccn takcn on daily basis sincc April 99. in thc ykar 
2000, anothcr two gaugcs wcrc ins~llcd, onc in thc Nown bccl in 1,albag village, south of thc 
Haor; and thc othcr in the Jethua Bed, North-cast of thc Haor. Tl~c gaugc of Bcri bccl has bccn 
rcrnovcd bccausc of  insignificant variation of watcr lcvcl with Chcorsdubu bccl. "Ihc  cxisting four 
watcr Icvcl gaugcs arc sufficient to mcnsurc wntcr arm of the Haor at difkrcnt scasons. Alrady 
monthly inundation maps has been prcparcd for tllc ycar 2001 to cornparc fislxatch of the 
corresponding month. I 
The variation in the ham water level is shown in figure 1.5a. Figure 1.5a shows that d t e r  
remains very little in the dry season but there is a sharp rise of water level fiom May. Peak level 
occurs in between July and August. In the dry season, 1999, watcr lcvel was very low; draught 
prevailed for a Iong time leaving somc small pockets of water in the Ham. However, next year 
2000 had comparatively higher level of water. Though the draught disrupted the haor habitats in 
the dry period if 1899, Haor experienced maximum water level in the wet season comparing the 
year 2000 and 200 1. 1 
Figure 1.5b shows the water levels of Hail Haor at the four gauges in the year 2001. Jethua bee1 
water level is always higher than the other gauges because Jetha beel 1s located in an isolated high 
place connected by Joinka gang. It is mainly fed by the rainwater. Some times in a year water 
entered fiom Hail haor to Jethua beel. 

Water Levels of Hail Haor in the Year 99,OO an 01 
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Figure 1.5a: Water level variation in the Hail Haar in the year 1999,2000 and 200 1 

i- 
-..-- - - - 

Water levels of HIR Haor in the Year 2001 i 

Figure 1.5b: Water Levels at four gauges of Hail Haor in the year 2001 

1.2.3 ARIAL EXTENT OF WATER 

A bathymetry survey w a ~  coducted for the Hail Haor in Dcccmbcr 1999 to preparc DEM of tbe 
site. The result of the DEM run is shown in figure 1.6a which is prepared by the GIs division of 
BCAS. Monthly average flood extent of the Hail Haor is shown in the figure. The water cxtmt of - 
the haor at the lowest water level of Aprii was around 3000 hectare whereas the maximum extent 
in August was 12,000 ha. Tfus monthly analysis will be continued to correlate fish catch with the 
arid extent. 
Figure 1.6b shows the clmsification of iands in terms of water depth in different months of 
2001. 
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Figure 1.6s: Monthly average water extent of Hail Haor in the year 2001 

&wary March July September 

n m ~ s n d  DFI  and OFZ ~snd n  and I ! 
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.RkmF2land ORlvahF3Land R i i  in F4 Land 1 

. . --. . .. . . ~ . ~ . . ~  

Figure 1.6b: Classification ofHail Haor inundated land based on water depth 

Some of the Choras of Hail Haor are seasonal and cany water only in the we.t season. olhers are 
perennial. Flow in the perennial streams is small in the dry season and does not reach the Haor. 
This is largely because of withdrawal of water for irrigation. 

In the wet season, significant water flows in most of the slreams. A total of 10 Choras have been 
monitored rcgviarly from tho begi~ing of this projcci. March 1999. Thesc arc at a seaion of 
Bilarhi Chora near thc Motigonj Bridgc, fivc Choras from thc east (Gabur. Sial, Shaon. Jag. and 

MACH Hydrology Rcpac I 
23 I 



Burburia) and four Choras Gom thc wesl (Alia, Palria, Joim, and Boula). These Choras also c q  
significant quantity of scdiment during Lhc monsoon and sand mining is practiced in each. 

The discharges of dimcrcnt sknms  in Hail Hnor an: sl~own in figure 1.7. Flow mcasurcmcnt has 
bccn donc since March M. Fnnn Novmbcr 90. 22 Charns wcrc included iu UIC monitoring 
pr@ram, among UIcsc 2 (Aam and Harpa) wcrc h c  sccor~diuy strcnm ollllc Bilosh chorn. This 
monitoring was mlinucd till Octobcr 2000. Ancr Octobcr 2000. 4 choms wcrc la kc^^ t~ndcr 
monitoring; lhcsc arc Jaag, Joita, Alia and Boula chora. Chora monitoring includcs flow 
velocities, discharge. s e d i n m ~  samplmg. Monitoring Gcquency was once in a week for general 
monitoring. However, Tor the inlensive hydrology monitoring, 3 hours interval of samplings was 
done. 

Thc figure 1.7 shows thal in the dry season. which is considered the period h m  November to 
April. flow is considaabiy low. Major causcs oCthc low flow arc low intensity ofninrnll during 
this lime and withdrawal of slrcnni flow for inigntion. B I I ~  in tlic wet seam. from Mny lo 
Octobcr. . . . . . .. .- - . - . .- . . . . --!I 
significant 
flow 
persists in 
the streams. 

Table 1.2 
shows the 
mhly 
avemge 
discharge of 
some 22 
c h m  h-om 
Nov 1999 to 
Oct 2000. 
Maximum 

-Bdashi 
- e- Gabur 

Aler 

+ h ~ u b  I 
... e.. ~ o g  

- -m- - Shnon 

I I Mar Apt h4ay Jun Jul Aug Sep O;L I I 
flow oceun I I Month of 1999 I I 

the 11 in . . . I 1 
of Fipm 1.7. D~scharge of different streams of the Hail Haor in the year June when 

average 1999 

drschaqe was 31.66 cub~c metcr/scc. Lowest flow ren~iilned an thc month ofFebruary/March. As 
mencmned before. the cause of h e  lowest flow rcsulted from the l o w  rainfall and the 
wthdrawal ofsurface water lor Born nu: culhvation. 



Tabk 1.2: MonUlly avenge di~charpcolchanr of UIC IIaU IIaor i 
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1.3 SEDIMENTATION PROCESS IN THE IIAIL IIAOR ~ 
Sumcys indicated that scdimenlation has bccn increasing in Hail Haor. Survcys also have 
indicated that the dry season water-area has also been decreased. Many small beels inside the 
Haor have already filled up. This is adversely affecting the bio-divesity and potential fish 
retention in the Haor. Fish habitant has been reduced due to the reduction ofwater during the dry 
season. Therefore, it was essential for the project to h o w  the scdiment inmsion to thc systenl. 

Two typcs of observations havc bccn n~adc in tiail Hnor to undcrsto~ld 111c s c d i ~ ~ l c ~ ~ t i i t i o ~ ~  
process. 

Measurement of suspended sediment carried by the different streams and 
Measurement of deposited sediment Gom selected streams inside the Haor during the 
monsoon. 

10 Choras havc bccn sclcctcd for the suspcndcd scdimcnt load mcasurcmcnt in the ycar 99, i.e. 
Gabur, Sial, Shaon, Jag, Uurburia in tllc cast, Bilashi ill tlic south and Alin, Palria, Joitn and 
Boula on the west side of the Haor. Thcse smams carry the highcst scdimcnt load and have 
some water flow through out the ycar. Water samplcs wcrc collcctcd from thcsc s h a m s  
randomly during the wet season and the volume and weight of suspended sediment wcrk 
measured. Obviously flow rates of the streams have been measured during each sampling. 

