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ABSTRACT

One ollhe major recenl concerns in the 'Jorthwesl r~gion of Uangbdesh is drying HI' uf

a large numbcl' of riVeT\ and ,milll waleI' bodies. \\,hich has a dir~cl lmpael on lhe

ccol"gy andlhe envmlllmclli. Small nHrs such a, PunMvoba, Lillie .lamuna. Dhepa,

Till", and Go\'esh,m lhal uscd to be pcrcnnial inlJalLlTesomc twenty years ago lire no",

lepllrlcd to be completely drying "LIt in the dry season. Cl~arly an improvcJ

under,>landing of th~ ri,-er and groundwatcr is needed to expluin lhe change in ,udacc

w,ner a" ailability, and 10 assess the response 0 I',lrc'mn now to n ucluations or change in

ground watcl' level. In this study. I ,illk Jamuna ri \Tr calchmcnt in lhc North\\ c.,l region

wa, ,clected a' lhc study ,Ir~u.

Th~ \ludy foll{)\\,ed a lechll('-sncial approHch lu chal'a~len/c lhe sUl'filce \\aler and

ground watcr ,:"lems and their llllcraclions in (he sludy area. Te~hnical analy,i, mainly

indudcd a qrkl)' of an~lyli~al approaehe,. ~.g. lilhologi~al analysis. hydrograph

anal)sis, flow duration cup.e, i>a<,cnow separalll1n, Il'cnd ~mtlv,i, and eOlTelalLon

regrc,;sion ,malysis, T",o ,,,cial in\'eSligallOn mcthods \\,ere conducwJ III lhc study

area: th~ lirst onc in\'ulvcd a qneSlionnairc survey \\'llh a vicw 10 finJing ont peopk',

pet'cel'lHln abont lhe slalus of Slream tlow deplelion and it, po"ibk causes. impael,

and mitigation mea,l.Irc" and lhe ~ceond melhod lllvol\'cd purp0'lve imcrviewo along a

17,5 km Ilretch along lhc l.itlie Jam una rivet' wi Ih (h~ ehicf 0bjeel i\'e "f ("llafiICl~rl/ing

lhe spalial \'anation in ,lream and aquifer 'yslcm ~nJ lheir mlemClion.

Th~r~ haw b~en ,ui>;;lamial r~d\lClLOnSin slream nt'w in the df) irrig~tion month" Wilh

r~dlletion of (l"ws ranging Ii'olll 40% to 70% ovcr a period or 30 ycnr" Al lhe .\am~

limc. Ibere b", been ,I marked dccreasing lr~nd in the dry ,>caSOnminimum ground,vllier

kvel" There i, dircel ~onncclion belwecn the ri,Tr and underlYlllg aquifer, Th~

interacli"n bctween ri",:r and gl'Ound"atcr i, the 'lrongest elose lo lhc river, l'elled~J in

a high wrrelation coe llicienl of O.R14 ~l a di,lune~ 0 f 2 km. It was found lhal Ihere is :I

lag llllle in Ihe rclponse helwc~l\ thc gl'ollndwaler alld ,urr~ce waler. Slrong ri\'~r-

aq\lifer illl~ra~lions were Immd cven al Weatct' di'>lance, af1er a 1ag"lime 01' 2 1" 3

nWlIlhs. This w~s ldleclcd in a high eorrc!alion ~ocffici~llluj 0 760 at R km fmm lh~

ri,n ~n~r a lag lime 01' 3 month" 1.I~nce il i, iml'0llanl tn r~~<1gLlizeIh~ Jcla:H'd

rl'sponse i>el"ecn g,oundwalCr 1c,,~1and river in analping lhe inl~rilCli{)n betw~~11

VlI



surface waler and groundwater. and hence con",la the effect of irrigation pumping on

stremn Ilow depletion even in areas rcJ:lli\ely lar from the ri\'er.

Thn~ has been a 8harp declining (rend m the bJsellow of the river, with basel10w

dedining by 50% io 90% in the dli' ~~a,ol\ month, of' January to l\plil oVCra period 01

30 }~ar<;, RainEdl diltnbution WilS1"'[ found to hilVt'play cd any milior rolL in aiTccting

b''''cmdwatcr le\'els and hence streilm 1]",,", It is the imgatioll dc\'elopm~nt that hJ\'e

ulle~[~d j!raduallowering of the groundwatcr level, ",hieh in turn caused reduction of

bilse Ilow and hence ,tream flo'" i~ th~ t1ry "cason months.

Th~ problem of'nvcr drying \lP hatl started ,i~~e 1990-9l; howewr, rcecllt trend hilS

bcen the qart of the problem in carlier part "I the dry ,elison, 'I he flow depl~tion of

river> anti reduction in waler bodies hil\e had n~gati\'e impacts on thc envmmmcL1wl

eco>y~lcm. \vith man} of the 10Cill Ii,h species ,tilr(~tI 10 dis~ppearing, and th~

mignilory hirds gctting lo\\,er in number.
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Chapter One

INTRODUCTION

1.1 General

- - - --

Groundwater and surface water arc often managed as isolated components of the

hydrologic system. yet they interact in a variety of physiographic settings

(Sophoclcous, 2000). The nature of the interaction between the surface water and

groundwater is very important from the perspective of resource development and

management, salt water intrusion, and groundwater contamination. The nature of

interaction is also important because the discharge of sewage and untreated industrial

effluent to the surface water bodies is a common practice in Bangladesh (Ahmed and

Burgess, 1995). In many regions groundwater and surface water resources are

hydraulically connected, and most surface water features such as rivers, lakes, dams

and wetlands generally interact with gronndwater (Winter ej aI., 1998). The hydrologic

relation between stream and aquifers is generally complex, and often vary temJXlrally

and spatially over difterent scales. The exploitation of, or quality of one resource, can

therefore affect the other. Depending on the nature of hydraulic connection between the

surface water and groundwater systems, surface watcr bodies can lose water recharging

the aquiler, with contaminated surlace water affecting groundwater quality.

Conversely, surface water bodies can gain water from groundwater system as baseflow,

and may get affected by groundwater pollution, if any. Anthropogenic activities like

pumping of groundwater can deplete surface water, withdrawal of surface water can

deplete groundwater, flood control activities can signilicantly reduce recharge to the

groundwater systems, and human activities can be a significant source of the

degradation of the water resources quality. Reduced quantity and quality of water

resources can lead to water management problems and threaten em'ironmentai

integrity.

1.2 Rationale oftbe Study
One ofthc major concerns oflate in the Northwest region of Bangladesh is drying up of

a large number or rivers and small ",ater bodies, which has a direct impact on the

ecology and the environment. The major significant impacts reportedly having already.t\,

taken place include loss of different kinds of aquatic habitats and fish diversity,

.'
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reduction of migratory birds, and hampering of navigation. Small nvers (e.g.

Punorvobu, Little Jamuna, Dhepa, Tulai and Govcshari) that used to he perennial in

nature some twenty years ago are now reported to be completely drying out in the dry

season. Bigger rivers like Teesta. Dharalu, KOrotOll,Almi, and rangon are reduced

significantly in the dry season than before as reported by BWOB and BADe personnel.

Ahmed (1994) and Ahmed and Burgess (1995) reported drying of rivers and beels in

the Barind Tract area. One general opinion about the reason behind the stream flow

depletion is that the groundwater level has been lowered resulting in less base flow

contributions or rivers loosing water to aquifer during dry season.

Clearly an improved underSlanding of the river and groundwater is needed to explain

the change in surface waler availability, to assess the response of stream flow to

fluctuations or change in groundwater level, and to balance differenl uses of water with

water supply needs and the need to muintain steam habitat for fish, aquatic hiota, and

wildlife, The National Water Resources Plan Organization (WAkr'b) of Bangladesh

emphasizes implemenllJ[ion of a range of stmctural and non-structural measures

designed to improve efficiency of resource utilization through conjunctive usc of all

forms of surface watcr and groundwater for irrigation and urban water supply.

However, hefore the conjunctive managemcnt can take place, 'it is imperative to

develop a proper understanding; of the basic principles and relationships guiding

grollndwatcr and surface water interactions.

In this study, Little Jamuna river catchment in the Northwest region (MPO catchment

no. 33) has been selected as l,hestudy area. Bccause ground water is the major water,
source in that part of the country, ~d the potential apparently exists for pumping-

induced streamflow reduction to impact dO"''llstreamusers, a good understanding of

stream-aquiJer relations is esseriiial to effectively manage water resources in the Little

Jumuna river catchment.

1.3Objectives oftbe Study

The overall aim of this research project is to develop a greater understanding of the

interaction between river and groundwater systems in the study area. The specific

objectives of this research were:

•

••
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1. To investigate hydraulic connection between river and underlying aquifer, I.e. to

assess behavior of steam flow in response to fluctuations and vice versa;

11.To analyze the long-term elleet of irrigation development on the groundwater

levels and the corresponding impacts on the river flow.

1.4 Organization or the Thesis

Chapter two introduces the basic principles along with a comprehensive description of

surface water-groundwater interaction processcs. Chapter thret: is devoted to a review

of pas! studies on surface water-groundwater interactions in many parts of world along

with Bangladesh. It also provides descriptions oftools and techniques typically used in

assessing surface water-groundwater interaction. Chapter four concentrates on the

general description on the study area with special emphasis on the hydrometeorology

and hydrogeology that are of utmost importance in understanding both surface water

and underlain aquifer characteristics and relating their interaction. Chapter five

discusses the methodology adopted in the study. It gives an assessment of the

availability and qualit~.of surface and subsurface data It also contairrs a description of

the computer programs used for haseflow analysis and a short description of field

survcy. Chapter six presents the results of the hydrologic analysis and field survey

method.~.The inferences dmwn from the results and some congruent recommendations

are included in Chapter Seven.



•• Chapter Two

BASIC PRINCIPLES OF
SURFACE WATER - CROUNDWATEH INTERACTION

2.11ntr",lllctioll

~urface wal~r and ground "aler Jnler~ct within a dynamic hydrolugic sy~tem consilllJlg

of aquifers. ,<lrcaml, reservo; ". and Iloodplai", (Pries! ct aI., 2()()]) Thnc system, arc

;nLcrconnccwJ allJ forlll a single h;'ciroiogic entity lhat is !-tressed by natural hyJroll,gic

~Ild ciimalic j~ctors ,mel by anthropogenic faclOrs, The imerad;Orl b~tween ,,,,face

water (e.g_. slream. lake'. and wcHand) and groundwater sy~tel1l_' lake place at many

places lhr011ghoullhe landscape and is governed ily the positions of the water b"dies

wilh rc;pcct to groundwater t10'" '1',lcm5, geologic charadcristlcs of their beds. ~nd

tileir climatic ,;wings (Winln c( al.. l~~~: S"phocicous, 2(02). Therefore surfa~~ waler

and gro,mdwalcc arc in c,'ntim,uus dynamic imcraction. rhe groundwater componenl

orri,~r 110" derivc, IrOLllcontinuous and lnlermitlenl J10ws trom a'luifcrs th~l drain t"

the riv"r under vary iLl~degree' of hydraulic CQnn~"tion (Ul\;r-~c<), 1980).

2.2 Basic Conccpt.~ of Interaction I'roeess

(;roulldwatcr and surface woter interact in a wide v,lliely ()1'I~Lldscape> from alpine to

coa,tal (\vinlcr, I'!n). Within these land,capes, groutld-wa(~r _,ystcms range in ,caic

Irom local to rc~iotlal, and th" lypes 01 S\lrfacc water include stream" lakes, wetlands.

,mu ocean.'. Thc mel,t common im"gc elf the interaction ,,1' groundwatcr und ",dace

water i, thal of the interactic'Ll of stream, ,.ilh a eelntlg\lOUS alluvial aqllifel. FIc",,'

s},lem in ground",~ter can be of diff~rent ,i~cs ~nd depths. and they can o,elli" un

another. (jroum1woter ITIO'''S alc,ng !low paths of \'arymg Icngth, fiom arcas 01'

recharge. Waler tram pr~~ipilatioll infiltratcs the ground ami percolate, lo the

gruundwater labl", Local !low 'y,l~ms llave shorter and shall<",cr J10w p~lh, 'taMing

f'OlTI the water lable in the uppcrmo,l unC0nrtned aquifer to the dis~harge nre,I'. and

m~y havc lravel time., on the order \If day' to a lew years Jcp~L1ding on lhe len~th of

HelW path,. These sy'tem, have tile greatest interaction with ,urfacc w~kr, "I he longesl

aLld deepe'l flow path, hm,ing m~y have lravel times on lh" order ot decade, lo

millcnnio,



Recharge to or di,cha'g" IWIll groun,h'ater is the cau'" fN conlinllal change ill the

pcy;iti.-mof the water tah Ie ChangLl\gmetenrologica ICO[l(lltIon,'lrongle- aIket seepilge

pattern, in ,urface water bed,. c'pccialiy near the ,m,am ,hore-line (Wimcr et al.,

1998). TherefCt,e. lhe tmnsfer of ".aler belween lhe surface and sllb,urface may be

useful I} delined in two "ay', lirst according 10whc!her they are proeesscs ofrechargc

or diseha"ge. and second ".helh"r they are nalural Or determined h} human action.

Re"harge 10groundwat"" ,wrage may ocCmwhene\e]' lhe 'lage in a surface wale, body

ISah", e tht adJacenl ground" ~tcr table, provideJ the llnderl}'ing bed of the wale, body

comprise> pCllTIcabkor semi-pe,meable strata Thi" lope of grQundwalcr recharge may

bc seasonal or conlinuOI". In lhe arCa whcr~ rive" Cllt through lhe overlying semi-

pellllcabic bed.,. lhac i, grOllnd\\aler movcmcnt to and from the rivers hul lh" amount

is ~m~11compared "ilh \.aticalrecharge from r~infall and n"odLng dllTing the rainy

,~ason (.1<11'0, 1986). '1his r"charg~ through nalUral process Illay occur by inIiItratlon of

raiLlor flood waler or intillmlion from ,ivers ~ndi(lr heel:,; lhrollgh ~rtj~dal pmc~,s. It

may oe~ur by return now, lrom s\"fa~e waler and groundwaler imgation, leaking

water di~lribution s},lem, or leaking se".erB Gl'OlLl\dwaterdi,charg" through nalural

process may oceu,. by eapilla'}' ris" from shallow ".ater tables. basenow 10 rivers and

h~"b and direcl {1,)\\- to the sea. Di,chargc from p\lmped wdb is only anificial process.

2.3 Interlletion hctwe~tl RiHr and Aquifer

2.3.1 T~'[lesof Inlcrarlion hetween Ri•.•r ami Aquircr

rhc important facl"," that determine lhe direction and magrllwde of illl" acm,S the

ri\cr.~qLJil;'r inlc,facc are the relalion l,f ,i,cr ,tage lQ lh~ wJjacent groulUlwalcr level

and II" distribution of llydrJ\IIic conducli, ilies ot river bed s~dim~lIts. For glound" atcr

lOdi,charge llltrt a sl,c"m clwnnel, a conn"clion ITlU,te~i,l, and the hydraulic head ill

the underlying aquifer must e.xceedthe hydro'lalie he~d in lhe ",crlying surtace ,,'aler.

Con\'e"cly. the 1m, of ,urfaee ".ale]' 10 lh~ underlying ayuifn requires that lhe

elevalion ullhe w~ter lable ill the \.ieinil} of tile stream is lowe,. th~n the elevation of

the mealll-".atc, surf~ee. Ri,'"rs generally inlcraCI with ground""tc,. in lhree ba,ic

"":,s (WiIller el "I.. 19<J8)'i) stre~n1Sg~in wale, from l!lllow of groundwater thrrtugh

the ,tre~mhed (connected gaining ,t,~~m); ii) lh~y lose water 10 grollLldl\'~ler by

olllilow thrO\lgh lh" ,lre~mbed (losing ,lream), or iii) they do hOlh, gaining In some

reaches and losing in mller re~che., (eonneeled.g~ining-IO\ing sll'eam), ()f both gain and
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lose in the smne reDChnt different times, For groundwater to discharge into II streAIIl

e1umnel,the e!e-.'otionoflhe groundWtlleJsurfacc adjacent to the SlJUIl\ must be higher

than the elevation of the ""tt s~ (Figut'e 2.10). Canversdy, for sunllCCWlI1er10seep

III grollIld\\-ater.the elevation of the river SUlgcmust be higher than the adjacent 0=
~ groundwater elC'o'ation(Figure 2.lb). In both cascs. there must be pennenble

IIlllterial that wil1 nllow this h}'droulic head 10 move ••••'nter. Losing W=mS ClIlIbe

WlD~ to the groundwtltet ".'stem by n continuous saturated zone (Figure 2.lb).

Losing rcJChcs Cllllalso be 0CC\Im:d",'ben the wlll1lted sediments surrounding the

channel sediments are ph)"iCll.llydetllchcd from the groundwater tnble by n partially

5lItUl1ltcdor an U1\SlItuTDledzone (Figure 2.1c). The mte oflhis waler Ims is II function

of the depth of ••••'llter, the hydrnulic grudient to••••'UJ'dsthe groundwater, and the

h)'droulic conductivity of the underl)'ing Il1lu\ium. The channel system can be

h)'dmuliCllilyoonncc:tedto the aquifer, or have a leaking bed through which water can

infiltnrtc to the suhswfnce. The extent of this inlemc1ion depends on physical

chamcteristics of the channel system such as cross seetion and bed composition.

SlmUnS commonly conlllin II silt lnyer in their beds which reduces oo~

between !he streAm and the aquifer.

".

I

".

--- - --~

Figure 2.1 Schemntie diagmms iIIusbuting (a) hydraulically ooTmeCtCd-glIiningsuenm.
(b) hydrouliCllllyoonncctcd-losing stteam. (e) hydl1lUlicallydisconnected-losing ~
(So=: Winter et al.. 1998)
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Fmm ~ hydrog~ol1lorphQlog;cal poIn! of vie", lour type' of inl~racllons hetween

<lrcall1~and gmunciwatcr can he C()n~cpluali7eci(Xli cl aI.. 2002) ""

i) Cons/anlly {o.l'mg or gainmx .\'1I'mms':'I-hi, type may OCCLLrin the upper catchment

\\'hel~ th~ regional groundwmer level i,~ons(antly below the stream 'lage a, shown in

figure 2.2 (I~), It may ,,1'0 be found in pl~ces \\'her~ permeability of stream bed

lTI"lcnals are such that the amount of ,,'a(~l ]0';( tram .<!ream,>is limited. COl1swntly

gaining stream, may also e~;'! "here stream, arC fed by groundwater hom conlined

aquifer~ (Cil'C I b of Figure 2,2),

il) In/alili/lenl \Irealill', ThiS type may be fOllnd in the middle course where

g'Olmdwuter Jisch<lrge., lowards the slrc~m during dry period,_ "hik the river

reehHrgcsQquif~" during flood,. TIICba'el1o\\' component wOllld have a ellloir under

lhe p""k 110wtime '" in case 2 ofl'igmc 2,2.

ilii Gt/illing ,trewm wilh nr wilil""f ltoyage: ThiS type is ollen observed in lhc lower

cours~ where groundwater levels may be C()]"i'lcn(iy higher lh"n lhc river 'lage, The

ha\~11owcomponcLllwould incrc~sc in eilher an S C\lfVeor a stmight line, depending

nn the pr~sence of bank storage. A, shown in Figure 2.1. the lhrc~ pos,ihle e",~S mc:

3u for porous Inedia Wilh01I1bank 'Image, 3b for fraclured media with"llt hank ,lor~ge

alld 3, Ii" fractured media wilh slC'fagc,

;") Infer/luL1'-dollli"o,,1 ,ln'milS, This type lllay uceur in the lIpper catchmenl ",hel'e

intcrflow m"y bc the dominllLltcomponenl ot stream h}drograph.<. If lhe regional

grOllL1dw~lerlevel is below the stream Slage, lradLtional ,cparlllion techlli'l"~' \\l,uld

give all indicaliun of lhe magJlIlude of inlcrl10w C(lnlriblllioll. It may also be

C0lnplicaled b) geological slruclur~, in some case"



Figure 2.2 Ty~icol ,conarios of the interaction hetwccn groundwater and steam,

A eonnccted, vari"bly gaining-Io,ing mer reach is IIIdir~ct hydraulic conncction with

the underlying aquifer a"d alternaks bdwccn being a gaining and losing river Whcr"

Ihc river i, gaining or I<"ing will dep~nd on the relativc dilkrence, bClwccll the

groundwater and river 'lage ckv~tlon, Ih"c rcl~tlonship' may change ,,,usonally

wilh varYing climatic regime. with n~turol erosion-depo;ilioll proccsses in riv"r bcds,

and from dlangc, in the water table in re.,ponsc to surface watcr and,.'", groundwater

cxtmction In a systelTI\\,hieh initially 1<",,, water at or hefore the ,tart of r~injall even!,
the infillration of rain water and n()od \Voter in wet mOllth" may recharge thc

underlying aquil;;'r 10a levcl higher lh"n the riveI' 'lage tmnstc)l'lllingthe stl'eam onto"

gaining onc. Whellthe g,-'!tmdw,lIercomponent cca,,, in the next dry s,,~son arkr thc

waler table return, \0 a level that is below Lhebasc orth~ rivcc. and the ,t'-C"1llbccetl11c'

losing agaltl. (;r()lInd\'.-~terpumping can al,o cau,e the hydraulie ~mdient, lo JluetLl~te

during the irrigation ,,,",on hy I('wccin~ the water I"ble and revt'T.,ing tl,'" directionl

such that a gaining >!rcaLllbecome, a lo,ing stl'eam, In wille in,tancc,. the gl'(lundwatcr

and f[Vel'may bceoll1e dise,mnceted ti" varying period, whieh might o~clll' during thc

irrigatietn,easOn frOlngroundwater e>.traClietnresulting in a lowered gfOlImlwnter tab Ie

•
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One {)r th" most Crtl11l110nly u,ed forms of groundwaler come, from (lneon lined sh~ Ilow

w~ler table aquili:rs, 'I hes~ aYlIili;IS ure major ,ourccs of dlinking and Irrigalion ,,,ncr,

Thty also interact closdy with ,lrCarnS,sometimes !lowing (di.<ch",ging) water inlo a

stream or lake and sometimes r~~civjng "atec from the sl,,,am or lake.

