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ABSTRACT

In Bangladesh groundwaler imgation 18 a comnlen practice for agricultural production
Increased use of proundwaler ierigation for agricullural uscs may have resulied m
declings of dry scason sticamflow and bascllow, 1o this siudy, an attempt was made o
investigate the relation of the Tangan River dry scason flow and bascllow with the
ahstraction of groundwater mn its caichment through the systematic use of statistical and
baseflow separation icchniques. Data analyzed include streamllow, baseflow, and

proundwaler levels, The baseflow scpacation was done using the software BFLOW,

Bora scason (January Lo carly May) was considered for the study simec groundwater 1s the
only source of irrigation during these four months. Average decadal (10- day) stream(ow
and baseflow were calcutated for these four months over a period from 1973 to 1993,
Time serics of average decadal srircamfow and bascfiow showed a declining trend of
river flow. The study cstimated the percentage ol average sireaniflow and bascllow
reduction in the Tanpan River during these four months peniod over the study time of
1973 10 1993 and these were found to be 41 % and 35 % respectively. Trend line fitted Lo
the lowest graundwater table was also found to be downward and this indicales the
owering of groundwater table through the time period of 1973 to 1993, An incrcased
amount of groundwater was withdrawn from the study area over the sludy time, which
was estimated front drawdown and specific yield data. A corrclation coefficient of -0.60
hetween the strecaniflow and groundwaler abstraction was obtained for the period from
1973 1o 1993, YFor basellow and proundwater abstraction, the correlation coeflicient was
ound to be -0.67. lurthermore, [or bascflow, the comelation cocflicicnt increases 1o
097 if data fromy 1978 are considered due lo their better reliability. Groundwater
abstrachion corrclates well with baseflow (-0.91) than streamfow {-0.66). With | unit
increase of groundwater abstraction, bascflow of ihe river would decrcase by about 0.2
unit, The statistical analysis indicates thal the primary factor causing the streamflow and
busellow declines is lowered proundwater level caused by increased abstraction mainly

itom dry scason irmigation,
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CHAPTER ONE o 10871 _,y
ll" Tﬁ? . ':‘.fa.':. i
INTRODUCTION \Feg.6 /ﬁ /)

1.1 Background of the Study

Streamflow ol a river consists of three components: surface runolf, interflow and
basellow. ‘Through most of the dry scason (November - May) of the year, the streamilow
15 composed primanly of bascilow. Dunng the wet season {June - October), discharge is
made up of its three components. Therelore, baseflow is the major contnbutor 1o
strcamflow, not only in periods of low flow or withoul rain but also dunng [loods.
Baseflow is an imporlant component of a streamflow hydrograph, which comes from
groundwater and‘or shallow subsurfacc storages. Dry scason streamllow 18 gencrally
regarded as being a resull of groundwater discharging into the sircam, while the direct
runoff 1s considered to be the result from overland or near surfuce flow. Detailed
knowledge of groundwater contribulion to stream. Le. baseflow, is iinporiant 1n many
waler management areas: water supply, wasle water dilution, navigation, hydropower
vencration and aguifer characterization. Also, bascfiow can directly be related to aquifer
recharge (Birtles, 1978; Wittenberg and Sivapalan, 1999; Salagyi ¢t al., 2003), winch is
crucial in ascertaining safe yields of water development schemes, such as irrigation

planning in the Great Plans (Sophoclcous, 2000).

I a stream-aquifer sysiem, the streain inay receive discharge from groundwater when the
water table in the aquifer is higher than the water level of (he stream. If there 15 good
hydraulic connection between an unconlined aqinfer and a surface water body, pumping
well located near a river can diverts groundwater flow, which under natural conditions
would have discharged into the river as bascflow. As a result, the basellow to the niver
might be reduced. As pumping continucs, a reverse hydraulic gradient around the river
nay he formed and the river beging 1o discharge water to the aquifer. This induced river
infifitauon  further reduces streamflow. The reduced basellow and induced river
infiltration may lead to total streamflow deptetion and there may be a change in or loss of

wildlife habitat or a dechme in the fishery.




Bangladesh is a highly populated country. Population of the vountry has beun inereasing
day by day. Apricultural production has to be increased o meet the growing food demard
of the countrys population. Agricultural productivity holds the key lo the country's
overall econemic growth and welfare to its people. Irrigation is the lifeline of agriculiure.
Bangladesh has fertile agricultural land and abundant water in the wet season but limited
water at the time of need in the dry secason. In Bangladesh, nunor urigation plays a
positive role to improve agricultural production during the dry season. Minor urigation
was intreduced 1n Bangtadesh in early sixtics using low [i[ pumps. The emphasis soon
changed 1o groundwater absiraction initially through deep tubewells (DTWs) followed by
introduction ol shallow tubewells (S1Ws) (BADC, 2006). Agricullural productivity has
increased through the cxpansion of groundwater imigated agriculture. In the study arca,
oroundwater has been used to meet the domestic demand as well. But groundwater use
for agriculture is greater than that for the household purposc. 8o, groundwaler irrigation
has become a topic of interest n (his study. Ln the study arca, the flows of the Tangan
River is lowering over the years and during the dry season it reaches Lo its lowest level at
which instream requircment cannol be maintained. This wiil be harmful for the
ccosystem. Local people then cannot use nver water for domestic and other purposcs and
they have no olher way than to depend on groundwater. Local people of the study arca
use hand tubewells (HTWs) lor their drinking purpose, and for imgation they depend on
DTWs under the Barind Mullipupose Development Authority and also on STWs under
their private owncrship, As a result, a huge amount of groundwater is abstracted every
year and the continued increase in abstraction might have put pressures on groundwater

tanle.

Al presenl, the main source of irngation water in Bangladesh 15 groundwater covering
aboul 75% of the total wrigated arca {BADC, 2006). Recontly groundwater based
irrigation system 15 experiencing difficulties in different pars of the country as shallow
aquifer level is getting oul of reach due to [last depletion of groundwaler lable,
Intensification of irigation with pumped groundwater is considered to be a reason for the
depletion of groundwater table. Increasing groundwater withdrawal may reduce the

baselow 1o the river. Consequently, the flow available for the enviromment could decline.



Thus. the reduction in baseflow, and hence the streamflow, might have adverse impact on
many water relatcd projects and aquatic vegetation and species In this study, an altcupl
las beon made to evithuate the elTect of groundwaler irrigation on dry scasen stream(low

and baseflow ol the Tangan River,

1.2 Objectives of the Study

The present study has been camed out to find out the effect of proundwater abstraction
on streamilow and hasellow of the Tangan River as a resull of incrcased nTigation. The
possible outcome of the study would be helpful in planning water seclor projects and tor
agricultural water management of the study area as well as of the country. The speci fic
objectives of this study are:

I. To analyze the trend in observed streamflow data and scparate the basc flow
component of the streamNow hydrograph using digital filter technique.

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

3. To establish a relationship of dry season strcamllow and bascflow with groundwater

nmyation.

1.3 Organizaiion of the Repori
The report has been arranged in s1x chapters. Introductory aspects like backuround of the
study, ohjectives of the sludy and how the report is organized arc discussed m Ihis

chapter.