I 
Resulr and Analysis 

! 
Monthly variation of suspended sediment load of Bilashi, Joita and Jaag chora are shown in 
figure 1.8a. figure 1.8b and figure 1 . 8 ~  respcctivcly. Bilashi Chora entering into the Hail Haor 
fmm UIC soull~crn side. Its catchment is around 20% ofthc total Hail haor watcrsllcd. Thercforc. it 
carries ln~gc volu~~lc o r  \cntcr os wcll as scdil~lcnt cncll year ill  thc wct scnson. In July. 1000. 
Bilashi carried amund 200 thousand cubic mctcr ofscdimcnt. Figure 1.8b shows thc n~onthl!, 
volurnc of flowing water and silt of Jaag chora. Jaag chora originates &on1 the Balcshcra Hill and 
most o r  its cannhel reach is in Tea estate. It also carries huge sedin~ent each Fear In August 99, 
around 6 thousand cubic meter of sediment wcrc canicd by the chora. Joita chora is the western 
side chora of Hail Haor. It originates from thc Satgaon hill. Figure 1 . 8 ~  shows that Joita chora 
reached in peak flow in the month of  July')9. D u r i ~ l ~  illis I ~ I I I C  it cnnied around 2 thousand cubic 
meter ofscdiment. 
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Figure 1 . 8 ~ :  Comparison of flow and silt of Bilashi Chora in the year 1999 

- -- 
/59&sh1 . R o H < ~ n - d )  Hllash~ ~ d t ( 1 h o u s a n d - n ~ y  

Figure 1.8b Comparison of flow and silt of Jaag Chora in the year 1999 

I Joita Chor.~ 

Figure 1.8~: comparison of flow rind silt of Joita Chora in the year 1999 
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Table 1.4: S i t  load of Choras in the wet season and their percentage of contribution to 
the total silt load. 

Joint ~ION dBi1.s. .- Harp and Laiqla h \ \ n  ar Bilar h u  ncar \laimj Br. 1 i 

Table 1.4 sho\vs the silt load of choras in l c  \vcl scason and lhcir pcrcenlagc of contribution 10 
the total load. It is observed from thc tablc that thc Bar. Boula. Joita, Alia carry wnsidcrabl!. b l ~  
iolunie of sill in the \\el seas011. TJiot~gl~ IIIC Pllwl and lliz Rurh~lria calcli~r~enl are anlolie 111- 

most degraded catchments, analyses show ver). low volume of silt load. This can bc cxplaincd as 
follows: Both thc choas  has considerably long reach, around 8-12 km long. On their course of 
flow there are man! sand depositing place \\here commercial sand mining is going on. For this 
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reason, Iowcr volumc of sediment is coming into thc Haor. On tllc othcr hand. Bilash~ co~~lributcs 
around 24% of ihe total sediment loading. Howc\:cr. h c  Bilashi ca~chn~cnt is nmund 20%~ ollhc 
Ida1 Hnil Haor rvnlerslic~l 

Figure 1.9: Rate  o f  soil erosion of Hail H a o r  watershed 

I Land Erosion (mm) Rate of Hail Haor Sub- I 
P 6.0 Watershed 5.3 

u 0.8 

S 0.0 ,- A-- U  
: y y u u s C )  U ~ U b U U U U  

U) .- .- ; J = - < ; Z ~  , .: z 3 s  
b " " = I s  3 

1 

figure 1.9 shows the rate of soil erosion of diffcrenl chora sub-watershed. This is dcrivai for 
diflerent choras sub watershed from h c  lotal volume of suspcndcd sediment contcnts'in h c  
monsoon o l  2001 dividing by tlie correspotldil~g clioro sub \\aterd~ed area. Emsion rate is 
e x p d  by mm Cora sub-watershed. It doesn't mean tho1 the cntire walcrshed crodcs uniformly. 
Some places are more vulnerable to soil erosion with small rainfall han others. Erosion ratc also 
ilrcludes (lie bn11L erosion rvliich is yep comlnon i n  IIIOSI olt112 chnra re:~cli 
Analysis shows that h e  Jag watershed is the most degraded watcrshai lollowed by Shial chora. 
Dewa. Shial, Jag and Khai arc h c  castern sidc choras o l  Hail Haor originating from h e  Balcscra 
hills and dior\ lligll soil crosio~l ratc Wllcrsns anlolls llic \\cslcl-l~ sidc cl~orn or Hail Hnor lilc 
Joita, Alia, and Boula show high ratc of soil cmsion. 



There are numerous foniiulas to calculate deposited sedi~iie~tt from the suspe~ided scdimcnl1 
In a WDB reporf used sediment-rating curve derived by Bmne and a rormula by Lane 
Koclzer to determine trap efiicicncy ("Hydrology ror Enginm" by Linsley, Kohlcr a 
Pnullii~s). Illy considered the Hnor as a ~ose~.\,oil- nnd colnputed llic deposited sedimneot rronlt 
a~spcndcd s c d i n t  l a d  thcorclicnlly. Bccnusc of thc geoloby or  thc cntchmc~it and Ha 
vcglnl lo~~ conditiollr. ualny ihc ~lltorclicel dclin~uoli ;ilol~c wos 1101 co~~eidercd ndcclllni 
l'llcl.~hli~~c. i l  \r;ls ~lcc.i~lc&l 11, mcasrlla 15;11 IIIIIL.. ~ I ~ > O > I I ~ ~ I I ~  I ; I~ZS  I I IS~CIC ( I IC  I I ~ I ( I I .  '1'11': l i t l l i ~ t ~  i~ 
liec silcs wcrc sclecld illside the Hoor. Outroll of I .  Hilnslii C.. 2. Joilika (:.. 3. Kakic~ (:.. J.Ja 
C., and 5. Boula C. Two scdiment traps at eacli site wcrc placed approsin~alcly IOOln apart In40 
Ihc monsoon. Thc s d m n l  trap design is shown ill figure 1 .1  1. Traps of Bilaslii. Boula at 
Joinka outfall were found at the end of the wet season. However, Traps hum othcr Choras wc 
1101 found at b e  end of the sludy period. 

Figure 1.12 shows b e  deposited sediment depth of the oulfall of Bilashi, Boula and Joulk 
Choras during h e  we1 season. Deposition of scdi~ncn~ a1 he outfall of Bilashi is around IS c 
wvl~ereas at the outfall of Boula is around I I cni. Tl~c otitbll of Joi~ika is around Scm. 
peopks opinion is that the Haor has fdled by as much as l.5m in 20 years, which means aroun 
7.5 cm in a year. This studies real time observation shows a higher rak of deposition in the Haor 
Soil classikrtion or lrapycd soil is also sliow+n iri ihc fig~mrc 1.12. 11 SIIOWS lllat Bilaslli has 
silt and sand than clay whereas Boula has more clay than silt and sand This is likely due to mo 
agricultural land in the watershed o r  Boula. Deposited sedirnenl of the Joinka is sill and clay. 
Deposition rate is low here because inoa or  tltc scdimcnl is dcposilcd upslrcam, rat from the 
measured point 
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Annual Deposition nt the OotfnII of Boule, 
Bilashi and Joinka Chora (cm) 
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Figure 1.12: Deposited Sediment at the outfall of B~lashi, Boula and Joinka Gang 
(Trapped Sediment Observation) 
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1.4 RECOMMENDATION I 
Thc identified h\-o major problcms of Hail Haor arc ihc scarcity of \vatcr during thc dl?. scason 
and thc scdimcnlation in thc \vet scason. It is roughly cslirnatcd thal if all strcams arc allowcd to 
flow unintcrmptcdly to thc Hail Haor, 60cm more depth oTwatcr might be available in thc Haor 
during tlic d y  scasoll. Thcrcrorc, propcr and clTcctivc nlanagcmcnt of \\;~tcr at lhc uppcr slicd 
arca may rcduce thc problc~n o r  dry scasoli scarcitv without any pl~ysical inlcrvcnlion. Sincc 
MACH is a community pariicipatory project. pcoplc of lhc project silc niily bc n~otivalcd to 
changc thcir \\atcr usc and croppins pnltcnl for ilic s~~slni~iablc dc\clopriio~~~ oT1Iic \ rc l  Iii~iils. 