An lmp"nanl ftature of "i,'cr, lhm are di_,wnncct~d from groundwater is lhat pumping

"f ,hallow groundwater near the ,1rcam genemlly docs not arced (lie 110w"f the strc~m

ncar the pumped "ell, (although un,aluratcd 7on~ slmage "fwater may playa role in

mailitaining wme deglee of connecti,ily). Conve"ely, pumping groundwmer f10m a

conn~cltd ~guifer-Ti"cr 'y,lem will impact Oil the local s(rc~m !low hydrology.

reducing water avaibbililY lelr ,urfacc w~ter l"e,-, and ri\'erille eco!'ystc,m,

2.3,2 Facturs Al'fcctin~ Rivcr-Aquil'c,' Iuleraction

The relalion belween slrcam clevation an,l watel' tabl~ ~k\'~tion can b~ highly tramicnl

depcnding ('n v~ri~tioIlSin the rates "I' grollLuiwaterand surl'lCCwater withdrawal and

rechargc, Thcse ral~, arc affected by change, in scason. and by human activilics

(agricultural de\'elopm~nl, lrrigati"n 'ystcm', cO",lructiclIl of rescl'voirs, etc), Thc

JactCIr'affeel on n\'er-aqllil'cr interaclion "rCdiscu"ed bclow in delails,

Sca,onal yariation of hydraulic gradicnt: Flow betwecn aquifers and ri, ~rS~lternate,

ill dil'cdion sea,onally, \Vater bels in many aquilers follow a naruml cycli~ p~ltcrn of

scasonallllldUmioll. lJpic~lIy rising dming the ,ummCr ~nd ';lill} ,e~,On due t" g'-~aler

prccipltation and recharge. thcn declining during the "iLlkr ~nd 'pring u"ing to less

rcchal'ge and g,,:aler e\'aput",n'ril'~ti0n, rlw ma~nl1udc<,f flu~lUations ill ""tOI' lc\els

can vary gr~atly from ,ca,,'n to ,ca,on und trom lear to ycar in rcsponse to varying

climatic condilions.

111a vanably gaining-Io,ing lype oj reach. a ri"cr will gencrally initial I} loo,c water at

lhe slart "I' a rainl;111evenl "hcll run0rf proccsses d"mina1c, During weI periods and

flood cvcnts the infiitrotion or rain ",~ter ~nd stL-c~mtlow throllgh the base of lhe rlyer

con\ribUlcs rechargc to the underlYing aquifer and e\'~nt,,~lIy_ the groundwoter

cleyalioLlI\l~ybecomc higher (han that 0fthe rivcr stage Al this palm lh~ flow gradlellt

will h~ rc\'er'ed in lhe near ,IT~arnarea. ~nd scepage 10 lhc rivcrbed will occur In the

J"rm of b~sctlow (i{Cl\l 2002. Ward 1(75). \l,'hen the ba,el1ow conlponen( CCQScs.

•

,



aller the water labk retUlnS 10 a Ic\'el lhat i, below the ba,c 01'thc rivel. lhc ri\'~r

channel drie' oul unlil the ne~l rainl;111_runClff_rcchargee\'enl takes place.

III Ihmgladesh. a humid. I1l,odplaincmllllry. f1'versle~ci\'c a substantial eonlriblilion of

lhcir lean l10ws lhrollgh greJund"'"ler dlschalge "long thc cours"', 01lth~ oth~l hand.

rive" at high wuler Inc!> l}picully recharge Ihe aquifer> by revebing the Meral

gradicnts of groundw<lter110w, Il has beell ",limalcd lhat in ca,e 01'Ganges ri\'er, lhe

yearly h"rI70111alrecharge is ill th" amount of t4,5 million cubi" m"lers. which '-,

~quivalellt 10th~ dischargc, of 55 deep tube w~lls (Rahman and Chowdhury, 2003).

(;eolu~) or genmurphology; Ceology ex~rci,e, a sLrongcontl'Ol o'vcr the tran,fer "I'

"iller hdween ri\'e" and aquifers Geomorphology "f lh~ swrounding I~nd" hank

,wrage and ,ediments in th~ riverbed ~ffeet Lhehydraulic grad i"nt of S1ll'face,,'aln and

grollndl\'~ter le\'eb. rille sediment> ~re depo,ited in the riverb~d, and banks in many

ri\'e" and lhese sedimcnt> C~Llcalise "igLliJicanlre,i,t~nec 1Olhe n"w "I' ",~lcr bet" een

lhe river and "yllifcr (Vounger el ai" 1<)')3)

Degree uf fonneeti\'it)" The exchallgc ,-aleb~l\\een Lhcriver ~nd the aquifer will al,o

depend on lhe degree of penetration of lh~ ri\'er into thc aquifer. II' thc ri\,cr IS nol

perched. hul ,,,diments hm'e aCCUlnlllaledin lh~ rI\'erhed, or tli~ river only ,Iighlly

penetrates into the aquifer, than lhc liydra\llic comnlunlcmi"n beLwecn the river and

aquifer may be limiLed.while 1'01'a fllily p~netl'ating riv~r is more likely \0 ha\'e greater

h"dmulic cnnncclion wilh {h~aquifer.

In Banglade,h, flow belwecn aquifers and ri,'ers aitelllatc, s~aS0nally, and lh~

exchange is ,ignillc~ntl}' controlled by the gwlog,,', Ahmed and l1urge" (Z003) and

Ra\'cnscrc,tl (2003) summari,e Llicg~omQrl'h(,logyand geology oj th~ mers and Olher

,,,,Iilec wmcr h"dics III Ilangl"dc,h, Rive" in Bangladesh havc ,ariou, degree, "f

peneLrationinto lhe uppn aquifer; th",e ull-loloccne floodplain, have a go,ld hydraulic

cominuiLl' "nd those OllP1cLstoceneterracC, h~ve no simpIe genetic C<'nncclion"Ith the

underl} ing aqlliler, II"" ncr. in Ila]'ind Trael area, 1ive" Iike Atrai, I.iule hmuna and

Mahanallda cui lhn:mgh the l3~rind clay ill10 the ulldcrl}ing aquifer ~11c)"ingdirecl

recharge, "Ihe rivCl' Almi and lillie Jamun" arC good e,,~mpks ot \'ariably g~ining-

losing ,t]'call1';.being el11uentduring the "cl sea,on am! influent during the dry ,e,,,,,",



Cour,es of many ri"cL"sare, howe,'cr, laul! controlkd. and pre,umabl} 1;",lt pl<lne' in

tile'" rivn beds playa role in the imeraClionwith tile a~lIir"r. Rivers SlIrrollndingtile

C<lpitalCity. Dlwka partiall" p~netrate the aquirer sy~tem

ila,enow of rivers originates predominantly flOm the saturated I.on~. the shall"w

ground"aler reservoir, which in moSI c~ses i, unconfined, [)i,charg~ from thi,

ground" ater r~.\cl'\'oire~IiIlrales through river banks and the h()[IOI\1of river heds, This

di,charge has a relalively ta,l rnpons~ 10 rainfall (Iu~ to the mobilization of "old".

prc-event g",u"d\, Jter (Chapman Jnd Max" ell, 1'19(,:HCrrmaL\ll.I<)<)7)'lured with ina

,hl,r( dl>lallCC10the river. hy percolating rainwater inLrt'a,ing th~ level alld hydmllilc

head ('1'lh~ grQlInd"alcr reservoir

\Vilhdrawal of ~roundwater h) pumping: Groundwater pumping can aIso eal",C lhe

h}'draulie gradients [0 tluctu~te Juring the Irrigati,'n ,"",on by lowering (he water tahle

and reversing now direction, such that a gaining stream hccomes a lo,ing ,lr"am. In an

example or an ~qllif(,r s,,'.,temlocated near a ri, "r, unde,. natural condition.' Ihe rcdl~rge

to thc water tahl~ i, ~qual to lhe groulld",oter di,~harge (0 the ,tream, IntH,dul'ing a

pump~d bon::will result in the reduclion of "",ler ,IOTed",ithin the a'luif(,r and in Ihc

dc\'elopmcnl oj ~ crme 0I'd~pressioll (Figllr~ 2.3). The "ollitHe of "aler Ihat is removcd

Ii-omstmag~ through pumping is 110longcr available a, .,lr"alll dlschargc. If Ihe bore i,

pumped ~t an even gre~ter rme lhc ~one ofdeprcssion will e~panll tow~ru, the river and

inullce thc mClVemelll"I' stream wal"r into the aquifer rcsul1ing ill induc~d recharge,

F,<ellti"lI) Ihi, silLLali(jl1r~s\llts in rev""illg (h" grOlmd""I~r-<lream gmdiellt> such that

a groumh'a1~r discharg~ sile. wilere Ihe stream wa, on~e gOlning, i, ch~nged into a

groundwalcr recharge ,iIC, where the ,trc~m loo,"s ""ter to the underlying aquifer

replenishing ~qlJifer 'lOr~g~ during plJmping. Thi.' i, " simple hlll wmpclling e~ample

01 tile inl"ractlons hel",,,,,,, ground,"aler ~nu riYer 'yMcrns (Ivkovic and Croke. ~{)(j4).

The rC'pOllS~tLlne f"r gr01ll1dwaln pumping to impact river flow> in a hydraulic"lIy

connected grl'undwatel-rivcr system i, a funetion or the nquifer diftll<;lvityand Ihc

di,t~nce of lh~ bore to lhe river, Commonly. (he nalulal hy(lralllic conncdion between

river and ~qllifer i, exploited by ~ear-river in,wilallon of weill designed 10draw d'''''ll

groulldwater level, below the rivcr level and in,luce rechargc by sur/ace wale,. (Larkin

and Sharp. 1992).



Figure 2..1 S~heJ\\atle ,howing seepage or rhu ",~ter 10 aqUI/er induced by the
imerseetion or the eone of depression of a pumping "ell wilh the ri,'~r (Suuree:
Salehin.2005)

Critkal i'aetl'rs fOJ w~kr management are the liming, location. and yolumc 01

stre~l1111owdcplction,. whidl depend OL1I) the d~gree to whkh the rh'er and aquifer

are inlcrconnec\ed, 2) the dislanee bet"een the river and the pumping ''''Iree, 3) lhe

rak 0(' pumping, and 4) lhe ph"sieal ch",aclcrislics of the stre~l11hedand the nguifel'.

While lhe impact of groundwatel pumping on stream/low may be lil11itedin parti~lly

p~netr:llil1g rivers or in ri,us wilh clogged Ie" pLrJl\c~ble sedimelll bed,. 'lronger

hydmllilc ",onneclioll in a fully penetrating \tr~Qmis more likely to allow lor significam

stl'eaml1owdepletion by groundwater pUlllping.The mte of qrc"m deple(ion a,"OCiated

wLth p\lmping trol11a given locatiol1 is norm~lly proportional 10 thc ralC of ground

water pumping rate. "'quif~r phy,ical ch~r~cteri,li"" "Iso affect lh~ (illllng and

magl1itude of .<lre"m depletion. Aqlllter Iayaing. water transmission. and storage

properties may hm'e a strong innu~nee on the direction and rate of propagation ,If

p"mping elT"e1>.I lighl} transmis,i"e aquifers wilh limited water ,wrage capacily wLiI

transmit elTecb more rapidly than agllir~rs of (ower permeabilitj' or higher storage

capacity,

'the distance bdweell a surface w~ter b!'dy and a pumping location 'IroLlgly affect, th~

liming and degr"e thaI pumping will impact streom d"'pldion (Figure 2.4). Pumping

near an intcrwnnecled S\lrfae",water body "ill h~ve a n~a,-jyimmediate imp~d on the

surf"ce water ,,,,,,ee, The imp~et may be Lleml,,'e'lual to the rate "f gwund water

p\lmping, I\t grealcr dismnce" lh~ elkct, of pumping wiI( be aUernwtedand di\[ribllted

l"'er longer time period" and maj' be shared ",ith olher Ilydralilically connected surface

water bodie"

- .
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TI!<o",,,._o',,,,,,,,~,_
figure 2.4 Schematic ,hm'Lng stTcom flow d~plclLon due to P"LTIPIJ\g fe'r differenl
pump; ng localions from the ,[rcurn (Source' Sa ["hin. 2005 )

'II," 1,,1' "JJ~C(
An Imporlanl ~onsiderali()ll in ;lr~amtlow deplLl;oLl anaiysi, is (he 'lag ctfect". i e _ lhe

liLTIeIRg between the time when ""ler IS pumped from the grOlll1dMllcr and the time

the dcpklion is ohscn"d in stre~ms_ in many ground \Val", system" ;lI,f"ce water

supplie, arc ultimately depicted by an amOllLll oj water equal 1O\he \,oluJlle pumped

and con,,"npli\'c1y used. Th~ elkct, "r pumping on ,urfa~cwaler surr1i", may be

diSlribUled over year" or even decade', d"p~ndil1g on the _,;zc and propertie, of lhe

aquikr. John"']1 et al. (1993) demon>l,alc 110'" (he .,1'C"Jll (Icpletion erLccts for 30 yea"

of continuous pumping [wm the Snake Rivcr Plain a4"il"r, l\'orth Am"ri~a', sccond-

largest a'lui fer, persist fOl d~~ades atter p"mping ceases (I' igUl~ 2.5). In reality. il i, nOt

~as: 10 oh.,ervc lhe imp,,"t, orwdls on ,lream!1ow, Olien. \'ariations in precipilalion.

pumping patterns and Slream 11"", ar" ,,,cli that olll} aft", many yems ~"n the impacls

Oll s\rc~m t1o" he ob,crvcl1,

,--T,----~
I :~;-

:,

! \:
~ :
•1 :,~

~ ----
T"",(I'EAASI""'''''''''",,,,,"''l _

Figure 2.5 Schcmatic sh,ming time bg in years bctween groundwater pll111ping~nd
strcaln11,m depiclion oh.,a".d (Source: Salchin, ZOOS)

(;enerall}. "nil' the ,h"ll,'wcsl a'l"iC"rs in all olillvial H'I"il"cr 'y'tem will be in direct

hydraulic connection wilh a fiver, II(m~vcr. it verticall1"w components exi,t between

•



14

~ connected shallow aquifer-rivcr S)"SIemand n dc:cpcr underlying aquifer. then there is

!he polcmia! for lhe rh-er and the deeper aquifer to intcnlct ••••ith cllch other (Ivkovic d

Ill.. 2005). For e.~fIlllple. pumping from 11deeper aquifcr IIllIYn:sull in n dO"Tl••••'Ml

hydrllulic grodicnt liult ~uccs lhe waler ievcl in lhe shallow aquifer. Reduced

ground ••••uler Ie"ds in the shallow oquifer may nltcr the nature of the ground"lIlcr-rh'er

intemctions by changing the direction of nux or the hydmulic connection belwcC1l the

two systems.

2.4 Infiltrnllon nnd Percolation Proc:c~.

The infiltmtion-pcrcohuion is the process in which nquifer gets VCrtiCllll)'recharge.

Rain water lind/or nood Willer in lhe ••••"1:1season IIlso infiltrate through the pervious soil

COVeTand ultimlltely rc:ach the Shllllow water table by deep percolation or grovity

drniMllc thus recharging the shallow aquifer (Figun: 2.6). VertiCilI inliltrnlion-

percolation process mllY also llIke plllCe fmit! irrigation water in the dry season. The

time it takes the recharged flood \lollterto return to the rivcr by groundwllter flow may

be weeks. months. or yta~(Winter et Ill., 1998).

Cloud

Rainfall
Rainfall

I Ground Surface

ij j j j j j j j j j j j j j j j j j j
rroundw:llcr level in J.uly

j j j j j j j j j j j j j j j j j j j j
I!rieulturnl burn!

Figure 2.6 Schematic diagram of infihllltion-percolalion process i1Iustroting rise in
waler U1bledue to vertical n:cMrge by percolalion during w.:t season (Reproduced from
RnlunWinod Cho ••.•"dhury. 2003)
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\Vater il1fLllraling through the un,aluratcd Zl,ne IS from di'CCl rrc~ipilation, trom

o\'erland O,m, and tiorn leakage (hlOUgh ,lrcambed" Fle,w in the Um"lUralCd rone

generally i., ""'ILTIed downward in le,pon,c lO grRvity. lIowever. P(}oriy permeable

straw (for example. a day lay~r) can create harriers to downward f1,m' thaI ~an limit the

amount "f water reach ing the underlying saturated mne.

Flooding of low-lying land, is, in a sen,e. the most visible and extreme e"ample oflhe

illtC,"CliOLlofslIIface wate, and g",uJldw~ter (Winter d aI., 1998). Dming nooding,

recharge to ground""lcr IScontinuol": given ,"I-licicm lime. the wakr labl~ ll1~Yrise to

the l~nd sllrface and completely s~tllrate lhe shallow aquifer. Under this condilion. an

extended period of drainage Lrom the sh~llow aquifer lak~s place alter the tlQ(,d waLer,

recede.

In B~ngbdesh. r~~haL"ge01 groundwaler mainly lakes place hy rainf"1I ,md tlooding.

C,mumlwnter recharg~ condilil,ns are advantagcous with much of the country tloodcd

und/or under rice culti,'ation during the mon,,,,,n. Oul of the IOtal area rtf 14 40 Mha.

~Imo't ,ix Mha are subject te, annual noo,iing In depth, langing from 30 em 10 over 2

meter,. rhe ,hallow aquifer rtf Ban~ladesh hn,. in general, good 1O rcason~ble

lransmission and storage properties. 'I hel dme. in many arcas lhe agll ifer or ,oi I profile

fill, lip almo,t 10 the gr{'und smracc al the end of the wet seR,on (Rahman amI

Chowdhul), 2003: Ral'cnscroft 21103).

2.5 Interactiun between Aquifer and Lakes or Wetlands

'I he hydraulic propertie, of slream and lake heds conlrol lhc interactions bel"ecn

"".face w~ter and groundwatcr system (S"phocico,",. 2002), The hydrologic T~gil11cof

a lake b strongly illnUcnced b) the regional gmundwatcr Ilow ,y,tem in which it is

]oc"lCd, This intelaeti,," plays a critical l'Ole in nalllllling the water budget for thc lake,

Lakes can receive ground"alcr or lose ,,'ata 1Olhc shallow ~quircr lilr,)ugholLt thcit'

entire heu. or rcccive ground""tcr through some parh oj thc bed and 10;e ,,'aler

through other p"rts. Bccause dthe huge surlilce area. evaporation gtncrally h~s a milch

grcalcr ctYect "" lak~s than on river level, Variation of water le\'el ill lak~, is not a

"'pid RS It is in ,lrcam" Bcd sediment, in lakes gcncrally con,ist of bs permcablc

orgallic ueposlts. which can al1cct the spatial distribution of lake-aquifer interaclions.



.,

•

16

An ;mportanl aspect ofgroundwillcr-surl;lcc wmcl' interchange is lhat ,,,,lace water in

stream. I~kes_ and wcllands repeatedly inlerchanges with nearby groundwater (Winler

ct. oJ.. 1998)

Wetland, lllay interact with grounciwaLc, similar 10 I~kes, MallY wetland ,itc, arc

associated with the discharge 01 grO\lIldwater to tlw ,udace. in the form Ctf I,,~ali/_cd

"pring' ur Jitlusc seep~ge_ Unlike I~kcs, wetlands lllay nol he ,iled in the lowest

del',""ion.'; they can be pr.,.nl on ;Iopcs, drainage divides. or along streams.

"spec lally slow 1110\' ing ,l,carns (\'I'i nler el aI., 1998). Seasonal change ill groundwater

bels in the "'etialld .,oib and in llnderlyillg: or adjacent aqUifers can bring abuul a

cOl1lpl~" panern of "ater ll1"'cmCnl and storage. The gl"OuLulw~lcrcomponent of th~

Wal~T buugct may be a great ,ignilieance to the ,un'ival of lhc wctl"nd Riverin~

wetland, although ~omple~ I'eceive groundwater discharge: depend primarily l,1l tile

river tor Willer suppl}, P~TiO{licw~ter level ch~ng~, in wetlands lhlls can r~,ull in

complc~ jlll~raetion process wilh groundwater,

The river, ~nd heel, arc thought 10 be source' or,e~harg~ to lhe aquifer (TJ\VDB. 1990:

,\11'0, 1985: Ahmed. 1994: MMIIHTS. 1992: Khal1. 1991). In l3~ngladesh. a large

number 01 bills (small pcr~nnial lakes) occur in the uown-faulled depressions in lhe

l1mlhea,1 rcgion. whieh appar"ntl~ persist beeau,e or groundwmer disch~rge

(R~veIl5cro[l. 2003). Ahmed and Burge" (1995) studied the heha"i"" or bills in the

Ihrlild Tract arca in lhc northwest region, and found (hm the eontrihution of bill, 10 the

underlying aquifelS is lu~"li/cd and ISactivc ani) ,luring lhe "oot ,eason, Some oflh~

bills be~"me zoncs of discharge Irm" lhe "4"ircr luw~rds thc end "flhe dry ,eli,on.

Thcre has been" recenl !en,kncy of some of the b~cb drying out. which is thought 10

be a result "I' aquifer ovcr-c.xpIOltatlon.



Charter Three

ASSJ:SSMEI\T METHODS OF
STREAM-AQUIFER INTERACTION

3.1lnlroduction

The ~urL"Cmstudy u,ed ~ number oj ~nalytical leehniyuc, lO eXJlllIne the in!eradi()n

between SlLlf~ccw~!cr and groul1d"a!cr. TIICrc exiq a variUy oj Icchniq\IC, to

imntigate the imerauion proces" including field expcriment~, anal}.tical Lcchniqucs

and numerical models. While many ol"!hc ~pplica!ion, metl one Ortwo mcthods, some

swdie' emrloy~d ~ combination of muhods (e.g. Oxtohee anti l\'makow,k!. 2001;

Mosncr.2002) A comprchensive re\.iew 01"the a,scssmcnt method, ~re provided In

lhis Chapter.

3.2 Firld Methods

Several field Inethmb are uscd to determine th~ in!cractlon of "".faec ""tcr and

groundwater on the ha,i., 01"illve,!igation criteria. A common lield technique !()

estahlish the pr~doll1in~ntdirection 01"nux bCl\\ccn river and ground"akr LSemploying

pi~lOmelers at ","veral locations at differenl diL"~ctioll.Tili, way verli~al h"draulic

gradicnt and direction 01"waler interchange ~an b~ established. The e~dlang~ !low

path, can bc dclineated hy rroperly selecting the localion> of piczomele" in the

alluvial ayuil"crs(Wond7ell and S",m,on, Wrohlicky et al.. 1998). Knowing the head

diIT~'-~llce("'h) belween stream ~nd Qguiferallow.' thc calculation of ilux q, betwecn

Ihe Iwo 'ys1Cmsusing ilarcy,' law:

'{ = L\h (3. I )

Where, k is the Icaka!;c coctticient or eondudancc of ,tream hed. ~xpressed as the

hy(lraulic conduclivity 01 slream hed di\'id~d by ilS Ihlckne." (Ru,htoll ~nd Tclmllll5Qn.

1979). The ~blwe linear rcl~tion c~n be used for ay"ili:rdischmge and ri\'er rechargc as

it implie, a ,imilar mechani.,m I"r the Iwo rroce."e" th~ sign of q determining thc

uircclion of lhe nu.x. In many ca,e,. lhe linear rclation mal not rcpresent tile true

picture .. Ihe rme 01"rcch~rge call he smallcr than the ]'ate 01"dis~hargc becallse of

incr~a,~u rCSlstance!o Lhepass~ge of ".ater ".hen volumc of rechargc ",llCr incrcases



(Rushton and "]omlinson, 1979) Non-lillear and a eomb inalion of Iincar and lion-Iinear

Tdations were p"'p,,,ed by Rushton and Tomlinlon (1979), Another field method

commonly uscd is the direct mealliL"eLllentof seerag~ rale and flux using 'eepage

I\\eter~or flu" ~hambcrs (Belanger and Monlgomcry, 1'192), 1'0delerm inc groundwater

nux using the pie~ometcrs. [he hydraulic C(lnduc!ivily of the sediments need, to b~

e,timmed Or determined. a, well as the cros,-,ectional ar~a of tile flux. 'Ihe drum

method repres~nl\ a direct measuremcnt of the tlux.