Chapler Iwo revicews the available literatlure related to the study. Literature regarding the
streamlow lhydrograph, baseflow scparation, tiver aquifer mteraction, groundwater

development, safe yicld criteria and groundwater table are revicwed here.

Chapter three includes methodology and data collection. Jn ths chapter data collection,
data processing for carrying out the analysis and the method which is followed in the

study are discussed.



Chapter four gives o general description of the study area, It deseribes the Tocation,
upazillas covered. population, climate, soil, cropping patlern, nver syslem and draunuge

network, surface water irngatian project and groundwater irrigation in the study arca.

Chapler five describes the delailed analysis and results of the sludy. Dry scason

stream (low, basefow and proundwaler level data are analyzed in this chapler.

Finally, some conclusions of the study and recommendations for further study are madc

in chapter six.



CHAPTER TWO
[ITERATURE REVIEW

2.1 Streamflow Hydrograph

A hydrograph is a graph showing discharge versus time. Discharge hydrographs of rivers
carry the cumulated infermation on the varicus hydrological processes occur in
catchments and the influences imposed on them. Water that rcaches the stream comes
from (hree sources, namely from surface runoff (overland flow), interflow, and baselow
(groundwater flow}. [t follows that a streamflow hydrograph may be made up of three
components, i.e. surface runofT, interflow, and bascllow. In addition, the term direct
runoff refers to the sum of surface mnoff and interflow. In this case, dircet runodt and
basellow arc the two components of a streamnflow hydrograph. The proportion of stream
water that is derived from groundwaler inflow varies across physiographic and climatic

sgttings.

Willams and Pinder {1990} have shown thal groundwater makes up more than 90% of
the streamflow 1o portions of the Atlantic Coastal Plain. Part of the precipitation on the
basin infiltrates through the soil zone to the water table and becomes groundwater. Some
of this proundwater 15 subsequently discharged o the sireams as bascllow and some 1s

izst to the atmosphere by cvapotranspiration.

The amount of greundwater that contmibutes lo sircams can be estimated by analyzing
streamilow hydrographs o determine the proundwater component, which is termed as
baseflow. Scveral different methods of analyzing hydrographs have been proposcd by
hydrologists to estimate the baseflow component of sireamflow. A streamflow
hydrograph is generally a graphical, tabular, or mathematical representation of the flow
discharges of a river, stream or canal thal pass through a given cross section as a function
of time Al the very beginning in a stream(low hydrograph, the [low is about constant or
decreases with lime, then it increases reaching a maximum value, and therealler the Now

decreases or recedes throuph time. The increasing parl of a Mood hydrograph 1s called



)

rising limb; the part around the maximum flow is called he crest, and that of deercasing

{lows after the Mood peak is called the lafling or recession limb.

, Crest
Drischarge

Riging limb

‘\ [ecession

limb

¥

Time

Fig. 2.1: A typical streamllow hydregraph

2.2 Basellow Separation

Hall (1968) and Tallaksen (1995) stated that baseflow scparation from streamilow
hydrographs had fong been a topic of inlerest in hydrology since the bascllow recession
curve itself contmins vatuable information aboul the aquifer properties. Basellow
separation [rom quick storm response 15 required for nunerous widely used hydrological
models (2. HEC-1 flood hydrograph package by the US Army Coips of Engincers, unit

hydrugraph technigues) and other water resource applications (Vogel and Kroll, 1996).

The first step in hydrograph analysis entails separation of strcamflow into the twe major
comnponents: surface runoff and baseflow. Pinder and Jones (1968) cited that the exact
separation of each component is often arbitrary and based on cither the use of standard
meihodologies or in a few instances, (he vse of chemical or isotopic tracers and mass

balance approaches.

Baseflow separalion techniques use the time-series record of strecam flow to derive the
bascfiow signature. The common separation methods are either graphical which tend io

focus op defining the points where base[low intersects the rising and falling limbs of the



gquickMow response, or wvolve fillering wlicre dala processing ol the cotive slieam

hydrograph derives a bascfllow hydrograph.

Bames (1939) suggested that Lhe three individual components of strcamfiow, dircel
runcl [ interflow and baseflow, may be distingmished by plottling the logarithms of the

flows agamst tine.

White and Sloto {1990} stuted that manual separation of the streamflow hydrogaraph into
surface Now and groundwater Now 1s difficult and inexact; often resulls derived from
such manual methods cannot be replicated among invesligators. Recently scveral
programs or melhodologies have been written 1o automate this process (Nathan and
McMahon, 1990, White and ISloto, 1990; Rutledge, 1993). White and Slato (199
programmed three techmques developed by Pettyjohn and Henning (1979) to separate the

groundwater/ surfuce waler components of strecamflow hydrographs.

Nathan and McMahon (1990) analyzed two bascllow separation techniques for use n
prediction of low Now characteristics. The first was a simple smoothing and separation
techiique developed by the Institute of Hydrology (1980), and the scé::md Was a reclirsive
dugital filter technique which could be casily executed with a computer. The two methods
compared well having 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

baseflow separation by Nathan and McMahon (19490).

Digital filter gencrates higher baseflows under ftashy peaks, which perhaps corresponds
to actual conditions more closely Lhan that oblained using lhe smoothed minuma
approach. However, while the baseflow hydrograph generated by the digital filter appears
o he more realistic than the Institute of Hydrology (1980} techmque, the bascllow
reeession curve dogs nol follow the exponential decay function associated with storage

depletion.



2.3 Tiver - Aquifer Interaction
[n a strean-aquider system, the strecam which receives discharge front groundwater are
called gaining stream. Figure 2.2 is a schematic diagram showing a streani-aquifor system

where the stream gains water from the aquifer through basellow.

G
Y e Y,

Aquifer

Fig. 2.2 Schematic drawing showing the hydraulic relationship between an aguifer and a
streamt, where bascilow {R) discharges to the stream, K, and K, are vertical and

horizontal hydrgulic conduetivity of the aquiler.

IFor gaming streams, the amount of groundwater discharge 15 directly proportional to the
hydraulic gradient toward the stream and to the hydraulic conductivity of the surrounding
aquilers. For a fully penctrating streamn. groundwater Mow to the stream is dominantly
horizontal and the horizontal hydraulic conductivity (K;,) plays an imporant role. For a
stream-aquifer  system where the stream  partially  penetrates the  aquifer, three
dimensional conditions exist In the vicinity of the sireambed {Conrad and Beljin, 1996},

Linder this circumstance, the vertical hydraulic conductivity (K,) has a significant role in



controlling the groundwater discharge rate. A pumping well ncar a stream can inlerecpt

baseflow and thus reduice the groundwaler discharge rate to the stream (Figure 2.3},

f Ground Sudacd

-
-

Ll
i)
-~
LT

L ek S

Fig. 2.3 Schematic drawing showing a pumping well intcreepts baseflow and induces
streamn infiltration (q), K, and Ky are vertical and horizontal hydraulic conductivity of the
aguifcr.

Two plocesses can cause a paining stream to lemporarily recharge the aguifer. Fiest,
when stream stages (elevation ol water level in the stream} arc higher (for example
durmg Neoding) than the water table i the aguifer, the stream discharges water 1o the
aquiler. Sccond, afler a continualion of pumping, a reverse gradiend established below a
seument of the stream leads to strcambed infiltration {Figure 2.3). The strcam infiltration

rate may be dilferent in various parts of Lhe channe! segment.