Sedimentation is a rapidly increasing problem, and it is mainly caused by the deforestation of the 
site. Aforestation on the upper watershed area may reduce the soil erosion however, it is a long 
process lo come to effect. Therefore, project should take immediate action to prevent sediment 
flow to the Haor, and this may be. possible by constructing some check dams on thc major 
sediment carrying strcams. It will increase the water retaining capacity at the uppcr shcd and the 
retaining \vatcr \\.ill rechargc ground \vatcr. Scdinicnt \\:ill dcposit at thc dam sitc. Tlic cliorn 
resource management organization may bc formed to handle the dcpositcd sand. Already Lalked 
to thc local pcoplc of Joita chora reach and thcy showcd kccn intcrcst in chcck dam. Prcliniinar), 
a site has bccn sclcctcd Tor thc construction ofchcck dam. Constn~ction of chcck dan~s dcpcnds 
on the project approval. 

From h c  scdinriit load anal?sis. i t  is undcrstood that 11ios1 o r  tlic choras arc camills lligll 
sedimcnt load in thc rainy season. This is duc lo thc dcgraded watcrshcd of thc choras. Among 
thc obscwed choras. Boula, Bilashi, Jag, Joita, ctc, nm originating from tlic most dc.gadcd 
\\atcrshed. Thc Hail Haor cannot bc managcd \vithout manaying thc \~alcrshcd. Thcrcfurc. it is 
essential to take chora restoration prograni on some \\zatershed or Hail haor a whole. 

Only t\\o !cars or hydrological obscnnlioii lias bcc~i donc so far in tlic Hail Hnor silc. Nothin; 
can be concluded finally fmm this observation. At least five years of monitoring is needed for 
reliable and effective planning of the site. Therefore. long tern1 monitoring is reconunendcd herc 
nith. 
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L, SECTION 2: HYDROLOGY AND WATER RESOURCES 
OF TURAG-BANGSHI FLOODPLAIN 

I.. 

, 
b. 
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2.1 INTRODUCTION 1 

Turag-Bangshi river basin is in the North Central Region (NCR) of Bangladesh. ?his region i 
bounded by Jamuna, Padma, Old Brahmaputra and the Sitolakha river; Jamuna on the west, 01 
Brahmaputra on the north and northeast and Sitolakha on the east. Other important watenvays ar 
the Dhaleswari-Kaliganga River, which crosses the southwestern part of the region. Besides thes 1 
main rivers, the region is drained by many rivers, such as Bangshi, Pungli, Banar etc (figure 2.1). 

In the southeast of NCR, T u g  and Balu rivers flow southwards. Their slope is low and thei 
connection through Tongi Khal helps alleviate floods. Floods of Twag River are caused b 
rainfall on the western (through Bangshi river, a main tributary to Turag) and southern parts o 
Madhupur Tract, and by high levels of Padma and Meghna River, causing a backwater effect t 
Turag river through its lower reach known as Buriganga river. Upper Bangshi River drains 
important part of the Madhupur Tract. It is subject to flash floods due to heavy rainfalls on its le 
bank. 

2.1.2 GENERAL RELIEF ~ 
The overall elevation of the NCR varies between 18 and 4m + PWD (Public Works Datum) fro 
north to south. The main physiographic unit in this region is the Madhupur Tract upland, 
divides the NCR in the middle in the north-south d~rection. 

Existing local differences are the result of ~ 
Large extension of the old and active flood plains generally affected by the meandering o 
the shifting of the floodwater courses or natural rivers. For this reason the flond plain 
present a generally cornplieated network of channels, tenaces and ridges of different levels. 

The patchwork pattern of paddy or other crops fields, which is a succession of small terrace 
built for water management. 

The artificially built dwelling mounds above floods, or homestead system, adopted by th 
farmers to manage their flood-prone homes. The corresponding earth-fills and their 
borrow pits are man-mad local disturbances of the natural flat relief found everywhere. 
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Figure 2.1: Base map of Turag-Bangshi River basin 
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2.1.3 TURAGBANGSHI MACH AREA ~ 
The project area of the site covers a part of Turag-Bangshi River and their adjacent 
Mirzapur Thana of Tangail District and Kaliakoir Thana of Gazipur District. The two main 
of this site are Mokas and Aola Beel. The estimated catchrncnt arca is around 15,000 
deeply flooded arca in the low-red soils plateau of Modhupur hact. The floodplain 
size as water overflows the banks of the Turag-Bongshi Rivcr in May-June. During monswn 
low areas becomes a connected sheet of water. By late Novembcr, most flood water recedes 
'T-boron or winter rice is planed in almost all low-lying areas. 

Typical of most low-lying floodplains within Bangladesh the Turag-Bangshi River runs thr 
the site with beels on either side of the river. At the beginning of the rainy season, as flwdw 
enter the upstream portions of the Bangshi, water spills over the riverbanks through 
khals that connect the river to those adjacent beels. Fish, for the most part, move from the riv 
to the beevfloodplain areas for spawning or nursing and then into the deeper perennial portions 
the beels or back into the river as water recede after the rains. Due to the dry season reductions 
water levels caused by Farraka Dam in India, ground and surface water extraction for 
irrigation and reduced flows due to deforestation in local and upper-water shed areas dry s 
water levels in the local rivers and beels are much reduced. In drought years flows cease m 
foAerly perennial Turag with water and fish only remaining in river pools (called 'kum') 
the deepest portions of the beels (called 'doha'). Annual fish production is dependent i 
part on the breeding populations remaining in those kum and dohas. 

Within the Turag Site a total of 26 beels exist and have a water surface area of approximately 
10,000 hectare at full flood, which is reduced to less than 700 ha at the end of the dry season. 
The Turag River runs for approximately 30 km and another 28km of khals exist within the site. 

A brief description of some Beels of the Turag-Bangshi MACH area is given below. ~ 
Mokm Beel: 
Mokas is a perennial Beel located to the south of the Turag River in Mouchak Union of Kaliak 
Thana. The-catchment area of Mokas Bee1 is around 46 s i  kilometer. Thc bcel is connected 
Turag River by a Saturia-Solahati khal which is around lkm long. The Bccl is 
several villages namely Taltoli, Boroibari, Saturia-Solahati, Saturiachalla, 
Mazukhan, Ratanpur, Kouchakuri, Matikata, Sinabahao. The water of the Bee1 
waste from Ratanpur khal. 

Aola Beel: 
It is the biggest Bee1 in the Turag-Bangshi Project area. It is a perennial Bee1 and the 
area of this Beel is around 96 sq. kilometcr. At present, Nikni Khal connects the Bee1 with 
river Turag. Farmers of the surrounding lands use water of this Bee1 intcnsively during the 
season to irrigate their Boro field. A submergible sluice gate was under construction at 
the Beel, near the Medi-Asulia Bridge but stopped because of the local conflict 
sharing. 

Kalihha Beel: i 
Kalidaha Bee1 is a perennial type bee1 located on the northwest of Mokas Bee1 in Mouchak Unibn 
of Kaliakoir 6. The villa& of Taltoli and Bastoli are adjacent to the Beel. The Beel is 40 
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connected with the Turag River by the Saturia-Solahati canal. Water cannot drain out fully fiom 
the Beel because of the closed inlet. 

~MllrJ Bed: 
Karnlai is a pcrcnnial Becl. It is locatcd in thc Maddyapara Union of Kalialoir Ihana. 'lhc vlllagc 
Gupinpur and Saturia Solahati arc adjacc~~c to t l~c ijccl Tl~c 13ccl i s  co~incctcd with thc Turag 
Rivcr by a small canal (Kamlai Bcclcr Khal) through Saturia-Solal~ati canal. .lhc canal is 0.5 km 
long. 

