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ARSTRACT

In Bnngbde8b groundwater irngn1Jo[] " a common I'rnclLcc lor agricultural pro<!uctlOll

IncreJsed lI>;CoC groundw<ller m'igation for ngricullural uses mny ha\'e resulted in

dcclincs of dry season stle~mflow and hasdlow, In thl8 study, an attcmpt was mude to

inve5\lgate the rciatlOn of thc Tangan River dry ,cason flow amI bascllow with the

ahstractlOn of groundwatcr m il~ catchmcnt through the systematic use of ;tatistical and

basel10w separation techniques, Dala analyzed include ~treamf1ow, baseflow, and

groundwatcr I~vel,. The b"sel1()w separation WilSdOllc using the sofhvarc BFLOW,

Rom ,cnson (J,lllUilryto early May) W<lS~on~idered for the study smee groundwater is the

only source of irrigotion during thcse four months. Average deeadal (10- day) streamflow

and b~senow were calculiited I"orthcse four monlhs over a pcriod from 1973 to 19<)3,

Time series of average deeadal srlreamflow and basellow showed a declining trend of

nver now, The study estimated the percentage of avcrage streamflow and haseJlow

reduction in the Tangall River during these four months period over the study time of

1973 to 1993 and these ,vere founl! to be 41 % and 35 % respectively. Trend line filted to

the lowest groundwater table wa;; also found to be downward and this indIcates the

lowering of groundwatcr table through the time pcriod of 1973 to 1993. An increased

amount of groundwater was withdrawn from the study area over the study time, which

wa, estimated from dwwdo''''1 alld specific yield data. A correlation coefficient of -0,66

bet,veell (he strcamllow and groundwater abstraction was obtilined for the period from

1973 to I~93. For basellow and groundw"ter ilb,tmc\ion, the eorrel~tion c()efficient was

fouml to be -0,67, l'urlhemlOre, for baseflow, the C()lTelation cocf1ieient increases to

-0.91 if data from 1978 are considered due to their better reliability. Groundwater

abstrilclH)n correlates well With baseflow (-0.91) than streamflow (-0,66). With I unit

incrcase of groundwater abstraction, baseflow of Ihe river would decrease by about 0.2

uml. The statistical analYSISmdicates th~lthe primary factor causing the streamflow and

baseflow declines i~ lowered gl'Oundwater level callscd by increased abstraction mainly

fmnl dry season irrig,ltion,
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C1-1AI'TER ONE

INTRODUCTION

I.J Background of the Study

Streamflow of a river con;n;ts of thrcc components: surface runoff, interf10w and

ba"ellow. "j hrough most ofthc dry scason (Novcmber - May) of the ycar, tbe strcmnllow
,

IS composed prim,mly ofbaseflo\\'. Dunng the wct season (J\Lne - October), discharge IS

made up of its lhree component,_ Thcrcrore, basellow is thc major c()[]t"butol" to

,treamflow, nol ollly in pcriods of low 110w or without raill but also during Iloods,

Hasellow is an imporlant component of a gtreamflow hydrograph, which comes from

groundwater and/or ,hallow sub,uriaee storages. Dry scason streamflow is gcnerally

reg<lrded as bcing a re5l1Uof groundwater discharging into the stream, while the direct

runoff n, considered 10 be the result from overland or near surface !low, Dctailed

knowledge of grOllndwatcr conlrihution to strcam. I.e, basel1ow, is important m many

water management areas: water supply, wa.,te water dilution, navigation, hydropower

generation and ayuifer characterizatIOn. AI>o, haseflow can directly hc related to ,Iyuifer

rechal'ge (J3niles. 1978: Wittenberg and Sivapalan, 1999; S~l1agyi et aI., 2003), WhlCh i;

cnLcial in ascertaining safe y",lds of water development schemes, 5\Lch as irrigntion

planning in the Great Plams (Sophoclcous, 2000),

In a stream-aquifer system, the stream may receive discharge from groundwater when the

water table m the aquifer is higher than the water level of the stream. If there 15good

hydraulic connenioll belween an unconfined aqlJlfer and a surface water hody, pumping

well located ncar a river call di~erts groundwater flow, which llilder natural cond,tions

would have discharged into the river as bascf1ow. As a resull, the hase110w to the river

1111ghtbe reduced. As pllmpmg continues, a reverse hydraulic gradient around the river

may he formed and the nver begms to discharge water to the aqllifCl', This induced ri~er

infiitlalJon further reduces streamflow. The reduced baseflow and induced river

illfiltration may lead to total streamflow depletion and there may be a change in 01'loss of

wildlife habitat or a declme in the Jishel'Y.

•••



2

!3angla<.lc~h is a highly p()l'lLlal~t.ICOULlII'Y.I'OjltLlaUOIlof the lOlllll"y has bc~n incrc,,~ing

d~y by day_Agricultural production has (0 be increased 10mcd 1he growing foot! demand

of the countrys POPUlil\lOll.AgricultmJI productivity hold, the key (0 the cOHnlr;(s

overall economic growth aml wclfnrc to its people. Irrigation is the lifeline of agriculture.

Bangladesh has fertile agricullurallalld and abumlanl water in the wet season but limilC\l

watel' at the lime of need in (he dry season. In Bangladesh, minor irrigation plays a

po~ltjve role to lmprovc agricullur,,1production during the dry season. MlIlor liTigation

was introduced 1Il Bangladesh in early sixties using low lin pumps. The emphasis SOOIl

changed to groundwater abstraction initially through deep tubewells (DTWs) followed by

introduc\lon of shallow tubewells (S"I Ws) (BADe, 2(06). Agricultural productivity has

increased through the expansIOn of groundwater Inigated agriculture. In the study area,

~roundwatcr has been uscd 10 meet the domestic demand as well. But groundwater usc

for agricullure is greater than thai for the household purpose. So, groundwater irrigation

has become a topic of lIlteresl lTI this study. In the s!ltdy area, the flows of the Tangan

River is lowering over the years and during the dry season it reaches to its lowest level at

which instream r~quirement cannol he maintained. This will he harmful for the

ecosystem. Local people then cannot use nver water for domestic und other purposes and

they have no other wuy thun to depend on groundwater. Local people of the study ilrca

u,e hand tuhewells (HTWs) for their drinkmg purpose, and for imgation they depend on

DTWs under the Barind Multipurpose Development Authority and also on STWs under

their private o"n~rsll1p. As a result a hllg~ amount of groundwater is abstracted every

year ami the continued increase in abstraction might have p"t pressures on grollndwater

toble.

At present, the main sourcc of irngatlOn wuter in Bangladesh IS groundwater covering

about 75% of the tolal miguled area (BADC', 2006). Recently groundwater based

irrigation system IS experiencing difficulties in dIfferent parts of the country as sballow

aquifer level is gelling 0111of reach due to fast depletion of ground"ater table.

!ntcnsitlcat;on of migallOn with pumped groundwater is considered to be a reason for the

depldion of groundwater table. Incrcasing groundwater wilhdrawal may rcdllce the

baseflow tlllhc river. Conseqllently, the flow available for the envlwmllenl could decline.

,
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Thus, the r~duclioll ill basef1"w, alld hence (he SII'CJIllf1ow,might have ad\'erse il1ll'acll)ll

many waler relalc<l projecls and aquatic vegelation and species In this stlldy. ,Ill ,,[(empl

has beell mm.lc to cv;lI""tc th~ circe! of grolllltiwalcl' irrigal1011 on dry SC;lSOIls!rcatnilow

nnd \la<;ef1ow oftlJe Tangan River,

1.2Objcctive~ of the Study

The present study has been camcd out jD find <lut the effect of gwundw<lter abstraction

on 51reamllow and buscflow of the Tangun River as a result uf increased ilTigation. The

possible outcome of the study would be hclpfullil planning water hulor projects and lor

agricultural water management of the study area as well as of the cOlln!ry. The speci fie

objectives of this slm.!yarc:

I. To allaly~e the trend in observed streamflow data ami separate the b,,~ellow

component 0 f the streamflow hydrograph using digital filter technique.

2. To analyze the trend in observed groundwater level data.

3. To establish a reiallOnship of dry season streamflow and basef10w with groundwater

imgation,

1.3 Ol"l:alli7.aiioll 01'the Rcp"ri

The report has been arranged in Slx chapters, lntroductory aspects like background of the

study, objectives of the sludy and how the report is organized are discussed m this

chapter.

Chapter two reviews the available literature related to the study. Literature regarding the

streamflow hydrograph. ba~eflow separation, river aquifer mteraetion, groundwater

development, safe yield criteria ami groundwater table arCrcviewed here.