Chen and Yin (1999 bave demonstrated that iirigation wells located at a cerlain distance
from a gaming stream will not reverse hydravlic gradient below the stream and thus do
not induce stream infiltrabion However, the pumping depletes sireamfllow entircly from

the reduced base[low,



1{}

1.4 Groundwaier Development

Groundwaier development concept lo protect crops from natural droughts was first
inittated 10 Thakurgaon wrca in Northwwest Bangladesh belween 1961 and 1966 with the
sinking of 380 DTWs by Bangladesh Waler Development Board (BADC, 2003)
Availahility ol good aquifer and kHniited scope of surface waler development indicated the
sultability of groundwaler development to meet the umigalion as well as domestic and

industrial demands of the area.

When gioundwaler 15 pumped Uy a well or set of wells, the groundwater level, cither the
watcr table or potentometric level, will decline near the well as groundwater is removed
[rom aquifer storage This decline {typically referred to as "drawidown") 15 usually small
when a demestic 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 large quantitics of proundwater (Patlerson and Zaporozee, 1986). Drawdown 1s the
ereatest at the well withdrawing water and is smaller away from the well, creating a
"cone of depression” around the pumping well. In general, the grealer the pumping rate,

the larger the cone ol depression as water 15 pulled from greater distanees from the well.

Groundwater quantity problems ariscs when wells are spaced too closely together (which
can lead to interference between wells) or the aguiier is over pumped or both. In these
cascs., cxcessive drawdown occurs because of constraints on the aquifer duc to the ability

of the aguifer to transmut water or boundanes which inhibit groundwater movenent.

The practical implications ol groundwater wilthdrawal that occurs due to well interference
or pumping at oo high a rale include: incrcased pumping costs because the punip has o
lift water a greater height, lowered well yield, dewalering or rmming of an aquifer until it
no longer meets water supply needs, drying up of nearby shallow wells (e.g., domestic
wells), and recharge of surface water 1o groundwater, Groundwater withdrawals may also
deercase the amount ol groundwater discharged as baseflow to streamns. Baseflow may
make up the cniire sircam(low at times when mneff is not occumming. Excessive

proundwater withdrawals may also reduce groundwaler levels o the point that surface
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water recharses vroundwater rather than the othar way around. Such strewms are called
[osing streams. A reduction in baseflow could also impact on the habitat and change plant
andfor animal communities. cither because ol a reduction or ehmination of the amount of

waler available or a change wn the water chemuistry.

2.5 Safe Yield Crileria

The salc yield of a groundwater basin can be defined as the amount of water that can be
withdrawn under specific operating condition withoul causing airy undesirable results.
DTWs and $TWs are being used lor abstracting imigaiion water. DTWs are used 1o mect
the drinking and industrial water demands in the municipal areas. As STWs operate under
suction mode, these become completely moperable condition when depth to groundwater
table goes below suction lumul. ie., 7 m from ground surface (IWM, 2005). Wetlands,
ponds and small streams also dry out when depth of groundwatcr table goes below 7 m.
Considering these lacts, 6 m 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 HTWs respeclively with full operationat efficicncy (IWM, 2003). The
groundwater resource of 7 m deplh has also been eshimated considering for the

preservation of wetlands. ponds, dug wells and in-stream flow during dry period.

Recharge means the replenishment of groundwaler storage that is depleted by withdrawal
of aroundwater with the tubewcils and by natural process, Polential recharge is the mean
annual volunie of surface water thai coutd reach an infinite groundwater reservoir and be
stored there, limiled anly by the ratc at which the so1l or subsurface clay allows the waler
to infiltrate and percolate. The upazilla wise potential recharge data of the study area was
available from the Naticnal Water Resources Database (NWRD) of Water Resources
Planmng Organization {WARPQ) are shown 1n Table 2.1, It is scen from the table that
potential recharge [or the cntire study area under the recharge conditions of low, medium

and high are aboul 310 nu, 3%0 mm and 470 mm respeclively.



Table 2.1: Upazilla wise potential recharge for the study area

12

Potential Recharge
1}istrict Upazilla | Area | (mm} Area*Potential recharge
{hm°) (M)
Low | Mediwmn | High | Low Medium | High
Thakurzaon
Thakurgaon | Sadar 645 | 330 413 495 | 2128500 | 266385 | 319275
Pirganj Jo4 | 300 375 450 | 118200 | 147750 [ 177300
Birol 357 | 240 300 360 | R3680 107100 | 128520
Dinajpur Bochapan) 225 1 240 300 360 | 54000 67500 | 81000
Katharole 207 | 300 375 450 | 62100 77625 | 93150
Panchagarh | Boda 429 | 390 488 585 | 167310 | 209352 | 250065
Total 2257 - - - 700140 875712 | 1050210
Average polential recharge of the study area (mm) 310 388 4065

Source of data: Natonal Water Resources Database of WARPO

The specific yield is the volume of water per unil volume of aquifer that can be extracted
by pumping. The specilic yield for the Tangan Raver watershed is about 7% (MPO,
1987). For the upazillas of Atwari, Roda, Pirganj, Thakurgaon Sadar, Biral, Bochagan;
and Kaharole, the yields are 3, L1, 7, 10, 6, 6 and & % respectively (IWM, 2005).

2.6 Groundwater Table

Generally, groundwater Jevels vary geasonally. Groundwater levels in shallow aquifers
tend 1o flucluale af preater frequency and exlent than de groundwater levels in decper and
confined aquifers because recharge rcaches the shallow aquifers more quickly. In wet
scason, proundwater levels rise tapidly duc to rocharge from rain and Dooding. In
summer, proundwater levels gradually dechne because of uptake of inlilirating water by
plants, decreased rainfall, increased evaporation, groundwater abstraction for different
uses, and proundwater discharge as basellow to strcams. The number of serviccable
DTWs not operated due 10 groundwater lowering in each of the Boda and Thakurgaon

sadar upacsillag was onc (BADC, 2003).



CHAPTER THREE
DATA COLLECTION AND METHODOLOGY

3.1 baia Collection

The present study used obscrved streamflow and groundwater level data of Bangladesh
Water Development Board (BWDB) for analysis. Onc ficld visit was made to collect
information on Tangan river [low, performance ef the barrage Jocated on the river and the

present condition ol groundwater imrigation.

Sircamflow and groundwater level data were collected from BWDB. Daily discharge data
of two discharge stations of Tangan river at Thakurgaon (SW 285) with latiude of
26"02°40" and longitude of 88"2736" and Kodalkaugaon (SW 287} wilh the samc of
25"41°24" and  88%25'48" respectively have been uscd (see Figure 4.2 in Chapter Four).
Kaodalkatigaon station is about 58 km downstrcam to the Thakurgaon station.
Ciroundwater fevel data from eight observation wclls (Figure 4.2) were used in the

present study

3.1.1 Stream[ow Data

Daily streamflow data of Thakurgaon and Kodalkatigaon stations for twenly onc yoars
from 1973 to 1993 were available, The data of Kodalkaligaon were used in this study.
Mean daily discharge of these two slations could have been estimuted from the observed
walgr level data of 1994 1o 2006 using rating curve equations. However, due to
pnavaidabilily of rating curve equations, daia after 1993 could not finally be used in the
study Prior 1o analyzing the data it was necessary to [ill in the missing dala of the test
station (Kodalkatigaon). Comrelation of discharge dala between Thakurgaon and
Kodalkaligaon stations was detenmned. Thus any missing data of Kodalkatigaon is filled
witl using this correlation. The daily discharge data of Thakurgaon station has a good
correlation of .84 with its downslream discharge station Kodalkatigaon. Afer {illing the
missing dala, basciflow component of stremmnflow hydrograph was scparated using

automated digital filter technique as discussed laler.