K h u d  Beel: 
IQunai is a seasonal Beel. It is located in the Madhapara Union of Kaliakoir Thana. The Beel is 
connected with the Turag River through Golachipa canal. The length of the canal is around 0.5 
km. 

g&@& 
Ujan is a perennial Beel. It is located in the Boali Union of Kaliioir Thana. The Bee1 is 
connected with the Turag River by Dakurail and Narandra/Boali canal. The length of the canal is 
amund 2km. 'Ihe villages of Dakurail. Goalia and Piprashit are adjacent to the Beel. 
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2.2 HYDROLOGY OF TURAGBANGSHI FLOOD PLAIN ~ I 
Hydrology at this site and in all of Bangladesh is determined in large part by the monsoon from 
May- October followed by a dry period from November-April. The availability of watcr 
determines fish production, thc agriculture cycle and thc lives of the people of the area. At thc, 
Turag Site MACH staff havc studied rainfall, river and bccl water rcgimcs including tidal effccu. 
Additionally thc projcct has looked at watcr extraction from thc Turag within thc projcct area. 

Rainfall during the December to March period equals to 2 to 3% of the annual total. In the 
monsoon period from March-May, 20-25% of the annual total occurs. Also during this 
temperature rises to a maximum of over 40 "C. The south-west monsoon begins in the 
June and lasts until October and the rainfall during this period is convective. During 
heavy ramfall occurs over the whole region, relative humidity remains very high. Total annu 
rainfall shows a minimum valuc at 1400 mm around Tangail. 

Bangladesh Watcr Development Board (BWDB) has a rain g a u p  station at Mirzapur and daild 
rainfall has bcen monitored sincc 1957. Historical monthly dry and wct season rainfall o 
Mirzapur is shown in figure 2.2a and 2.2b. It may be said from the figure 2.2a that therc i 
virtually no rain in the month of January and Fcbruary in the Mirzapur area. Rainfall increases i 
May and reachcs a peak in August. 

4 
I 
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2.3 RIVERS 

Bangladesh Water Development Board (BWDB) has been monitoring the water level at Kdakoir 
and Mirzapur thana on the Turag-Bangshi River. Average daily water level has been monitored 
since 1950 without considering the tidal effect in the river. But according to local communities 
the Turag at Kallakoir Town has been experiencing greater tidal influences for the last tw 
decades, particularly in the dry season. However, BWDB has tidal gauge stations on Tongi Khal 
and Buriganga River, downstream of the Turag River. They are monitoring daily maximum and 
minimum water levels. 

River at Kaliakoir Town. Before 1970, dry season and wet season water levels shows a n o d  
trend. However, after that year the yearly lowest flow are trending downward while the yearly 
high flow are trending upward. The lowering of flow in the dry season is mainly due to the. 
Farakka barrage impact, deforestation at the upper reach, intensive Boro-rice irrigation. etc. lie 
Farakka barrage has had a significant impact on the major and minor rivers of the region since the 
barrage began operating after 1970. 

Withdrawal of water from the Ganga River by Farakka Banage during the dry season has 
reduced the flow not only in the Ganges but also affects all the rivers that make up the Ganges- 
Brahmaputra-Meghna system. As the dry season Ganges flow decreased due to the influence of 
Farakka, other rivers in the catchment began down cutting to meet these lower flows. 'Ihis has 
resulted in lowered channel flows and water tables throughout the region. Turag-Bangshi is not 
fed by the Ganges, but it is indirectly fed by the Jamuna / Brahmaputra River, and the decrease of 
dry season flow of the Ganges as well as ground water losses causes the decrease of water level 
of Jamuna, which is draining into the Ganges at Bahadurabad. 
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Figure 2.3 Historicsll maximum and minimum water level of Turag River 
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C The Turag River has been morc heavily influcnccd by thc tidc during ihc last two dccabcs 
particularly during the dry season. Tlus is due to the lowering of flow in the river during ihc 
season. Turag is connected with Mcghna River through Tongi Khal and the Lakhya River 

Ls also connected with PadmdGangcs through Burig'mga, TIIC rivcr syslcm is shown in figure 2. 

E BWDD data of watcr lcvcls of Tongi khal and thc l3uriyanga Kivcr has been a~lillyzcd. 

C 
maximum and minimum watcr lcvcls of Tongi khal and ihc Buriganga arc shown il l  

Tongi khal has an upward trend for its maximum watcr lcvcl aftcr 1970 whcrcas 
shows a stable trend. During the last 30 years, thc tidal lcvel of Tongi khal in tllc dry 
increased by approximately 40cm. Therefore, it can bc concluded that the tidal effcct 

P is likely to be caused by the Lakhya hver ,  which is connected with Turag through 
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2.4.1 WATER LEVEL VARIATION IN THE BEEES 

, Wakr lcvcls were monitored in thc t\vo inajor Becls of thc projcct, Aola Bcd and thc Mokas 
Beel. Two manual gaugcs wcrc instalkd in thc bccls in thc month of May 1900. 
Another gauge has been installed in'the Turag river in April 2000. Three k n l  rcadcrs havc bccn 
taking daily water level records sincc thc insto1lation. Sincc thc t\vo beck losc connection tvith 
the Turag in the Q?: season, no tidal fluctuation is visible in thc Bee1 during this time. 

d 

Figure 2.6 shows the walcr level variation in Mokas ~ n d  Aola Bcd. Thc \vatcr lcvcl of Mokas 
Bee1 increased sharply from the end of June and begins to decrcosc from Scptcmbcr. Thc gaugcs 
are tied up with a reference datum. 

Water Levels of Mokas Beel 
Year 2000 and 2001 

8 ! 
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Figure 2.6: Water levels of Mokas Bee1 during the year 2000 and 2001 

Figure 2.7 Shows thc d~i ly \\.alcr Icvcls of T u n s  rivcr in d ~ c  ?,car 2000 81id 200 I .  Turng has 
higher water levels in \\let season of 2000 than the 2001. I t  is also obscnxd from the graph thnt 
!he river experiences tidal effect in the dn scason, J a n u a ~  to April. In the dr_\ season, Tung 
virtually has no ffo\v. and it dries to a series of pool. \\.hich have been used as d q  season refuge 
of fish. 
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Figure 2.9: Water levels of Aola bee1 during the year 99, 00 and 2001 

Figuer 2.9 shows the water levels of Ada beel. Lt resembles to the water levels of Mokas 
beel. Both Aola and Mokas experienced higher water levels in the year 2000. 
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2.4.2 FLOW PATFERN M THP. BEEIS 1 

Aola Beel and the Mokas Beel are fed by the Turag River and rainfall runoff. Both beels drain to1 
the Turag River by a connecting channel. Their flow pattern varies with season. Their seasonal 
fluctuation in flow patterns is described below. 

Pre-monsoon: 
The pre-monsoon period is considered to be from March-May. During this timc, 20 to 35% 
the annual total rainfall occurs. Watcr lcvcls of the Turag remain low at this timc. Since th 
elevation of catchment area of Aola Beel is hinh and the area is largc. significant volume 
surface runoff of the pre-monsoon rainfall drain; to the Turag through the beel and connectin 
channel. Mokas Beel is at a lower elevation. Therefore, s u h c e  ~ n o f f  of its catchment stored i 
the deepest part of the Beel and in May additional water wmes to the Beel from the Tu 
through the connecting channel. 

Monsoon: 
During the monsoon period (June-September). water level of the Turag rises sharply and wate 
from Turag enters the Aola and the Mokas Becl by the connecting channels. Usually, most of th 
period Mokas and Aola drain to Turag. t I 

Post-Monsoon: 
During this time, water level of Tumg begins to drop and the stored water of both of the Bee 
begins to drain to the Turaa. Since the elevation of the connecting channels is raised due to 
silkion, at a certain stage, both beels loose their connection with the Turag. I 
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Inflow and Outflow of Mokas Beel Comparison to I 
Previous Year (2000) 
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Figure 2.10: Comparison of inflow and outflow days of Mokas bee1 during the year 2000 
I 

and 200 1. 