Chapter lhrcc includes methodology alld data collection, 1n Ih,S chapter data collection,

tlata processing for c"rrying out the analysis and the rnethod which is followed in the

study are discussed.

-'
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Chaplcr limr t;ivcs ,I geller'll descriplioll of the ,111l1yarc". [I de"crihe, the I'K,,110'1,

\lpa/,lilas covered. population, clilll;llC, soli, cropping pallern, n"cr syslem aLld draLIl"g~

network, wrJ;1cc water irnsatloll project and grollndw.~tcr irrig"tion in (he ,tndy arca.

Chapter five describes (he ddailcd analysis illld results of tho study. Dry season

stream !low, !Jasef1o" and groundwater 1evcl data are analyzed in this chapler.

Finally, some conclUSIOns of the study and recommendations for further study are made

in chapter six,

•
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CHAI'TER TWO

LITERATURE REVIEW

2.1 Strc"mf1ow Hydrograph

A hydl'ogmph i8 a graph showing dIscharge versus time. Discharge hydro graphs of rivers

,,,rry (he cumulalcd inf"mmlJon on tbe ~"rious hydrological proce~scs occlir III

catchments and the int1ucncc,; imposed OIlthem, Water that reaches the stream comes

[n)m three sources, namely from surface runoff (overland flow), inlerflow, and base flow

(grounuwatcr flow). It follows that a streamflow hydrograph may be made up of three

components, i,e. surface runoff, interf1ow, and bascflow. In addition, the term dued

runoff refers to the ,un! of surface runoff anu interflow. 1n this case, direct runoff and

bascflow arc the two components of a streamflow hydro graph. The proport](lTI or Slream

waler (hal is derived from groundwater inl10w varies across physiographic and clim~tic

settings,

Wilhams amI Pinder (I YYO)have sho\vn !hal groundwater makes lip more than 90% of

thc streamflow in portions of the Atl~ntic Coastal Plain. Part of the precipitation on the

hasin infiltrates through lhe soil ?,one to tile water table and becomes grollndwater. Some

of this groundwater 15 subsequently discharged to the slreams as basdlow and some is

lost to the atmosphere by evapotranSplra.tlOn.

The amount of groundwater that eonlnbutes (0 streams C~llbe estimated hy analyzing

slream1low hydrographs 10 dekmline the groundwater component, which is termed as

ba,dlow. Several different methods of analYl,;ng hydrographs have been proposed hy

hydrologists to estimate the hasenow component of streamflow. A streamflow

hydrograph is generally a graphical, tabular, or mathematical reprcsentation of the now

dlSeharges ofa river, stream or canal thaI pHSSthrough a given cross section >I.' a function

of lime Al the very beginning in a streamflow hydrograph, the flow is about con5tanl or

decreases with time, thcn it increases reaching a maximnm valuc, and thereafter the flow

decrease~ or recedes through time. The mcreasing part of a flood hydrograph is called



rising. limb: the part mound the Ill""imUlll flow is called the CIC,t, nnd lil"t or deCi'CL\,illg.

!lows after the flood peak is called the JaIling or reeession limb .

•
Discharge

Rece~sion
limb

Time

•
Ftg. 2.1: A typical s(reamllow hydrogwpb

2.2 Haseftow Separation

Hall (1968) and T~llab~n (1995) slated thaI baseflow separation from ~treilmllow

hydrogwph, had long been ~ topic of interesl in hydrology ~ince the bascllow recession

curve itself contain.'> valuable information "bout the aquifer properties. R",elluw

separation from quick storm respow.e IS required for numerous widely used hydrological

models (e.g. HFC-l Ilood hydrograph package by the US Army Corp8 of Engineers. unit

hydn,graph techniques) ~ml other waler resource Jppli~~lions (Vogel and Kroll. 1996).

The tir,t step in hydrograph analysis entails sepuration of streamflow into the two major

com]Jonent~: surface runoff and basel1ow, Pinder and Jones (1968) cited that the exact

sepmation of each component is often arbitrary and has~d on eilher the use of standard

mclhodologies or in a few in,lanc~" lhe use of chemical or isotopic tracers and mass

h~lance apPl'Oaeiles.

13aseflow separation techniques use the time-series record of stream flow 10 derive the

basetlow sign~ture, The common separation methods are either graphical which tend to

focus on defining the poi nts where baseil()w intersects the rising and falling limbs of the

•
•
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'lulckflow rcspo""C, or LI\VUIVCCLller;,,!; where daln processing or llw e<ltire ,i''''lll1

hydrograph derive, a hascnow hydrograph.

l3ames (1939) suggested that the three individual compOllcllts of ,trcaml1ow, direct

mn()IC intern"w and bascllow, lll<lYbe distinglilshed by plottling the logarithms of the

nows against time.

WillIe ami Sloto (1990) "IHted that manual separation of the streamflow hydrogaraph into

surface flow and groundw3tcr flow l~ difJIcult and inexact; often results derived from

such manual method, cannot be replicated among inveslLgalOrs, Recenlly ;cvcral

progmms or mdhodologies have been written 10 automate this process (Nathan and

/vkMahon. 1990; While and Sloto, 1990; Rutledge, 1993). White and Slota (1990)

progrummed thn:e leehnl'lucs developed by Pettyjohn and Henning (1979) to separate the

grrJundwater! sur JileCwater components 0 r streamnow hydrographs.

Nalhan and McMahon (1990) analyzed two basenow separatlon teehniqucs for use in

predidlOn of low flow characteristics. The fir:sl was a simple 811loothing and separatlOn

technique developed by thc Institute of Hydrology (1980), and the sccond wa, a recursive

dIgital filter technique whIch could be easily executed with a computer. Tbe two methods

compared well hoving a coefficient of determination of 0.94 and a slope 1.04. The

recursive digital filter was found to be a fast and objective method of continuous

basef1[)w separalion by Nath~n and McMahon (1!.l'J01.

Digital filter generates higher baseflo,,~ under flashy peaks, which perhaps corresponds

to actual comillions more closely Lhan that obtained usmg lhe smoothed minil11~

apPIOJch. However. while thc baseflow hydrograph generated by the digital filtcr appears

to bc more reall,tlc than the InstitulC of Hydrology (1980) techmque, Ihe haseflow

reccssion curve do~s nol follow the cxponential decay function associated with storage

depletion.



2.3 Uivcr - Aquifer IntcractiOll

In a str~am-aqllilcr 'ySlCLll, lhc .,lream whdl r~c~iv~~ Ji~chmge from groundwaler are

called gaining strcam. Figure 2,2 i., a .,~h~malic JmgrUlll ,ho"ing u streum-aqnifer system

wh~r~ lhe slr~~m gains water from tile aquifer tllrough ha~el1nw.

--- -- Slteam --------- --------

Groondsorl~ce

__~a\e!.~~I~.

Aquilar

c"ig.2.2 Schematic drawing showing the hydraulic r~lalionship between an aquifer and a

stream. where basel10w (R) di~charg~s to the stream. Kv and Kh ar~ v~rtical and

hori/imlal h),Jr<luJic conductivity of lh~ aqui r~r.

For gaining slr~Ulll~, Ih~ amount of groundwater discharge )~ JlI'~ctly proportional to the

hydraulic gradient Iowai'll the slream ~nd 10the hydraulic conductivity of the sl,lI'TOunding

aquikrs. For a fully penetrating Slr~um. groundwatel' flow to the stream is dominantly

hol'izontal and lhe hori~.Olltillhydraulic conductivily (KIl) plays all intportant role. For a

,;lre~m-aquifer system wh~re lhe stream partially pcnetral~~ lhe aquifer. thrcc

dimcnsional cnndill<)ll~ exist in the vicinity nfthc slreambed (Conrad and lldjin, 1990),

Under lhis circumstancc. the vCl'licaI hyurauJic condnctivity (K,) has a signiiicani role in



controlling the grounuwJler discharge rate. A pumping well llear a streilm can intercept

baseflow ilml thus reduce the groUlluwaler dIscharge rate to tile stream (Figure 2,3),

--- --- -- Slt~am --------------

Q G,oundSu~~ce

Inllial V'la\~,..:'!.b,I~.________r
drs own

Fig. 2.3 Schematic drawing showing a pumping well intercepts baseflow and induces
streJm infiltration ('1), K, and Kh are vertical and horizontal hydraulic conductivity of the
aquilGr.

Two plOcesses can cause a gallung stream to temporarily recharge the aquifer. First,

wilen stream stages (elevation of water level m the stream) arc higher (for e:>.ample

uunng nooding) than the water table in the aquifer, the stream discharges water to the

aquifer, Sccond, after a COlltinualion of pumping, a reverse gradient established helow a

segment of the stream leaus to ~treambed infiltration (Figure 2.3). The stream infiltration

rate may be d;rrer~nt in various pm1s of tile chan.nel segment.