3.1.2 Groundwalter Level Data

To find out the relationship of dry season strcanmflow with groundwater abstraction,
yroundwater level data ol available obscrvation wells from 1973 to 1993 have been
analvzed. Groundwater table in m PWD of available observation wells have been
cslimated by deducting both parapet height and groundwater depth below the land surface
from the reduced level of the well top. Average drawdown depth of observation wells
over Lhe calchmenl arca has been estimated from the groundwater table daa.
Groundwater abstraction of the catchment area over the peried has been calculated by
multiplying the drawdown depth with both caichment area and specific yicld value.

Details of the groundwater level dala used in the study are listed in the Table 3.1,

Table 3.1: Details of the groundwater level data collected

Well Id Name of | Longitude | Latitude Sources of | Length  of
district data record

THAN0R Thakurgaon | 88°23'15 2575545 RWDB 1973-1993
THADBID Thakurgaon | 88724'00° [ 25'5736¢" | BWDB 1980 - 1993
THAD2Y Thakurgaon | 88“2700° 25739'45" BWDB 1978-1993
DIN502 Dinajpur 88°32°00° 25'42/45" BWDB 1985-1993
DINS03 Dinajpur 88729007 [ 2575300° | BWDB 1985-1993
DIND10O Thnajpur 88"2723" 25°41'45" BWDB 1973-1993
DINOT ] Dinajpur 88730715 25"51'50" | BWDB 1973-1993
DIN026 Dinajpur 887307157 | 25%51's0" | BWDB 1976-1993

1.1.3 Data Collection throuph Field Visit

To collect necessary inlormation, one field visit of two days duration was made to the
study arca in the first decade of April, 2008 when the Bore season was gowng on. Local
people were interviewed and necessary information were collected through their opinion

and visual observalion,

3.2 Mcethodology
3.2.1 Bselluw Separation Technique

Baseflow separation 1» used to partition the streamflow hydrograph into its two

components:




1. Direct runo (1 componcnt

2. Baseflow comipuncit

The common separation methods are either graphical or involve filtering of streamflow

data.

3.2.1.1 Graphical separation methods

Graphical mcthods are commonly used to plol the bascflow component of a fivod
hydrograph cvent, including the point where the baseflow interseets the falling himb
(Figure 3.1}. Strcam/[low, subsequent lo this point, is assumed te be composcd of entircly
basefow. until the start of ihe hydrographic response Lo the next significant rainfall
evenl. The point (1) along the falling limb where quicklMow has ceased and all of the
stream{low is hascilow cstimated by using an crapirical relationship:

N =0.827A%

where N 15 the number of days between the stoom erest and the end of gincklow, and A
15 the area of the catchiment in square kilometres (Lingley et al, 1975}, The value of the
cxponential constant (0.2) can vary depending on catchment characlenstics such as slope,
vegelation and geology. The notations used in Figure 3.1 are: A= point where the nising
limb of the hydrograph begins, G = crest, F = inflection point, AB = hne parallel to the x-

ax1s, (O = discharge and t = time.

The graphical methods to partitioning baseflow vary in complexity and include:

A) Method 1
[11 this method, the base Mow 1s defined by a line parailel to the X- axis and passing

througly the point A, i.e AD.

B} Method It
In this method, the baselflow curve existing prior to the commencement of the surface

runcft is cxtended till it intersects the ordinatle drawn at the peak (peint C tn Figure 3.1).
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This point is joined to point 13 by a snajght hne. Segments AC and CD demarcate the

haselow and surlace runoedT.

~wflection
& poane

R
-

=

Fig. 3.1 Graphical baseflow separalion lechniques

y Method 111

In this method the bascflow recession curve aller the depletion of the Hood waler is
extended backwards (ill it intersects the ordinate at the point of inflection (line DE 1n
Figure 3.1, Points A and [ arc joined by an arbitrary smoothed curve. In this method, the

base flow 1» defined by the line AEL,

3.2.1.2 Filtering scparation methods

The haseflow component of the streamilow limne serics can alse be separated using data
processing or filtering procedurcs. These methods tend not to have any hydrological basis
but mm Lo generale an objective, repeatable and easily automated index that can be

related to the baseflow response ol a calchment (Nathan and McMahon, 19903,
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Examples of conlinuous hydrograplie separation lechnigques hased on processing ur

(ltering the data record include:

i. The smeothed minima technique which uscs the minima of 5-day nonoverlapping
periods derived from the hydrograph {Institute of Llydrology, 1980; FREND,
1989). 'The basellow hydrograph is gencrated by connceting a subsel ol points
sclected from (his minima serics. The HYSEP hydrograph separation program
uses a variant of this technique called (he local-mimmum method (Sloto and
Crouse, 19967,

2. Rm:u;siw.: digital filtees, which are routine tools n signal analysis and processing,
arc used to remove the high-lrequency quickflow signal from streamf{low, and

thus 1o derive the low-requency bascilow signal (Nathan and McMahon, 1990).

As discussed above, there are a numiber of methods availuble to separate basellow lrom
tatal streamflow. The basetlow separation method used n this study is the digtal filter

technique of Nathan and McMahon (1996). This method is described below.,

3.2.1.3 Digital filter technique
This baseflow separation procedure with digital {ilter technique is hased upon a recursive
digital filter commenly used in signa! analysis and processing (Lyne and Hollick, 1979).

The eguatien of the lilter 15 given by:

o=t 0.+ -0, 0

where ¢, is the filtercd surface runoff (quick responsc) at the lime step t (one day), Q 1s

the original strcamflow, and # is ithe filter parameter. The valuc of 0.925 for f was

determined by Nathan and McMahon (1990) and Arnold et al. (1995} to give realistic

results comparing with the praphical separation techniques. Baseflow, £, 1s, calculated
with the equation

hr =Qr_f:fr (

I~
L




15

The Tilter 1s passed over the strcamflow data three times {forward, backward, then

forward agam). The mtrameter £ oaitects the depree of attcnuation, and the numhber of

passes determines the degrce of smoolling; the reverse pass is done to nullily any phase
distortion of the data duc (o the forward pass of the filter. In generai, each pass will result
int Iess bascflow as g pereentage ol total flow. This option gives the user some added

llexibility to adjust the separation more accurately {or each site condition.