2000 (Jun-Aug): Days of Inflow fiom Turag River to Mokas Beel were 15 
2001 (Jun-Aug): Days of Inflow fiom Turag River to Mokas Bee1 were 3 1 

1 

Number of Jnflowdays is higher in this year because ofthe higher water level in the 
Turag compared to Mokas beel and, the less intensity of local rainfall 

I 
t 
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Sectlon 3:Hydrology and Water Resources of 
Upper Kongshow-Malijhee river basln 
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3.1 BACKGROUND 

The uppcr Konsshaw-Malijhcc basin is partly situated on thc Meghalaya Fan and on thc 
Rrahmap~~tra floodplain. Alluvial fans nrc yc~,crnlly found dong thc Mc~halnya foothills which 
arc located along thc northern border of thc basin. 'l'llc Old Utullt~lal)utrn floodpltii~l land c<)nsisls 
of sediments that were laid prior to the Brahmaputra Xivcr's avulsiotl in thc IR' ccntury. The 
topography slopes from the northwest to thc southwest with land clcvations varying from 31 .5m, 
PWD to 5.0 m. PWD. 

The Sherpur project site is a flash flood prone arca. The farmers of the sitc suffer repcated hcavy 
damage of their crops by the flooding from Shomeswari, Malijhiee and Chellakhali Rivers. Flash 
flooding occurs in these rivers more than once per year and spills over a large portion of the 
project area. 

Flash flood discourages the use of the intensive pond aquaculture in the area. Continued flood 
damage to the monsoon crop will force farmers to shift to dry season boro. The resulting 
increasing in abstraction of surface water and groundwater for inigation will cause damage to 
wetlands and environment during the dry season. 

3.2 RIVER NETWORK 

Thc major rivcrs of the project site include the Shomeswary, Malijhiee, and Chellakhali rivers. 
All originate in small watersheds within the Garo or Meghalaya Hills of India. These rivers form 
part of the upper watershed of the Syhlet Basin. All flow into the Sherpur basin and then out to 
the Bugai, the Kangsa and eventually the Syhlet Basin and the Meghna River. 

Maliihi River: 
Thc Malijhi River originates in the Meghalaya Hills (Tura Range) and has a catchment of 160 
km' within India. After entering Bangladesh the Malijhi continues southwards, it receives inflow 
from several channels and thc ~homeswari River, which originates from Darong Hills virtually 
doubles the Malijhi flow. The river then passes through a series of beels to the north of Sherpur 
after which it receives Challakhali River flow and join the Bhogai at Danakusa below Nalitabari. 
Malijhi carries huge sediment during the monsoon. 

Challakhali River 
The CMlakhali River also originates in the Tura R u g e  of the Menhalava Hills and has a 
catchment of 120 km'within ~ndia.  Within Bangladesh, the ~hellakhalicont&ues southward and 
passes through a series of beels south of Nalitabari before flowing into the Malijhce River. This 
is one ofthe most sedimentcanying rivers in thc project arca. 

ShomeswmM Rivw 
Shomweswari River originates from Darong Hills of Meghalaya Hill and has a catchment of 175 
km2. Actually Shomeswari is not a single river originating from Darong Hills, there are several 
channels of Darong Hills entering Bangladesh with different name like Shomeswari, Kalghosha 
nodi, Mora nodi etc but the combined flow known as Shomeswri River. The river passes through 
a series of beels to the north of Sherpur and then joins with Malijhi near S u b  north of 
Sherpur. 
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3.3 HYDROLOGY 

-*. J + :  I . ,  
I f .-. r. 

I 

Areas under study by the project include watcr levels at seven stations in the rivers and one 
rainfall gauge at Tinani Bazaar. The water level gauges are at 1. Dholi beel, 2: Malijhee River, 3. 
chellakhaliRiver, 4. Kapasia Bridge, 5. ~aitkamari bridge, 6. Kcwta beel and 7. Tenachura khal. 

+ The Kapasia and Baitkamari stations considered as the outlets of the river system. Once 
Kongsho-Malijhee basin h l ly  drained to Shomcshowri river of Netrokona district but in recent 

C 

history it changes its coarsc. Shomcshowri River at Jhenaigati Thana is characterized as Pagla 
river (mad river) for its nature of changing coarsc. It has already changed three courses and is 
flowing in a new channcl. Ihc rivcr flows ovcr scvcral bccis ru~d mccts with Malijhcc river at 
Paglannukh, a place on the Sherpur-Jhenaigati road. Around 617 years bcforc it was tllc nornml 
course of flow. However, due to the siltation at the Paglarmukh and reexcavation of Tenachura 
~khal of Sreebordi Thana, Shomeshowri River diverted from Paglarmukh to Tenachura khal. A 
significant portion of the Shomeshowri River flows to Tenachura. Tenachura khal is connected 
with Mrigi River which is a tributary of Old Brahmaputra River. 

Climate: There are no c~imatologically stations within the basin other than MACH rainfall 
station. Mymensingh climatological station, though located outside the basin, is the nearest 
relevant station. Maximum temperatures in the area vary from about 29°C to 30°C with the 
highest temperatures experienced during the period between March and October. Minimum 
temperatures range between 16" C and 20" C. 

Evapotranspirafion: Annual potential evapotranspiration as measured by BMD at Mymensingh 
is 1506mm with the lowest monthlv amount in December (87mm) -and the highest 
amount in April (162mm). 

. . . .. . - .:I - 
+ b 

3.3.1 WATiR LE-AND BEELS 

Five water level gauges are in operation in Sherpur site from June 2000. These are, 1. Malijhi 
River at Tinani bazar, 2. Chcllakhali River, 3. Kapashia Bridge, 4. Baitkamari bridge and Dholi 
bee1 of Jhenaigati union. Another two gauges arc in operation at Kewta bee1 and Tenachura 
Bridge from May 200 1. Figure 3.3 shows the daily water levels of four locations. 

Figure 3.3: Daily wafer levels in the Upper-Kangsha Malijhi basin. 
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3.3.2 RAINFALL 
There is an increasing trend of rainfall from south to north of the area. The mean annual rainfall 
varies from 2800mm to 4400mm. One rain gaugc is placed at Tinani bazar in Phenaigati union. 
The roadcr has bcen keeping daily rainfall records since September 2000. Virtually there was no 
rain in the dry season, from JawApril 20P 1 

Daily Rainfall in Sherpur 
Year 2001 
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3.4 PRIORITIZATION OF BEELS i 
Rapid sedimentation is a problem in Sherpur site. Siltation 
high and some are low. Therefore, in the beginning of Sherpur site activities, 
decided to concentrate in those beels which have low siltation rate 
sustainability and effective future management. To prioritize 
the basis of siltation, a survey was conducted in September 2000. 
considering the chennel network, source of sediment and 

{his regard. 
I 

deposited beels bad materials, etc. Also local peoples opinions were highly consider 

I 

Priority 1: Excellent. No siltation, no future possibility of siltation. 
Priority 2: &I&. Very Low siltation rate. Siltation by fme material. No direct connection wi 

Channel. Far from sediment carrying channel. Low possibility of filling in 
Priority 3: Good. Low siltation rate. Siltation by fine and medium coarse material. Not 

from sediment carrying channel. Low possibility of filling in future. 
Priority 4: Bad. Relatively high siltation rate. Very close to or dircct connection with 

carrying channel. Possibility of filling in far future. 
Priority 5: Verv Bad. Very high siltation rate, possibility of filling in near future. 