Chen and Yin (1999) have demonstrated that ilTigation wells located at a certain distance

from a gammg str~am will not reverse hydraulic grJuient below the stream and thus do

110tinduce stream inFiltr<lllQIlHowever, the pumping depletes streamflow entirely from

(he reduced basef1ow,
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2.4 Ground""t"," Development

Groundwater development concept lo prolect crops from [lalUml droughts was first

initialed m Thakurgaun me" in Norlhwcsll1allgladcsh belween 1961 and 1966 wah the

sinking of 3~O DTWs by Bangladesh Waler Development Board (BADe, 20(3).

Ava; Iahilily 0 r good aqui rer and limited scope of surface waler development indicaled the

sliltablilly of groundwater development to meet !he irrigation as well as domestic and

industrial demands of the area.

When glOUlldwaler l~ pumpcJ by a well or sel of wells, the groundwater level, either the

water table or polenlJomdric level, will decline near the well as groundwater is removed

hum aquifer storage This decline (typically referred to as "drawdown") lS usually small

when a domestic well 15 pumped; however, this decline may be quite large in areas where

a single or multiple high-capacity wells (e,g., municipal, irrigation and industrial wells)

pump largc quantities of groundwater (PaUersoll and Zapow7cc, 1986). Drawdown is the

greatest at the "ell "ithdrawing watGr and is smaller away from the well, creating a

"cone of depression" arom\!] the pumping well. III general, the greater the pumping rate,

the larger the cone of depression as water ISpulled from greater distanccs from the well.

Groundwater quantity problem, arises when wells are spaced too elosely together (which

can lcad to interference between "'ells) Of the aquifer is over pumped or both. In these

cuscs. excessivc drawdown occurs because of constraints on the aquifcr due to the ability

of the aqui fer to transmIt "'ater or boundaries wh ieh inhibit groundwuter movement.

The practical imp Iieat,on" of groumlwatcr withdrawal that occurs due to well interference

or pumping "tloo hlgh a rat~ include: increascd pumping costs because the pump has 10

lift watcr a gre~!er height, lowered well yield, dewatering or mming of an aquifer until il

no longer meets "ater supply needs, drying up of nearby shallow wells (e,g., domestic

"'ells), amI recharge of ~urf~ee water to groundwater. Groundwater withdrawals may also

decrcasc the amount of groundwatcr discharged as baseflow to streams, Baseflow may

make up the cntim strcaml10w at times whcn runoff is not occurring. Excessive

groundwater withdrawals may also rcduce groundwater levels to the point that surface
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waler recharges groundwater ,alila (I,an the othe, way around, Slidl 8lrcams arc l'<L1[~d

I"sing streams. A reduclLon in b~sef1ow could also impact on the habitat atld change planl

ami/or animal commll~i(ies. either because 0 r u reduction or ehmi ~~lj(ln0 r the amount 0 r
waler availahle 01'a change in the water chemistry.

2.5 Safe Yield Criteria

The safe yield of a groundwater basin can be defined as the amounl or water that can be

withdrawn lHldcr specific operalmg condition withoul causing allY undesirable results.

DTWs anu STWs are being used lor abstracting Irrigation water. DTWs are u8ed to meet

the dnnking and industrial water demands in the municipal a,eas. As STWs operate under

sliction mode. these become completely Uloperablc condition when depth to groundwater

toble goes below suction 11lml, i,e., 7 m from ground surface (!WM, 2005). Wetlands,

ponds and small streams al~o dry out when depth of groundwater table goes below 7 In,

Considering these fa~ts, 6 In depth to groundwater table from ground surface has been

considered as safe yield limit to ensure the drinking and irrigation water supply through

STWs and nTWs re~peetively with full operalional efficiency (lWM, 2005). The

groundwater resource of 7 m deplh has also been estimated considering for Ihe

pi cservallQn of w~tlall(js. pOllds, dug wells "Illl ill-stream flow during dry perio{).

Recharge means the replenishment of groundwater storage that is depleted by withdrawal

of groundwater with the ttLbewells and by natural process, Potential recharge is the mean

annual volume of surface water Ihat could reach an infinite groundwater reservoir and be

stored there, limlled only by the rate at whieh tbe 8ml or subsurface clay allows the "ater

to infiltrate and percolate, The urazilla wise potential recharge data o[the study area was

available from the National Water Resource, Database (NWRD) of Water Rcsources

Plaruung Organization (WARPO) are shown m Table 2.1. It is scen from the table lhat

polent;al rechargc for the entire study area under the reeharge conditions of low, medium

and high are abotLt310 mlll, 390 mm and 470 111mrespectively,

•
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Table 2.1; Upll~,ilbwise potential recharge for tile study arC:l

Potelltial Rcchllrge
District Upazilla Area (mm) Area*Potcutial recharge

(•.•.ml) (MmJ)

Low Medium Hi h Low Medium Hi -11
ThakurgaQll

Thakurgaon Sadi1r 645 330 413 495 212850 266385 319275
Pir"anj 394 300 375 450 118200 147750 177300
Bm)1 357 240 3UO 36U 85680 107100 128520

!JinajplI[ Bocha an- 225 240 300 360 540()O 67500 SIOOO
K"harolc 207 30U 375 45U 62100 77625 93150

Panchagarh Bntla 429 300 488 585 167310 2U9352 250965
Total 2257 ~ ~ 700140 875712 105021 ()
Avera e olenti al recharge of lhe study area (Illm) 310 388 465

Source of data: Nliliormi Water Resources Database ofW ARPO

The specific yielJ is the volume of water per unit volume "faquifer that can be extracted

by pumping. The specilic yield for the Tangan River watershed is about 7% (MPO,

1987), For (he upaziHas of A(wali, Boda, Pirganj, Thakurgaoll Sadar, Blral, Bochaganj

and Kaharole, the Yleld~arC 13, 11,7, 10, G, G and 9 % re~peelivc1y (IWM, 2005).

2.6 Ground"atcr Tallie

Generally, groondwakr levels v,~ry seasonally, Groundwater Icvels in shallow aquifcrs

(end to floctualc at greatcr frequcncy and extent than do groundwater levels in deeper and

confined aqlllfers beeaU8e recharge reaches the shallow aqllifers morc quickly, In wet

season, grollndwater levels rise rapidly dllC to recharge from rain and flooding, In

summ~r, grollndwatcr Icvcls gradually dechne b~causc of uptake of infiltrating waler hy

plants, dccreased rainfall. increased evaporation, groundwater abstraction for different

uses, and groundwater discharge a8 hasellow to strcams, The number or serviccahle

DTWs not operated due 10 groundwater lowering in each of the Bolla and Thakurgaon

~allar upadllas was one (BADC, 2003),
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CHAPTER THREE

DATA COLLECTION AND METHODOLOGY

J.J nata Collection

The present study u~c(l observed streamflow and groundwater level datil of Bangladesh

Water Development Board (BWDS) for analysis. One field visit was made to collect

information on Tangan river flow, performance oflhe barrage located 011the river and the

present cOlJdilJon 0 r groundwater lITigation.

S(r~amJlow and groundwater level data were collected from BWDB. Daily discharge data

of two discharge stations of Tang3n river at Thakurgaon (SW 285) wlth latitude of

2(/'02"40.'1 and longitude of 8So2i3({ and KodalkallgaOtl (SW 287) wilh the saille of

25"4]"24" and 8So25i4S"rcspcctively have been used (see Figllre 4.2 in Chapter Four).

Kodalkatig,aon station is about 58 km downstream to the Thakurgaon station,

Groundwaler level dala from eighl observation wells (Figure 4.2) were used in the

present study

3.1.1 Streamflow Data

Daily slreamflow data of Thakurgaol1 and Kodalkatigaon stations for twenly one years

Irom 1973 to 1993 were available. The data of Kodalkatigaon were used in this study.

Mean daily discharge of these lwo ~la!ions could have been estimated from the observed

,",'aler level dala of 1994 to 2006 using rating curve equation~. However, due to

una~aJlabJiily of rating curve equa(ion~, dala alter 1993 could not finally be used in lhe

study ['nor to analyzing the data it was necessary to fill in the missing data of the test

station (Kodalkatigaon). C'llTelation of discharge dala between Thakurgaon and

K<Jllalkatigaon stations was dele[ll1lned. Thus any missing data ofKodalkatigaon is tilled

with lIsing this correlation. The daily discharge data of Thakurgaon station has a good

correlation of 0.84 with its dowllslre,ml discharge station Kodalkatigaoll. After filling the

mis~mg data, basellow component of streamflow hydro graph was separated using

automated digital filter technique as diseus.,>edlater.
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3.1.2 Groundwater l,cvcJ D'11'1

To lind out the relationship of dry sea80n streamflow with groundwater nbslmclion,

groundw<lter kvd data of available ob~crvalion wells from 1973 10 1993 have been

analyzed. Groundwater table in In PWD of available observation wells have been

c~(ill1alcdhy dcdllCllllg both parapel height amI groundwater depth below the Innd surface

from lhe reduced !e\'el of the well top. Average drawdown depth of observation wells

over the catchmenl arca has been estimated [rom the groumh~alcr table data.