Amold et al. (1995) compared the digital filter resuits with results from manual
separation techmques and PART model for 11 watersheds 1n Pennsyivania, Marylund,
Georgla, and Virginia in USA. Annual bascllow from onc pass of Lhe filter was on - &
average within 11 percemt (plus or minus} of bascliow estimated by manual techniques
and the PART model. A recent study by Mau and Winter {1997} found that this filter
method agreed reasonably well with graphical (munual) partitioming if the appropriate

{ilter parameter is used

The justification for use of (his lechnique rests merely on the fact Lhat (iltering out higl:
frequency signals is intuitively analogous to the separation of low frequency baseflow
from the higher frequencies of quick [Tow. Furthermore, the technique does provide an
objective and repeatuble estimate of an index of bascllow {hat is casily automated. The
output of the filter was constrained so that the separated slow flow or haseflow was not

negative or greater than the or ginal sireamflow.

3.2.2 Statistical Analysis

3.2.2.1 Correlation

To see the relation of the Tangan River dry season Mow and baseflow with the
gmoundwater abstraction in its walershed, corrclation analyses were carried out using
Microsolt Excel Correlation 15 concerned with deseribing the direetion {positive or
negative) and strength of he relationship between two variables, 1T X and Y denate the
wo variables under consideration, a scatler thagram shows the localion of pomrs {X, Y)

01 @ rectangular coordinate system. 1 ail points in this scatter diagram scem to lic near a
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hne. us in {a) and (b) of Figure 3.2, the carrelation is called linear. 'Y ends to increase

as X increases. as in (a), the correlation ix called positive or dircet carrelation. IT'Y teneds

X

Fig. 3.2(a) Positive Linear Correlation

&.l'

X

Fig. 3.2(h) Negative Linear Corrclation
Y

Fig. 3.2(c} Mo correlation
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to deercase as X nercases, as in (bl the corrclation s called negative or mverse
correlation. The dircetion and streagth of the relationship can be expressed by means of a

corretation cocflicient *r”. which is mathematically defined as:

et SCH
r = =

$.$, JissxyssT)

where the sum ol cross products of deviations 15 given by

SCP = (.—rL Z,r}* ZX’HXEY’)

The sum of squared deviations for X

ssx =3 (x,-Ff =% x2- ( )?

The sum of squared deviations for'Y

ssy=S{r-¥f=%r- &) },]

A correlation coelTicient varies from -1 to +1 with -1 indicaling a perfcct negative
relationship (one increase while other decrease), { indicating no relationship and +1
indicating positive relationslup. The size of the correlation indicates the strength of the

relabonship.

3.2,2.2 Regression

Regression is primanly concerned with wsing ihe refationship for the pumpose ol
predicting one variable from knowledge of the other. The valuc of a vanable Y
comesponding to a piven value of a variable X can he cstimated from a least square curve
which [its the sample data, The resulting curve 1s called a regression curve of Y on X,
sinee Y is estimated from X If the independent variable X i1s time, the data shows the
values of ¥ at vanous times. Data arranged according Lo the time arc called time senes.

The regression line or curve of ¥ on X in this case is olten called a trend hine or trend



curve. In (s study, trend hine wag developed on the lime seres data, The simple lincar
regression equation is given as:

¥=h+H ¥

where X= given data (year in this study): b, = intercept of regression ling; andl b, =slope

of the regression line. The slope of the regression limg is given by

SCP
hl- = —_—
S5X
where SCP = Z(J{’ —?1}2 —?)= ZX:Y: -

SSX ZZ{X. -Tf =3 &7 _(Zj’r)z

The intercept of regression hoe 1s given by:

————-(z X’}Z d ); and

by=Y-bX
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CHAPTER FOUR
DESCRIPTION OF THE STUDY AREA

4.1 Location and Upazillas Cover

The geographical area of this study 15 located in the North-West region of the country and
comsists of seven upavilbas, Atwan and Boda upazillas in Panchagarh district, Pirgany and
Thakurgaon sadar in Thakurgaon district, and Biral, Bochagon) and Kaharole in Dinapur
district. The area hes between the latilude of about 25°32" N o 26"22" N and longitude of
about 88"217E to §8"34° B. The geopraphic location of the study area is shown in Figure

4.1. The upazilla wisc population of the study arca is presented m Table 4.1,

Table 4.1; Upazilla wise population of the study area

District Lpazilla Population
Panchagarh Atwan 57149
Boda 12943
Thakurgaon hakurgaon Sadar 293761
- Pirganj 1040338
Dinajpur Birol 166042
Bochagon; 115070
Kaharole 36863

Source: Zaman, 2004

4.2 Climatc

Like other arcas of Bangladesh. the study arca has a tropical monsoon climate. Average
annual rainfall in the area ranges rom 1800 min to 3000 mm. About 92 % of the annual
rainfall oceurs during the f[ve months nionsoon season belween Junc to October,

QOccasienal ramnfall oceurs in the study area in the dry season from November to May.

=
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4.3 Soil and Cropping Patiern

The study areq is highly fertile for producing a wide range of agricuttural crops. The soils
of the arca support more than one agnculiural crop. The major crop of the study arca is
rice. Transplanted Antan {Kharil 1) and Boro (Rabi) ricc arc two important crops growi
in the area. In the study area, the cultivable land is about 1,68,422 ha and about 1,23,617
ha of these arc under irrigation [BADC, 2006). Cropping inlcnsity of the cultivated Jand
is 201.26%. The cropping pattern followed 1n the study area 1s prescated in the Table 4.2,
The area is under the agru-ecological zone of Old Himalayan Piedmont plain which

consists of mainly non- calcarcous soils. The soil texture of the area is sandy loam.

Tahle 4.2: Cropping paitern in the study area

Crups Cropping pattern

Single Cropping Boro-ifallow-Fallow

Brinjal-Fallow-Fallow

Zinger-Fallow-Fallow

Double Croppmg Boro-Fallow-Transplanted Aman

Wheal- Fallow-Transplanted Aman

Maize-Fallow-Transplanted Aman

Watermelon-Fallow-Transplanled Aman

Vegetable-Iallow-Transplanted Aman

Brinjal-Fallow-Transplanted Aman

Onion-Fallow-"Transplanted Aman

Triple Cropping Wheat-JTule- Transplanted Aman
- Wheat-Scedbed-Transplanted Aman

Potato-Iute-Transplanted Aman

Potlalo-Maize-Transplanted Aman

4,4 River System and Drainage Arca

The study area is draincd by the Tangan River, The catchment area of the niver 1s about
606 km® The river originates near Atwari in Panchagarh district and the outfall of i is at
Bochagon) 1n Dinajpur district. The catchment area of the Tangan River is shown in the

Figurc 4.2. Considering the surface water sources, it is found that Tangan is a perennial
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Figurs &2 Crtehrormyt Arew of Tangen River srith the Locstion of Observation Well,
DMutierpe Biation and Tengom Barrage



river syslem The minimum flow of this river is 4 m™/s occurming during the months of
March and April al Thalkurgaon station while the maximum flow is 172 ayfs ocourring

during the month ol Aupust.