I'ield mc!hods have found c"tensivc application, ,orne of which are revinvcd hcre,

Carey (200 I) studied grO\ll1dwaterand ,urf~ce wmer interaction for the Sammamish

river III WashingLon, USA and ll'ed Mini"pLczometel' set-up to detcrmlne wheLher

groundwatcr IStlowing illlOur out of the river at ,ck~ted location, during [he low flo\'

conditio",. Anderson (2(10~) conduc!ed an <I,se,,,ment of groul1dwnter and 'UrLaCl:

watel' interaclion in tile Warm Sp,ing' carral in Frenchglen, Orcgon, USA, 1\""

~ommOLlf1dd technique, wCrCused to e\'alualc ,[ream and groundwaler cxch~nge.

Min;-pie,omcter probes wer~ installcd at several loeatiuns to define the vertical

hydrmllic gradient and direction of water intcrchange. Flux chambcrs drum, were

inslalled to eqimatc the grOlll1dwater.,~cpagc rate and {lu~. Dooato (I ()n) ;tudied 00

surfaec-w~ler and ground-watel' relations in thc Lemhi River Ha,in. EaSI-Centralldaho,

The main objective, of the study were to carry out seepage mea,ur~mcnts to determine

,easollal distributed gains and losses in the I.emhi Ri,cL' and to cstimate annual ground-

water underfluw from the ha,ill to the S~lmon River. ;""ishand others (I ~9~) cSlimalcd

stream-aquifer Ilux from slreamflow mea,url'm~nb. and ground"atcr h~ad

dimibutiom. aic'''g the reach ul'the San Pedro Ri,a in Codllse County, i\ri.wna, USt\.

I ee and S",~"cm (1994) us~d field data from pie/Ol1ldcr nests as well a, modeling to

study lh~ complex imeraclion or thc lakes Wilh gl'Oundwater and the err~d of

grOllndwaterpumping trom the aquircr in the k~r,t terrane or Florida.

3.3 Cbemical J\1etholh

Conducting tr"cel' te,t, i, also a commonly us~d tcchnlque to inveqigat~ transicnt and

comple" groundwater fl"" paltCrLlSne~r SUl'face"ater bodIC, (Meigs and BahT. 1995),

Commonly lIsed envil'Onmental tmeers al'e natumlly UCCUrringdis.,oh-eJ ~on,tituents

such as aniom "nd eatioll~. stahle i.,otopes of o\ygen and hydrogen. radio i.,olorc, ,uch
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as tritium and radon, and rhy,i~a[ properties of waler ,ueil ~s tempermurc,

Envirollmental i,olOpCS ar~ being LLs~dwith greater fre'luency LOr studies af Ihe

interaction of groundW"lCr ~nd Sllfface "alcr. Usc of cations and iln;"ns can be helpful

in determining the _,OU1"l:CSof water to 'tl'eamnOW <luring storn" ill ,mall w~krshed,

Stable ;.,mope, or oxygen and hydrogen c~n give helLeT indication of the mixing of

""leT tWill different .,OllTCCS"rea, _,;nce wale,s hom differem s"uroCS have different

is"t"pe comp()SLtioIiS (\Vimer et ~L, 1998: ,'1hllled and Burges>, 2003). [{adi" i",lupCS

llrCgood indicators 01 ,,~kr age< '" residence lil\les, i,e the time lh"l water h~s 'pell! in

the groundw~ter systems. They can be \lsed to identify signiticnnt grnundwater in1'\l1to

Q stream and s(rcam \,.~ter I"" (0 groundwater as a re,ult oj abstraction of groundwater.

Tcmpemture call b~ a lLsdiJl 1'~rameter in idenllJying gaining and losing reache, or a

slrcam. Sediment temp~ralure and stream tempcrature are markedly difJef(,nt in gaining

rea~be, while diurnal 11udllation,; of stream tempcrature are .<lrollgly reflected ill

sediment lemperature in losing rcaches (Winter et ilL. 1998). Some exampb or the

llpplie~tions of~h~mieal method, are mentioncd below:

Ot7 et ill. (2003) investigaled th~ cxtcnt to whicb lilk~, and surface "ata int~ract with

the underlying ay"lIcr in Tria"ic I'i"m, Switzerland. In (hi., sludy, the author> u,ed

",,'tn dye tracing te.'IS and I"und that th~ dir~etiL1nof grOllnd".aler fillW 11\the aqllif~r

is from the \'~Iley area to strc~m ~I'e~s.

Stallffer (1985) used solute tr"ccr> to estimate grollndw~ler flow into bkcs,

Krabbenboft ~( al. (I 'l')4} used en' irunmcntal i.,otopes for unJe"ta"d;"g tb~ imeractic'n

of l"k~, and groundwater. Alp~rs and \Vbitt~mOT~ (l990) also used en,ironmentnl

isotopes 10 gain IIl.<ight into ihe rolc 01 grollndwatcr in the h)drolog}' of t\'o lake, in

northern Chilc. and IIelc7cgc d ~l. (19n) did the ,"mc lor L~k~T:rrel. in Au,tralia.

}.4Analytical ~lcthod,

l>.lucb01 thc literaturc On the interaction of,url:Kc w~ter with grollndwatcr In ~llu\'ial

aqlli r~rs 'va, concenwJ w ith ~n~1)1ieal ",Iution> to I-dimensional r1"" or groundwater

to rlLlly pcnctrnling streams (Rorab~ugb. 1964, Glo\'cr, 1964: Hall, 1968). This

approach is still beillg ",cd today t,) e'timaic groulldwnt~r recbarge from stre~mllow

h}.drographs (Bcvan,. 1986). and atltomated compu(cL'.b~sed techniquc, fDr using these
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analytical methods "ere recently developed. NumeralI' anal}tical 'Ollllio", werc

de\'el"l'eu ovcr the y~ars 10 cCtn,ider a wide variely 01 thcorcticQI ,md ~eld c('ndili()n,.

and anal}.tical ,,,lulions arc ,till being developcd, A ra~gc of unal>tlcal method, ar" in

usc, ,\ good exampl~ of Ihi, is sllIdy by ivkovic and Croke (2004) ch~rncteri7ing ,,1m

developed a tmmework f,,, the 'palial and temporal interaction> bctw~crl groundwater

and SUlfil~Cwakr systems in the Nalllo; ~al~hll1cnt in 1\llstral ia til, ough se""ral ~nalysis

Lllethe,ds including analysis 01 groundwater and slrcam hydrogmphs. analy,i, "f now

duration ClIrWS. b~sen"", Ii Ilering lcclm igues and analy';s of piCLolT\ctcrs tro nsect, and

11(\\\ net,. In addition to the onal}1ical stuciic" the lise ofllllmel'ical mod~b 10 "vailwte

the interaction of groundwater and .,urf"ce water has become commonpla~~ ov~r the

pa;t 25 year, Recenlly, improved nlll11erlcal nWlhod, lor simulating the

Inkrwnncclion llf groundwaler and 11Irl'acewater have heen d~velop~d, cspecia lIy ", ith

l'espect to simu lating lh" ,,,rI:1ce water componem

3.4.11lydrograph Separalion Tcdluique I lIa,ellnw S~pllrlltion

II)dmgraph ,~paration is the proce" of .,eparating a plot of stage or di>eharge ",. lim".

known as a ,tream hydrograph, into b~sdlow and ,urfa~c runo!]" components. iJasefl"",

"omprises the groundwaler "ontribution to tot~1 stream flo,,". Hydrograph sep~ration i,

an est~blished technique for quantil)-'ing groundwater cOl1trlhulion lO annu~1 stl'emns,

Clearl}. il I, nut appropri~te to "pply such a technique to an epl1emclal.'lrcam l"cdonly

seasonully h,' melt waler, or a STream thaI "'" onl} acth'ely tlowing ~fler m"im

pl'ccipitation e,'~nL"

lIydmgraph .,epmation or reCeSSion arlol) ,i., of stream flow hyJrographs has bccn \l'ed

tor a long time and con(iL1u~sto lind ItS applic~tion in many stllJi~,. Delerminatlon of

grO\lnd\\ater basdl"" from recession analy,i, "f,lream no" h)<irographs commonl}'

reldred to J, hydrogr~ph s"paration ~Iso has a long hi'lory (Hall. 1968). There are

many technique, that can be used fol' bn'e flow '~paration, Methods tor separating

Ilr~aml1ow h)drograph, inlo components of base now and Jir~d l'unofl have been

available for man}' years (ilall, 1968), The common '"paralion melhod, ~l'e either

f!,raphicot (IH, I'!n) "hieh lend to locus on d~nning the points where bnsetlow

inkr,c~t' the ming and falling limbs 01' thc q\lickflm,' re'pon'>C, or iJlvl,lve ji/laing

where dala pro~n,;iJlg orthe entire ,lrcam h)drogl'aph delne., a ha,ellow h,tirograph,



Graph/col ,Hc/hod

Graphical melhods arC cl'mmonly med to plot the hasef1,,\\' component of a f1oc,d

hydrograph evellt illdudLllg tile poinl "h"re the Ilu,eflow im"rs"cls the falling limb

(Figure 3.1). ~tl'eam flow subsequent [0 thi, point ISa,'\lm~d lo b" cntirely ha,ef1"",

until th" ,tart of the hydrographic response to lhe llexl <;ignlticantI'oinfall "ven!. These

graphical approaches to pal'tilioning ba,e flow val'Yill complexily and include:

(i) An cmpirical relalion,hip fol' estimating lhe point along (he falling limb whel'e

quickt10\\' h~, ~eased ~nd all "flhe ,lream till\< is b,,,eflow.

I\~O.827"" (3.?)

where N i, lhe number of days between the stol'm ere,t amllhc cnd of quick flow, and.1

is the area" f the ealchment ill squarc kilomctres (l.in,le) et aI., 1975). rhe v~lue of thc

cxponential con5l1mt (0.2) can vary dcpcnding on catchmenl characteristics ,uch ~,

,Iopc, vegetation ,ll1dgeology,

Oi)Tile COIII'ranld,schwf;" nWlh"d "","nCS thm ha,ell",,, is ~()nSlantduring lhe ,I""m

hydrograpll (l.in,leJ cl al.. ]958), The minimum stream tlow immedialely priol' to the

ri,ing lunb is u,ed '" lhe consl<mt,alue

(iii) I'he cons!un! ,Iol'f method eOL1ncclsthe start of the risin~ limb ",ith the inflection

POlilton the rec~ding ILinb.. Ihis u,"ume, an ins1Qntre,pon,e in bascllo,," to the rainfall

event.

(iv) The co",'/we me/hod attempt' t" represent lhe assumed illitial d~cre"," in bo,eflow

during lhe climhing limb bJ projecting lhc ,k"lining hydrographic lrend e\'ident rrior

10 lhe rainfall event to directly under the eres( 01 the flood h)drograph (Liw;ley et al..

]958), Thi, minima i, lhcn connected 10 Ih~ inlkclLoll p"int on the receding limb of

,tonn hydrograrh to modellhe deloyed incr~",e in basctlo\V
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Inflerlon PoIm

I
(l.)c...-d~~
(lb) eomt.nt slop mdhod mel
{lc)Concave method

Figure 3.1 Gl'llJlhlcal baseflow separution techniques

Digital filtrr mrlhoth for lxurflow separation

Digital filtering methods hnve recently become commonplace in hydrogmph sqlll1tIuon

(Lyne Bnd Hollick. 1979; Chllpman. 1991;Nath:lllllnd McMahon. 1990; Arnold et 0.1.•

1995; Arnold end Allen. 1999; Ecklwdt. 20(4). The digiUJ.I filter method \\11$

origiMlly used in signaillIlalysis end pfO(:CSSjng plllCUSing 10 sepamte high frequency

signal from Jm\' frequency signal (Lyne and Hollick, 1979). This method has been

extffidc in bnseflow sepnBtion. RivCTrunoff mrs!! CllIlbe considcmi W1o.logusto the

clear-onie signal artD.Iysis.High frequency ••••llYCScan be llSSOCintcd••••ith ~ direct

runoff. and low frequency \\'lI.vescan be nssocill.ted with the bnseflow (Eckhardt, 2(04).

Thus, filtering direct runoff from bn.~now is similpr 10 signalllll4lysis and plocessing

(Eckhmlt. 20(4). The digiUlI filter method Iuts no ph)'sietll meaning. but it removes the

subjective aspect from TIlllllualsepan!tion, and IJims to generate an objceti\-e and ta3ily
automated iooClt tMl CIIJIbe related to the ba~now re!!pon!lCof Dcatchment. Filtering

technique!! ~ fast. consi.st~t, and reproducible (Arnold d n1.. 1995).

E>amples of continuous hydrographic scpmtltion techniques bMtd on processing or

filtering the data record indude:

(i) InclUSing the base flow at each lime step. cither nt n conmmt mtl: or Vllric:dby

a fl'll.l:lionof the runoff (Boughton, 1988);
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pi) rhe ""UJ,,'hed mimma lerlmique ",hid, uses tile minimu of 5 day nonoverlapping

periods derived from the ilydrograpil (Ill 1980; f'REND. 1989), The basetlow

il}drograph is generated by eOl\n~cting a ,ubset or points selected from lhi, minuTia

serie,. rhc HYSlOPIlydrograph 'cparatiotl programme me, a variant ofthi, called the

loml-lIImilll"''' mdhod (Slota and Crouse, 1996):

(iii) The F,ed IIIlervo/ ",('[hud discrctise, the hydrographic record into incrcmcnts ot

fixed time (P~l1yjohnand Ilenning. 1979). The magniludc of lhc time Inlerval lI,ed i,

calc1llated hl' dOllbling (and rounding lip) the dllration of yuickllow, The hasef10w

component of each tilll~ increment is assigncd thc minimllm strcamilcw' recorded

wilhin the incremenl:

(i\) Th~ s/"lmg-ml<"va/ lJIelh"d a,signs a ha,ef1"" 10 each daily record in the

h,drograph ba,~d on the 10We'ldi,charge f01mdwithin a fixcd tllne period berorc and

afwr that particular day (P~ttyjohn and Ilenning. 1979);

(v) Recurslvc digiwi filters. which are murine lools in signal onal}'.,isand pro~cssing.

are u,ed lo rc11l0\'Cthe high-fr~YLLencyquickfl"" ,ignallo l1erLI'ethe low-rrcyuency

b~setlow .,ig:nal(Nalh~n and McMahon. 1990).

J.4.2 Corn:latinn Re~ressiop PrOlee."
Statistical melhods have been u,ed reccntly to stud, problem; rcl~ted to the interaclion

of gr01ll\dw'ater a~d surface wat~r. For cxmnple, Adamowski and Feluch (1991)

proposcd ~ ne", nonparamctric regre"ion mo(lci to inve,tigale lhe relation helween

f1ucluatic,n,Lngroundwatcr level, and tim~ ,crics ot streamflow. Th~y determin~d that

the nonparomctric lllelhc,d rc<\dtcd in morc "~~urOlepredictions thall Ih,,;e ohtained

Irom parametric r~grcsSlon. In anolher stll,ty ill\'oI, ing tillle-scri~, analy"i,. Niesll" and

1(~usiL1g(19'!()) c()lTIpar~d/\utoregre"i,e Moving Average and Fractional (;au"iall

Noise models to a"e." lh~ir rcli~bilitl' for the'an~lysi5 of drought ri,k 01'the Nile River

at A,,,'an, Egypt. Ri~er dis~hargcs were com'erled to water level,. which wcr~ then

used ,h input 10 a simulation mod~1 ot the inlcradion l,f the Nile River with

groundwater.

Operalion of Rain (","g~ ~nd l;roulltlwater Monitoring: Networks tor the 111lpcri~1

Valley W~ter A\lthoril~. by ~cott el ~L(2002), pre'enh hydrogeologic ,md hl'J['(}.

meteorologic inlormation gathered from the rain gauge and ()bs~rvalion well nel\\-orks

LI\the Imperial Valle)', 'I he)' I'lund thJt groundwater level dedinc was a result of
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irrigation ,ea,on pumpage during: lne high~st crop water d~ll1"nus. The 'Iudy "I",

shows tile imporIHL1~~of the timing of prc~ipi(ation to maintain groundw~tcr level,_

Stali,lieal ~naly,i, of the relationship netwecn groundwater le\'els and prccipitatictn

showed ~ onc- to l\\o-lll()nth lag froln the lill1~ rainlailis received mIlle slirface (tflhe

cortil to the lim" lhm it i, oh,e"cd in groundwater level>. For well, near Lhe Illinois

River, "Illy a one-month lag e~ i ,Is hd ween river ,tage and groundwater level ''''ponsc.

3.4.3 Flnw [luration Curve

Slrc~mfl()w ,mialiolls ~tQ slat;on can be characteriycd by constructing !low-duration

CUI"VCS,which rer,~_,cI11lhc percentage "flime stream fie"'. w~n; "qu~lcdor exceeded

dllring a sd"ClCd period (Scar~y. 1959: Dingman, 199-'11. .11!low duration ~lI,,'e is one

of the mo,l informative means of ,lisplaYlng the ~ompkte range of river di,~hargcs,

from low !lows to !loud cvents (Smakhlin, 2001). Low-flow information is porticularly

useful in deterlnil1ing lhe probably adequacy 01 ~ stream for "ater supply or for

receiving waste discharge,. Inclusion offl(m duralion curves, an e"cnliai component

of low-now ~n~lysis, ".ith the uther hydrologic J~la hdp to define the rcl~tionship

bdwccn groundwater and surface W"lcr at the site in quc,tion. The longer lhe pcriod

,c1CClCdte•• the now dur<l1ion anal},i,. lh~ more I'ep,e,cnlali.e the 110'" dllratiun Curve

wi II hc of long-tel'm cond itIons at the ,mlion. rio\\' dllra(ion curvCS may be con,trllctcJ

with the flow on the logarithmic sc~le "nd per cent "r tltne-prob"hii ilyon a linear scak.

Thc percentage of tim~ thot fl,,,,,, ,Ii,j not occur is also ~alculmed to a"i'l "ilh

~h~racteri7ing rivcT I'caches; in pal'lielll"l', to assist with di'linguishlng gaining from

,,",iabl)' gaining-losing ,ivcr reaches. I.igurc 3.2 ,hnw., a schcm"ti~ ~~nmple of flo"

dUl'~lion curve,.

L,--,_.
I'rob.blli" (%1

Figure 3.2 "ehematic showing !low JlImtlon eunes ill"'ll'atlng I'i,.er-aquif"r
intcractions
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A C(tIlneclcti variably goining-Io,ing reach may he rcf1c~lcd in the steep ,lope "fthe

curve, while a nat ,lope mol' jndicak a gaining stream.

3.4.4 Analytical Solutiun ofTran~icnt Effeds of River on Groundwater Flow

Ile,.doplllcnt of analytical solution to one-dimcnsion~ I groundwala !low in estimating

intel'action bdwccn tluctuating river and groundwater levels and cs\im~tillg

ground"'ote' r('charge from ,treaml1ow hydrograph, hal a long his!,,]} The ol\e-

dimensional tlow _')'!>lcm15described by the governing eyualion lor linear, nOll-slcatij

fl<,w in a contined aquifer:

Sil r ,,'h
Si"'SSt'

n.,)
Where. T and S arc lransmis~i\'ily and ,lomtiv;ty "rthe a4"iicr, respectively, h is rise

or rail "fpicLOmetric head ill the aquifer. ~ i, (he di,tanc~ nom aquilcr-S1Il'face bod~

intel'sedion. and t is time. Th~ aqllifer i, r~pl'~scntcd as a semi-inlinite. lJoriYClnlal

"'1uiter of unif()],lll tlllckne", Th~ "aler level ill lhc river fluctuates and causes a

corresponding nucluJtioLl 11\the pie/Omcll'ic he~l1 within lhe a411ircr. 'lhe 'OIUlioll to

lhi, go\'Crning equulion fol' ,lif1erent bOllndary conditions ha, been developed Q\'er the

yCRrs hy ,e\'~,"1 author, (I'erris, 1951; Cooper and Rorab~ugh, 1')63: Pinder ct ~I..

1969; 1.1alland MO~r1~h, l'J72J. l-lo"~,,er. the q,lulions arC based on man~ ,implil)'lng

"""lllptl(ln';, e.g. (1) mca'" flllly p~netralcs the a'l"ifer. (2) (hc stream and the aquikr

al'~ hydraulically connectcd, (3) the ayuifer is homogeneous. isotrop'c. semi-infmitc in

exlenL and of con'!alll thickncss. and (4) now in the ~qllifer i, only hori7ontal. Thc

solutions are d~rived for ~onl-Ll\cd cnndili"ns. allhough ,atisfactory result., for

unCOllfincd Cllilditiom al'~ also obtained ir tn~ loc~tion 0 r c<'mp"ted head is .,1Imcicnt IJ

bl' enollgh frotH the ,urlltCe "'ater inlc"c~ILOll so that il is un~lkctcd hy \'Crli~al

cnmponmts of 11o\\' and lh~ rangcs in fluctuation Rl the cotHplllcd lo~alion b only a

small fmclion of tile saturalcd thickn~s~ oflhe fonnatJon,

3.4.5 Analytical Solntion for Computing Streamflow Dcplction

'I he d~pklil'n of ,trC"mnOW by pumping: grO\lndwater from lhc contiguo,", alluvial

aquircr has been a lll"jur impet\l' ti' 'lUdics of the illtc,"clion of groundwatcr and

S\"face walcr. ~eve"tI anHI}tical method, arC availahle for computing grolLntlwRtcr

drowd""n; and stream depletion cau,cd by stcRdy, con,tanl pumping (I'h~is. 1941;

Hantush, 1965), The solutions generally employ Image ",ell theory to cal~lIlatc



26

depletion consider all unclogged streambed in an injinitely long and <[<aight stream.

Jenkins (1<J6H)created H ,cries of dime"s;onles.' CLLne, and tables of \'olume, and ralcs

of stream dcpletir\l1. He inlroduced ~ 'stream depletion rador' (sdt) term. which is a

time ,cak based on aq\lifer paramelers and the perpendicular distance from the strC"lTI

to the well (a,,):

,dj"'o",'SII (3.4)

The SOiLLl;OllSarc bllscd on man} ,implifying a,sumption, such a, i) The ~quiti;r is

isotropIc. bnm0g:enC()1I" a~d semi-intin;te: (ii) Tmmmis,ivity remains cOllslunL (iii)

The ,[rcam is 01 constant tempenHurc, represents 0 straighl boundary. ~nd fully

penetrates the ayuifcr; (iv) Water is ,cic",cd instuntaneou.,ly from storage; (v) The

pumping rate i, 'lead) during any rate of pumping, (vi) The ",ell i, ,ereened lhrough

the 1",,11 saturated thickne>\ of the aquifer. When the assumption, made in Ihe above

,olution> are too re,tlictive. more sophisticated melhod; must be employed. In a

comple" 'y,lem, sdl can he cOll"i,iercd an effective valu~ of a ',sn, Th" value is

dependent upon lhe Lntegrated effect, of irregular impermeablc bound~nes, stre,un

m~allders. ~renl variatioll of aquilCr propertie', di'lanee from the stream, and imperfcd

connedioll; bctween the ,tream and aquifer.