Groundwater abstraction of the catchment arca over the period has been calculated by

multiplying the drawuowl\ depth with both catchment area al1d specific yicl<.l value.

Details orthe groundwater level data used in the study are lisleJ in lhe TabJc 3.1,

Tab Ie 3.1 : Details of the grou nctwaler level data collected

Well Id Name of Longitude Latitude Sonrccs of Length of
district data record

THAOO8 Thakurgaon 88D23'15 255545' BWDB 1973-1993
THA010 Thakurgaon 88D24'OO 25 57'36 BWDB 1980-1993
THA029 Thokurgaon 8827'00' 25 5945 BWDB 1978-1993
DlN502 Dinajpllr 8832'00 254245' BWDB 1985-1993
DJN503 Dinaj til" 88 29'00' 25 53'0'0" BWDB 1985-1993
DIN010 Dina' Ilr 8827'25 25 4145" BWDB 1973-1993
DINOII Dinajpur 8830'15" 255150 BWDB 1973-1993
D1N026 Dina' ur 88 30'15,1 255150 BWDB 1976-1993

3.1.3 Data Collection throngh Field Visit

To collect necessary information, one field V1Sl[ of two days dtlration was made to [he

,tudy area in the first decade of April, 2008 whcn the Boro season was gomg on, Local

people were interviewed and necessary information were collected through their opinion

and visUal observation,

3.2 Methodlllllgy

3.2.1 Bsefluw S"p,uation Technique

Baseflow separalion " used to partition the streamflow hydrograph into its two

cOlllponent,;
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I, Dired mnolT component

, l3a,ef1ow component

The common sep"r<lllon mdhods arc either graphical or involve filtering of streamflow

data.

3.2.1.1 Graphical separation methods

Graphical methods are commonly used to plot the bascllow component of a flood

hydro graph event, indudlilg the point where the basef10w intersects the falling 11Inb

(Figure 3.1). Streamflow, subsequent (0 this point, is assumed (0 be composed of entirely

baseflow. until the start of (he hydrographic response to the next signiiicalll rainfall

even!' The point (D) along the falling limb where quick flow has ceased and all of the

streamflow is hascJlow estimated by using an empirical relationshIp:

N=O.827Aoi

where N I, the numher of days between the slonn crest and the end of ljlllckflow, aml A

IS the area of the catchment in square kllome(res (Linsley et ai, 1975). Thc value of the

cxponential con,tant (0.2) ean vary depending on catchment characteristics snch as slopc,

vegetation and geology. The notations used in FlgUre 3.1 are: A~ point where the rising

limb of the hydrograph begms, G = crest, F = inflection point, AB = hne parallel to the x-

a.\IS,Q, = discharge and t = time.

The gr"phlcalmethods to partitioning baseflow vary in complexity and include:

1\) Mc!hod I

111this method, [he hase now is defmed by a line parallel to the X- axis and passing

through the point A, i.e. Ail.

B) Method 11

In thiS method, the baseflo" curve existing prior to the commencement of the surface

rlInofl'is extended till it intel'seets the ordmate drawn at the peak (point C in Figure 3.1).

-



"Ihis point is juined to poinl D by n sllaight ILll~.Segmcnts AC and CD tlcmat'entc the

bJsenow and "urbee l'unolT.

Q, G lllflct'tioll
V/-- jlc1111t

F

---------
A

(

E
---.- ..... B o

rig. 3.1 Graphical hascflow sepawlion techniques

C) Method III

In this method the basdlov,' recession curve afler the depletion of the 1100d watcl' is

extended backwJrds till it intersccts thc ordinate at the point of inflcction (line DE in

figure 3.1). Points A and E al'e joined by an <Ifbilrary smoothed curve, In this method, thc

base flow;~ defined hy the line AED,

3,2.1.2 Filtering scpan,tiun methods

The h<lscflow component of the streaml1"w timc scries eall "Iso be sepmated using data

proces,ing or filtering proc~durc" These mcthods tend nottu h"v~ any hydrological basis

but mm lo generate an objective, repeatable and ea>ily automated index that can be

related to the hasdlow re,ponse of il c<llchment (Nathan and McMahon, 1990).

•



17

Examplc8 of cOlllLlllIOliShydmgraplilc separatioll lccimi'lllcs hased on procc,sillg or

[iltcring the data record include:

I. The smoothed minima technique which uses the minima of S-day nonovcrlupping

periods derived from the hydrograph (Institute of lIydrology, 1980; FREND,

1989). 1he basellow hydrograph is generated by connecting a subset of points

selected from (his minima series. The HYSEr hydrograph separation program

uses a vilriant of this technique called lhe locaI-minimlim method (Sloto ~nd

Crouse, 1996).

2. Recursive dlgllal filiers, wl1ich are mutine tools m signal analysis and processing,

arc lIsed to remove the high-frequency qUlckllow signal from streamflow, ami

thus to Jerivc the low-requency bascflow signal (Nathan and McMahon, 1990).

A" discussed above, there are a Humber of methods avmlable to separate baseflow from

total streamflow, The basellow sepm:<lion mel!lOd used III this study is the dlgllal lilter

lechnique of Nathan and McMahon (1990). This method is described below.

3.2.1.3 Digital riltcr teclillique

This baseflow sLllaralion procedure with digilal filler technique is hased upon a recuf8ivc

dIgital f,ltcr commonly \lsell in signal analYSISand processing (L}~le and Hollick, 1979),

The equation oflhc filler ISgiven by:

'1,=P* (1+/1)( )
'1H + 2 Q, -(/,-. (1)

where If, is the liltered smfacc rlilloff(quiek response) at the lime step t (one day), Q is

the original slreamflow, and P is (he filter parameter. Thc value of 0.925 for Ii was

dctermined by Nalhan and McMahon (1990) and Arnold et ai. (1995) to give realistic

results comp~ring with the graphical separation tcchniques. I3aseflow, h, is, calculated

wilh lh~ equation

b,=Q,-q,
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The filter IS passed OVer the strc8mfio" data three times (forward, backward, tben

forward again). The parameter jJ atTeets the degree of attenuation, and the number of

pas~es determines the degree ofsmoothmg; the reverse pass is done 10 nulli(y any plm~c

distortion of the data due 10the forw~rd pass of tile filter.ln general, each pass will reSlIl1

ill les, basdlow as a percentage of lotal flow. 1hi~ option gives the user some added

Jlexibi hly 10adjust the separation more accurate! y [or each site comlllion.

Ar~old e( al. (19~5) compared the digital filter results \,jth results Jrolll manu~J

separation (echmquc~ and PART model for 11 watersheds 1Il PCllllsyivul]ia, Maryland,

Georgia, and Virginia ill USA. Annual bascflow [rolll one pass of the filter was on all

average within 11 percent (plus or minus) of baseflow estimated by manual techniques

amI the PART model. A r~celll study by Mall and Winter (1997) found that this filter

method "greed reasonably well with graphical (manual) partitionmg if the appropriate
fjlterpuram~ter is us~d

The justificahon for usc of this technique reSl&merely on the fact that fiUcring Ollt high

frequency signals is intuitively analogous to the separation of low frequency ba5eflow

from the higher frequencies of quick 11ow.Furthennore, the technique does provide an

objecti"e and repeatable estimate of an mde" of baseflow Ulat is easily automated. The

Olilput of the filter was constrained so that the ~epar"-ted slow flow or baseflow was not
negative or greater (han (he original stream11ow.