4.5 Existing Surface Water Irrigation Project

In the study area, therc is a limited water resource during the dry season but abundant
water during the monsoon season. Considering the available surface water resources in
the rainy season, a barrage had been constructed to utilize the Tangan River flow for
supplemental irrgation purpose. The barrage, known as Tangan barrage (Fig. 4.2), 15
located on the Tangan River at the upstream of ihe two discharge stations at Ramadia
village under Thakurguon Sadar Upazilla of Thakurgaon District. As a result of this
barrage, only 2500 ha of land can be irrigated at present out of the targeted command
area of 4450 ha because the highest rescervoir level of 64 m PWD could not be achieved
due to the submersion of 300 homestcads at the upstream side in Afwari Upazilla.
According to the project planning, major construction works including the barrage were
completed in 1990. However, duc to the complicacy of land acquisition, all works of the

project were completely ended in 1993 and started to supply irrigation from the nexi year.

4.6 Irrigation with Different Equipents

In the sludy area, STWS, DTWs and LLPs are used for irrigation STWS and DTWs are
groundwater irrigation equipmenis. Present dry secason nmigation practice is mostly
dependent on groundwater source, major portion of which comes through STWs. The
number of $TWs has increased from 22,307 in 1996 to 43,384 in 2006. Figures 4.3 and
4.4 show the nuriber of STWs and DTWs for three time penods in each of the seven

upazillas of the stody area,

In 2006, about 1,00,048 ha was imigated with STWs, which is 81% of the tofal irrigated
area. About 22 881 ha was imigated with DTWs which is about 8% of the total urigated

area (BADC, 2006}, Upaziila wise irrigaled area with different 1migation equipments is
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presented 1 Table 4.3, Diy season groundwater imrigation has ercased by 16% from

1996 1o 2006, It 15 scen fiom the lable that the total rigated arca was about 1,06,134 ha

in 1996, The area increased to about 1,23,617 ha m 2006. The rate of increase wt nmipaled

ared 1s about 1.5% per year

Table 4.3; Upazilla wise irrigated area (ha) with dilferent irrigation equipments

(S1TW, DTW and LLP) in three different years

Upazilla 1994 2003 1 2006

STW DY | L1.P | 5TW Drw L.1.P STW DITW | LILP
Atwari 2858 345 0 34752 &0 0 5430 Tls| 0
Boda 4118 5359 Y] 74341 306 {J 2696 041 1 314
Thakurgaor | 11479 | 365674 22 | 174974 | 2186.58 {} 28613 [ 13483} O
Sadar
Pirganj 12207 | 1603 2 16063.9 | 773.22 0 25171 | 22309 0
Birol 1 8480 1335 123 198337 | 2436.26 0 32906 2160 24
Bochaganj 7195 oy 114 103735 | 727.63 | 1327 10420 | BR3 350
Kaharole 7301 797 3 G811.5 | 982,17 7.34 13422 | 2460 {
Todal
itrigated pIGAE | 42232 | 264 B14R0 T496G 1460 100048 | 22881 | H88
area
Toiak
irrigated
area with all 106134 309126 123617

modes

Source of date: NKMIC, 1998: BADC, 2003 BADC, 2006
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Fig.4.3 Number of shallow tubewells (STWs) in different upazillas of the study
area
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CHAPTER FIVE
RESULTS AND DISCUSSION

5.1 Time Series of Decadal Streamflow and Daseflow

Daily streamflow data of the Tangan River over the years from 1973 to 1593 have been
used for carrving out this study November to May, these seven months are the dry
season in our country and the river flow during this period is termed a5 dry season flow.
Out of these seven momnths, four to five months starting from Yanuary to early May have
been considered for detailed analysis since extensive irrigation is required during this
period In the study area, cropping season starts from Jaruary and ends in early May far
Boro rice cultivation. Average decadal dry season flow of the river for the month of
Jaruary to early May has been estimated with the daily discharge data over the peried.
Table 5.1 shows the average decadal streamflow for Boro season from 1973 1o 1993



Tahle 5.1: Average decadal stream(low (m’/s) in Boro scason

30

e Janl | Janz | Jan3 | Feb1 | Feb2 | Feb3 | Mart | Mar2 | Mar3 | Aprl | Aprl | Aprd Mayl
YH}ETE a0 f 1296 | 1291 270 1270 | 1270 ] 1270 | 12.5] 12.51 413 345 156 JOB

1974 500 7631 744| 699 511| 463 436| 336] 242 333; 562 467 7.20

1975 a3l | 5401 536 822 | 1253 1268 | 10651 1059 358 2.26 126 4 70 .13

1970 %41 809 | 769 136 764 714 ] 665| 631 5741 478 4 40 4,35 417

1977

L9778 In72| 41571 403 136 | 1675 1128 loel o444 k2% 5027 536 0.%3 o047

1979 Ted | 727| 692 | 656 639 58| 552 | 506 503} 433 4.43 46| 43

50 TTI | 705} 630 587 581 58| 607 613 3381 471 430 511 | 596

1951 7517 LIB| 642 5.10 533 327 505 496 | 1313 497 4.44 499 4.16

1982 6% | 683 o3l 581 344 521 .03 4,75 384 k) 405 418 3.83

1933 T2 644 | 6T 570 524 4871 446 | 422 503 .60 632 535 548

1984 817 662 612 G08 6.14 6.24 053 7.0 6.90 4.7 443 453 544

1985 11.74 7.69 745 | &6d in 414 358 388 3198

}9R6 T4 | 643 597 577 555§ 554 567

1987

19538

1939 TyEl 714 634 5.83 533 500 421 135 2 56 111 2,14 212 2.15

L9} 737 704 6021 451 3Ty 3T 3.4 juo

1591 001 | B53 ([ 6.93 583 5200 413 356 3134 238 262 212 198 1.9%

1492 572 4% 452 500 537 307 4,60 igd 3.18 216 1.26 111 1.83

1943 585 1053 107 537 1.88 7.07 6.11 330 5.05 385 30 4.2 g
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Figures 5.1 to 5 13 show the time series of average decadal streamflow starting {rom the
1* decade of January to the 1¥ decade of May. To see the trend during this period of
record, a linear regression line has been superimposed on each decadal time series.
Decreasing trend is observed (Figures 5 1 to 5.13) in each decadal datasel of streamflow

from 1973 to 1993,
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Fig, 5.1 Time series plot of streamflow of the Tangan River for the firsl
decade of January
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During the Boro season, streamflow of the river s mainly composed of baseflow.
Decreasing trend of streamflow during the menths from the 1¥ decade of January to the
1* decade of May 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 baseflow for Boro seasen from 1973 Lo 1993,