A recent paper on this problem (VI'allaee cl ~I" 1990)w~s concerned with comparing a

d lmen,ion Ie." vol umC of stre~m depletion pvcr a pllmping cycle ",ith m"ximum rate of

Slrcam depleti,,,, at a pradieal st~te of d}'l1amie equilibrium, Dime",ionk" plOIS of

eqLLations developed by applying superpo,ition principles to analytical ,olulio~s tor

sleady cominuous p"mping were used in lhe ;ludy.

Whcn the as,umption, made in the ah",e ,olution, are too r~'lriClive. more

,ophi,lie~ted melh"ds mu,l be emplo)ed. SpalJin~ and Kholeel (1991) c,wbli,hed

relationshipS bet",e~n the dcgrec 01 ,tream penetration ~nd streamht'd re,i'lances lor

values of cxtended 11"" lenglhs and retardatiol1 coefficicnts. Thcy e\'alual~d relali,c

effect, of various ,i mp Iifying """mplions and method, u,ed in the ~n~I) ticul ,oluliom

and found lhat ,trcam Ilow deplet;on diffcred lrom Ihe num~rical moMI by 20% if

part ial pcnetration is ignorcd and 45% if c10ggillg rcsistances are ignored,



I'ox (2004) st1ll1i~dthe development of ~nai}1ical,,,iulionl lor predicting lhe ~neds of

pumping well> on ~dJacent ,lr~am, and n,,~rs, The "hj~~li\'c of this research ""IS to

cvaillUle lh~ pr~dictivc performance of rcccnlly prop",ed ~n~lylical solution, for

unstcady stream d~plClion using tleld data collected dUring a ,lr~am/aquiJCr atl~l}si,

te'l at thc T~marack Stale Wildlife Ar~~ in eastern Colorado. He used stream/"'1uilcr

analysi, te,l and tailing head paramdcr test. Analyti~al ,,,Iutions are e\'aluated bas~,1

on a compuri"," of mcasur~d aquifer prop~rlies lrom prim aguifer invcsligatlom; and

m~~llLredstre~mbed conductivity In the ba~kwater stream USillgill-silu l'aliing head

parameter l~,b ag~lnst the e,lim"tcd pnmmele" from the HUll1(1999). Hutler d al.

(200 I). I',,, d al. {2002}and IllInt (2003) analytic~l .,oluli"l".

John Harker {I999} developed a ,imple mulhelllati~al mo(lei which p]'()vide, an

esliinate "flhe r~duClion IIIgroundwater now into a wetlalld caustd by plimpLng '1 hi,

1001is b~sed "n a n~Wwell timction which incotporates leakage belwecn the aqlLLfer

and the wetland and j, a gtntmllsation of the Thci, cqll~tion.

Zarr;ell" ami Ric> (2000) incorpomted an allal}lical technique (S'I RN1DEPL) lor

ealcul~ting the dT~cts of pumped" elb on strcamflow deplclion. Thc allthm., a,,",,~d

thc interrelated effecls o! smface-waler and ground.waler ",ilhdm",~ls on streaml1o",

~nd to dcvelop ",und management praclie~, to protect lhe,e re""lrctS,

;t.hal1g(I 992) de\'e1Qped.,0IutiOJlslor transient now in an nq\ll!er-aqllilard systcm that

con,iders ,10nlli";IY in a COn[LIl~dby~'- in rcspon,c to abrupt change, in waler Icvd

uniform changes in waler I~vel, and sleady rate, of seepage trom a ri~er. From th~s~

equations. h~ dclennined gmundwatcr levels for aqllir~r and aq\lltard, as well a; rales

<lndlot~1volume of seepage from the river. Transient conditions were al'0 of inkrcsl to

Rastogi (199I). who dctennined "~a,onal groundwater flo" to a river reach bound~d by

two reser",irs. "hcr~ the ,,'aler-lable aqlllter ",'" lInd~r1ainby an il11r~nncable b~d,

The objective "'", to determine lhe amount of glOund"'ltCt thnl could bc d~Vell'pcd

trom this JquiLcr .,ystcm that wa, receiving seepage from [he upstreul11re,crvo;,-, lOSIng

,eepagt to the do,,'nstream res~I"\'oir.and receiving seepage frol111hcriver.

•



3.5 Numerical Methods

A numerical model of river aquifer interactions generall) require, .,imulation of the

.,urf"ce water and groundwaler by employing llum"rieal solutions rtf eq',"lions lor

surface wakr roulLng and gmundwaler 1101'1.Coupling betw""n 1"0 models i~al.,o

required. and mml models lise n simple Dar,,}' ealcul~tion ba'ed on head ,iit1erences

he\ween lhe surface wal"r and groundwater (winler. 1995). However. Numeri""l

modeling has been the primary 1(",ls for ~nalyzing the interanion oj ground"'ater und

""face \\.~ter ,ince lh" miJ-I960s. ilecause of rigid boundary condilions ~nd

,implifying ~ssllmptions. al1alylie~1models generall,. ~an be applied only to ,implc

l'ne,dimensiollal problems, "hid, may not be adequate for maoy studie~. Complex

system, do nol Ic~d lhemselve, 10 an~lytical solutiolls. parlieularly if the type.' of

Slresses acting on lhc syslem change wilh lime. l\umericalmodd, allow Ie" analy,i, of

mor" complicated syslemS wilh or ".ithout groundwaler Withdrawal, "ilhoul many of

lhe simpl ifying ~ssumplions, and lhc,c halT been the prima,-y1001tor an~l)'7ing ,urfa"c

waler-ground\,.mer illlcraclion tor many y~a".

E~rlier version, "f models such as r,1(1I)H .OW by McDonald and Harb"ugh (1984) of

1!.S Geological ~\ll'vey used ,Iream smge as houndary condilions. Loter Ihe ,urface-

water model ~nd th~ groundwaler model were comhined for an inlegrated calculalion of

a more reali,li" nature by incorpomling ~ stream!low rouling romine, called the

"Slream Package", in MODFLOW (I'rudic, 1989). Its use. howevcr, is limited to

sl",,,1y tlow in reclangul~r eh~nnel, Swain and We~ler (1996) "ombined U~(;S

modeb 1I10DFL()\,' and l:li<ANCllltito a new groundw~ter/,urface wain irrler~clion

model. c~tled '"MODBRAI\C11 Th" ;lre~mflo\V and groul1dwater eqHation, WCL'''

coupled u,ing a leakage term at lhe s~diment-,\aler houndary. Coupling of uml~ady

river !low solver Wilhother gTOundw~lerflow model slleh a\ 1I11KI:-~III,de\'elopcd by

Danish II; draulic Institute (Dill, 2000) has aIso been made MIKE-SHE ~nd I>III(1,-I I

wnC aprl ied in a basin in the tlorthwe,! region uI'Banglade,h 10examin" aqultcr-ri ver

imcra~lion and asse" saf" wilhdra\\.al from lh" aq\llter ".ithoul en,irolllllcntal

degradalion (SWMC. }Ollll)

3.6Arliticial Ncurall\elworks

Arlificial neural nehwrh (l\;-"N,) arc a recent inno\'ation in water l'eS<'Ul"e,

technology \vhich hu' pol"nli~l tor use in ri\'er-aquifer inleraclion ,ludics. An A;-"Ni, a
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sd of highly interconnected l11ulilemalicalprocessing element, ",bid arc capabk of

represenling non-linc~r muitlyal'iate mapping funclions between input and OUlpul data

sets. The form, or lhe l11~ppingfunctions are delermined through 'training- the ANN

using s~ts of input and oulpul data, Their use in (he UK within ~ w~ter re",urce,

C()nlcxl has been I~rgel) pioneered by lhe Newcastle team (Ran anti Jamieson. 1~(J7;

Ran and OTUIlncll. i9'l'J), \Vilhin the field ufnvcr-aquifer interaction st"dies. AN;"",

have the potenliallo represent the reimion,hip' between ground".ater ah.ma<:liond~(~

and river low depletion u,illg data from numerical models and frQlll neld "h,cc\'alions

wher~ available.

3.7 Surface "a!cr _Groundwater Interaction '!ltudics in Rangladesh

Ahmed (1994), Ahmed & Burges< (1995) conducted the ,tudy using chemical and

isotetpic evidences 10determine the interaction betl"c~n surface water and grollLl(lw~tcr

system III Norlhweq region of Bangladesh Ahmed (1994) conducted a 'lud1' 10

",timale b~sdlow or lhe river Atrai in N\V I:langladc,h cstimated ba,e l10w

compon~nh ror th~ period t980 to 1990 using software rrom the Institute or

Hydrok'g1'. lIf(, The estimate show, thaLbasdlow on tbe ri\et' varie, trom 32 to 62%

"here thc anmlal di,chargt> varied from 31,700 1072,076 cumees.

:'.aleh (1985) dc\'eloped an analjtieal model called. \Valcr,hc,1 Irngati0n Potential

I',timali"n (\VIPE) model. to ,imulak groundw~ter movement in a walershed in the

l"orth-We'l Ilallgladesh. He found thaL beyond 2000 m from the ri,er. the 11".'.liorn

lite waleI' table to lhe river wa, negligible and Ih" W(llertable I'mI'Lieof the ,,"lcf'hed

was not atTecled by the WaleI' level in the ri'~r. Hoque (In!», Khan and l\bwdsle)'

(In!», and Michael (1986i al,o deallthc problem of stream-aquifer '1"«;111,~llh011gh

their main emph",i; w~s on the theme of ~onjL1l1divc use of ,urra~e and groundwater.

Faisal (1~88) Iludicd the effect "friver stage on lhe gmund"atcr lable at different

distances bj ,illlpic linear regre"ion and estimated lhe chmacl~ristic distance beyond

which the ground,,,,tcr (able is no more arfected by thc riYer ,tag~.

SWMC (1996) used "tlKI-O-SHEto model the inle,aclion belween tbe 'lit face wakr and

groundwalcr in order [0 introduce tile modelling ;ystem and demomlratc lhe

c~p~bilitie, in ,orne areas "f daUl ,horlage with limited time. In this wldy, the moJel
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reproducc,1 \h~ groundwater Inels and ,urfoce Wale] nOW\ and levels, and elearl"

,h,m'ed lhc inleractlon between ,urfH~ewater ~nd groundwaler. SWl\lC (1000) carried

aut a .,tudy 10 examine the imeraclion between surface water and groundwater in tbe

Atrai river ba,in. Northwcst region [)fBangl"dcsh using CO\lpledMIKE ii-MIKE ~HF

modeling system. ,[,h~ rcsuU oj thi, study ar~ the riwr is in dil'ect conlact with the

aquifer, and generally riwr eolltributes to aYlLif~Tfiom the m[)nth of M~rch (0

N,'vember and the gel, tlow from ~qlliter from I)ec~mbcr (0 rebruary. IVI'M{l005}

carried Ollt the study lhing Inl~grated MIKE II - MiKE SHE tlwdeling ,},tem (0

explore the Illodern tcehniqlle with lhe view to increa,e agri~LLlluralproduction 11l

Thakurgaol\ District thro\lgh optimum utili/alioll of available "'ate, I'esources, to

addl'e" il'l igation adoption ba,ed Oilg'Oll1ldwatcr70ning for an ~mc ient plm1l1ing and

L\l~nagememof th~ water rcsource, and abo to conduct the as,e"menl of groundw~ter

a,ailability ~I\dpotential for Illturc cxpilnsion,



Chapter Four

STUDY AREA

4.1 Introduction

I\laster Plan Organinllion (MPO) set hydrologic ~alchment mea (CA) le\'~1 and

planning area (PA) le,el allover lhe counlry on lhe basi, (}fhydrol(}gicalcharacteristics

fOl analy,is ul problcm, a,'e"ment of rc,omCCS~nd Identificatioll of Je,clopm~nt

opportunities, Th~ SclCclCdcatchment (ealchm"nl Llo,33) is shc<wnin Figure 4,1. In

Bangladcsh, almo,t 193 "al"hL11~nlS"'cre considered for lhe id"nliJieauc<nof projecl

lyp". formulation and priorili~ation of inve,lment program, C<'mp"lationof incremental

food produclion ctc,

4.2 Arca anti Location

The ,tud} arc" ~ovcrs parts of eight lhana, namcd i\kkelpur. Iladalgachhi. Naugaon

sadar, ;'lohadevpur. Raninagar. Atrai, AJamdighi and Dh\lpchanchia "ilhi"

h~drological catchmenl area 1\0 l\'W-33 In the NOl1hwe,1region of Bangl~de,h. 'I he

tolal arca of;clcclCd eight thana, is 1886 sq, km among which catchm"nl no NW-33

occupies an area of 839 '1[, km, including river area (HBS. 2001), Table 4, I sho'" lhe

lhana, and districl' along wilh lhe pcrecnlage of area covered from ~ach than~ within

lhe ,tudy ar~a,

Th~ sludy area lies between 24'37"48" and 24"58'4H" North lalitudes ~nd between

88°48'36" and 89°lO'12" Easl longitudes, The alea i., bounJ~J 01\lhc north by Khatlal

thana of Joypurhat di,tri~t, Oil lh~ cast by Kahalu and Nandigram lhana of 1J,.gra

di.miel. on the sOllthhy the .-\lrai river and on the "e.,t by Niam01pur and Manda thana

01 Na,)gaon Ji,lri"l. Hydrologicall" the ,tudy arC~ named I.ittk Jamun" ~alchll\er)t

(Catchment no, 33) i; bounded on the nonh by Catchmenlno. 24 and 27, on lhe cast

C"l~hmcnt nc<.nand 34, on [hc soulh b) Calchmenl no. 25 and 39 and on the we,t by

Calchmcnt no. 25
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8ll04S' 88"48' 88°51' 88"54' 88"57' 8'RJ0' 89"3' 89"6' gq=g 89"12'

•
Figure 4.1 Location oflbe Study Area

"" Kl'....-.o

Table 4.1 List of thana alono with covered area in the studY area

SL No. District Thana 'Area ofThaoll in Area ofThanll in
StiJd~'Area -{%~... Stud Area (km2.,

, m.___• ...__ . -~'-
I 80 ra Adamdi hi 100 183
2 80 ra Du chanchia 55 90
3 Joypurhat Akkel ur '21 35
4 Nan aoo Atrai 16 35
5 Nao aOD Badal achi 35 78
6 Nao' on Mohadcv ur 24 90
7 Nan aon Neo on sadar 85 238
8 Nao aon Ranin 'aT 35 90

Total Area of the-Stud\" Area (km 839
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4.3 River Systems

The term 'Little' is used to differentiate the river from the mighty 'Jamuna' river. The

lchamoti nver is originated from Chalianagar beel under Khansarna thana of Dinajpur

district and flows through Birampur thana and renamed as Jcha-Jamuna. Flowing

through Panchbibi and Badalgachi, the Icha-lamuna river is met with Tulsiganga at

Naogaon sadar and rcnamed as Little Jamuna. The Tulsiganga acts as a tributary of

Little lamlllla. This Tulsiganga river originates from Dhanpara beel under Nawbabganj

thana orOinajpur and flow through Birampur, Hakimpur, Panchbibi, Khatlal, Akkclpur

and mel with Little Jamuna at Naogaon sadar. The river Little Jamuna falls with Atrai

river flowing through Naogaon sadar, Runinagar, Alrai and l3agmara thana (BWDB,

2005). The river syMem in the study area is shown in Figure 4,2. Nagar river originates

from Karatoya and flows 10 the boundary of the study area at Adamdighi and meets

Atrai at Raninagar thana. The total length <:If Little Jamuna river is about 120 km.

There is a river stage and flow measurement station in the Little Jamuna river situated

at Naogaon town (as sho\\'Il in the Figure 4.2).

" •
Figure 4.2 River System" in the Srndy Area
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4.4 Static Wakr S~'stcms

In tile study ar~a, thcre are some impOLt~ntstatic ,,'atn bodlcs. l':otahle Beds are

Bctgari. Kaigari, SlIbccl, Nurulel' Ik~l, Porad~ha beel, Keshpalhar, Kalidaha, Padrna.

Gami, S~twmil, Arlliia Dcmradahn. ~ara, (JObar~hap~. ;Vlahichharan.ZLudaha.Bahuar

beel. R~mchandrapul, "nd Kokira. Kachiar beel. Adamdighi. Sangsh~r. Badia. Sil

Kawrer Dighi, Shahar Ilighi, Kuldighi. Kh"da,h Dighi ~re 'llsQ nolahle w~tcr bodie,

During dry s~aSOIl.the stali~ wat~Tbodies are comidcr~d as the important ",urees from

which w~tcr is 1I,ed for vari"us purp",e,. Statie w~ter hodie, may pinyan important

role em ,upplying of water in the dry season, These beel, are the major souree of fLsh

Iix local people, But the depths of thcsc beels are vcrI' ;hallow and mo,t of (hem are

now comple(e1y dry nnd u,ed as a nop l1e1din the dry ,ea,on, Some of thcm are used

as regular agl icullllmi tie Id. 'I he hccls irrthe Barind 'I racl of northwe,t Ilanglad~sh play

a loealiled role in (he Interilction bctween surface waler and groundwatel (Ahmed ~nd

HlIL'g~,s,19'1S).

4.5 Climatic Fadors

The S11ldyarea lie.' in the mOn,oon region of the summer dominant hemLspherc. The

lr()pi~of cancer lie, south 01 this region rh~ clil11~leof the area is gcncr~lly "'arm and

humid. B~sed on rainfall. humidit), lel11p~mlureand wind pT~"",e the weather

condilion is classified into four (ypcs. slleh as, (a) pr~-monsoon, (b) monsoOil. (e) post-

monsoon ami (d) winter. Some of the important clim~(ie pnrameter, arc described

below.

45.1 Temperature
The (emperature ,aries between ,)4"(' to 6"C; the climate i, dry apart from the mOlbOOn

,~a\on from mid June 10 tnld ()cloilcr. Its average temperalurc range' rrom 35°(' 1O

15°(' in the ho1teQsea,On ~nd <j'e to 15°(' in the coole,( ,eason, The coldeq months.

Decembcr and January. a,emge nhout I0.72'('; occa ,i"nal rrec~ing lemperature, occur

during lhi, timc, During the warmest month, of JlIly and August, the average

lCmpera1\lre i, ahom 27.28"C (;enerally this region i, ralher hot and is wn"idered

semi-arid. In summer. ,ome of' tile hotte,( day' experience a temp~ratme of abollt 45°('

or e\en mOrC.In winJer il ralls to about 5°(' in some place, or (h~ study area So (hi,
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older ~lIuvium region experiences e),treme, lhal arCc1c~rly in coniras! (0 lhe climatic

wnJilion 01the re't of the country.

4.5.2 Rainfall

The tropical monsCtonclimale oj Banglade,h re,u1ts in an ~nnual rainfall of about 2300

mm aeros; the count!) as a whole, but rainfall ovtrlhe Little Jamuna ,i,cr noodpl~11li,

much Ie" (Ahmed and Ihuge",. 2003), Annual rainfall \'~ries between 1400 to 1700

mm: about 1500 mm annually thaI is much lower than [he nalional average. Rainfall is

concclll,alCd illt0 (he wel season bel\\'eel1 Mil} and July. and lillie rainfalls occur during

Sl~dry months of the year hemccn October and March. Rainfall yor;es from pl~cc to

place a, well as year to year For inslance, the rainfall recorded in l<j~l wa, aboul

1.738 mm. hut in 1992 it was ahrtut 798 mnl only, There are six rainlall sMions in this

area namely Almi, )I.10h~devpur, lJadalgaehhi, Dhupchanehia. Adarndighi and

Naogaon, D~il}' rainfall data arc ~vaibble al Ihe,e slations mostl, from 1961 1O2003,

'Ihe lowcs! annual average rainfall of 572 mm i, observed at Adamdighi in 1999,

",hereas, the highest annual aVeragc rainfall of2352 mm at Naogaon in 1987, Table 4,2

sllow, lhe mcan monthl) rainfall ill thc study areu.

Tahle 4.2: Mcan monthly rainf"li in mill (SO\lrCeor data: BWDI3
Slalion N.rne AI'" M•. ''" Jull' Aug ~epl I 00
i\JamJi "' +0.4 138.] I 282,3 e72 ? 283.1 23~.4 127.2
Dhup"hdnchla 64,1 178.7 309, I 329,2 276.8 280,1 I., R 1
Badal ,,,,,hhi 35.8 137.7 2746 303.+ 2767 26?6 10J, I
I\dll"aOn 4Q.7 135.8 290.9 3102 295,2 2624 I] 1.0
,\l(}h~de\' co 76.1 18?2 298,7 3.13 0 297,2 279 'i 177.]
t\ll "i ] 1.5 12\.1 27% 298,5 ?, I 2 25],7 I Iq.l I

Slalio" j'I;.rne 1";0' "" ,," Feb Mal" Ann".l
I\d"mdi~hl 11.3 I 1.5 "' 10.2 17.4 14327
IJhu chanchia 11,7 L3 "" 15.6 27.2 1661.7
Badai"achhi I 11.8 I 2,0 10,2 17,3 1?,1 1511.3
l\ao aon 123 I u n 16,5 no 1540,4
.\1olla,le\' '"

;:; 2 I ],6 10.9 18,2 21>.5 1734.3
At,"; e, " " I 1I 2 17.2 1383,6

4.6 Geology and Geomorphology

~'onhwLs1 region is divided into three unih. These nre Recent Alillvinl Fan, lJarind

Pleistocene, and Rccent f-'loodplain. The I.iuk JaLlllln~ catchment arCa is located

"'LL1hcast of I\arilld TraCT: the catchmenl includes recent all"vial floodplain and >ornc

parts "I' lhe Ea,t Harlnd Tract. Uarind lrael Is one dis!incl physiographic fealure of
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Bangladesh. 'I'he Eas! Barind Tracl is al an clcv~tion of 3() 111"hile the West IlarinJ

lmCI is at an elevalion of 50 III (Ahmed and Burgess. 2003).the P()()rI~pcrLllc~hlccia)

g",und ,,,,laces "I' bulh regiuns arc drained by a L1dwork of "Knuri",' (ci,auwgc

channels) which carry fI()()dwm~r during the lllOtl'()Om but rapid I) hccomc dry

following the ()llScl of the dry sea,on, The Little Jamuna logelher with other rivers

stich as MohUl1anda. i\ tmi. Punarbhaba and Siba diss~ct the llaril1d Tmcl in to a IlUlllhe]

of hlocb. These morrh()l"gi~ unil, are sepmatcd b) lung. narrow hand, of Recent

i\llu\.;al Ea~h of these rivers has its own floodplain "lthin the tract and i, gencrally

restricted in "idin to lew kilometer,_ 'I he Barind unit j, comparatively at 15tHto 25m

higher ~Ic\'atioll thall the adjOining floodplains.