3.2.2 Stati&tieal Analy.~is

3.2.2.1 CorrelMioll

To see (he relation of the Tungan River dry season /low and baseflow with the

groundwater abs[rae(ioll in its watershed, correlation analyses were carried out u~lllg

!vJinosofi Excel Con-elation 15 eoneClned with describing the direction (p051[ive or

negative) ,md strength of the relationship between two variables. If X and Y denote the

(11'0"ariables under consideration, a sea((er diagram shows the location of points (X, Y)

011a rectangular eoordinnw syslem. Jr all points in this scatter diagram seem to lie near a

"
•



hnc, a~ in (n) and (b) of"Figure 3,2. the cOITeialion is callcd lincar. lfY lends to in~r~;l~~

as X increase.', as in (a). lhe correiatlOl1 i~called po~ili\'e or direct ~olTelali()l1_Ir Y lend,

y

x

Fig, J.2(a) Positive Linear Correlation

y

x

Fig, J .2(b) Negative Line;lr Correlation

y

x
Fig, 3.2(c) No correlation
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to decrease as X lncrcascs, ns ill (b). the conclalion 15 called negative or inverse

correl:>!;oll. The direct ion and strengtli {)r the rc!:ltiollsh'r can be expressed by meanS (lC iI

con"elation coefficient "r". which is mathematically defined 35:

Sn SC1"

J(ssxXSSY)
where lh~ ~Ulllof cross prouucls of deviations lSgiven by:

The SUm of ~quared deviations for X

The sum of squared deviations for Y

A correlation coefJicient varies from -1 to +1 with -1 indicating a perfect negative

reiatlOllshlp (one increase while other decrease), 0 indIcating: no relationship and +1

indlC<l\ingpo,itive rc1atiollslup. The si~c of the correlation indicate~ the strength of the'

relallOnshlp.

3.2.2.2 Rcgres;ion

Regression i~primarily concerned with using the relationship for the pl.lrposc of

predicting one 'variable from knowledge of the other. The value of a variable Y

conesponding to a given value of a variable X can bc cstimated from a least squarc curvc

which fits the sample dilta, The resulting curve is called a regression curve of Yon X,

sinee Y is estimated from X If the inuependent variable X is time, the data shows the

values of Y al vanOlL~times. Data mTanged according to the time are called time senes.

The regression line or curve of Y on X in this case is often called a trend line or trend

•
•



curve. tn lim. ,tudy. trend line waS devcl\lped on thc timc SCrLCSdata. The simple tinear

regres,ion eqlmtion is givcn a,:

t"="o+b,X

whcre X= given data (year in tillS study); no = intercept of regression line; and ", =slopc

orthe regrcssion line. The slopc orthe regression linc is given by:

" = SCP
, SSX

where SCi-'= 2: (X; -X Xy, - Y)= LX;~ - (LX, XLr:); and,

,
The intercept ofregrc~sion hne is givcn by:

bo=Y-b,X

,
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CHAPTER FOUR

DESCRIPTION OF THE STUDY AREA

4.1 Location and Upazillas Cover

The gcogrilphical arca of this study IS I()calcd in the North-We.,t region of the country and

consists of seVell up,m lias, Atw"r; and Bada upazi l1as in Panchagarh di ,trict: PirganJ and

Thakurgaon ,adar in Thakurgaoll district; and Biral, BochagooJ and Kaharole in DltH~pur

district. The area hes between the Iatilude ofahout 25°32" N \0 2(,°22" N and longitude of

aboul llg"21' E to 88"341 f". The geographic locatioll of Ihe study area is shown in Figure

4,1. The llpazilla Wl>Cpopulation oftbc sludy arca is presented ill Tabk 4.1.

Table 4.1: Upazilla wise population {If the study area

Thakurgaon

Dinajpur

Source: Zaman, 2004

.JLpazilla
Atwan
Boda
rhakur 'aon Sad"r
Pir 'an'
Birol
Bochagollj
Kaharole

Po ulation
57149
12943
293761
104038
166092
115070
56863

4.2 Climate

Like other arcas of BanglaJesh. the study area has a tropical monsoon climate. Average

annual rainfall ill the area rang~~ rrom 1800 mm to 3000 mm. About 92 % of the annual

rmnrall occurs during the five months monsoon season between June to October.

Occasional ramfall o~curs in the study area in the dry season rrom November to May.

•
1
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4.3 Soil and Cropping "aUern

The study area is highly fertile for producing a wide range of agricultural crops. The ~oils

of the area Slipport more than one agncuHural crop. The major crop of the study area is

nee, Trunsplamcd Amal1 (Kharif II) anJ Bow (Rabi) ricc arc (wo impolt:mt crops grown

in the area. I" the study area, the cultivable land is about 1,68,422 ha and about 1,23,617

ha of these arc under irrigation (BADe, 2006), Cropping mtensity of the ClLhivatcd laml

is 201.26%. The cropping pattern followed In the study area is presented in the Table 4.2.

The area is under the ilgro-ecological zone of Old Himalayan Piedmont plain which

consists of mainly llon- calcareous sOlis. The soil texture of the area is sandy loam.

Table 4.2: Cropping paHern in the study area

Double Cropping

Triple Cropping

Cro in altern
Boro-l'allow Fallow
Brin -ai-Fallow-Fallow
Zin er-Fallow Fallow
Boro-Fallow-Trans )Ianted Aman
Wheat Fallow Trans lanted Aman
Maize-Fallow-Trans lanted Arnan
Watermelon-Fallow- Transplanted Aman
Ve etablc-I'allow-Trans lanted Aman
Brin 'al-Fallow-Trans lanted Arnan
Onion-Fallow-Trans ,lanted Aman
Wheat-J ute- Trans lanted Aman
Wheal-Seedbed- TransQlanted Aman
Potato Jute-Trans lanted Amml
Polato-Maize-Transplanted Aman

4.4 Rh'er System and Drainage Area

The study are" i~drained by the Tangan River. The catchmenl area of the river is "bout

000 km1 The n\'cr originates ncar Alwar; in Panchagarh district and the outf,,11of,t is at

Bochagon) In DinaJpur district The catchment area oftllc Tangan River is shown in the

FIgure 4,2. Considering the surface water sources, it is found that Tangan is a perennial

,
_.I
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ri\'er syslem The minimum now of lhi~ nver is 4 m'/s occurring during lhe months of

March ~nd Apnl al Thalmrgaon slalion while lhe maximum flow is 172 mJ/s occurring

during the monlh or August.

4.5 Existing Surf"ce Water Irrigation Project

In the study area, there is a limiled water rewurce during lhe dry seaSOn but abundanl

waler during lhc mon~oon seasOlI. Considering the available surface water resources in

lhe rainy season, a barrage had been constrLIetcd to ntilize the Tangun River flow for

supplemental irrigation plllpose. The barrage, known as Tangan barrage (Fig, 4.2), is

located on the Tangan River at the upstreanl of lhe two discharge stations at Ramadia

village under Thakurgaon Sadar Upazilla of Thakllrgaon District. As a result of this

b~rrage, only 2500 ha of land C,1I1 be irrigaled al present out of lhe largeted command

area of 4450 ha because lhe highest reservoir level of 64 m PWD could not be achieved

dlle to the submersion of 300 homesteads at the upstream side in Atwari Upazilla.

A~cording to the projecl planning, major conslruction 'Works inelnding the barrage were

eompleled in 1990. However, due 10 lhc complicacy of land acquisition, all works or thc

project were completc1y ended in 1993 and slarted to supply irrigation from the next year.

4.6 Irrigation with Different Equipents

til the sludy area, STWS, DTWs and LLPs are used [or irrigation STWS and DTWs arc

groundwaler irrigation equipmenls. Prescnt dry season imgalion pracliee is mostly

dependenl on groundwater "ouree, major pOltioll of which ~omes lhrough STWs. The

number of STWs has inerea.>ed from 22,307 in 1996 to 43,384 in 2006. Figllres 4,3 and

4.4 show the number of STWs and DTWs for three time penod<>in each of the sevcn

upazillas of the study area,

In 2006, about 1,00,048 ha was in-igated with STWs, which is 81% of the total in-igated

area. About 22,881 ha was in-igated with DTWs which is about I~%~fthe tolalmigated

area (BADe, 2006). UpazJlla wise irrigaled area with different lITIgation eqllipmenlS is



27

presenled HI Table 4.3. DIY sea.,>Ollgroul\tlwlIlcl' irrigall<1I1 11m;1I1cI'cascd by IVy" Ii-unl

199(, (0 2001), It IS S~CIl flOm tile l,lblc lhallhc [o[almigutc<1 arca W<lS~b()lIl 1,06,lJ4 ha

in 1996, The area increased lo about 1,23.617 ha m 2006. The rate of increase in irrigated

area lS abollt 1.5% per year

Table 4.3: Upazilla wise ilTiglltcd urea (ha) willi different irrigation equipmcnls
(STW, DTW and LLP) in three different )'ears

UpaziJIa 1996 2003 , 2006

STW on'¥' LLP STW DTW LLP STW VTW LLP
Ah~3ri 2858 345 0 3475.2 80 0 5430 715 0

Boda 4118 559 II 7434.] 306 II 8696 941 314

Thakur~aon 11479 36674 22 17497.4 2186.58 0 28613 13483 0
Sadar
Pirganj 12207 loC)] 2 16063.9 778.22 0 25171 2239 0

Birol 184SO 1335 123 19833.7 2436.26 0 8296 2160 24

Bochaganj 7195 919 114 10373.5 727,63 132.7 10420 883 350

Kaharole 730j 797 3 6811.5 982,17 7.34 13422 2460 0

Total
irrigated 63638 42232 264 81489 7496 140 100048 22881 688
area

Total
irrigated
area with oil 106134 89126 123617
modes

Source of dala: NMIC 1998; BADe, 2003; BADC, 2006
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CHAPTER FIVE

RESULTS AND DISCUSSION

5.t Time Series o(Decll.dal Streamflow and Baunow

Daily streamflow data of the Tangan River over the years from 1973 to 1993 have been

used for carrying out this study November to May, these seven months are the dry

season in OUTcountry and the river flow during this period is termed as dry season flow.