= 1



Table 5.2: Average decadal basc Mow (m*/s) for Boro scasen
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e Jan1 | Jan2 | Jan3 | Febl | Feh2 | Feb3 | Marl | Mar2 | Mard | Aprl Aprl | Aprd | Mayl
YI‘:‘;;E 507 | B60 | 1028 ] 1141 | 10940 1199 11.36] 8% | 654 | 332 | 266 | 227 | 2 33
1974 T | 698 | 643 | 535 | 443 | 394 [ 343 | 258 | 209 | 221 | 308 | AT6 4.21
1975 5471 499 | 488 | 516 | 631 | 806 | 900 | 767 | 463 | 226 | 226 2.30 | 317
1976 BO0 | 768 | 736 ] 719 | 695 | 652 | 608 | 559 | 493 | 444 | 427} 4 M4 406
97T
1978 722 | 448 173 0.94 1.55 389 6.17 T.15 595 4.71 4.60 484 46l
1473 Ti5| 6.84 6.47 a4 374 538 .07 418 4.61 442 4,38 432 4.0%
1930 602 | 634 592] &571| 561| 564 564 533 473 426 407 419 451
1981 6911 639 576 | 534| 5.15| 499| 479 458 | 444 4dd6] 431 422 393
1982 6531 6221 S577| 36| 504 476 445) 394 | 342 330 335) 354 366
19583 add | 599 | S61| 51a| 477| 445 422 411 48| 447 485 49 4,75
1944 5861 618 | GO06| 6021 602| 606) 612 397| 506| 447 430) 427 438
1985 TE8 | 702 | 634| 553| 47| 414 385 38| 3BI] 467 765
1986 6.33 598 573 556 5.46 540 349 | 631
1987
1938
1980 T00 | 638| 5701 5.14| 460 398 328[ 263 27| 202 | 204| 206 207
1990 128 | 305f 400 388| 363| 357 364| 372 385
1991 ¥.22 .89 374 4,921 il4 1.50 317 | 284 2.52 2.23 1,98 18771 185
192 4.97 457 445 [ 4.52 4.41 4,29 36k 293 220 142 110 103 [ 106
1993 4.7& 532 .83 746 1,72 5.93% 3201 46l in 3.0 2795 287 318
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Figures 5 14 to 5.26 show the time series of average decadal baseflow from the month of
January to early May. Trend line has been superimposed on the average decadal basellow

data.
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Fig. 5.14 Time series plot of basellow of the Tangan River for the first decade
of January
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Fig. 5 15 Time series plot of baseflow of the Tangan River for the second
decade of January
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Fig. 5.17 Time series plot of baseflow of the Tangan River for the [irst
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Fig 5.20 Time series plot of baseflow of the Tangan River for the first
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Fig. 5.21 Time series plot of bascflow of the Tangan River for the second
decade of March
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Figures 5.14 to 5.26 show declining trends of baseflow for the Boro season of 1973 to
1993 in the month of January, February, March, April and the first decade of May when
irrigation activities reach & maximum Data after the year 1993 could not be used due to
their uﬁavailabilit}r. Furthermore, the Tangan barrage starled its operation in 1994 and it
might have an impact on river flow of the later years Declining trend in baseflow
indicates the decreasing rate of groundwater flow towards the river over the penod.
[ncreasing use of groundwater for irrigation can reduce this baseflow. Table 5.3 shows
the seasonal average streamllow and baseflow of Boro season (January to early May)

over the peried from 1973 10 1993
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Table %.3: Boro season average (17 decade of Janunary to the 1” decade May)
streamflow (m%/s) and baseflow (m*s) over the period from 1973 to1993

Year Streamflow Baseflow
1973 085 7.60
1974 5.62 430
1975 7.51 5.04
1676 6.37 5.94
1977

1978 7.48 445
1979 573 534
1980 5 B8 520
1981 5.90 502
1982 5.08 4.56
1983 5.55 492
1984 6.09 5.52
1085

1986

1987

1988

198¢ 433 377
1900

1991 4 56 385
19932 373 3.14
1993 6.34 480

Graphical presentation of seasonal streamflow and baseflow have been shown in Figures
527 ang 528, respectively. It is seen from these figures that bolh streamflow and
haseflow have decreased over the period 1973-1993, Average streamflow and baseflow
decline over the period fram 1973 to 1993 in the Boro season estimated from the

regression line were 41% and 35% respectively.
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5.2 Trend in Lowest Groundwater Table

To investigate the relationship of streamflow and baseflow with groundwater irmgation,
groundwater level data of eight observation wells in the catchment area have been

analyzed. The position of Lhe lowest groundwater able with the coresponding date of
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Table 5.4: The position of the Lowest Groundwater Table (m PWD) with the dates

of the occurance at selected observation wells located in the catchment ares over the

period 1973-1993

oll Td THAOQOE | THAOLD | THAG29 | DING1O | DINO11 | DINO26 | DINSO2 | DINSO3
Year
1973 117 34 285
7 May 30 April 4 April
1974 44.4 34.7 29.58
18March 22 April | 18March
1975 42.4G 3538 29.16
23 Aprl 14 Aprl | 17March
1976 42.32 34 96 214 323
31 May 31 May | 26 Apol | 19 April
1977 33.02 34.6 28,060 33.08
16 May 30 May 2 May 2 May
1978 4354 4417 3591 2978 7
22 Way 15May | 1 May B May | 22 May
1979 41.86 4347 3506 279 3156
4 June 4hume] 4Junc | 28 May L1Jung
1930 398 34 54 4399 36.76 2902 3252
7 April 5 May 5 blay Shine | 14 April | 12 May
158] 34 24 43.91 35 29.02 s
6 Aprit j 1lMay | 1lune | 11May 11 May
1982 34.04 43.35 360l 28.14 33
10May | 24 May | 24June | 10 May 10 May
1983 4318 3354 4369 | 3454 27.14 3274
25 April | 14March 2May | 9May | 25 Apdl | 30 May
1934 4406 34.96 43,19 2802 37.94
16 April | 30 Apal | 11 Jung 3 Aprl | 28 May
1985 3234 43.01 3498 27.64 357 3094 £
13 May | 29 April | 1iJune 6 May | 29 April | 15 Apdl | 22 April
1986 42.6 3232 44.05 3648 275 J4.8 32.24 34.28
14 Apil 2June | 21 Aprid | 6June | 28 Apnl| 28 April | 21 Aprl | 21 Aprit
13 3282 28 3274 34.42
25 May 20 Apnl 13 April | 20 April
352 3134 44,11 3440 274 31.28 33.92
21March | 30May | 6June | 11 Apnl 18 Apnl | 11 April
1989 40.3 328 43.13 36.16 2554 0.6 29.08 34
1 May 15May | 15May | 22May | 17 Amil & May 1 May | 24 April
1990 459 Ly 4381 345 7.5 21.38 30.7% 174
21 May FMay | 23 April | 9 April | 23 April | 12March | 26March | 30 April
1991 40.5 3048 4301 26 54 30.44 29.78 3248
2% Apnl 13 May | 20 May ( May 13 May | 22 April | I3 Mp
1992 39 29.5 4283 z6.3 31.54 25.8% 1%
4 May 1% May 25May 11 May ! June 4 May | 27 April
1993 41,1 30.63 42,62 335 278 3348 30.18 3364
14 hine | 17 May IMay | 19Apni | 12 Apnl | 1% April | 12 Aprit | 10 May
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occurrence at eight observabon wells from 1973 to 1993 over the catchmenl arca have
been presemted in the Table 5.4, These dala are shown graphically in Figures 5.29 ta 5.36.
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Fig, 5 29 The variation of the lowest groundwater table (GWT) of the

observation well THAOO0S
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Fig. 5.36 The variation of the lowest groundwater table (GWT} of the

observation well DINSO3

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

downward, which means that minimum level of groundwater table has been decreasing

vear by year. This also signifies that fluctuation of groundwater table has increased

throughout the period. The cumulative frequency distribution of the time of occurrence of

annuat minimum gruundwater levet since 1973 to 1993 is shown in Figure 5.37. Tt is seen

from the figure that the lowest level occurs by the end of April or early May in about