Ilarind Tract, (he Imgest Pleistocene terrace of (he eoulltry, i, madc lip of the

Plei,tocenc al1u,'lum. also known as older alluvium of mo,lIy red and hrownish day.

The cia) ~OWrof bannd 'I"rad ,'arie, considembly ill Ihickness. The clay reaches (" a

maximuln thickness of 40 m in the north-"e,( in high (We,t) lJarind 10a thickness of

fc\\ mdcrs in the south-c",l. The alhlv;al sedimcnl, or the river tloodplain conlist 01

seguen~~ of sediments varying from clay to medillm ",nd,. The sandy section of (he

un;l ,erv~, '" producillg aquifer in those p~rts_The thi~kncss ofthc unit reaches upto

1(10111(drilled depth) in (hc nom1plains. Naog"on, Atrai area ~re within im"r,tream

depo,it, arCa, wherea; Mohadevpur. lJadalgachhi, i\kkclpur, ])hupchaL1~hia,

Adarndighi and Raninagar area are "ilhin the older alluvial d~posi(s. All the depo,i!>

arc riverine. _<[ratificdand heterogellco", in nature (S\Vr-.1C,2000).

4.7 Aquifer System lind Properties

l\lost aqllifers in Hangladcsh exhibil eilher leaky or unconfined rc'pollses over the lime

period of rnain concan (Peler, 2004) A l1umber01 hydr,'genlogical ,ludi~s Iwve been

carried out in and around the sHldy are~ (Alam d al.. 1990; Ali, 1993; i\hmc<l. 1994;

Ahl1l~dand Burges', 19,}5,Bcgum et. al.. 1')'J7;Atad and l3ash~r. 2000, Haqu~ el al..

2000; Shmm, 20(2). The available litcrature (I3(jS, 2(01) reportcd that the ~qllire" in

the area occur in IWObroad hori7on" the shallow aq\lifer and (hc deep aquifer. Most

of the peetple "I' the area meet their dcm"mls 01 irrigation and tlomc,tic water ,upply by

lapping these _,hallowaquifers_ Ex~cpt some part "fthc Flood Plain ~rea, lhe aquiJi:rs

,,,~r most of (he region arCsandwiched bdween upper ,ill and day aqUltard and lower
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,ill and clay aql1itard (Shams, 2002), Tile aqui fer (Dupi Ti I~) material is composed of a

sequence ofmcdl111l1to coars~-graincd sands w;th o~ca,ion~l gravels_ '[he lhickness of

thi, layer ran~cs Irom '; meIer, 10 more than 70 melers (Beg\lm el HI" 1997).

l\ccclrding to Ahmed (1994), grmmtiMllcr 11\this shall"w aquifer 110\\'5 from nNth 10

,()ulh with locali7ed OLL[[lOWinto the major rivcTs with ~ head gradient of I: 1000.

SWMC (2000) analyzed the s\lh,urf"c(; rorm"tion~ in the Almi b~sin ,md ci""ificd

(hem inlo t,'ur groups: (i) upper aquilard: (ii) upper aquifer; (iii) lower aqniturd: and

(1\') lower aquifer. Tile maLl'r;,,1like cloy, ,iiI. ,"cry line sand and flne ,and were

considered as aquitard ~nd other sandy materials like m~dilEmand coar<" ,and and

gravds were taken as ayuifer. Geometry of aquifer covers the thickne,s oj aquifer and

deplh 10lOpof main aquiLcLThe average thicknc;s of ~quifer i, 50 m or mOre~nd the

m~ximum can bc as such as 80 In or more. M~xilmlln. minimum and ~verage lhickl1~;\

of lhe geological lu)~r, ill the Atrai basin is given in rabk 4,3, The thickne"

graduully cicerc<lsesfrom North-west to Soulh-~a;l. The thlckne." of upper <lq\lIferi,

\1I1dulalingIi-omNonh-"e,'llo South-ea't. Som~ assumption, were applicd in delining

the lo,,'el ay";lard and lower ayuif~r beemlse of in,ufficicnt d~ta o~er deplh in many of

the borelogs.

i'"bk 4,3 M~xinl\Lln.minimum and averag~ thickness of the g~ologicallayers
(Source: S\\'MC, 20(0)

Geological Layer

~Aquilard
Up~cr A uifer
-t~:,'el' A, uilard
I,o",er Aquifer

l\1ax i111\llll
53 ()O
87,O()
H7,OO
50,00

Thickncs5 In
l\1il1imum

'"35,75
4,50
50,00

Avera e
I~.50
53.511
35,50
50,00

Along tbe ,\tI'ai. the day is overl~in by a thin section of ailll,ium, The Allai and

Mohananda cut through lhe Barind aerQ" clay, and lhi, conlribul~s 10 direcl re,.hargc

(Raven,croll. 2003: Khall. 1991), In m,'s! part> 01 e~st of little 1amllna and We'l of

Mohonanda, tbe l3arind day is missing. In 111C'~rccent alluvial parl;. lhc aquifer

behavcs like all uncontined ~quifn. The Dlipi rila aquifer is in h}'dlillilic conlaet wilh

lhe al!llvial ,ediments that make, oul tbe m~jority of the ,ediments in the lillie JalT\lIlin

rivel ~atcbmenl.

<it.
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~quifer Pmperll(',<

Aq\lifers ill Bangl~desb are rc~hargcd by vertical pcr~olation of rain and nuod water

(Ahmed and I:lurgess, 1995) 'I h~ "YlLifCr, oj the I ,jule Jamuna Floodplain demonstrate

piCLomctnc recO\'ery subseqLlent to pump' king !limed offal lh~ ~mj 01 the irrigation

season. hdorc the onset 01'111"mOnSOOnmins, confirming the significance or v~rtical

leakage (Ahll1~d, 1994). rran,mi"ivily value, r~l1ge from 1500 m'lday \() 3000

m2/ciay, averaging 2JOn m2/day (see Table 4.4). Higher lran,missi\';\~ occur in the

northern parl (2500-3000 m'/day), and lowe,t lran,miss;";l}' (lee\" in the wuthcrn part

(I sao m2/d~y) (Majumdcr. 199H).

The smragc ~octjjciem is the li-aClion of water rdc"scd liom a unit volume 01 aq\lifer

because ofreducc, water pre"ure or de,,~tenllg, The long lerm storage charadcristies

us~d to detlne the sc~sonal 'Image volumes are deLLllc,j by specific yields

repre,cnlati ve of the fully lIncontined aqui fer. Spcc [tic yield, of the upper aquifer ill

the study area is mostly 0.1 (.,ee T~ble 4.4), inJi~ating ~ c1o,e 10 lInconlincd

charaClcrLStlc of aqui fer.

,
Verlical hydraulic

'~~'i~~~~,~SIVity
Specifi~

Gcocodc District Th~n~ conductivity yield
(em/I)

53813 JO\ ,urhat Akkel '" 0,2 2500 0,1
51006 n" '" Adamdighi 0,2 2500 0, I
510D Bugr~ [)hu ch"nehia 0.3 ,000 0,1
56406 N~o "" H"dalgaclihl 0,1 2500 IHJ5
564fiO Naog:"on Na,' non ,ada,. 0.02 1000 I 0, I
50485 '\]~og~oll R"nin~gar 0,1 1500 I 0,1

Table --1.4Aquifer pmperlics (Sourcc of data. WARPO: Specific yield inl,mnation is
fmm SW:>lC 2000)

4.8 Existing Gruundwatrr Irrigati"n Development

The study area i, JOL1lin~ted by agri~ultuml land with di,crele households. I'he Lmin

crop in this orea i, paddy. which include, Boro, High Yield Variety (HYV) Aman and

lranspl~nted "'mall. Extensive irrigation mainly through .,hallow alld deep wbe well i.,

comm"n in the ~rea, The m"in use of grmll1d",al~,- in thc study area j, fur Lrrlgntion.

Groundwater is "Iso ~bstracted by h~nd wbe welL, and dug well fol' dlinking: purpose.

This \'oillme " insignltic"m wmp~red to ah,traClion mtes for il'rigalion (SWMC,

1000),

• -
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'I here i,CXl~nSlveabstractioll of groundwater in the sludy area mainly h) ,hallow tube

".ell (SrW). deep-set shallow tub~ well (D55T\,'). very uccp.,c! shall"". tuhe well

(VDSS rW) and deep lube ".ell (1)'1W). Manually operated pumps or MOP, (noll-

mcclwnized hand tllbe well. traditional pumps. rower pump', bamboo tube well., etc)

for irrigalion h~d creuleu great enthusiasm among (he I~rmcrs fo]' low cost, simple

technology and casy operalion, Bul presently, lllml of the hand tube well, arc 110morc

in usc for irrigation in dry s~ason following lowering of gl"Oumh,,,lcr kvcl and gO"' out

of ordcr due to long use. For this. num ber, of manually operated pump' have decl ined

'lLbstml1lally_ Th" arc~ under dry ,"",on Jrrig~tion from grollndw~ter has gr","n

,"pidly sincc In(,-R7. afier low growth during lhc mid-19S0, pel iod of regulation and

controls Both numbel" and lOlal arCaSllnder ',;"1\'is h"vc increased rapidly, anti thc

STW irrigaled arCahas grown hI' an average of 12,S'%per annum in the 15yea" up to

1997-98 (NWMP. 2000). At peak irrigalion period groundwater s~areity posses s~me

prohkm for STWs, Due to lowering of ,ratie ""ter level It is not pos,ibk 10 lin watel'

by ~TW.'. Th is h~s led to lise of deep tuoewell" "hich has increased in lhe 'ludy area

OWl'lhe yeaJ.,.

•



Chapter Five

METHODOLOGY

S.1 Introduction

In order to undel',rand lhe inlcraclion between ,urface walGI'and gmund ••••'atel' s;stem,.

the impol'tant rcat\lrc~ ;n each 'y"lelll need to he examined. Th~ study followed a

tecilno-"lCial approach to characteri,e lh~ surlace wmer and ground wmer ,ystelns and

their interactions in th~ stll(ly ~reQ.Technical analysis ll\Rinly included a var;clY 01

anal;l;c"l approache~. e.g lilholog;e~l analysis. h}'drograph ~nalysis (lhl'ough

comparison of rainlall. ground water level and river stage time series). flo••••duratLon

CUl've,baseflow separalion, trcnJ analysis and correlation regression analysis. 1\"0

social investigation methods were com]uClcdin the study area. The ~l',l onc involved ~

qlle,t;nnnail'e ,urvcy (using structlll'ed que,lionnairc) m 4 thana' in the qudy area. wnh

a ,'iew to finding oul people's perceptinn ahnlll the SIRlUSof stl'eam f1n" depklion and

it> possible cau,e', impacls and mitigation mea,mes, The second method illvolvcd

purposi,e interviews (with ,emi-,lruelul'ed questionnaire) cOllduclcd along a 17,5 km

stretch olong the Little hmuna I'iver with the chief objective of charaelCl'izing the

'p"lial vanali"n ill ,tream and aquiler system and thcir intcraetion.

5.2 Data Collection

Dala required for the ,lllJy include rainfall. rivel' WRlet level and di,chal'ge,

grollndWlllet level from oh,cl'valion wclls, irrigatinn, horclog dala, These data wel'e

collected from Jirfcrentlypes of'OUl'ces ,uch a, I:lWDB. WARPO. BMDA, I3ADC

DAE.13MD. I)t'l [R, IWM. and lWfM l.ihral'Yin BUET.ln ~dditioll tn thi". dala '"''''

~ollceled from Ileid "ffic~s as and when I'e'luir~d, The h)dro-meleorological dala

colleelcd ~re 1I0tcontimLou" lhcl'e arc quite a fe" gap' in the data. The rerind, for dat"

cnllcelion along with mi"ing dala ate summari7ed in Appendix-A,

5,2.1 Rainfall
'['here are 6 rainfall slatinn, namely l\'aog~on. tladalgachhi, Ad~mdighi, Dhupchanchill,

"'lrai ~nd Mohadcvpur within the 'ludy area, llistoricallainlall for the perind of t96l-

2003 ofthe,e ,lalions was collected [rom BWDI3. The I"calion, of the rainlilll, riveI'

water level und di,eharge smtions ale ,hown in Figure 5.1. Among lhe 6 minfall
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stations, data of only 4 stations, namely Naogaon, Badalgachhi, Adamdighi and

Ohupchanchia, were processed for analysis. Rainfall stations along with data status are

listed in Appendix-A.

88"'45' 88048' 88°51' 88"54' 8lr'57pro 89"3' 89"6' 89"9' 89"12'

• 20Kil~

@Thana Ell Raintall Station .6. Water level & Discharge Station

Figure 5.1 Location of rainfall, water level and discharge gauge stations

5.2.2 River Water Level and Discharge

River water levels for the period of 1964-2003"of existing two stations namely

Naogaon (133) and Sonaimukhi (325) of BWDB were collected from WARPO

database and BWDB. Sonaimukhi water level station is upstream and far from the

sc1ected study area and was used mainly to interpolate water level at different locations

in the Little Jamuna river. River water discharge data for the period of 1965-1992 of

Naogaon (133) station of BWDB were from "WARPO database and llWDll. Among

these discharge data, some data are missing in each every year. Besides, there is no

daily discharge data from 1993 to date. For the analysis of the present study, discharge

data was generated for the period of 1993-2003 using a rating curve equation,

Q=O.0000166'(\VL_3)6<lOl, which was estimated by fitting a line through the

discharge versus water level plots of 1990-1993 (~e Figure 5.2). It should be noted

here that this may have involved some uncertainty and error. However, when the



discharge ver,", walcr lc,el plot; r", (he rom ycars are compared (Figurc 5.2). it is

scen that there \Va, nul ~ny Slgmtlcant shirl in (he rating cur,.e.
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" ••••••••

~'
_ 14 •

! " ~ 12•,"• " ~ to I, , ~ 'I
! , -FJ'I

• 1'''"'1 ' .' I. ""t1. ,,
o~ ,-'--.~ -
0 " " '" ," .00 '" 0 <0 " ,CO 'w "'0 ,<0

20' 740

,.," 'I
'00 240•

"
" • ','''''r'"! 0'

• ••• "•, •
! •

•,
•

•, J._,_. --J. "

Figure 5.2 Fitl~d raling curve equalion fur gcncrating discharge clal" Jor thc period
1993.2003 rQ ~ 0 0000166' (WI- -3)' "c",]
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5.2.3 Groundwater Le,'et

Weekly depths of ground waler level data from the Ilxed measuring stations were

collected for a period of about 30 years. These data were collected rrom WARPO,

BWDB and local office of BMDA and BADe. BWDB maintains all the groundwater

observation wells. The frequency of measurement is generally once a week. The

locations of the groundwater observation wells are presented in the Figure 5.3. It was

found that piezometer well and dug well were installed in same location and some data

are mi~sing and poor in quality and quantity in a few observation wells, which were

later discarded. The locations together \\ith specification of the observation wells are

given in Appendix-B.

10 0 10 20Kil_",

@q hana ~Groundwatcr Observationwell AWaler level & Discharge Station

Figure 5.3 Location of groundwater observation wells

It is es<;ential to mention the concept or groundwater depth and level belore analyzing

the groundwater data. In the data sheet reduced level (RL) of parapet, pampet height

(PH) and groundwater depth below measl.ning point (h) are given. The b'Toundwater

level is ealculated by the equation, Groumhmlerleve! = RL - h. The concept of
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groundwater depth and ie\,d ,,~rC shown thmugh a ,kdell (Fig\lfe 5.4). It is (0 be

Inention~d lhal the minimum grolln,1watcr depth occur during wet season while the

maximum grolLndwm~r depth occur during dry sea,on.

PLpara = Paraphel level
RLpara = Paraphet reduced level
PH = Paraphet height
GI. ~ (jrollmi level
\V r - Wawr table
h = (;roundwal~r depth

GWD = Groundwal~r depth
= PLpara - (11,1,I'll) Or
= RLpara- h

line

GL

OWL

,- ,
~ !"'E 't1" - f

".9 ,, ,
h l]I• 2c

~ -
" ,~f 0

0 hI,
0

I' ,
0 I
, I lJa;um

Figme 5.4 f..chcmatic diagram or groundwater depth and level

5,2.4 llord"g [lata

There arc 61 borclog ;tal;Olls in and around the study area, These horclog dam "'ere

collected trQm \VARPO and BW]))J database. Among (,I bOTdog only 46 boreiog ar~

inslalled within the stltdy ar~a, Mosl of the bor~holes are localed in the west-cenlml

part of lhe study area and in snme part of the ,,,ca nn horelog J"la Hrcavaibhle. '] he

k'eation, of horehoic; arc sh","n in Figurc 5,5, and borci{)g d~t~ stotu, in and "round

lhe sludy area are pr<:;cntcd in AppenJi".C.
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'" '" ."-0-'_--'
Figure 5.5 Location of boreholes in and around the study area

5.2.5 Irrigation Development Data

Thana ,vise irrigation data from 6 thanas, namely Naogaon, Badalgachhi. Raninagar,

Adamdighi, Dhupchanchia and Akkelpur within the study area have been collected

from WARPO, DADe, DAE and field office of BMDA in the form of no. of STW,

DSSTW, VDSSTW, DTW, FMTW, LLP, MorU, TRAD, DTWNOP along with net

cultivable area (NeAl in hect<lres. From secondary sources along with field survey,

pumping rate of STW was found to he 0.5 eusee lllld that of DTW 2 euSee. Depth of

STW is about 40 to 60 meters and that or DTW 100 to 120 meters. Frurn BADe

source, discharge capacity of 5TW is about 14 lis and of D1 W is about 4 times that of

STW, The number of STWs considered in the study includes the number of STW,

DSSTW and VDSSTW, and the number of Dl'Ws includes FMTW and DTW also.

Thana "vise irrigation data status collected mainly lrom secondary sources are enilsted

in Appendix-D.



5.2.6 Ficld Suney

Two ,ocial invcstigation leehni'lucs wcrc emplo}ed, Onc qucstionnaire ,ur"cy was

COnd\lCled ",ing stnlclwed 4uc,tionnaires in 4 thanas, named ,h Naogaon.

Bad~lg"chhi, I{anin~gar and Adamdighi ;n thc stud} arca. wilh ~ I'iew 10 finding oul

people', pcrecptlon ahout the staWs of slream !low depiction and its p,,»ible emlse',

1mpacts and mitigation meOS\lfeS A nllmber of 60 randomly sckctcd respondent, "CrC

chmcn (IS from eaeh lh"na) in areas (or village, ne~r lhe Little lamllna river), Since

lhe purposc 01 the survey waS10IOl,kinto the hi'lOry ofavaiiability of'lrcam 110w~nd

gNundwater. all 01' thc respondenls eho,cn were local permancnt residents wilh age

abol'c 50, 'I he 'ec()nd method i""ol,~tI purposil'e inter\,ie,,', with th~ help "fa ,emi-

slruelurcd q\le,tionnair~ wilh 35 selected rc'pund~nts (one for each liZ-km distance)

over a 17.5 km qretch along the I.ittle Jamun~ mer "ith lh~ chief objective of

characteri7ing [he spatial variation'in ,tream anti ayuiler syswm and the;r interactions.

The rcspondent, in lhis sceond ,urv~) "ere also were aged 50 ycars or ahove.

rhe quc.,tioml~lre, \l,ed in lhe que,tionnaire ,uncy a~d purposive imervi~w, are given

in Appendi~-E and Appclldi~ -F. r~.'p~ctivcly. In addilion to thc qllcstionn"ire ,urveys,

a n"mber of purpmivc IlIlcr\'ie'" "crc ~ollducted ",ith local oJ1ieials of ll~lI)A,

IlWDB. BADe. IWI-lF.and NGOs.

5.3 Data Analysis

5.3.1 Analy';" "f Lithology
Bordug <tatawere procc»~<t Qcc"rd;ng to deplh uf ,ame .,oil propcrlic>. ,\ceording to

similarily in 50;1type" or hOlTlogeneit}in ,c,il propertie,. the ,,,illayers "'ere gr('uped

into 8 major layer, a, Purc Sand, Gravelifcrolls Sand, Silty Saml. Pure SIiL Sandy Clay,

Sand Clay Silt l\lixed. Silly Clay and Pure Clay (see Arrendi~-(,).

~1()rethan 60 lithologic logs wcre viS\lally analyzed ~nd trealed in thrce dimen,ional

cnvironmem u,i~g softw'are Roekworks l()()4 (Ro~kWarc, ZO()4),RQcb"u~ ;oltware

has long been thc slandard in lhe pelrole"m. Cllvironmenlal. geotcchnical and mining

indll'lrie, lor subsurface tlala visual inlion be~a",e of pop" lar lools such ~s maps, log"

cro,"-sections. fence diag,-~m" solid models ~nd vol\lInetrin. The well "rgani~ed

layers wilh bl,rehole id. longitude, latitude in decimal, e1e-ation. depth wilh
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homogenous soil type and total depth of lithologs are input into the three dimensional

environment Rockworks 2004. In the Rockworks 2004 software program, longitude

and latitude \~ere converted into Northing and Easting value. After the identification of

the locations of boreholes aml processing borelog data, lithological columnar sections

were drawn, In order to represent the vertical distribution of different slIb-surface

formations a datum has been considered 106.75 ill below PWD covering the maximWll

depth of borehole information. To observe the vertical distribution of differenl

formations of the effective study area, twelve represenlative vertical cross.seclions

(shown in Figure 5.6) along east-west (6 profiles) and north-south (6 profiles)

directions were prepared. The easHvest profiles are oriented a! latimde of 24°51',

24°49" 24°47', 24°45', 24°43', and 24°41'; whereas the nnrth-south profiles an: oriented

at 88°52', 88°54', 88°56', 89°00', 89°02', and 89°04' respectively.

ole

'48' 88°51' 89"3' 'iH"6' '$J'9 'iH"IZ

Figure 5.6 Representative twelve cross-sectional profiles in the s!•.•dy area

5.3.2 Time Series Analysis

The historical time series data of river water level and discharge, and gro •.•ndwater

levels were visually checked for presence of trends, if any. Daily river water levels and

discharge for the period of 1964-2003 of Naogaon (133) gauge station were processed

for yearly mean, maximum and minimum, yearly dry period (November-May) mean,
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"early flood period (.Iun~.October) m~an water k\'el ~n<.l di,d13rgc dut,1 ,et.

r~~r~ctivcly for lrenJ analysis. The groundwater levels were rroc~"cd for yearly

mmlntUIil.