Out nfthese seven months, four to five months starting from January to early May have

been considered for detailed analysis since extensive irrigation is required during this

period Tnthe study area, cropping season starts from JallUary and ends in early May for

Bom rice cultivation. Average decada! dry season flow of the river for the month of

January to early May has been estimated with the daily discharge data over the period.

Table 5, I shows the average decadal streamflow for Born season from 1973 10 1993.



Table 5.1: Average deeadal streamflow (mJ/s) in Born sc.ason

30

~
Jan! Jan2 ''''' Febl F.b2 F.b3 Marl M"" M,O Aprl A." AprJ Mayl

Year
4TJJ97J 13.10 12.96 1291 12,70 12.70 12.70 12,70 12,51 12.51 3.45 2.56 3,08

1974 8.09 7.63 '.M 6.99 S.lI 4,63 4,36 3.56 2,42 5.33 562 4.67 ,.w

1975 6,31 5,40 5.36 8,22 12,53 12.68 11.65 10,59 9.58 2,26 2.26 -----:ITo 7.13

1976 8.41 '.09 '" 7.36 7.64 7.14 6,65 '" 5.74 4,78 4.46 4.35 ----w
m,
,~,10,72 8,15 4.0.\ 1.36 10,75 II 28 10.61 9.44 '" 5,02- 5,36 6.83 6.47

1979 7.64 7,27 6,92 6,56 6.39 5.89 552 5.'" 5.03 4,53 4.43 " 4.59

>OW 7.71 7.05 6,JO 5.87 5.81 5,88 6,07 6.13 5.38 4.71 4.30 5.21 5.%

1981 7.51 7.18 6.42 no 5,35 '" 5,05 4.96 lOB 4.97 '.M 4.99 4.\6

1982 'W 6,83 6.31 5,81 'M 5.21 5.03 4,75 '.M 3.75 4.05 4,18 3.83

,,~ 7.12 'M 6,17 5,70 5.24 4.87 4.46 ,n 5.03 5.60 6.32 5,35 '"
>OM 8.17 6.62 '" 6.08 6.14 6.24 658 7,01 6.90 4,77 4.43 4.53 'M
198.\ 11,74 7.69 '" 6,64 .\.77 4.79 ,~3.88 3,98

"M 'M 6,43 5,97 '" .\,.\5 '5' 5.67

1987

1988

,~O 7.98 7.14 rd4 5.8.\ 5.38 5,09 4.21 3.35 ". 2.il 2,16 2.12 2.1.\

1990 '" 'M 6.02 '" 3.79 3.77 '" ,~
1991 10.01 ;" 6.93 5,83 5.20 4.15 '" 3.34 2.88 2.62 2.22 1.98 1.91

1992 5.72 4,90 4,52 '00 5.37 5,07 'M 3.84 3,18 2.16 1.26 1.11 1.83

19')] 5,95 10.33 10.71 K87 U8 7,07 6.11 5,30 5.05 3,8.1 3.01 4.20 ,~
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Figures 5.1 to 5 13 show the time series of average deeadal streamtlow starting from the

\" decade of January 10 the \" decade of May. To see the trend during this period of

record. a linear regression line has been superimposed on each deeadal time series,

Decreasing trend is observed (Figures 5 I to 5,13) in each deeadal dataset of streamflow

from 1973 to 1993,
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Fig, 5.1 Time series plot of streamflow of the Tangan River tor the first
decade of January

•

Year

Fig 5 2 Time series plot of streamtlow of the Tangan River for the second
decade of January
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Fig. 5.3 Time series plot of streamflow of the Tangan River for the third decade
of January
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Fig 5.4 Time series plot of streamflow oflhe Tangan River for the lirst decade
of February
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Fig_5,5 Time series plot of streamflow ofthe Tangan River for the second
decade of February

>

1

YC!D"

Fig 5,6 Time series plot of streamflow of the Tangan River for the third
decade of February
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Fig. 5.7 Time series plot ofstreamt1ow of the Tangan River for the first decade
of March

Fig. 5.8 Time series plot ofstrcamflow oflhe Tangan River lor the second
decade of March
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Fig_5.9 TIme series plot of streamflow of the Tangan River for the third
decade of March
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Fig 5 10 TIme series plot of strea.mllow of the Tangan River for the first
decade of April
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Fig. 5.11 Time series plot of streamflow of the Tangan River lor the second
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Fig, 5,12 Time sefJes plot of streamflow of the Tangan River for the third
decade of April
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J:ig. 5,13 Time series plot of slreaml10w of the Tangan River for the first
decade of May

During the 80ro season, streamflow of the river is mainly composed of basel1ow.

Decreasing trend of streamflow during the months from the \" decade of January to the

1" decade QfMay might be the result of decreasing baseflow. For the Tangan River daily

baseflow has been estimated from the daily discharge data using the software BFLOW.

Table 5.2 presents the average decadal basel10w for Born season from 1973 to 1993.

,
•



Table 5.1: Average decadal base flow (mJ/s) for BOI1lSCllson

38

~ 'm' Jan2 'm' FeM F••b! FebJ Marl M.O M.O Apel A.O AprJ M~yl

y~,
1973 0.97 8.60 10,28 1L41 11.94- ,,~11.36 9,~9 6.54 3.32 2.66 2,27 ,n
1974- 7.30 6, \Ill 6.43 5.35 4,43 ,.w 3.43 2.58 2.09 2,21 3.(18 3.76 4.21

1975 5.47 '" US 5,16 '" 8.06 '00 7.67 4.63 '" 2,26 2.30 3.l7

1976 '.00 7.68 7,36 1.19 6.95 6.52 .~5,59 4- 93 'M '" 4.14 4.06

,m
,,~ 7.22 4,48 1.79 0.94- 1.55 3.89 6.17 7.15 5.95 4,71 4.60 'M '"
1979 '" oM 6.47 6,U 5.79 5.38 5.07 4.78 4.61 4.42 4,38 4.32 4,09

,= 6.92 6.34 5,92 '" 5.61 5.64 'M 5,33 4.73 4.26 '" 4,19 4.51

1981 691 6.39 ". 5.34- 5.15 ,~4.79 4.58 4.44- 4.46 4.3 J ,n 3.93

1982 6.53 6.22 5.77 5.l6 5.04 4,76 U5 ,.w '" 3.30 3.35 3,54- '"
'"~ 6.44 '.W 5.61 5.14 4,77 U5 4.22 4.11 4,J8 W 4.85 4.92 4,75

19114 ". 6,18 ." 6,02 ""' •." 6.12 5.97 '.00 4,47 4.30 4.27 '"
1985 7.88 '" 6.34- 5.53 4,79 4.14 3.85 3,81 3.83 4.67 7,65

..~ 6,5) 5.98 5,7) ,% 5.46 5,46 549 6,3l

1987

'"~
1989 7.00 6,28 5.70 5.14 'M 3,98 3.28 2.63 2,17 2,02 2.04 '.00 2.07

'"W ,~3.05 4.00 3,88 3.63 3.57 3.64 3.72 '",~,8,22 6.89 5.74 4,91 4.14 3.50 ;n 2,M 2.52 2.23 ,~1.87 1.85

,on 4.97 4.57 4.48 4.52 4.61 4,29 3.68 2.93 "" 1.42 LlO 1.03 1.06

1993 4.78 5.n 6.83 7.46 6,72 5.93 5.20 4.61 3.91 3,OJ 2.73 2.87 3,18

•
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Figures 5 14 to 5,26 show the time series of average docadal basellow from the monih of

Jammry to early May. Trend line has been superimposed on the average decadal baseflow

data.