50% of the wells.
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Fig. 5 37 Cumulative frequency distribution of the trme of ocourrence of

anmual minimum groundwater level since 1973 to 1993

5.3 Trend in Drawdown of the Observation Well

Year wise drawdown of each well was estimated from the water table data from the start
of Boro season {1* January) to the occurrence of the lowest water table for the respective
year. The estimated drawdown is presented in the Table 5.5. Figures 5.38 to 5.45 show

the trends in drawdown of the observation wells.
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Table 5.5: Drawdown (m) of selected observation wells located in the catchment
arca over differcnt years

Yc::rc“ N THAOOS | THAO10 | THAU22 | DINOI0 | DINO1IL | DING26 | DINSOZ | DINKI

1973 376 1.32 .14

1974 1.52 234 L26

1975 ia 1.66 132

1976 3.56 163 344 H.88

1977 2.5 2% 202 504

1978 3 2 13 218 6,92

1979 3.2 176 1.68 273 3.66

1980 6.74 134 1.62 1.36 218 6.582

1981 L42 1.24 L.14 192 7.28

Lys2 134 LEZ .34 20 7.42

1983 1.96 252 172 3.14 386 6.14

1984 204 12 26 33 1.52

1985 142 156 244 35 5.46 1.66 246
1986 384 1.36 122 2.38 34 4,94 3.66 2.72
1ux7 1.06 32 316 2.0
1938 2.56 142 336 3.66 4.52 2.62
1939 33 243 18 1.44 4582 7.83 .20 2.9
1950 3 22 1.88 LB 3.84 554 4.76 2,88
1991 32 3 2.04 468 7.94 590 428
1992 35 4,02 23 4.54 7.36 9.50 4.4
1993 38 2.43 204 29 34 5.1 3.20 .80
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Fig. 5.45 The variation of the drawdown of the observation well DIN503

T is seen from the Figures 5.38 to 5.45 that proundwater withdrawals have increased in
lhe 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 abstraction plus basellow

Year Average Drawdown of | Specific | Catchment | Groundwater abstraction
the area {m) Yield area (km’) | plus baseflow {Mm")
1973 2.41 101.08
1974 171 7% 600 71,68
1975 2.13 89,60
1976 3.89 163,38
1977 3.65 136,08
1978 318 133.36
1979 2.6l 109 54
1580 3.46 145,32
1981 2.60 109.20
1982 2,72 1i4.07
1983 3.22 13538
1084 214 §9.88
1985 3.11 130.80
1986 3.26 136.71
1987 2.45 102.69
1088 3.02 126,98
1989 3.86 162.23
1990 3.24 13598
1991 4 43 186.24
1992 5.09 21372
1993 3.59 15057

5.4 Relation of Boro Season Streamflow and Basellow 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 Jamary to 1% decade of May over the time period {1973-1993) have

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

and depth units. 1t 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 of 310 mm n 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 Boro

season over the ycars 1973-1993

Year | Total Total Groundwater | Groundwater Groundwater
streamflow | baseflow | abstraction abstraction(Mm*) | abstraction
(Mm?) (Mm™) plus baseflow (mm}
(M)

1973 10 61 85 40 101.08 1568 26.13
1974 63.15 4826 71 68 2342 3904
1975 84 34 536.60 89.60 33.00 55.00
1976 72.08 67 22 163.33 06,16 160,27
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 59,63 145,32 B539 142 32
1981 066,29 56.41 109,20 52.79 87.98
1982 57.01 51.23 114,07 62, 84 104,74
1983 62.31 5527 13538 80,11 133 .52
1984 68.88 62.44 39 88 27.44 4573
1985

1986

1987

1988

1989 48.64 42.30 162.23 119.92 199 87
1690

1541 51.23 4320 186,24 143,04 238.41
1942 4218 35,50 213,72 178,22 297.03
10993 71.26 53.G5 150 57 06,62 i61.03

study period. Figure 5.46 shows the trend of groundwater zbstraction 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




60

among these variables have been estimated. Figures 5.48 to 5,50 show the relationship af

streamflow and baseflow with groundwater abstraction
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Fig. 5.46 Time series of groundwater abstraction in volumetric unit during the
Boro season over the period of 1973 to 1993
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Fig 5.47 Time series of groundwater abstraction in depth unit during the
Boro season over the period of 1973 t0.1993
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A correlation coefficient of -0.66 beiween Boro scason streamflow and groundwater
abstraction and a correlation of -0.67 between Boro season baseflow and groundwater
abstraction have been found. Tn the casc of baseflow, the correlation coeflicient increases
to -0.91 if the data from 1978 are considered. It is to be noted that the groundwater
abstraction before 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 cormrelates well with baseflow and this indicates that flow
declines are related to groundwater development, With 1 unit increase of groundwater

abstraction, baseflow of the river would decrease by about 0.17 unit,
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

In this study, an attempt has been made to investigate the impact of groundwater
vrigation on dry scason flow and basellow of the Tangan River. Statistical anzlysis
{correlation and regression) was done to find out the rclation of stream{low and baseflow

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

findings of this study:

e Baseflow of the streainflow hydrograph was separated from the daily sueamflow
data’ of the river over the period from 1973 1o 1993 using a soflwarc BFLOW
which iinplements a digital filter technique.

» Time series of average decadal sireamilow and baseflow for four to [ive months
(January {o early May) indicate that Tangan river flow has reduced over the
period from 1973 to 1993, The reduction is 41% for stream(low and 35% [lor
basellow.

+ Lowesl groundwater level was found to occur by the end of Aprl or early May in
about 50% of the wells.

s  Groundwater abstraction was cstitnated from the average drawdown data over the
years 1973 1o 1993 and specific yicld data of the study arca.

s Decreasing trend of lowest groundwater table and incrcasing trend of drawdown
indicate thal groundwater table has declined in the study area over the period from
1973 1o 1993 in response lo ihe increase in groundwater abstraction. With I unit
increase ol groundwater abstraction, baseflow of the dver has decreased by about
0.2 unit.

s A correlation coefficient of -0.66 was obtained between the streamflow and
groundwater absiraction over the period from 1973 to 1993 while the correlation
coefficient of -0.67 was found between bascflow and groundwater abstraction.
The coelficient for baseflow and groundwater abstraction increases to -0.91 if

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

‘The following recommendations are niade for further study:

« This study only identifies if there is any impact of proundwater irrigation on
bascflow and streamflow of ihe Tangan River. It has not evaluated / investigated
the adversc impacts of the stream{low and baseflow reducticn on iver ecosystem,
navigation, morphology and socio-cconomic condition ef the local people. This
can be an interesting topic for further rescarch. The study also does not answer the
mechanism of reducing groundwater abstraction.

¢ Groundwater level data of only eight cbservation wells were analyzed due to
budgct constraints. It did nol consider the dislance of the wells from the river .
bank. The study could be more reliable if rainfall analysis was also done.
Streamflow data alter 1993 could not be used becausc of the absence of rcliable
data and a nunber of missing data were also present in the strcamflow data. The
study could give a mare real picture with the presence of these data. A inore
detailed study is recommended considerning ’éhc additional groundwater
observation wells, Lheir distance fiom the river bank and including the rainfall

analysis.

= " i
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