Table 3.1 and table 3.2 shows the list of beels and their priority index. i 

Table 3.1: Priority List of Beels of Shomeshori River Beel Complex 1 
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'ity 
(See figure 3.3) 

5 
6 
7 
8 
9 
10 

Beel Code 
1 
2 
3 
4 

sonaikuri 
Bailsha bee1 
Kakilakuri 
Noladoba 
Bolai doba 
Baila 

Prio 
5 
4 
3 
4 ,  

Beel name 
Gozar mari bee1 
Nishinda beel 
Kachimmari beel 
Dholi beef 

~homeshori 
Relatively low siltation 
Low siltation 
Lower siltation than Dholi beel 
No direct connection with Shomeshori 
Low siltation rate 

Description 
Direct siltation by Shomeshori R. 
Relatively low siltation than Gozarmari 
Low siltation rate, far from Shomeshori 
High siltation rate, connection with 

3 
1 
3 
3 
2 
1 



Table 3.2: Priority List of Becls of Malijhi-Chellnkhali Beel Complex 
(See figure 3.4) 

most silted up, no kum 
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Not Scaled Map 
~umbcrrhows the Beel 

Priorlty 3 1-J Good 
priortty r -d Bad 
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Nalitabari 
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3.5 RECOMMENDATION 

Watershed Hvdralogy 
1 

I 

MnJor p r o b b s  in the Kongs!1uw4bhlijhee site us b e  AP3h flood aild riltrrtion. Naturdiy t 
flash noad prow area, huwevcr the situation has been -vat4 due to unpianned 1 
n&work and the siltation of the chahnel. In a prelirnimry m9 in tho project site, it was 
on the Sherpur-Nalitab~ highway, 29 bridgedwlverts were found in its 26 km distance. 
openi~lg is 1.29 m per 100 in. Also iruufflcieat qxmings were found on the Nalka 
highway (2%). Due to the d&me cmgestloq the b e l s  and Wlrls are getting silted 
causes biodiversity loss rapidly. 

- Shomesbawary and Malijhae carry huge sediment e s ~ h  pa h m  its upper reach. Al 
becrIs of Shomeshwori marae krr been filled up Uka G~znmnurl bed and some are t 
disappar. A survey waa conducted rt a place of C b d l a b l i  f iver where commerciai 
proctied; it was found that around 1 Lack tons of sand was being fansported each y 
Other small river iike Kalaghoh fiver d e s  hw sadlmsrld .each year. Irnm 
h l d  be taken to reduce tbe &hen& intrusion i a o  tha he1 m w .  Riparian p h  
Uppershed plantation may r & a  th dimentation but it is a cms boundary problem, 
manage. Therefibre, ~c~ rnemmma may improve the s-ikmtian. Cheek darn 
many oountries to prevent redimant laad at a place. On an experinlental basis, a C 
cotlrtructtd on the Kalaghoaha river of Jhendgati Thana. 

Sherpur is a new site in the MACH project. Therefore the existing lhonitored hydrology data is ot 
sufficient to analyze hydrology of the site. Some more years monitoring need to be continued. i 

MACH Hydrology Repam 





4.1 INTRODUCTION 

MACH intends to incnase mtud production of fish and other aquatic biodiversity thou 
ecdogiarl management of wetland habitats with active participation of local community. One 
the objectives of MACH is to reestablish lost connectivity among the diversc wctland ha 
for frcc movcmcnt of fish md othcr aquatic o~gwlisms. OIICC Hail haor was mncctcd 
Kushiyara river and it was rich in fish production specially rivcrine syecics of fish. Ho 
fish production reduced mubstarlrial4y due to the loss of connection. 
Thcrcfore, MACH has taken initiative to study the feasibility of rc~stablishing conncctiviiy 
between Hail Haor and Kushiyara Rivcr and thereby cmurc increased fish production 
biodiversity in Hail haos. - .I! 

I1 

I The feasibility study of the Hail Hmr Irrigation Project wae amducted by Consulting Enginee~ 
(Pakrstan) Ltd. (CEP), Dhaka with the assistance of Burgers Associates, Sak Lake City, USA, 
under an agreement with the erstwhile ?kt Pakistan Wakr and Power Development ~uthori* 

I 
(EPWAPDA), in 1964, 
Bangladesh National Consulh~ts @NC), Dfuka werc invited by BWDB (1973) to take up 4 
detaijcd design of the Hail Haor Irrigation Project A ckaft Feasibility and definite Proje 
Report on Hail Haor Irrigation Project wss published in 1976, fbllowcd by s design Report 

I an Operation and Maintenance b u d  in 1977. 
f 

In mid 1976 an agreement was signed between the BWDB and NEDECO. BWDB 
NEDECO started to update the so called "Gooup A" projects, followed by "Group 8" ptojec 

I the k t  covered in an extension of the first agrcemwt beween BWDB and NEDECO. One 

1980. 

f the "Group B" projects is Hail Hnor Irrigation Project and preliminary work s a  in Februa 

4.1.2 BACKCROUNP OF KAMARKHALI SLUICE GATE CONmUCTION !' 
r.. - i ~ ~ ~ ~ ~ ~ ~ - . ~ ~  I 

, ,. ., --., 
n;d &%& ~ = 6 4  dcvclopncnt board had cond~crcd a study on Hail h o r  and Boro ha& 
during the year 1963 ~IXJ -1964 aiming to protect the area f&n the early spring flood ank 
facilitate the area with irrigation. Ir  was concluded in  the rcporr aa follows: 
"1. Damage to harvestable Baro crops in thc Hail hot, Born haor and in the adjacent ar 
during early spring hods are primarily due to the backfiow from ' ~ u s h i ~ a r a  througb 
Shakabbarak. 
2. For the present cropping paern, the present drainage H~ciency is adequate for pos 
monsoon dxainage. During the apring floods, however, the drainage efficiency of the Gopla riv 
is low due to the backflow' fiorn Kushiyara through Shakaborak and there is drainag 
congestion. 

is necessary. " 

i 
3. In order to save, damages due to spring floods, a control structure at thc intake of shnkabarak 

The drainage outlet of the Hail h o r  is the Gopla.river which flaws first northword, then swing, 
south-west into the Gunjajuri h o r  and fhally flows through thc channel of Ratna river into th , 

50 miles. It drams not o d y  Hail haor basin but also Gunjajuri haor and Bara haor. The drainag 
of the area was slow before the constmctim of sluice gate near Shakabamk offtake because th 

i 
Dhakswari river at a point above a milc upstream of Madna cuvming a total distmlcc of abo* 

t 
capacity ~f the river \vaa not adequate to drain large volum of accumulation water of the tw' 
haon which arc fed by number of strssrnr from the surrounding hills and the backflow 4 
Kushiyara. 1 
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During monsoon d l  rivers maintain high stages leaving no scope for gravity drainage for the 
low lands of the area. In the normal, years whcn carly spring floods did not occur and thc stage 
of river Kushiyara was not high, the run& resulting from the small amount of rainfill on the 
Wail ham basin is completely drained into the Gopla river which ultimately drains into Sunna- 
Meghna river near Madna. 

4.2 FACTORS CONSIDERED IN THE STUDk 

The connection of Kushiyara river with the Boro Haor was disrupted due to manmade 
intervention. Most of the closers were donc undcr the plan of Water Development Board to 
enhance Boro cultivation in the area, and other channels were silted naturally. Thcrefore 
foI1owing factors should be considered before reopening the channel. 
o Peoples opinion about the reopening of the channel whether they are against it or not 
o Bed level of Shakaborak intake and the average bed levels of Boro and Aman lands in and 

around the Boro Haor to know the slope of the channel and thereby flooding of the Boro 
haor by Kushiyara river 

o Aman and Boro plantation and harvesting perlod in the area and the occurrence of floods in 
the Kushiyara 

o Historical highest water Icvcls of Kushiyara during thc Boro harvesting period 

4.3 INFORMATION COLLECTION AND FINDINGS 

Average altitude of Aman and boro lands in and around the Boro haor were determined by a 
DGPS survey. Two GIS experts of BCAS, Mr. Abdul Alim and Mr. Nazibur Rahman have 
conducted the survey. Altitudes of different locations wcrc referenced with a known point near 
Moulvibazar town. Altitudes were takcn at the inlct of Shakaborak, Aman transplanted land 
around the Boro haor periphery, Boro lands which was undcr water during thc survey, Bizna 
Bridge section which is the common outlct of Hail and Boro Haor dccpcst point. 