5.3.3 Analysis of Relatio"~hips hClwrenllydn.-:'tldeflrologicall'aramdcrs

Vi!>llU/ mmparisrm oilim" .-r!fie.! data: Time ;;cries data of rainl"IL river wliter level,

and groundwater lev~b were compnred (0 sec the relnlionship (e,g. change i~one

par,lllleler in respon~~ 10 th" change In other parameter) betweeL1 rainfall ~~d river

wuler level, rainfall ~ml ground"'i~ter 1e\'e1and r;\'cl' water level and groundw<ller l~\'cl.

Correlation /{c!:re~silJ"AnalY5is: Correlation rcgr~,SlOn aMlysis was perillrmcd

belween monthly lulill rainfall and llll\~lhly mean I'i\'er Willer level, monthly (vial

fJinbl1 and monlhly mean ground\\al~r kvcL and monthly m~an river \\ater 1e\,~1,md

Ill(mthly mean groundwatcr 1e\'eL Monlhly ground\\'at~r level l\1eaS\II'cmems in ~,ld,

w~ll wcrc corr~lal~J with total monthly prccipitation at th~ Llcarest rain g,lUg~(S) and

lhe Little J:llllun" Rl\'cr stage. The c()rrelation regre'8Hm analysis \\'llS rer~ated for

bggcd time ,~ri~\ data to ill\~s\lgatc the tim~ debO' in respon,~. if any. of any

paramctcl to Ih~ ,hangc in the oth~r p3ramcter,

Irrigation de\,e1opmcm ,md Monthly ri\'er sl"g~ werc also colT~b(~d with total monthly

precipilalion by simple ~orrcl3tion legr~~']()11 analyses. R~ol-tit equations were

culcul3tcd based on lincar regres,lOns 3nd coellki~nt<, of dcterminatioll (R') and

correlation ,oefficients (R) Wer~calculated,

5.3.4 Bascflrm AII3Jysis

Basd10w scpQmtioll; Ii-om thc hydrograph, wcrc perform~d using digital lihning

t~~hmque. In th,~ 8tudv. the digit,ll tilter LH'LOW wa, uscd. A brief de;;cnption of

RFLOW is giv~n helow,

IJFLOW

rhc GFlow program s~parates basef10w 11"0111streamfluw hy passing a liller over th~

slr~umf1ow r~cords. three ~on~ccLlti\'e times: forwards. backwards and forv.'ards ag3in.

Each COnS~l"tLtl\'~pass of the lillcr o\'er the slrc3mtlow i, nutpLl!. producing lhrc~ timc
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scries esllmatLS of baseflow The user CiJn (hell ,elect the optimum pass based uroll

pre\' iou,iy ~clcClcd cst imale' {)I'hasdlo\' jrolll the catc hment ill qHe,uon.

The filter is ,IS 1<1110\\'s:

(I+u)
'1,=(1 'q,_l +~(Q, -0,_,)

where

'1,= iilteT~d ,l1rcct runofi-,lllhc [timc step

'1'_1= fill~red direct runOn-"lllic t-I tim~ 'tel'

"- = tiller parameter (0,925)

0, = lotal stream 110w at the! lime step

Q,., = total streum 11011'at the \-1 lime step

Th~ tilter parameter 0,925 was determined by N3th~n and McMahon (1990) und

Aflll'ld el at, (I '1(5). 10replicate manu,Ji separatioll tccillll!.jtLC<;,13ascflow L' then

caiculul"d hy:

b,=Q, -{It

5.3.5 Anal~sis of irril:ulifln Data and It~ [tTecl on Surface Water and
(;roundwutcr Interartion:

Thana wise groundwater withdru".ai/uscd for lrrigali"n in a ye,lr Or Irrif!atioll ,,~ler was

cnlcnl"lcd Irolll the followlog tormub
'l" ' r', "") _ (I'SIIY x n,,"'!lICi)' 1Ohr,Jx Jn5d\'I' x OJJ283!", ' IfI '

ilr.'KlliiOfMO/('I', " .,. ------~------------~-
II)'

J ,(I' DTIl' x :ClI\'('cJx IlIh",1 x 105dl", x I) !I~832n1'It' J
Irnga/Ii)ff\t'u"'I',.lfm (Dn,) = - ,

III

COrrel~li()n r~gressil\1l imalysis belwecn Irrigation dev~lnplllcilt and groundwater le\,d

(dry seil~on irrif!~tioll months of Jan""rO', I'cbruarO', ;Vlareh and April) and stream Ilow

were ~()ndlLctcd, In lhl'>case, irrigation development datil ",~s irr;f!atioll water \olumc

in ;VIm' calcu Iiiled hy the eq lJ"liom, gi\,tll ~h(l"c,
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Chapter Six

RESULTS .4;\'D D1SCLISSIOl\

(l.! Introduction

The objective, ol-Ih~ study. as outlinetl in Chapter one, was to inv~sllgule the hchavior

01' stream flow in re,ponse to ground"ill~r level fluctuation, and \'Ice v"rsa. and 10

~nalY7e Ihe long-Ierm effecl of irrigution tI~vclopmcnt on grouml\\'~lcr IC\'cls and Ihe

correlponding imp~et~ 00 thc river nO\\, ThLSchapter pr~s~nls the re;;ult.\ and analy.,i,

1;-011\ a number or anal ylieal and s(}ci,i1in\'~.,tigation tools emp 'oy~tI in this respcet.

6.2 C()nc~ptual Hydrog~ol(Jgj(' Sysfem

The ,malysis of lithologic information from borelog data by Rockworks ~otiware are

pre;;enlcd III figure 6_'. The dimensions ~llJ ~p~cllie locations of Ih~ ,I'~L' arc

illUSlraleJ 11\Figure 5.6, The ~ubs\ll'faee geology ol-the slUdy are~ inveslli,pled was

siu,hd up to 10b,iS m on the basis of lithologinll logs of eo\'ering lhe area, The

I,lhnl"g,e panel di,lgr"m.' as shown in Figure 6.' arc very u,efi,1 111predIcting three-

<limcllsional di'lnbutlOn of rhe suh-wria<:c form~tiolls_ Thi, <llagram represents an

overall vi~\\, or the ,ub-surrac~ g~{)logical form~llons Jelmcating the major il'-juller

zones, It is nOl~d hcre that aIliJly.'" 0 I-Iitho logy of Ih~ "r~~ u,ing informmioll li'om on Iy

61 lloll-Uml'JL"Illlydistrihut~<l borc1ogs may not provLde a one hundred p~r~ent aCe1lr3tc

pielurc. r-.'e\'erlhd~", it is expec1~d to provi<!e reasonabl~ indi~~li,e Jclin~ntioll of Ihe

lhrcc-di 11l~l1si()nallItho logica Idi ,In hutlOfl,

Th~rc are confining ~,mJy clay layers (upp~r aqULlard) in the norlh-"est of the study

area. wilh Ih~ thickncss ofth~ clay varying from 2 ro 13 m. HO\l'ever, as Figure 61

dcmonstnlt~s, the lithology 01- th~ <;Iudy area is nwslly dominated by ,,,ndy ,,('il

aliuviul11. \l'lth most of the ilr~~WLlhoutany signl licmlt con Iining cb y Ii!yeL The upper

s~ndy aquller cxtend, UplO70 m depth, Allhough thl' lo"'~r "Cjuitard (,i1ty elay, salld-

clay-,llt nlLx) is shown to b~ generlilly lo~mcd at a deplh b~low the upper 'l'-julier (l.C,

h~low roughly 70 111),thcrc is uncerLiLintyas ther~ ~r~ po<;sihililies of nror, due to a

low n\lmbcr of bore logs With sufficienl <lcpths. I'knc~. the location and IhKkncss of the

lower <lquitardcould not he r~solv~J WIthcertainty Ii-omthe above ~n~ly"is.
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,

•
Figure 6.1 Subsurfa<:c lithologic panel dillgl1lms (uplO 106.75m) of5ludy lll'C!l
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CVllnecrivilr h('fl,een L ilil" Jalllll!1G river lind "'Illiler

The finding lhat most of the tloodpbin nquifcr adjocent to lh~ mer do not h~ve uny

signilk,ml contining cloy by~r indi~mc tilat there is direct ~()nn"~li()n between the river

and th~ undedyinl; aquifer In th~ Iloodplain allu\';uln. Th~re 1<' also 3 sufficient

indicatlllll Lhal [here is hydraulic connection between th~ Iloodplam aquifer and the

upper nqulfer In areas underlain by Ihe <:hl}aquitard. It may be menllOned here that

si IIIiJar abserv,lli"n, "erc also Illode by Ahmctl (1994) about lhe hydrogeology of the

Little Jmmillu nvCr, All of the obser>al;nns wells arc loc:neJ In the upper aqllif~r, The

hydraulic ~onnl'ctionbctv.'een lh~ upper aquifer :lnd the l,,,,cr aquit\;r CQuid not b~

direcLly ~;;labll<;hedbeealls~ vrlow depth lithologic dillUa\'ailable. l-lo\\c\'cr. liten\(urc

(c,g. Rahman and Roehrig. 200(,; i\hnwd. 2004) suggesls that all the layer, ilre le~k;, l[]

nature ~nd thu~ intcrcOnneCled The laet that hand-tuh~ well, get frequcntly affeCl~d hy

the deep-tllb~ wells (discu,>s~d in a latcr section) ind'cilteo thal there arc good

possibilitie, 01. l,yt.lraulie connection, hdwccn the upper ilnu lowcr aquifer. A

conccpluill hydrologic flow syslem (Figurc 6,2) is prepared ba<,ed 00 groundwaler

lcvcl, 5UrlaCeWalcr Icvel and lilhologlcal data of the Liltle J,JnlLJnanVer calchmcnt
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6.3 Analysis of Timl.' Series of Surface Water Lewl and Discharge

Figures (,.3 ,md 6.4 present the WUlerlevel hydrograph ,md !low hydrograph 01 L,ltlc

Jamuna riv~r at Naogaon. resp~cl1\'c1y, It i, ob,~,,'et.l that slII'face "'ider level

fluctuated Ii-om 10 m to 14 m In mill si"tics but illludu3lcd morc relatiVely recently

and the r.lI1ge was from S.5 In to 15,5 Ill, It nlt,m, lhat in dry season WHler level

rCmaill\ low and in wei Seil"on 11remain high. Flgun: 6.5 shows 111,11there i, apparently

no trend m (he maximuill w~ler kvcl, while there" sOn]Cdc~lining lr~m.l in lhe yearly

mC,1ilW,ller Incl and Sirollg declining trend, ill lh~ yearly minimulll waler level

There ar~ <,tronc dccreaoing lr~nds in the river 1],,,,, in dr\! season 1lll'lllh.l, al ,cen in.-" . -

I'igure (, O. The figure includl''; bOlh original1low data and rating curve g~nerak<l flow

dala (us explaincd in Section 5.2.3). Analysis wllh bolh original and generalcd data

sho\\~ ~1Ll\ilartrends in Il,n\>. Hcncc, inlerprdatioll of rcsults is madc 101'lhc cntire

dillil p~riod (includi~g ge~crated data) frolll early 1970's lill e~rly 2000's. Flo\\'s in

JanuiLry. February. t>hreh and April hnve d~crea;:ed by roughly 40%, 50%,70% and

70%, re~pecti\'ely from 1974 to 2003.

In lhe ll1(JlIthsof I\1:1r~h,md April. thc flow,; h<l\'~lkclincd con,idtrably. and decrcased

10 nn> or ncar zero 1low III somc YC~ISli'olll around 1990, I'Il\\\'S in the monlh of

february, in recent ytilr,. havc declined to \'n)' low flows. Appar~n\ly, (he problcm of

very low flow (or no Ilow) is gradually txknding from March-Apnltn fcbruary, The

flow 111Jan\lary has decrea,~d eon~idcrably: howe\'er, il ha<;not gone down 10 ~ern so

a, 10 n\LL\Cdrying up 01' n\'cr in this monlh. Howcvcr. gi\'en tht d~clLflLngtr.'nd of

l1ows, thc prubkm of low flow may \\'~ll cxtend to even January in thc coming y~~rs.
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6.4 Trend in Groundwater Level

GroulJdwater le",,{ jlm'lI,o' iOIl

The groundwater lcvd In the I.ink JalllLLna river catchment a'lLLiJi::r fluctuate,

seasonally in rcspon.'e to recharge from precipitalion. discharge from pumping.

C\'np(\ll'an.'piralion, lilleractif'll wilh ;urlacc-watcl' feature" and periods "f reduced

precipitatiol1 and drought. \,'aler level is hif\hest during the month of Sep\cmhcr an,1

OClober and lowe,l during (he lllonlh "fMarch ~nd April. Generally. recharge hegins ill

July and August, and th" "alcr level rise, quickly in respon,e (0 prc~ipltatlOn, During

the momh 01 January and February. the ".ate, Inc! declines in ft"rome 10 Increased

agricultuml "'ilk,- ule (pumping) and ",apolranspiralion These tactors at", conlribute
10 dC~Tcased wa!er-I~,d response to rreeipitatlon by redu~ing inJillratlon. Sea"mai

groundw"!~r level f1uC!U"li"n5 rang~ trom 4 In lo n~arly 15 III (I'igmcs 6.7-6,10) in

difleren! wells in the ,tudy arca,

Allh01lgh the recovery is found l1lm~ or less good at most of the wclls. oyerall ther"

,eem,1O bc decreasing trends in ground"a!cr levels ovcr the oear,_ Lincar r~gr~ssion

lines drawn through the til1l~ ,cries or tile grolLnd"atcr levcls in dilTerell! "dis sllow

decreaSing trend, in many ot the well,; ,omC of them are strong.
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Figure 6,9 Groundw~lcr level fluctuation in piemmeler ",dis in Raninagar in the Linle
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I-igurc 6, 10 (,rQlmci"aln level fluctuation in piC70111etcr well, in Bndalgachhi in (h"
Lmle .Iamuna rIvcr calc hm"n! aqu ite,.

Trel/d, ill JII;I1/1ilUm grOlmdll'OIU level

The lime serie, plOl' In Fig\lre., 6,7-6.10 indicat~ lnallnc minimum groundwater level

has heen historically declining Qver lh~ last 2S ye",s. This is l\Jrther illu,tmlcd in

FigUl~' 6.11-6.14, whi~h prcscnt lhe lrends in yearly minimum ground\\'~[er levels at

various I"calions. rller" ",c mRrked dedinc in groundwater levels in r\,'\0025,

NA0026 and NAOOn at N"ogaon sadar: 800001 and 80G002 at Atlameligill;
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1\'/\0047 and NA()()4Xal Raninagar; and NAOO(l4and NA0005 al Ihdalgachi. On the

other hand, lhere IS a lillie ~hangc in BOUOO] at Adamdig;hi and N,\0006 at

Badalgachi
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6.5 Relation helween Rainfall ano.!Groundwater Level

Comparison of pallerm:

l'rccipiWIlOn pattern, arC compared with groundwater levels III 'Hri"us observation

wells ill Ihc Little Jamuna River Catcliment. whi~h ar~ shown In Figule 6.15 and

Appendi;>.-I-l.There is a marked ,Imibrit)' in pattel'l1in ,'ariati"n ol'the tWf'paramelers.

It is observed [hat mint~lI alfeet, the gruundwater le,el nuctu"tioll 01 respective place

after ,ome period of o~currenee. \Vhen il minI, it infiltrate' ill!Olh" grCtundresulting

the recharge 10the grnundwa[el levcl. il wkes some lime f"r the rain ".ater to r~aeh and

HfJi:elthe ground" alcr reservoi r through lithological strala of diJ bent ch~mcteri,lic,;

il tak", ,0mC time to affecl !he ground".ater Ie,.d. inl'Lilratlonwould b" higher III

gra"elou., or ,andy laye" and relatively low with the increa,,, in ci~y and 5iIt comem.

."•
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lI~gressi()nAI/{/lysi,<-,

Monthly lolal millfall at n"ar~st raLII gauge \Va, con-elated with monthly groundwatel'

level mea,urcmcnts in each "ell. The t1uctuatiol1palltrn in groundwater levels agrees

well approximately with the \'aried paltcrn of raint"l!. Ho"cver, the correlation

C()crfL~icnt of groulld""lcr and roinfall is 110tso brge as ,hown in Table 6.1 Th~

high",( cucJlkient of dcl"Tmin~tlon (R') \Va, (),1594 (R = IIAO)and the lowe'. wa,

0,002 (1<~ O,045), The variation illlhe correia!;'," ~()(:fficicl\ls is due to LnCvariabili!\'

ill groundwater rc~hargc. \\.hich differ> ,patially because "fhclcrogcneity in lithology ..

, , ,
Rainfall sMion Groundwaterwell ID Methods W R

NAOO()4 Linear 0.1594 0.40
L~ ,,""mial 0,0685 111.26

lhrlalgaehhi. 152 NAOO05 I Linear o OOY2 0.096
Exponcntial 00024 0.049

NAOO06 LincRr 0.0024 0.049
I;~ onelltial 0.0047 0068

NA0025 Linear 0.1562 0.40
Exponential 0.1155 0,34

Naoga<:ln,adar. 191 t\AOO26 Lincar 11.018-'1 0,135
Exponentiul 0.0040 0,063

",",\0027 Lmear 0.1378 0,37
Ex anemial 0.0901 {)30

130GOOI Lineur 0.0047 0.068
l-,x onential 0.0055 0.074

Adamdighi.151 BOGOO2 Linear ()11095 0.097
~ponential 0,0057 0-075 I

80G003
Linear 0,0427 0.21
I':xpollellli"I 0,0613 0.247

Dhupehanchhi. 16<) 80G009 Linear 0.0034 (),O58
Ex on~ntial 0.0002 0.D45

'I abl" 6 1 Correlation codficient ~alue o[,.,inf'lIl ~nd groundwater kvci

Lag Regres,rion An"ly";,
Il is expected lhal change in gr!'undwater level will not r~spond to the raillt~ll

imm~dimel): ther~ is supposed 10 he a lag in the re'pon,e 01 gr01lndwatcr Inds. To

e~~mine (he timing of lhe delo) in groundwater respon'e 10a ,ingk previolls month',

rainf~ll, lhe lowl precipitalioll for ea~h month was "lagged'" fl'r a period from one to

1001rmonth, ,md correlated to the observed groundwater level mca~urement for the

month of the prescribed bg period, Best-tit equalion~ w~rc calc\llated ba,~d 01\ line~1'

and exponential regressions, The re,ulb for all the well, are ,umrnarized in rahk 6.2.
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Rc,"llS of I~gged corrcblioll between l'~il1fall ~nd ()bScr\'~lil'n well ill Na()~a()n and

Adamdighi arC presented ill figure 6,16 and Fig\lre 6 17 (olhe, figures are gi\'en in

App~ndi~-I).

The lag period with the highe.,l c()cl1ici~nt of determ inaLion is m~rkcd with an asterisk,

The correlation between rainf"l1 and grollndw~ter level improves ,ignlticantly "hl'n

groundwater re,pon.'c to rmnfall i., lagged by different (ime periods. For l11'h(

piCLomctcr well" the best correlatiol1' occur tor a 2-l1lonth or 3-J\lonth lag III

precipitalion; (hat is. the gTOundw~tcr level re'pon,c follows precipitation by lWO to

three ",onth, (Table 6.2]. Pic,omeler wells ".jtll Lhe be,t correlation (0 a 2-11Hllllhlag

in precipitalion include NA0025, N,\0027, and NA0004. Piezometer well, "ilh lh~

he,l eorrel:l1;~n 10 a 3-month lag in precipilation include NAO()2!>. !,-',\0005. NAO()O(,.

1l0(j()01. DOG OOl and 1l()(j009, Plezomeler well DOG003 eorrelaled beq wilh a

4-month lag. The highest e~emciEnt of determin"lion (1<') is found 10 be 0.6')13

(R ~ 0.83) al 3 month, lag eomp~red 10 the corrdation 01 dclenninat;oll (R1) of 0.0057

(I< ~ 0,075) at the same localion at zero lag and the h;ghe'l coctricient of dctermin"lion

(R'J of 0.1594 (R = 0.40) among all the loe~tiolls at tem lag.

T~ble 6,2 Re,uIL, of grou IIdwater leve I lag r~gre,s;otl anal}',;,

(>,flicicnl> 01 <Il"lertn;lla(iOIl. R'. lor rdinldll IY) v,, lagged ,. ound\\~lcr b'd IX) ,
'['n",," "t, III \Veil m I M«hod, O.~lo",h 1-\1,'n,), :Z_\loJlth 1.M,'nlh 4-Mofllh

"
)ao I"g

"
b~

NAO,)04 UflCO" ~ I594 U.4761)" 04145 lJ,253J o IIH711

b """,,1;,1 (l,0(,85 03J67 (l.4~40. (J 195.1 (l, I~ 17

B.J,lg,,'hh,. NM)O(l5
Linea, 011092 U 0) ~o 0,3662 1111>90" II 22:_'

15' Ii, ',,"ential a.rJU24 (1.1192 a 3~79 1I,.16(li' Il.JR4.1

N,\()(106 L,,,,'O' 000'4 (1,066) '1.1 ,LiO r) 14' I' (l, 1~3.1 I
b luncnlnil (l,1l1l47 1I.(llOJ (l.IJ62 ,) )47,' ~ 17S1

:-;,\{)(J'5 Linear 0.1562 0.,7~7 (1.41'5' o 3J29 0, 1J5::

bpu"Clllial 0.1155 0..1M9 UA')I,~' 04179 0.ln5

Napg""Ll I "A0026 Lin,'" 0.')) ~4 10 )MO 0..18J8 (14077' 1I.25.1J

,"<1",.19) I,x nOll,iol 0.01140 0,) 2J7 ~ .1172 0.3891' U,~76-'

II'AO(I27 Lin"" o 1173 (l,42.10 1),jIlN' 04011 0,H~6

!'xr,,",""lIal D,U9D) o 1R04 (l,5771" o '}]o4 02368

H()(il)1l1 1."'0.11' ,)OO~7 a,078'! o ,(,(,~ 0,)285' (1.2924

r'r'ln'.""'1 O,i'iJOO 00786 (I,) ] I.' ,) ~252' 'J,J')3? I
,\d,mdighi

IlOG~D2
] illca, (l,O,)'J5 ,) 21,71 O,oI2S3 10j.i(J;' o J 168 I

'" bl'onootbl iJ 0057 O,ZI,-I, o 52 IJ fl,6')) .1" (J 4srJ4 I

BOG(lO) Lille", Il 0-1-27 0'1230 (l, 1~4' o J685 1I,41)l,' I
Ii, )(lIlenti,1 0-'.1613 (1.11'.14 0,2DM II )~(,5 0.45W' I

Dhupch"olli. Linenr Ii 0034 D.(l76X O.l~8(l ,-") 82J. (l 1429
IlOGU')'!