, ------

1975 1980 19l!5
Year

,~,

Fig. 5.14 Time ,eries plot ofbaseflow oflhe Tangan River for the first decade
of January

Yc.r

Fig. 5 15 Time series plot ofbasetlow oftbe Tangan River for the second
decade of January
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Fig, 5 16 Time series plot ofbasel1ow ofthe Tangan River fUf the third
decade of January
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Fig. 5. J 7 Time ,eries plot of base flow uflhe Tangan River for the first
de<:ade of February
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Fig, 5.1S Tmle series plot ofbase11ow of the Tangan River for the second
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Fig. 5.19 Time series plol ofbaset1ow oftbe Tangao River for lhe third
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Fig 5,20 Time series plOIof baseflow of the Tangan River for the first
decade of March
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Fig, 5,21 Time series plot ofbascflow of the Tangan River for the second
decade of March
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Fig. 5,22 Time series plot of base flow of the Tartgan River for the third
decade of March
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Fig. 5.23 Time series plot ofbasetlow of the Tangan River for the first
decade of April
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Fig, 5,24 Time series plot orbas.flow uflhe Tangan River for the second
decade of April
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Fig. 5.25 Time series plot ofbasellow uflhe Tangan River for the third
decade of April



Fig. 5.26 Time series plot of baseflow of the Tangan River for the first
decade of May

Figures 5,14 to 5,26 show declining trends of baseflow for the Boro sea"Onof 1973 to

1993 in the month of January, February, March, April and ihe first decade of May when

irrigation activities reach a maximum Data after the year 1993 could not be used due to

their unavailability. Furthermore, the Tangan barrage started its operation in t994 and it

might have an impact on river flow of the later years Declining trend in basetlow

indicates the decreasing rate of groundwater flow towards the river over the period.

Increasing use of groundwater for irrigation can reduce this baseflow, Table 5,3 shows

the seasonal average streamflow and baseflow of Boro season (January to early May)

over the period from 1973to 1993,
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Table 5.3; Boro season average (t" decade of Janllary to the 1" decllde May)

streamflow (m'/s) and basef10w (m'ls) over tbe period from 1973 101993

Year Streamflow Bascfiow

1973 9,85 7,60

1974 5.62 4,)0

1975 7,51 5.04
1976 6.37 5.94
1977
1978 7.48 4,45

1979 573 5,34
1980 5,88 5.29
1981 5.90 5,02

1982 5.08 4.56
1983 5.55 4.92
1984 6.09 5,52
1985
1986
1987
1988
1989 4.33 3.77
1990
1991 456 3,85
]992 3,73 3.14
1993 6.34 4.80

Graphical presentation of seasonal streamflow and basel10w have been shown in Figures

527 and 5.28, respectively. It is seen from these figures that both streamflow and

baseflow have decreased over the period 1973-1993, Average streamflow and basellow

decline over the period from 1973 to 1993 in the Boro season estimated from the

regression line were 41% and 35% respectively.

,
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Fig 5 27 Average seasonal (1" decade ofJallUary 10 the \" decade May)

streamflow
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Fig. 5.28 Average seasonal (1'" decade ofJanl.lary to the 1" decade May)

baseflow

5.2 Trend in Lowest Groundwater Table

To investigate the relationship of streamflow and baset10w with groundwater irrigation,

grol.lndwater level data of eight observation wells in the catchment area have been

analyzed. The position of the lowest grollJ\dwater table with the corresponding date of
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Table 5.4: The position of the Lowest Groundwater Tablt' (m PWD) with the dates

orthe occurance al selected observation wells located in the catchment area over the

period 1973-1993

~Id THAOOS THAOtO THAfl29 DiNOtO DINOl1 DlN026 D1NSOl DIN50J
y~,

1973 41.7 " 28.5
1May '" , " ,

1974- ".• 34.7 29.58

'""""" '" , """""1975
l~~~G

3538 29.16
28 iiI '" , ,_h

1976
314~:2

3496 27,6 32.3
31 Mav '" , J9 April

,on n02 34.6 }~;66 33.OS
16Mav "'" 'M.m, 43.54- 44.17 3~~

~

32.72
22Mav " 'M 22Ma

1979 4U!6 43.47 35.06 R~7.9 31.56
4 June 4 JMe "- ,. IlJunc

"" 39,8 3454 43.99 36.76 29.ll2 32.52

" , , M. 'M. SJune 14A~l .12Mav

198J 3424 43.91 ." ,2~;O2 3l.5
6Aril "'" I !June " llMav

1982 34.04 43.35 36.01 28.14- 31.3

" 24 Ma' 24June 10May 10Ma'
]983 43.18 33.54 43.69 34,84 27.14 32,74

25 ADriI 14March 'M. '''' m ., 30 Ma

"" ~~~6
34.96 43,19 28,02 2;i.A~416A ril " 11 June '"

.,
1985 32.34 4~::\ 34,98 27.64 33.7

5~
33.7

" 29 A 'j lOJun. 6 Mav 29 April 15 '1 22 ADril,,~ 42.6 32.72 44.05 3(,,48 '" 34.8
13;~ 3:;8

'" , 2 June '" , 16Jun. '"' , 28 Aorlt 21 '1 21 A '1
1987 32.82 '" 3;~~ 3~;:'225Ma 20AnJ BA .1 20 A J
1988 31.34 44.lJ 34.46 27,4 31.28 31~~22J March 30Ma ,,- "A , '"' , llAril
1989 «" 3\.28 43.13 36;:~ I 1

2L94 30.6

~
4~,M. 15Mav 15Ma 22Ma 17 . 8Ma' 24 .1

,"" 40.9 ~3!~~2 4381 1~; 27.5 21.38 30.78 3L:~21 Mav , 23 A:.ril 9 A it 23 A ril ,,..,,"" """"" 30A .1
J99J 40,5 3(),4~ I 43~~!, 2654

~

29.78 32.48

'" , 13Ma 20Ma (, Ma' B 21 ADriI 13Mav I
1992

4M~ 29.~ I .:~~, 26.3 31.54
25;~~ I, 31~~18Ma 25 llMav I June 4Ma 27A 'j

n" 4U 30.681 ,4~~~ '" 27.8 33.41\ 3:~~ I 33.64
14 June " , '" , '" , 19A~1 12A.l 10
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occurrence at eight observatIOn wells from 1973 to 1993 over the catchmenl area have
been presemed in the Table 5.4, These data are shown graphically in Figures 5.2910 5.36.

19')2' \9%

•

45 ---------.-.--.------

~ :',"
~- 41

] ;~
"m'

Fig,S 29 The variation of the lowest groundwater table (GWI) of the
observation well mAo08
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Fig. 5.30 The variation oftlle lowest groundwatcrtable (GWT) of the
observation well TI:IA010
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Fig. 5.31 The varialion of the lowest groundwater table (GWT) of the
observation well THA029
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Fig. 5.32 The variation of the lowest groundwater table (GWT) ofthe
observation well DINOlO
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l'ig, 5,33 The variation of the lowest groundwater table (GWT) of the
observation well DIN01!
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Fig, 5,34 The variation of the lowest groundwater table (GWT) of the
observation well DIN026



52

~.

•• •
v

7.

"
~ 32

, '"
~ ~1 26

"
"" 1988 19\(1

Yo<

Fig, 5 35 The variation of the lowest groundwater table (GWT) of the
observation well DIN502
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Fig. 5.36 The variation of the lowest groundwater table (GWT) of the
observation well D1N503

Figures 5,29 to 5.36 show that the trend of lowest groundwater table over the period is

dov.mward, which means that minimum level of groundwater table has been decreasing

year by year. This also signifies that t1uctuation of b'fOundwater table has increased

throughout the period. The cumulative frequency distribution of the time of {)Cl;UITence of

annual minimum groundwater level since 1973 to 1993 is shown in Figure 5.37. It is seen

from the figure thaI the [owes! level occurs by the end of April or early May in about

50% of the wells.
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Mar2 Mar} Apr! Ap12 Apr] May! Ma}'2 May] lunl luo2~",
Fig, 5 37 Cumulative frequency distribution ofthe time of occurrence of

annual minimum groundwaterlevel since 1973 to 1993

5.3 Trend in DrawdowlI of the Obsen'ation 'Veil

Year wise drawdown of each well was estimated from the water table data from the start

ofBoro season (1" January) to the occurrence of the lowest water table for the respective

year. The estimated drawdown is presented in the Table 55, Figures 5.38 to 5.45 show

the trends in drawdown of the observation wells.
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Table 5.5: Drawdown (IU) of selected observation wells located ;n Ihe catchment
area over different yean