The estimated bed elevations are as follows: 
Kushiara at Shakaborak offtake : 5 m 
Bizna river bed at Bizna bridge section: 2.2m 
Average Boro lands: 2.5m- 51x1 . ' : 
Average Aman lands: Above 5m ' 

Deepest point of Boro haor: 1.32 r17 
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Figure 4B.1: Average elevlpiian of knaa and Bdro land in the  orb Haor. 
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Table 4B.1: Historical highest water levels (rn,pwct) of Kushiara in the month of March, April 
, .and May 

Year I March '1 A p r i l  I May 
19591 4.571 4.861 

I 

+ 12 - E 
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1: 6 Aman Lands 

.................. 4J 
rd 4 Boro L a d s  .................. z 2 
7 
w O M  I 
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[ -+~arch - ~ ~ n l - p ~ a ~ 1  
Figure 4B.2:Historical Water Levels Variation of Kushiara River near Monumukh 

during the Month of March, April and M a y  
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Pigum 4BJ: Histmid wst and lowest waterlcvcls of K+ river at M m  Mukh 

4.5 PEOPLES Wffvl[CWS ABOUT SlUiKABORAK. 
OPENING a. . 

MkLy p m p 4 s  WbrC l e d  frOm $hkak& 
v. ItSUSd%d-\ppfi 
imLkcaru w0ra rnbamf.** 

be kmsr from w&. 

humwe hwe lands are inmkivs ly  l&b 
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3 h & k d .  Paoplw of uWm ride a 
of die Shakhorak bautw hey would bc db 
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from it. 

4.6 PROBABLE ADVERSE IMPACTS AFTER 
REOPENING OF SHAKABORAK: 

1. Hugc Boro lands of Boro Haor might bc dcstroycd bcforc llarvcsting bccausc of thc carly 
spring floods in the month of Mardl and April. 

. Drainagc congcrtion lnay bappcn at UIC i)irnn rivcr iwal  ocuusc 1s17~u is tho onifv&a& 
outlct of Hail and Boro haor. Bizna also drains thc Gunzajuri Waor of Hobigonj districj. 'l'his 
river is not wide enough to drain off the rainwater of Hail and Boro haor watershid. The 
additional water of Kushiara which. will pass through Boro ham after the reopening of 
Shakaborak may cause drainage congestion at the Bizna point. Also the Kushiara water will 
cause backflow to Hail haor and destroy the Boro land of the Hail haor too. 

3. Because of the drainage congestion at the Bizna point, suspended sediment will deposit at the 
point and consequently river bed will be raised and a permanent water logging will take 
  lace. 

.4.7 RECOMMENDATION 

It is of no doubt that the fish production as well as blodlverslty of the Boro haor and Hail Haor 
will be increased if the lost connection is reestablished through Shakaborak river. However, the 
re-opening of Shakaborak will be devastating without putting a control structure on the river to 
prevent intrusion of early spring flood of Kushiara River. The construction of a traditional type 
under-shot shice gate will not fulfill our purpose to migrate fish fiom Kushiara to Boro than to 
Hail Haor. A fish friendly spill type gate may be constructed to enhance fish migration. 
The only active existing canal connecting Boro haor with Kushiara is bnarkhal i  khal. The 
existing Kamarkhali sluice is not in favorable condition of fish migration because of its high 
velocity in the sluice. Therefore;wnstruction of a fish-by-pass is necessary to accelerate fish 
novement 
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5.1 INTRODUCTION 

Hail Haor watershed management plan, prepared by Centre for Natuml Resources Studies (CNRS), envisages 
integrated development of Hail Haor basin and its watersheds spreading over the Satgaon, Foyzabad and 
Balishira hills ranges of the Sreemongal Upazila of Moulvibazar district. The goal and objectives of the plan 
is to demonstrate on a sub-watershed scale, improved land and water management practices that are 
conductive to improving the quantity and quality of watcr, reducing the scdimcnt inflow into thc haor basin, 
creating congenial habitat for forest-based resources production and long term sustainablc utility of haor basin 
as productive fishery ground. 

In order to achieve the goals and objectives of the program, regular monitoring would be required and 
conducted. Two types of hydrology monitoring have been conducted; I .  General hydrology monitoring 
comprising discharge, sediment load, minfall monitoring at a lower frequency of the representative 20 
Chhoras of the entire Hail haor system, and 2. Intensive hydrology monitoring of selected two Chhoras sub 
watershed, Joita and Jag, at a higher frequency to characterize rainfall-runoff and sediment loading relation of 
different land use pattern. This section will cover the intensive monitoring only. General monitoring is 
discussed in section 1. 

5.2 STUDY AREA 

Two Chhoras and its corresponding watershed were selected for intensive hydrology monitoring. These were 
Jag Chhora from the east side of the Haor and Joita Chhora from the west side. Jag Chhora and Joita Chhora 
originate from the Balesera hills and the Shatgaon hills respectively. Both are perennial in nature and carries 
huge sediment in the rainy season. The GIS division of BCAS delineated sub-watershed of these Chhoras 
from IRS image of Hail haor. Delineated watershed of the Joita Chhora is 667 ha whereas the Jag Chhora is 
1004 ha. Length of the Joita Chhora is around 9km and the Jag Chhora is 14km. Figure 5.1 and figure 5.2 
shows the study area. 

For intensive hydrology monitoring, both the Chhoras were divided into three sub watersheds. The divisions 
were done mainly on the basis of land use. Overall land uses of the two watersheds are tea, lemon and 
pineapple, forest and other homestead agriculture. I 
The Joita watershed was divided into three sub-watersheds. Theses are defined as follows. I I - 

I .  Lemon section or uooer reaches: This is the hilly portion of the Joita watershed. The land comprises 
the tea and lemon-pincapple garden. Total area is 360 ha and 50% of it is Lemon garden. 

2. road section or middle reaches: Total land area is 212 ha and 80% of the land is tea garden 

3. Metalled road section or lower reaches: Total land is 95 ha and mostly used for homestead garden 

I 
Also. Jag watershed was divided into three sub watershed. These were named as follows. 1 - - 

I .  Lawa Hills section or uover reaches: This is the hilly portion of the Jag watershed. Total area is 676 
ha. Mostly forest area and some portion (around 20%) of it is the tea estate. 

2. Metalled road section or middle reaches: Total land area is 239 ha and 90% of it is tca 
3. Haor section or lower reaches: Total are is very small, around 90 ha and all arc agriculture land I 

I"' 







5.3 HYDROLOGY M O N I ~ O ~ G  

l'kree round of monitoriqp mn carried out in tbe month d May, + and July of 2000. May is considefed as 
the pre mowoon period aad the June and July is conoidwd u mammn. .In cach round, monitoring 
continued for 7 days. Also in the 2001, three round of monitoring wcrc canduckd. Thesc were in the 
of June, July and August. 

Four types ofrnearmrehtmt were bed out. fist wcrc: 

1. R;lcinfan m-remea: T w  rain gauges warc placed at the mimiddie r of both of the Chhoras. 
reading were taken at three houm interval, from morning 6 to cvedng 6. , 

2. W a r  h e 1  measurement: six w a o h  euges were placed at six 
k 6 .  

of the Joita and Jag C 
Mcasurcments were taken at three hdun Intcmk, from rnmina 6 to s 

I 
3. t u e a r u r c m :  Flow doci t ies  were measured by using aak at the section of wate level 
monitoring station. Mcasured fkw velocitiw were ficqucntly &d by Currant meter r ing. 
Measurements were taken at three hours intervals, from morning 6 ta e~~ 6. 