Ih9 hr(lI1Cnllal (j (l(l02 (j.05!' 0.12)6 (11541' (jIJ77
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figure 6.16 Best-fit linear ;md exponential correlation for lagged rainfall versus
groundwater level in observation well no NA0025 in Naogaon sadar,
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Figure 6.17 Best-fit linear and exponential correlations for lagged rainfall versus
groundwater level in observation well no B00002 in Adamdighi.
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These results indica[~ th~( grO\lIldw"ler Ie\.cls arc Influenced by precipitation falling

two [0 three month, prior 10 the gmund"alc, obser\'ation ,,'elis, This gives an

indication "rIlle length ofl;mc r~q"ircdfor precipitmion 1:111ingon (he earlh', ,url1lCC

to reach the waler l~blc within the I.illic Jamul\~ river catchment arCa.

(,.6 Relation bct"ccn Rainfall and Surface Water Level and Di~charge

Companwn nfl'allern

Stream dilchargc and ,tage data 10monthly precipitation data are comrar~d for the

study area in order to evaluate how LLttle Jamuna River rt>pondcd tC\ precipitalion

[n:nd,. From Figure 6,18, il is obser\'ed thal allhc lime of rainfall occurrence, Slll'face

waler level and flo" ,how lairly qlllCk l'es)lon,c. The graph indicale, lh~t monthl)

precipitation lotals and river Link JlllTllIna flow and stagc ~l Naogaon Slation oneil

follo"'ed simi Iar patlcrns, As expcClcd, periods of low di.,chargc and stage were cbtrly

ldaled 10 period, of low prcclpitation,

IIO~O '
9011 J
~"G !
)("J J

~ 01111 J .,.:", C''-, '::

q][r .Ut~jA_,l
-lluO
~ e"

""4n 8
.:' ,:' ,':,",:', :":,::,,:.20~

J
.~ "'F:;'
, i,J1 Loa

_. Af'\JIJ\l::"
.- , 0 " " , 0 , ". - - g ,- - - - , 8, - - ,, - - - 2 - - - ,,,- , ,- - - - - ,- - -" :;; - ;; 'if o{ - ;:i 0 2' 0< i'! 2i ,- - - ""'Co - "-, '0 - c'

'leal --
Figur" 6, 18 Di,tri huti"n of ra Lillall and SUlfa"" watcr discharge ill lh" ;\[,,1)' area

Regression "n"iy.rls
Correlatioll rcgre,sion analy,is wa, c~rned out hem'""n rainfall and "vel' slag".

Rainfall ,hows a ~ood correiation w;lh river water le\el in lh" ;tlldy area. The hest-I,t

linear correlalion rcgrc,sions for rainfall ""';US surface water level arC shown in bigurc

6, 19 and corre iat;on coefficients of lh"," rtslIlls are I;qed in Table 6.3.
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Cn""latioJl with Ri,'er "3ler le\ d and
Ilaillrail at Naogaon ,,>dar

Co=",tion with River Waler 10>.1and
Rilingall al Adamdighi

Corrclallon wiLhRIverwaler level and
Riliniitll al Badalg.ehi

% •;0 R' =0,301' (",~nenti.11

" R' = 0 4143{l;n'"'i •,60 •
J '" . ~.
~ '" ~j.:,#• '"" '" ._~;1A~~~;---,w.

" • 6 '" " " "Ri,'o, water leve~ m (PWD) I
eo""latinn "ith Rivorwaler levol aed

'"1
Rainfall.l Dhupc",ehia

'" ••;0. R'=~}lW(F'r,,"ent'"]) • •, • ••
'I '" ". ""' ,u.", ••tt

'" ... ..~, ~ .
'" •.... 1t:.~.
'" .~ .#":I~:-'-'0

• 6 '" " " ,.
I

Ri,'", waler Icve~ m (PWD)
I

•••

8101214
River water Jeve~m (PWD)

R' =0.31~4(hpon,"';"J)
R' ~ 0 JS28 (LinCltI)

•

"""'",;0
~ 40

~'"'"'""

Figure 6.19 Best-Ilt linear correlations for rainfall versus surface water level in study
M"

Table 6.3 Result" of linear and exponential correlation for rainfall versu~ surface >,vater
level in the ,tudy area .

Naogaon sadar

Badalguchhi

Adamdighi

Dhupchachia

191

152

lSI

169

'MethtiJs ,j),.fi,""'-1,

Linear
Exponential
Linear

Ex unential
Linear

Ex onential
Linear

Ex onenlial

,ilffi. R,w""" ~;r.rii,R'II"f!!ft
0.3828 0.619
0.3162 0.562
0.4143 0.644
0.3014 0.549
0.4624 0.680
0.4181 0.645
0.3947 0.628
0.3159 0.562
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6.7 Relationship hetween Surfllce water Len! antI Groundwater I.e\ c1

Comparison oII'{/II~rn'

Tile relm;on,hip bCl\'~en '\I]'face waler and groundwater was evaluated hI' companng

hyJrogmpils of groundwater level data "ith graphs of stream _,lage, The anal:ysi, \Va,

oilsI'd on the period from 1978 through l001. The r~sultsare in shown in figures 6.20-

6,23, It is "I"nvcd that peak in a groundwnter level ilydrographs and the r~ak in a

river water level hydrographs do not rise a\ the same time in many uUllc wells. I'lll"" is

II lag lime between them.
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rigurc 6,20 [)istrihulion of S\lrface water kvel and groundwatel' level in obsel'vation
well in Naogaon sadar in (he stud) al'ea.
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RC!ireJsio'l A naly,,;s

GTourldw~ter level mea,ucomenlS in c~ch well were correialcd with river stage by linear

and ~xponcnllJl regre";"ll anaiy,is, Ground\\'ater le\'els al a r"w wells showed strong

correimions wilh river stage. while corr"l~(iol\s were not that strong in other "'ell, (as

shown regre,,;oll at zero manth in I'ahlc 6.4. It is to be noted here lhm the response

belween grclutldwal~r and Sllrt~ccwater rna)' nol be imllled I<ltC.Ihe extent ()("rc,;pol\se

and tfw response time depend on a number (If faclor, induding distance bdween th~

river and the groundwater well. degT~eoj' hy<imulic con neel;"i!)' ami the lran,m ISSIv it)'

of the aqui ter material,. These ~rc well iIILL,traledin Chapter Two.

Lag Jlegre,',,'wn An"ly.m'

To exami"e the liming of the deb), in gf()undwater response to a ,ingle pr~vio\lS

month's river water level for c~ch month wa' "Iagg~d" lor a period fl'Ol1lfer<' to four

month, and correlated to th~ ob.leL"vedgmundwatel' I~vd mcasurement for the monlh of

lh~ prescribed lag pcriod, Ile,t-fil "4uations wcre calculated b",cd Oll linear und

c.xponential regrc"ions. Thc lag peliod with [hc highest coerli~i~nt determillation i,

l1lark~d with ~n asteri,k. 'I'he groundwater level lag r~grcsSIOI\ analy.,i, \\'il' rcrLormed

with riveL",tagc d~ta for wells with witllLn 6 kilometer> (perpendicular distance) of [hc

Little .lamllna River (wells NOAOO.t Nt\0048, t\A0025, ~'t\0027. NA0005. and

BOG002) and anolhcr 4 wclls located mm~ than 6 kilometer, from lhe rivcr (wells

NA,0006, K-\0026, 1l0GOOI, BOG003 ~nd 1J()(;009) to ICChow t~r inland the rivcr

m~y have an inn"cncc. rhe re,uhing corrclation plot, are pr~'~L1tcd in figures 6.24-

1i.21i (others arc in ,\rr~ndix-J). and r~,,,h~ "I' ,ucl1 an analy,i, arC summarized in

Tablc 6.4,



Coofficiel1tsof detcnninaliorl, II." % , for rive, ,I" 'e (Y) V,Ia ed "rOUndwaler b'ol. (~
T11an" IVclUD 1::i'Io":" Melhod, °Month 1-l11omh1~.TMn~-month 4-momh

I~~u",mer bg lag lag lall
(km)

NA0025I
, Lillo", tI.HO 0,50&7- 0,2H17 tl.(1652 0.2099

Exponel1tial 0.49~ IJ5230- 0,2748 0.lJ56.1 10.0050
Naog"on NA0026

, Lmcar 10.242 0,4257- 1J,:19M 0.2099 0.0372
,,,dar Ex onenti"110.2~5 04388' 0,4056 0.'11(1 0.0364

INAOO27
, linear 10.517 0.6104' 03000 0,113 I 00002

C, onenli,,1 0.509 0.6192- 0,3922 o 1107 0,0004

l'JAOO04
, [,incar 0,662' 0.6~13 0.2850 0,03~4 1111274

"x ollent",1 0,634' 10.60n 0.2804 Il,OJ~4 0,0298

[J"dalg"chll" 1\()1105
, [ i"ear 0,361 0.0170' 0.5376 0,25~6 00369

""po,,,"li"1 0 366 10.6272- 0.54H1 02622 0,0361

Ni\OO06
, Unear 0,22~ IU633- 0.3022 11147" 0,0298

E\poll,'nlial 0220 0,3754' 0..1000 ° 1367 0,0232 I

BOGOOI
, ILinear 0,208 0.3770 0.40 IJ* 02MI 00684

hf'!1ncn1Lal 0,222 (UXI() 0.3951- 0,2572 11.11064

t\d"mJighi IjOG002
, ILineal' 0.334 06170' 0,60]4 0.3140 0.0117

IhrGnen1Lal 0,339 0,6118' 0.5908 0.3030 111.0395

110(;003 " Lineal' (J.(144 02~33 0,5514 0.5769' 0.2715
1-"ronemiaII0.052 0,2~~1 05374 0.5515- {P"86

Ranmagm N/10048
, Lllle"r O.5~o 07136" 0,48~0 0.150~ 0,0006

h one<ltial 0.602 ().71~~' 01703 0, I351 o {{020

The importance oj Ihe dislan~c between ri\'e" and groundwater oh,crvatio" wcll and

the dela,'cd response het,,'een thcm are elear nom thc rcsults presented. Th~ ncarest

'veil (NA0004, 2 kill) showed a 'lrung correlation \\'ilh almost no lag time while lhe

Lorrel~tlon for the ,amt observ~tion "ell dedined with increa,edlag limcs.

F", "lher obscrvation wdls. with distancc equHll(} or grC<lter thall -' kill'. the strongcst

corrdalion whcre foulld wilh bg time I month or mOrC, This illu,t"nc, th" delay in

re'pOllse b<:lw~cn the t'H' paramctcrs. For example, sirongest correlation for well

NA,0027 waS found f", lag period of I month (Figure 6.25). while the ,amc for well

1l()(;Ii03 wa, lound fi:tr lag period (}D month, (Fig"''' 6,26),
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Figure 6.24 Best-fit linear and exponential correlation for 0 to 4-month lagged
groundwater level in observation well no Ni\0004 in Badalgaehi.
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Figure 6.26 Besl-Ilt linear and exponential correlation for 0 to 4-month lagged
groundwater level in ob8ervulion well no BOG0003 in Admndighi.



Table 6,5 sumrnari7es lhe maximum correl<ltions for lhe groundwater observation well,

with dirferent lag period,.'1 he table also shows lh~ diswnce of the well, (rom the Linle

Jamuna ,iver. With no lag times, the correlation dccr~ascs sharply wilh a more or less

lll\c~r trend \\,ith increasing (Iislance (Figllr~ 6.27). HOVvever, the ma~ill1lll1l correlalion

does not ,how as sharp deerea,e with distance (Figure 6.?H). In a few casc, tor example

the station BOG003 which is ~ km away fwm the river, the maximum ~orrclation

(found for 3 month-lag period) IS significantly higher than lhose for 4 other wdls

HOGOOI, NA0006, NA0026, NA0025 which are 7, (,. 5 and 5 km aw~y from the

fLver,

Table 6.5 Ma"imum corrcl~lion beNeen Iagg~d grou~dwmer tevel and river wat~r
le,el
Well ID J)istan~e Maximum, ){' Maximum, R Lagged Time

from river, km
NA0025 I 5 0,5087 0.7n 1.\1omh

I\'A0026 I 6 04257 0.652 1-\'lonth

NAOO27 I 5 0(,]04 0.781 I-Month

,,'AOO04 I 2 06620 0.814 a-Month

'J,\0005 ] 0,6179 0,786 t -Month

INAOOO(' 6 03633 (l,603 l-Monlh

)lOGOOt 7 004013 (l,633 2-1\-1onth
nO(;(JOl , I 0.6170 0785 1-1\-10111h

HOG003 8 0.5769 0,760 3.Month

NAOO48 , 0.7136 0845 I-rvlonth
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Figure 6.27 Change in correlation with zero lag lime ""ith distance
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figure 6.28 Change in maximum correlation among different lag times with distance

This illustnlles the imp?rtance of consid~ration of delayed response between

groundwater level and river in analyzing the interaction betwcen surface water and
.' .

grOLindwater. As we have already seen, river and groundwater arc correlated, meaning

that significant lowering of groundwater by irrigation pumping is expected to affect the,
river waler. It i~thus important to consider the effeet of irrigation pumping even in

areas relati\'cly lar from the river.



6.8 Hasenol" S{'llllration

:\'lean ba,e flow was eomp\lted from conlinuous rewrds ot d~lly mean di,cnarge al

Naogaon long-lcnn slreamllow g~ging stalion in Ihe ,(udy area uSing the IIFlow digil~1

basdlow tllter. Tobie (,.(, ,hows lbc a,cmgc stream flo,,'. ba",l1ow and bascfow index

(I>FI) (pereenl ofbilse 110w of lola I 11",,) percent for the months fJom January 10 April.

Streom flow in Litlle Jam\ln~ river is dominaled by b~se tlow Itl these dry mOLllh"

especially in January and Febnwry, with nasel10w eOnlributlng from 47% to 7(,% of

t"lal slre~m flow during the period,

I'able (',6 E>(im~tes of mean monthly stream flow and b",e flow al Naogaon smtlon 111

Little Jomuna ri\'er lor 1974-2003 u,ing HFlow basello\<' fJlter.
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Figure 6,2') ,hows the time series of b",cf1ow lor the Inonth, from January to April,

and the r~gres~ic>nline, supcnmposed 00 the lime series, Evidently, there has been ~

,harp dcdining trend in ba,ef1ow of!hc river. 'I he dc~r<;a\ch~s been 5()'X., 70%. 90%.

and 65% for January. February. Mar~h and Apr; I, rc'pecli \.dy, Ii-om 1974 to 201l.1.
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Figure 6.29 'I ime scrics plots of ba,ef1nw of Li(lI~J~muna ri\'er for dry ~cason month,
of January, February. ",larch and April

6.9 Flow Duration Cline

Flow duration cUr\'es Ul'eploltcd l'orthe yea" in rig:urc 6.30, The l'elatively flat slope

of the flow durmion C\Il'VesinJi~ates that the l'i,'~r l'~eeives good amount of b"sel1ow

from the groundwater r~,~rvoir. The river h,,, n~ver been perennial: it i, SeCnthat

,ome 25-30 years ago. the ri,er had Ilow <)()% of the tim~ in a lear. Ilow'ever. with

tLtnethe JlIration of no flow period increased. Ilm,'~ver, (he complete anal:si, of flow

Juration C\II'V~could not be ach ie' ~d h~eause of I~ck of a large nllmb~r of data during

th~ dry s~ason in many years.

.'
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Figure 6.30 Flow duration curve for Little Jamuna river

6.10 Rainfall Distribution

Since the major contribution to stream flow comes from baseflow in the dry season, the

loweing of stream flow (or baseflow) could be due 10 two possibilities: (i) declining

groundwater recharge from antecedent wet season rainfall; and (ii) declining level of

the groundwater reservoir due to increased drawdown resulting from irrigation

pwnpmg. In order to examine whether rainfall had any role in the reduction of flow,

historical rainfall records are analyzed for trends at two important rain gage stations in

the study area for the wet season (and also for dry sea'll:m). lbe results are presented in

Figures 6.3 I. It is clearly seen that there is no apparent dc>:reasing trend in rainfall, and

the effect of rainfall on the lowering of groundwater level and hence on the reductIon of

stream flow is minimal.
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6.11 Effect "f Irrigation Pumping fm Surface water-Groundwater
Interaction

/rrif!,aIion development

(;",unciwalcr withdrawal or "b'lractiolllhl'Ough lube wells principally for irrigation i,

e<;t;mat~d from Ihe nllmher of irrigation unit and pumpi~g hO\lr~_ "[hall" wise slwilow

tube "ell ~nd deep luhe "ell installed in different th~nas of the ,Iudy ",ca. and total

gmundwalcr withdrawuls for irrigation are pre,enled in Figures 6.32 and (d] Figure

6.32 ,h"w, lhe numbers of ~hallow and deep tuoe "eli, inslalled ove]' the )ca" and

Figure 6,33 show, the i]'rigalion waler ,,,Iume withdrawn from the groundwatcr, From

Figlll'e 632. it is o\"e]'ved that e.xpansion "f irrigation eovcrilge and more agricultural

prOd\lction have lakcn place il1lhc stll,iy arca. mallife,[~d by thc increase ill numbers of

Dcep tuoe weil, ovcr the year;, Deep tube "'ell, are il1,lalkd more hecause of its high

e~pacily of eXlradion of deep gmun,lwatcr a, groundwatcr Icvel falls alarmingly in



rcccnt tilne. A, ,cen in Figure 6,32, lhc numbcr of deep tube well> increased in ull ,ix

lhana, of the stud} arCa. On the other ham1. ill two thanas (Badalgachhl and

Raninagar), the mllllbel', 0f .,hallow tube well., havc also Il\crensed ovel lhc time, "hi Ie

In three thana, (NagMIl Sadar, Akkclpure and Adamdighi), lhe numbers "f ,hallow

tubc wells had ~leadily Increased up t" 19Q7-1999. Atler thaI lime. the number> of

shallow tube "ell have deerc~sed. [n [)hupehachi~ thana, Lhe ,hallow tube well

development havc been les., compared to the oth~r tha~as: irrigation ha, mostly been

dominated by dc~p tubewells. "eve,"1 lactors are appar~ntly responsible for Lh~decllllC

in shall"w tubc wells in .,,,me oj the thana, (many oj which "'ere abo substantialed in

the tleld survey), Some ,hall"w lube wells are being ~b~ndoned due I" mcch~nic~1

problems; some are being in-operath'e became ot deep tube well's areal co\'erage and

la"ering of groundwaler lc,cl by deep tube-well extraction; and some PCl'ple lise

S\lffacewal~r liom fiver al the beginning of irrigation period ~nd after lbal lime, they

use groundwater trom deep tub~ welL From the abo,e discussion, it i, p,,,,ible thm

imp~et of lowering "f waler level by deep tubc wells on the ,ballow tube "ell, was less

Iladalgacbbi and Raninagar, while it """ mOrC in I\'agaon Sadar, Akkelplll' and

Adamdighi As evident from Figur~ 6.33, major irrigation wmer volume is eontflbuted

by lhe STV>'sin almust all six thana,.
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CQmpar~on of ;rrlKarion drw.1opmml with KTOlmd"'otrr fcw~1

Irrigll1ioo de\'elopmenl Md groundwnter level nuctuations lire plotted in Figure 6.34. It

is obseo-ed thlIl irrig81ion development nnd groundVrllleT lc\TI nre related ",ilh c:aeh

olhcT lll1dthey are inversely corrclllted. Urignlion development has Imd impacts on the

groundWIl1ef levels in different plll'tS of the study orca.
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Figure 6.34 Comparison orJrrigation developments with groundwater level

Correlation analysis

Linear correlation regression analysi, was performed with irrigation development and

eorre"ponding average groundwater level (surrogate for groundwater drawdo\vn) in the

study area. The resulting correlation plots a;re presented in Figure 6.35. Irrigation

development shows strong correlation with b'I'Oundwater level in all sIx thanas. The

corre1<ltionimproves when the irrigation volume extracted by deep tube wells arc added

to the volume abstracted by the shallow tube wells. This indicate8 a strong possibility

of good hydraulic connection between the upper and lower aquifers.



91

N.og,on; srw N.ogaon: SlW+D1W

,"' ;0'
• ),'0 , ,", e' = 0,7(,47,

R'=O,'109
,, ,'"' ,..

~-'" ~- '~,
~

'"
,,"" ,

,:; ,:; '" ,
~

,co ? ,,' .,.,.
'0 • ,

'", ,, U , "
, " , "' ,

GWL, m il'WlJ) (,WL, m (PWlll

&d,lgachi: ;,W &dalgachi. STW+DTW
25G • 250

~'"
,,,' , K'=O,9219

R'.08S96 ,
i ,

i •150 • • '", ,, ,"0
~ '", •,

" " " ", ,
0 ,
" " " " " " " " " " " '" " "G""-, '" (P"~) GWL, m (PWD)

u

•R' - 0.6147

,

~'~:',,~.I
R'-OM57 •

'"''" J,]OoJ.,
250 j,,
200 1

'I !150 ]

''", "I'", ,

•,,
•

,

,
.'•

),10

~'" •
'"~.'", '"I''"'",,

"Wl, m {PWD) GWl, rn (PWD)

IId.n:oJighi: SIll' + j) j W

'", "" -
,,
j ''"

"'"I••
'",,

''",
'",,
''"

~ '"• '"j ",, , " " " ,
OWl" In ,~,

R'-O''''

• '..
" : ,

• •, , • '" " "{,'WL. • (",",'n)

Figure 6.35 Be5t-fit linear correlations for irrigation development with average
groundwater level (surrogate for drawdown).



92

From the ab,"'e analy,i" it is elc~r th~t irrigali"n pumping has had negative impacts on

the gmunJ"atcr levels, and Binccminj~11(Ioes not appmcmly have any role to play, it is

very reasonahlc lu inkr th~t groundwillcr irrig~tion is one major rcaSOnlor depletion or

now in the Little .Iamuna river, This i~ flLlthcre<;lablished from rig:urc 6.36, which

show, a ,1H'ng,neg~tive correlalion between Irrigation pumping an,1stre~m t1,,,,'

~~ ..
R' 0,7182 •

'"'0
" '",
> 00•,'"0 '"0,
"•

~",,
'00 1000 1100

•

1200 1300
Groundwater abstraction in Mm3

Figme 6,36 Correlalion between grO\lndwal~r~bs(raetion for ilTigalion ~nd ,tream flow
in I i\\l~ Jamllna river,

6.12 Field Sun-'cJ

6,12.1 Qu~"tionnaire Sun cy lind Pur]loBi"" lntcniews
The res\llt, from the q\lest;[)nnair~ ,urvcy and purpo,ive intcrvkw, ("illl the hclp of

,cmi",trucl",ed questionnaire) condllctcd ill to\" thana$ (l\'agaoll %dar, Hudalgachhi,

Ra~inag~r_Adamdighi) nenr the I ;l\l~ .Iamuna river nre slimmaril,cd below. All lhc

l~sp()ndcnts In que'lionnaire sUI"\'eyin the vi;ilCd ~reas reported lhal thc source of

drink ing watcr of people is h~nd lubc-"'elh throughuut the year except Apri I and May,

In Naogaon S~d~r. people drink supply water from adjacent tank con,lructcd ne~r Deep

Tube ",ell ('co Figure 6.37) or ~olleet water from around DTW in April ami May, The

collection of w~ter is mostly donc by the womcn, and it is hard work Lorthcm.
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Figure 6.37 Photogmph $bo\\ing O\"a-bc:ad Imlk filled with OTW ••••.lIter os 5(lUfCCof
drinking wutcr during April nnd MIIYin NoogtIOn Sadar

R/I-rr~1ng up?