~
Year THADOS THADIO THA1I29 DINOIO DlNOll DIN02li DIN502 DIN50;J

1973 3.76 1.32 2.14

1974 1.S2 2.34 '"
1975 3,42 1.66 l.32

1976 3.56 1.68 3.44 6.88

1977 U ,.• 2.()2 'M

1978 , , ,.• 2.18 6,92

1979 3.' 1.76 1.68 2.74 3,66

""" 6,74 1.94 1.62 1.36 2,28 6,82

1981 1.42 1.24 1.14 ,n 7.28

1982 '" ,~ 0.34 ,. 7.42

1983 1.96 2.52 1.72 3.14 3.86 6.14

1984 2.04 U " 3.34 1.52

1985 1.42 1.&6 '" 3' ,,, '" 2.46

1986 'M 1.36 1.22 2.38 ,., 4,96 3." 2.72

1987 1.06 " 3.16 2.36

1988 2.56 1.42 3" ,,, 4.52 2.62

1989 3.3 2.48 ,.. 1.46 4.82 7.88 6.20 ,.%

1990 , " 1.88 ,.. 3,84 5.54 4.76 2,88

1991 3.' 3 '''' 4.68 '" ,., 4.28

1992 35 4,02 U 4.54 7.36 9,50 •••
1993 3.' 2.48 2,94 " 3A ,., 5,20 2.86
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Fig. 5.39 The variation of the drawdown of the observation well TIIAOIO
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Fig. 5.40 The variation of the drawdown of the observation well TIlA029
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Fig, 5.44 The variation oflhe drawdown ofthe observation well DINS02
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Fig. 5.45 The variation of the drawdoWIl oflhe observation well DINS03

It is seen from the Figures 5.38 to 5,45 that groundwater withdrawals have increased in

the study area over time, This drawdown might have an effect on the quantity of

groundwater available for baseflow to the Tangan River Groundwater abstraction plus

baseflow estimated from the average drawdown, specific yield and catchment area over

the period is presented in Table 5.6.

•-



Table 5.6: Estimation of groundwater abstractioll pills baseflow

y~, Average Drawdown of Specific Cat~~::~\t GrouDdwate~ ;:s~~ction
the are~ tm Yield area km Ius baseftow Mm

1973 2.41 101.08
1974 L71 7% 600 71,68
1975 2,13 89,60

1976 3.89 163,38
1977 3,65 136,08

1978 3.18 133.56
1979 2.6] 109.54
1980 3.46 145,32
1981 2.60 109.20
1982 2.72 114.07
1983 3.22 135.38
]984 2.14 89.88
]985 3.11 130.80
1986 3.26 136.71
1987 2.45 102.69
]988 3.02 126.98
1989 3.86 162.23
]990 3.24 135.98
]99] 4.43 186.24
]992 5.09 213.72
1993 3.59 150.57

5.4 Relation ofBoro Season Streamflow and Basenow with Groundwater Irrigation

Groundwater abstraction was estimated by subtracting baseflow from combined

abstraction and baseflow data of Table 5 6. Total streamflow, baseflow and groundwater

abstraction from Jarruary to 1" decade of May over the time period (1973-1993) have

been presented in the Tahle 5.7 Groundwater abstraction is shown in both volumetric

and depth units. It is seen from the table that the highest amount of groundwater use was

297 mm in 1992, However, this is less than the potential recharge of310 mm in the area.

Thus, it appears that there was no permanent mining in the groundwater table during the

•••
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Table 5.7: Seasonal streamflow, baseflow and groundwater abstraction for the 80ro

season (lVer the years 1973-1993

Year Total Total Groundwater Groundwater Groundwater
streamflow basellow abstraction abstraction(MmJ) abstraction
(MrnJ) (Mm3) plus basellow (mm)

(Mm3
)

1973 1\061 8540 101.08 15.68 26.13

1974 63,15 48.26 71 68 23.42 39.04

1975 1M,34 56,60 89,60 33.00 55.00

1976 72.08 6722 163.38 96.16 160,27

1977
1978 84.06 50.02 133.56 83.54 139.23

1979 64.34 60.02 109,54 49,52 82.53

1980 66.55 59.93 145.32 85,39 [42.32

1981 66.29 56.41 109,20 52,79 87.98

1982 57,01 51.23 114,07 62,84 104.74

1983 62.31 55.27 135,38 80, II 133.52

1984 68.88 62.44 89.88 27.44 45.73

1985
1986
1987
1988

1989 48.64 42.30 162.23 119,92 199.87

1990
1991 51.23 43.20 186,24 143,04 238.41

1992 42.18 15.50 2J3.72 118,22 297.03

1993 71.26 53.95 15057 96.62 161.03

study period, Figure 5.46 shows the trend of ),,'Toundwaterabstraction in volumetric unit

and Figure 5.47 shows the trend in depth unit. Both figures reveal that consumption of

groundwater in the study area is gradually increasing. To investigate the relationship of

Boro season streamflow and baseflow with groundwater irrigation, the correlations
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among these variables have been estimated, Figures 5.48 to 5,50 show the relationship of

streamflow and baseflow with groundwater abstraction
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Fig. 5.46 Time series of groundwater abstraction in volumetric unil during the
Boro season over the period of 1973 to ]993
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Fig 5.47 Time series of groundwater abstraction in depth unit during the
Boro season over the period of 1973 to.1993
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Fig, 5,48 Scatter plol of streamflow and groundwater abstraction over the
period of 1973 to 1993
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Fig, 5,49 Scatter plot of base flow and groundwater abstraction over the
period of 1973 to 1993
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Fig. 5.50 Scatter plot of base flow and groundwater abstraction over the period
ofl978to 1993

A correlation coefficient of -0.66 between Born season streamflow and groundwater

abSlrllction and a correlation of -0.67 between Born season baseflow and groundwater

abstraction have been found. In the case of base flow, the correlation coefficient increases

to -0,91 if the data from 1978 are considered. It is to be noted that the groundwater

abstraction befofe 1978 is not very reliable as we had data for only three wells. The

analysis indicates that both streamflow and baseflow have been declining since 1973.

Groundwater abstraction correlates well with baseflow and this indicates thai flow

declines arc related to groundwater development. With I unit increase of groundwater

abstraction, basellow of the river would decrease by about 0.17 unit.



CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusious

In this study. an attempl has been made to invesllgate the impact of groundwater

lITlgation on dry season flow and bascflow of the TangalJ River. Statistical analysis

(correlation and regre~sion) was done to fmd ont the relation of streamflow and baseflow

dechnes with groundwater abstraction. The following conclusions are drawn based on the

findings ofthis study:

• Baseflow of the streamflow hydro graph was separated from the daily streamflow'

data' of the river over the period from 1973 to 1993 using a software BFLOW

which implements a digital filter lechnique.

• Time series of average decadai streamflow and baseflow for four 10 five months

(January 10 early May) indicate that Tangan river flow has reduced over Ihe

period from [973 to 1993. Thc reduction is 41% for streamflow and 35% for

baseflow.

• Lowesl grOlmdwater level was found to occur by thc cnd of April or early May in

about 50% of the wells.

• Groundwater abstrd.ction was estimated from the average drawdown data over the

years 1973 to 1993 and specific yield data of the sludy area.

• Decreasing trend of lowest groundwater table and increasing trend of drawdown

indicate thai groundwater table has declined in Ihe study area over the period from

1973 to 1993 in response to Ihe increase in groundwater abstraction. With I unit

increase or groundwater abstraction, baseflow of the river has decreased by about

0.2 unit,

• A correlation coefficiellt of -0.66 was obtained between the streamflow and

groundwater abstraction ovcr the period from 1973 to 1993 while the corrc1ation

coefficient of -0,67 was found between bascf10w and groundwater abstraction,

The coefficient for haseflow and gronndwater abstraction increases to -0.91 if

data for the post 1977 period is considered due to their bctter reliability.
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6.2 Recommendations

The following recommendations arc made for further study:

• This study only identifies if there is allY impact of groundwater irrigation on

base flow and streamflow of (he Tangan River. It bas no! evaluated I investigated

the adverse impacts orthe streamflow and baseflow reduction 011river ecosystem,

navigation, morphology and socio"cconomic condItion of the local people. This

can he an interesting topic for further research. The study also does not answer the

mechanism of reducing groundwater abstraction,

• Groundwater level data of only eight observation wells were analyzed due to

budget constraints. It did nol consider the distance of the wells from the river .-

banle The study could be more reliable if rainfall analysis was also done.

Streamflow data after 1993 cOlild not be used because of the absence of reliable

data and a number of missing data were also present in the streamflow data. The

study cOlild give a more real picture with the presence of these data. A more

detailed study is recommended considering the additional groundwater

observation wells, lheir distance from the river bank and including the rainfall

analysis.

•, I••
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