4. Sedunent content measurement: Standard sediment tampier wm collect sample during dis harge 
measurement. Samples were takn at thrae hours intends, from i ~Tklf - 
Suspmded sedimenb were s&M dawn by noccukting agent and ma+ured vplume of the contents. Ahd, - I r - 
water samples were filtered, dried and weighted by cleotmnlc balsnce M estimate the specific weight of t h e w  
sediment. * + 

5.4 RESULT AND ANALYSIS 

Rainfall variation over the Jag and Joita Chhora is presented in figure 5.3. The presence 
Shatgaon and Balesera hiIls on the west and east side of the Hail haor inhence the l oad  r a d  
orographic effect on the Joita Chhora watershed causes more rainfall than the lag C a o r a  

5.4.2 RAINFALL AND n o w  

Hilly streams are usually flashy in nature. Both Jag and Joita C W B  flalrh in a small rain. On 
water levels usually occur in a half an hour moderate rainfall. To crt& %s pcaR flow intmsiv 
three hours interval was conbucted. General monitoring doesn't catch thid situation. Figure 5. 
present the response of Jag and Joita Chhara with rainfall. Diochrga at 41 scdim of Joita 
sharply with rainfbll md dropped after the rain. However, in the Jag Chbqn at the upper 
occur quickly as the rainfall intensities. This is because of the &me fortst mvcr ~f the Lowa hill 
upper reach of Jw Chhora. 







5.4.3 INFLOW AND OWI'FLOW OFCHHORAS 8 
Figure 5.6 is the isometric presentation of inflow (rainfall) and outflow at three sections of Jag and Joita ' 

Chhora. Only the rainfall events of the three round of monitoring and its cornuponding discharge were 
considered. First round of inflow and discharge were prcscnted as May Rainfall and May Outflow, second 
and third round of monitoring were presented as June and July rcspcctively. In the first round of monitoring, 
1" wcck of May, Rainfall intensity ww higher t h ~ n  thc ollrcr-  jut^ and July monitoring. Comyantivcl y, lo\\*cr 

I 
rate of runoff w k  seen in the Lawa section of Jag Chhora than thc Lemon seotion of Joita saction. 8 
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Figure 5.6: Inflow and outflow at three sections of Jag a t ~ d  Joita Chhora. hf low means the 
rainfall volume of the corresponding period. Outflow means the volame of discharge of the' 
same period. 
5.4.4 SEDIMENT LOADING 



I-. 

Joita Chhora: Sik mntcnt of flowing water was plotted against thc timc interval in figure 5.7. ~ 6 r  better 
understanding, silt content per 1000 m3 of water was computed. Percentage of silt in the flowing w#er was 
almost same in the Tea road section (middle reaches) as well as Lemon garden section (upper reachesj. Figure 
also show the same tendency of increased silt contents with rainfall event. On the other hand, m y  road 
d o n  (Iower reaches) varied with others. The change of silt content didn't foIlow the rain event always. Si 
content was higher in this section compared to othcr sections mainly due to the land use of the 
area, bank erosion at many places along thc channel rcachcs. General land use of thc 
homedead garden, potato and other vegetable garden. Soil erodes easily at this area with a small 'rainfall 
event. Also, huge volume of water passes through this section and this causes bank erosion at many &ces of 
the channel. I 

Jag Chhora: Percentage of siit content per LQ00rn3 of flowing water of Jag Chhora is relatively 
the Zoita Chhora (figure 5.8). Also the fluctuation of siit cmtent was quite related wi&,@,ralnfal 
This is because of presence of comparatively good vegetation covet. in this watershed. 

I 



Figure 5.7: Joita Chhora: Variation of Sediment content with rainfall 
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Figure 5.8: Jag Chhora: Variation of Sediment content with rainfall 
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5.5 SUMMARY OF ANALYSES 

Table 5A.1: Facts and finding of Joita Chhora 
Joita Chhora 

Table 5A.2: Facts and finding of Jag Chhorn 

9 
10 
11 
12 

in the monitoring period 
Volume of Outflow at three storm events 
Volume of SUt flow at three storm events 
Rate of  Land erosion from sub-catchment 
Avaage sUt conienb in the flowing water 

1191801~13 
35 tons 

0.052 tonlhn 
0.29 kdm3 

1157517 m3 
286 tans 

1 tonlhn 
0.25kg/m3 

1071 9071~13 
407 tons 

1.34 tonhn 
0.38 kgJm3 



L 5.6 RECOMMENDATION 

I Immediate Measures 

I, 
One of the objectives of the study was to understand the status of sub-watershed in respcct to soil degradation. 

I 
Analyscs of the two Chhorns. Joitn and Jag, showcd high siltation ratc. Thc crodcd scdi~ncnts arc carricd by 
the streams and ultimately rcaching to Haor, filling bccls. If this proccss kecps continucd for a decade several 
inches of sediment will be pilled up and many beels will lose their perennial nature and lose habitats. 
Therefore, sediment intrusion into thc haor will be stopped immediately. 

1.. o Check dam construction: As immediate measures, Check Dams may be constructed on some 
sediment carrying streams to accumulate some portion of he carrying sediment at a specified 
location. Check dam concept is new in Bangladesh but widely used in many countries like Indonesia, 

L Philippines, and India. This is also known as sediment storage dam, this artificial dam is usually 
designed to intercept and trap wate.rbome sediment. The dam has a principal spillway that allows 
water to slowly flow through, allowing the sediment to settle out. The spillway may be in the form of 

I notch or box inlet. Already Chhora Resource Management Organization (CRMO) has been formed 
in the Joita Chhora reach. So, as an experimental basis, Check dams may be constructed on this 
Chhora. The CRMO can manage the chekdam, remove sediment each year from the site and earn 

I. money by selling the sand. Therefore, there are two-way bcnefits from the chcck dam, rapid 
sedimentation of beels will be slow down and the local CRMO will have a source of income. 

I o Bank protection: There are some places along the stream reach which are vulnerable to bank 

I 
erosion. These skewed portion of the Chhoras need to be protected from erosion immediately. 

Check dam and others are not the permanent solution of stopping rapid sedimentation. To reduce the soil 
erosion proper watershed management is must by the active participation of he community. The following 
measures should be taken. 

o Riparian plantation 
Riparian plantation along the Chhora reach will help in dissipate energy of the hilly streams by creating 
obstruction and thereby reduce the bank erosion. 

o Cropping pattern change 
Present'cropping pattern of lemon and pineapple is a major cause of soil erosion. Vertical plantation of 
the pineapple w~ l l  be changed to contour plantation. Alrcady MACH has demonstrated a contour 
pineapple garden in Sreemongal, and MACH is receiving very positive response from the professional 
pineapple garden owner. 

o Uppershed plantation 
Uppershed plantation is necessary to develop the sub-watershed. 



o Controlling herbicide use in'tea garden 
Study showed that tee estate has also great contribution to present sediment loading. Though the tea.land 
is covered with trees, splashing of rain can't reach to the soil, however the soil is beard due to the use of 
herbicides which is extensively being used in the tea estate. The use of herbicides should be controlled. 
o Proper use of stream water 
Stream is the only source of irrigation water in Hail haor site. Earthen dams usually constructed across the 
stream to pile up water at a section and gravitational irrigation is done. Therefore, virtually stream flow 
can't reach upto haor causing water scarcity in the haor in the dry season. Most of the cases, diversion of 
water continued beyond the actual demand of water. Therefore, proper sharing of water is essential 
leaving a portion of water for haor. 
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