All the ~lS agreed thllt !he river is drying up. About 85% of the respondents

thought the river slnl'tffi.dr)ing up during the period from 1990-1995, while 15% Drlm:

respondents thought it SInned to occur during 1985-1990. The majority of the people.

howevCl", had the consensus thlIt rh'CT has started gradunlly drying up since around

1990-91. All the respondents reported thaI there WlISenough ••••'llter flow in this river

before 20 lo 2S )"CllJ'S.The ri,'cr 1= been almost fully drying up in the months ofMureh

lIlld April sinee 1992. 'The problem is g~ng worse and III pteStlll drying up is

happening from Fcbrunry to April. This is consistent \loith the finding orlm: hydrologic

nnzllysis (Section 6.3, Figure 6.6), ••••TIich Mro•••-edwt flows luwc ~ declining over

the YCllTSond the problem of >'ery low flow or no flow MIl: been in lhe months of

Mlll'Chund April since around 1990. and the problem ofveI)" low flow or no flow hns

~tly been extending to the month ofFcbrunry.

The respondents fear thlIl p:uts of lhe river. which have nll't'ady turned into stngrnmt

••••'lIter during the dry months ofMllfCh nnd April, "ill dry up completd)' in a few )-eDno.

fMUer5 now eultivate crops in \he dry rh'erbeds during thc dry SClISOn. 1ltcy have

instnllcd shallow Iubc:"'-elb lit riVeTbed end with lhe help of thesc lhc:y cultivate Born,

Potato end 'Illrious typcs ofvegctnbles in the ri\'erbed from 8 or 10 YClll"llago.TItey also
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breed tish in the stagnating rJver areas. The rc_,pondcnts (100%) ,,1.'0 added lhal pond"

khaL and bills are drying up Ii-om Januar) to April n~ryyc~r, ~nd the ,itu~[i()nlurns to

an acul" Inci (oward, the end ()f(h~ dry season (rebruary 15 to /\priI15). h,amplcs

OfS\ICh beel, arC Munsur Beel, lligli Bcel. GUlar l\eel and Lal gala Bcd in Naogaoll

Sadm lhnn~, which have been con~el'ted from fish 1;1rmto irrigalioll fidds since 12

yea" ago.

Re{ls()nI'/orriwr dryi"K lip

A majority 01-r~spondem, (70%) cited i"wering of groundwater level as a p()"ibl~

c~\lse of drying up of the rlYeI, Extracl;on of wmer by deer tube-welL, has h~d impacts

on eXlraction of water from shallow depth,_ Local people, especially I()cal~d in

Naoga,," ,adnr. Badalgachi ami Ranitwgar area, poinled oul IhalthcIr hand tuhe welb

fail to eXlrad water; ,hallow lube "ell can not e~tract enough waler, while deep lube

well can exlracl enough water dlll'ing the dry season. especially ,rom February to April

In the past the pcople used to plllnp drinking waler from 25 to JO f~el below lhe land

,urLacc by using shallow hand lubc"'ells. Nm, p~()plc in some area, do no! gCI w~tcr

even nOlll 30 fCCIdeep during the lean months ofM~rch. April and M~y since deepe,t

pumps which ha,e a ;c,etion cap~city or lifting water from ROre~l deep, arc becoming

inopcmtl\'e. Super 'lara pumps which can lin. watcr from 100 feet deep arc ~ow also

heeoming im'peralive.

Interview' with BWDB and IJMllA "fLLcials rcvc~led that the ]lumb~r, ol"shallow tube

wells (STW) arc dc~,-~a,i"g. !lut the nUl11b~rs"rOeer lube wells (OrW) as well a, the

numhers "r Deep Set tuhe well> (DSTW) arc increa,ing because shallow tuhe wells can

nol cover "xpeetcd area for ilTigalion, for e'(p~nding lh~ irrigation area, more [)~~p

tuhe wells arc instolled. rhi, rcsulls groundwater being eXlraetcd more. leading to

lowering "f gro\lnd",~ter lev~1. As a conseq\lence, ,hallow lube "'ells ,urrounding

the'" Deep tube "ell, can ]lol eXlract waTer any mor~ and thc, bccome inactive.

Lowering "f groundwalcr leve Is due 10 irrigalion \' aler " ilhdrawals arC enusl ng dec line

in river wat~r now,

I{i'" of rivcrbed "'a' "I.,,, obscrved by most or !h~ r~spondents as one Q f lhe imporwnt

lactors. The ",mC observation wa, abo lound from in[e"ie,,~ with 13\\'1)1\ and

IIMIJ.\ ntflcials. River hed ha., been rising eonlinually due to dep",i[ion nt',ilt in the



last 20 yea", couplcd wilh cmsion of crop-ndd soii and massive enc",achmcnL

Aboul 30 years ago, farmcr, u,cd 10 cultivate ('lilly two crops. t\man ~nd wlnler

vegclable" Bul now they are growing Bom, which cause, mOl'e.,oil erosion and the

e",ded soil i, lIltimatdy dlschorged into lh~ c"nals and rivcrs Icnding to filling up o[

river bcds, Depletion [)fri,cr WalCTh~s ad,'crsely affected navigali"n.

A conception that is commoniy lound among many peoplc i> (h~t dams und ban'agcs

com(TuC1Cdupstream in India C~\lSCdedine of "aler l10ws inside Ilanglade,h.

1I0we\er, inlerview with local BWI)B officials rcvealed lhat the (.il\k Jamuna nvcr is

nell affected by any barrage (f(\r e~amplc Farakk~ b~rrage) or dalm in Illdi". 11is thc

lack 01 care and propcr m~nagemell1that i, lhc rea,on behind this. rhi, make, ScnSe

sine~ Linle Jamuna has "n indcp~rrdent cnlchmenl within Bangladesh. which d(\e' nOl

receive 11,1\\[rom nny of the upper calchlllcn1>lhal tall" ilhin the Gangc, dcpcndenl

arCa.

FI,l'imnmenla! imp'" Is

t\1I1he respondent, in the queslionnairc re\'ealed lhal the d,-ying up of river, (and "r

bccls and khnls) have had negalive impact on lhe environmcntal CCos)stem Among

the 'pte ies of fish lhat are di'i~ppc~ring include' hheda', 'cho(() chanda', 'potka'. 'boar

and 'koi' (all local name') Rcduction of wakr bodie.' has also had impact> ('n the

migratory birds

Alilil',,'/On lIIeasures-people ',I fn~rcel!l,,In

People's perception is th~( miligation mca,urCS call be in the form "f drcdging;'

chcnvation or rivcr bcd. COnStr\lclionof a rubber ,hm ~cross the ri\'er. and cncouraging

plantation of ,cgclatiotl cover on the bank> "f lh~ rivcr to protecl ermion of banks and

inhibit silt dep",ili"n, All rcspondent, npecl thal Governmenl ,hollid lukc iniliativc

and proper slep' (() man~ge LLttie Jamllna river flow for agricllhural prodllcl ~nd

cnvironmcnml "ellheing.

6.12.2 Hydro-gcologic ChHaderizatioll (\f Little .J"mllna River Rcsch

As mcntioned ill Chaplcr ji\,c, inf(\rmation wa, galhcl'cd throllgh inlcrview of people "t

every \~-km over a dislanee of 17.5 km along thc lillie Jml1unariveT. Thc synthesi, of

all informalion is sumll1,ui/cd in figure 6,38 and Tablc 6,7, Depending on ,imil~l'llies

,
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in characlnistics. the river reach is categorized into three lype,; of,ub.reacl1e,' A (AI,

1\2. A3. A4, A5), B (B I, )12), and C (C I. e2l.

In type A. the problem ol-river drying up is lbe grc~test. rhi, is also manilested by the

drying up of hand tuhe well, lor ~ con,iJerahk kngth of time hecall'c of lowering of

ground" alec lab ie, rile erfeel 0("drawdowil by irrig"lioll pumping extend, to (his part;

,hallow tube ".ells me Ircqucntly needed lO be lowered into the ground by about 2

meler., (0 extract waler. The cxflltr<ltionof wale, ;"(0 the aquifer from (he n,,~r is

easier becau,e of (he sandy charact~ri,lics of the bed maleriaLI. The drynes' of the

ri\'~r in these 'ectiom, however. h~s led the farmers to culti\'ate on (0 lhe river bed.

In type B, the problelll "fdrying up is moclerJte compmcd to thm type A section,. The

dur~tion of river drying is less_ rhe problcms of hand tuhe well> bccoming inoperat ivc

arC thcrc. but the duration is smaller comparcd to thm in type i\ '~~lions. The effect of

irrigation pumping al,o r~aehcs these section,; howcver. no shallow tubc wells ore

needed to be lowered into the ground. nClther the peopl~ grow any crop' in ri,~r bcd,

In lyp~ C. the river ha, watcr ~nd so does the ncarby wmel' hodie'. Thc effect of

il'rigmion pumping !las not heen as mIlch compared to other section,_ I-land lubc \\ells

mostly work except fo]' a period 01 a little over t\H' \\ecks, 'I he elayej naturC 01

riverbed allo,,'_, _,I"" dcplction of river flow.

'j'h~ rea,Oll< hehlnd th~ di"illll1a]'itie, could be manifold, including lh~ hdernget\eity in

a<juiler material" "nd the difference in hydmulic connection between rive" and aYllif~r

(which Jffec!, the ralC at wh ieh water" ill be exchonged hetwecn river nnd aqlli rer).

•
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'I able 6,7 H>'dro-geolo ic characterization of [,ilile J alllun~ rIver
('hal,.dori"i<>~.gm.n",~'o,'cmll

onditiun
in dry ,"",on
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Ri,." hottom i, complelel; e11'jod"P f,,,om~bn'h jj '0 Mo) I, cach ":I"
e,er;' ,eO" and llu' c0nuillon ,l>lr(''<1f1'0m 19R5 _ 1990
Ri,er l> pM!ly d""d up ITom rc'bmnry (II lO March 15 "hid, ,hlrlcd nom
1980-1935, I
['ond,_ klHll, ,mel beol, ole co"'plckl; dried up wi,h livcr ahu Jr)HLg ,nd
,cern to be rdall'u "ilh <"'" other When meT I> roll of water. otber "'"krl
b(\dk< a,'e full. ,nd \ icc' l''''.
'I ho ,,);1 eh'''""'f"l'' i, of,andy in ""llire .
I In,,d ,"howell, J" nol get ,,'ator fOI 45 da; > 10 liLe(lcy 'Oa<Oll

SI,.lIo\\- tUbClITHLn>lullcd011the land ,ud,,,", CO"001exll'W enough "" •
I"r leng01;o";n tbe Lnunlhul \1"",11 tn .\h\).
II ,h"llo>, ",ho well> arc ,"'lOlled helnw land >udLlec [',o,n.l tn 7 11 ,,1I1h,'
,halle',,' ,uhe well, can ",lr"C! ,)I' got coo,,"h ""ler fol' ;I"ig"tion li,lliil Lhe
""I";red d.maod all ,,,cr Lhl'yo,,,,
FOI bow eulll""i,'o. i"igdllon "a,Or is ,,,od n"tiy Irum m", ,,'",01' u"n"
,o"lhl" L"be"cil, When I'i\el ""lei i, u,'oJ "I' completel) tbm gr"w,d,o'at<r'
through ,h.llow <'rd,'op tubo "ell>" ",,'d rOI'i'fig.lli,,,, I
When lhere I>n" "'01er in ,C!ment 1\ und ,hallo\\' whe "cll\ Ln>laliccton lhe
lalld ,url,ce can "0' ,waet gr,'und"all'T, deep ",bo "ell, UT,h"lluw tubo
",II, arc in,lalled un ,b, Oml"m 01the In'er.
Il",o a"d ,"eo<'hlbl" ",'e l'm\n nn tbe ri,'or bed,
R"c, bullOLn;' poniali) d"cd up n'om I'ehiu"r)'
,ollli"u"", Irum in.l- i990
~om, pond, h,,,o ,,010' but no "",ter L>,iter. in khal, or boel, \\'1.0" rive
'"'go goo, d,'wn, ,,",or levol;1l kh.I, ur bcd, 1,,11(>\\tllo ,.me,
'1he ,oil "h,mlckri",,;s of"od, ,ilt. Chl) ml,od in na'"re
Iiond t"beHil, Jo no' gO(\\'atol' for 30 d,,:-->'" lh. dO)",",on
Si,allo\\ Luoc,,,li i,,'allod on the bnd ,u,f"c,. can noLc~Lral'lur g"e"ough
\,.1101'fo, iTilgalLur.In ,ilC,n"nth of I\p'11'" I\-hl), I
If ,holt"w lllh",ell, "TOin"nll.d be;'", I,ml ,"rfoce fmm .' to 4 1\, "II ,1.0
,h"lIl'" t"bewell, ".n "lr"" "" BO(onough ',,"er for i"'igaLion lulliil ,I,e
rcglllL'cddemand all m or ,be )'C'''.
Fo, bura ",Itival;on. irrlgatiun "",et' i, u,cd li"ti)' Irom r;'w ,,,,ing ,hall,,,,
I"be"eil, Wh." 1'i\01'lI'dler i, u>cd "P c"mplotcl), thm ground"".r through
,h"I1,,,, <" de,I' Lube\\'ell,;, ,,>('d 1m ",';Bati"n 1>",who,,' >moll watOl'10\'01
L>'" ",1001,. ho,ll £1o"nd,,~ter <HId,'h'er waler are ",,,d.
"" >",Iil'" n,' d,er tube weil> ",,' ""tailed nn the ri'eL' bed. lky 0'" i,,,~,lld
on ,be 1",,<1",,'fa'e
;';0 "'\'P' o';"~,,'wn on tile rl'or bod
Waler;, ,na;l"ble >tilth. yo",' round
I',-,nd, h,,'e e"o"giL ,,'o'er
Ih, .",il ,h,,,al'le,,,,ic i, ofcl",) In n.llIrc .
i lond tubcwdl' do nut go, 1I~(orfor 15-20 d,)-> '" ,he dry ,o",on
~hallO\\ tube well in>Wllcdon tho la"d ,,,rla,c, "0" no, "AllacLor gel enollgll
\"tel' for iTLlgatLonLII,he ,nollth ()foni} M,y,
II' ,1>,\II"wtubo "ell, "'0 ;",:oll.d hel,,,, land >t"I-'C. It"'" 2 to 3 n, ,Ii tho
,iLoilo", ,"h, ",II, ,,,n o,'ra" or g.'t eno"gh "nlor for irrigalion Ililliil ,ho
re411Lrdct,m,nd ali ,,,er the },",
rUT boro culthallon, irrlgll,ion water" u>Cl1 I','nn' ri,'er wa,,,r ""d
~rou"d",a"-r ll>l"g ,1"lll'" ,ubo well In lbe ,Iudy 01'," I
;-'\, ,hallo" or dl'Cp '''"0 11011.,ar,' ,",,,lkJ "n ,he I'ivcr ~"d. ,Ile) "rO i,,"ailed
O"lholand""raCl', I
No crop' alC gTe'"'' no tho ri,,'r bed



Chaptcr Sc,",cn

CONCLUSIONS A]\"DRECOMMENDATIONS

7.1 Conclusions

The eonchl,ion, of lht ,(udy are listed helow:

• 'I here is direct connection bclwccn (he river and lh~ underlying aquifer in lh"

l1oodrlail1alluvium 01 the I.iule JalnllnH river, 'I here is h~dra"lic COllllcction

bdWCen the floodrlain ~qUlfer~l1dthe "pp"r aquifer in areas und"rlain by (he

clay a411it~rd,

• There are 'tTOngdeclining trend, in th~ ycari)' minimum waler Ind and river

flow in dry sea,on m(}nlhs. The flow in Liuie Jamuna river in January.

Fehrllary, March ~nd Arril ha,,, dccrCRsedby arp,oximatcly 40%, 50%. 70'}"

~nd 7(1'",.,rc'pcetivcly troln 1974 lo 2003.

• Although the rec<}\'eryi, tuund to be more or Ie,s good in In"'! 0(' the weils,

there i, a marked deCl'ea,ing lrend LI\minimum groundwater level in many of

the oh,ervalion well, over the y~ars.

• I'hel'~i, a time lag "f21o 3 monlhs between lhc "ffect, of rainfall 10 be fell in

groundwater le\'el, cor exampic, correlation COefficient telf a ,,'ell impro'",

from 0,075 at zero lag to 0,83 alicr ~ lag 00 month"

• The river-aquifer Lmeractioll is strorrgcst Ilear the ri,,,," with a correlation

coefficient a, high as 0,814 betw"~n l'ivcr stage and gl'Ountiwa\er le\'el at 2 km

trotn the ri\'er.

• However. there i, a lag time in the re'poL\sc between the groundwater and

,urfa,,~ watcr, Ma"imllm correlarion among 0 to 4 mOl1th.,lag Jocs lIot show as

sharp Jecrease with dislance as correlation for only uro lag ,hows with

distance. Strong correlation coclTLcientswere obl"iJled at greater tii,lances Riler



]00

some lag limc. A correlalion coctlicicnt of 0 700 was obtained ".ith a 3 month

bg time at a dislancc S km ~w~y j;-om the river. 'I'hi, is evcn higher than

correlation codfieients, obtained at somCotiler ob,ervation wdls nearer to the

• [t is tilus impOltam 10 rccogni7,e lhe d~layed response betw,"en groundwater

le~e1 "nd river In an~IYLing lhe Interacti,'n belween surface "atn and

ground"ater. It is impoltant to eOL1;iderthe effect of irrigation p\llllpLngon

strcam flow depletion even In area' relalively far from the liver.

• Stream now in little Jamun~ river is dominated hy balc flo\\ in the dry months,

espccially in J~nLLaryand February, wilh basef10w contributing from 47% 10

76% 01 tC\talstream now during the period. There ha, betn a slwrp declining

lrend ill b~scflo" of Ihc river, the decline being 50%, 70%, 90%, ~nd 65% in

the monlh; of J~nuar}. February, Marcil and April respectively. from 1974 to

2003.

• Ruinf~ll distribution "as not lound to have played ~ny m~jor role in alTeeting

groundwater levels ~nd henee Slream flow. it is the irrigation development that

h~ve ~t1ected gradual lowering of th~ groundl"~ter le\'eL whi~h in turn cJ\l'ed

reduction of base n"" ~nd hcnce ,tream flow in the dry ,ea,on months.

• rhe rivcr !lod ,laned 10 dry up ,inee 1990-91, and the dry ,eaWn month, of

rvlareh and April have been mostly arr~cted since then. However, the recent

tr~nd shows thatlh~ problem is extending to as early '" F"bru~r)'.

• The ,,'al~r bodies In the area followed a pallern ,imilar to the l.illie Jamlln~

rivcr: a good number of bee Isha\'e dried up over the year,.

• Apat1 from lo".ering 01' gmund".ater level by irrigalion pumping, anolher

important j~clor i, ,ill"lion ill rive]' bed as ~ re,ult of soil erosion. which

con!ribul~s to drying up ofril'Cls in .,everal patches.
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• The flet'" dcpldion of rivers and red"ction in "'ater hodi", have had negative

impacts on the em,ironmcnwl ecosystem. wilh many of the local fish species

slarled 10 dis~ppearing. und lhe migratory hird, gelling lower in numher.

• The degree Ctfimpact 01\ strcmn li",\- by groundwater l,mering depends, "IllDll!!"

otile". on tile heterogcll(:ily ;1\ aql1ifer malniais, and the spalial dilfCrcnce in

h}'dlaulic connection hdwccn rivers und aquifer. Not all the places along the

ri\'cr experienced lhe same degree "rlile problem "fri"cr drying Ill'. I ()wGring

of groundwater hu,c imp~c(cd the drinking water supply by hand tube wells

ewer different durations "flime in dlttere~t places.

• In ,trC"' where the problem is acute to lllu<icratc. irrigation b" STWs in

tloodp billS near tile river ha, been ~tkcted.

7.2 Recommendations

A number of recommendation, ar~ provided below:

• The grO\lI1dwatcr abstmetion ,olum~ responsible for a tkclining groundwater

Ic\'cl is mainl} ~onlTibuted by shallow luk wells What is needed i, lhe

reduclion of indiscriminale use of ,hall"" lube wells, and enhancement of

eOmn1\ll1ily ha,co.! use of ,hallow lube "cils, Reduclion of shallow lube-wells

and enlwncemenl of deep tllbe well, may b~ ~n ~n5"'er.

• Dredging of livers and com;lruction ofa rubber dam at lhe downstream l()c~lioLl

"rthe river mao cnh"ncc the ,,'aler av"illlbility in rive". However, Since thc,c

are costly method" delailed data collc~liol\ and analy,i S w(J"ld be needed.

• I'he ,IudI' u,ed a ,'arielY of analyli~al lechniques to study the interaCli"n

between thc Lillie Jamulla ri"OTand the underlying aquifer. IJowcvcr. detailed

arl~I},i, or r~,OurCC~(,urfaee waler and grountlw~ler) and I",w sUTI~ce waler

and groundwater c~n be m~d cO~Jullcti\'ely can be ltlVc;;tigated i~ Illlme, It.,e

of' numerical model simulatiom will be a \I'efullool in this regard.
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• The spatinl \'arl~tion or rivcr-aquilcr Interaction mechanism ~ould not be

~nalyyed because ol-I~ck of adequate nLLll1b~r01" obser\'atlon "ell, very c1o,c to

the ,i,'er and lack 01" water lev~1and di,charg~ m~a;uring statlon,,"l valio",

locations, A pilot ,IudI' e~n be taken 11\cons;d~ration 10 Ihis Lollm,cd by the

application 01a combinatiQnof analytical ~nd I\Umerical modeling approaches.
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-~861;6(1/(, I-~i(' I iZOlo;; 'L~61/ZI ..rl
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'"
Data Stati"n Nlme Suurce nata Mi"in~ Data
T."e L," 'h

(,'1'''4"nn2j IlI"lJH 11""(,'1967. 2211111%~.29/1 '/I 969, i2/10,'1'J7l1.
(~A()~2,) 1'i/l(J.'I970. 29:'.13'I n 1_,r,/1l7/ 197 I. JOiog.'1 'm_

lo",Il,J [j,,, .~. 1~/rJ9i1972. 13/12il97Z, <5112,'1972. 01.'(161197),-
0
0 27iOi/197J. 17;09.' 1973-29/1 (lil n.\ 21i07'1975.

g " 271 I01197.1. 27.'0(,; 1977. 2;/1)7il977. 0 1/0&11'177.

" ~ 19/12/1977,26,'12/1977- 19/ 1211')8J_26""2iI9~3,,
0 0 c.

~ ~ I~i1211989, 25/1 Z!19R9 12/ID/l9n, 1(1,'10/1994.
0 17/111/1994. 0 liQ~...19'n. 119/1211990- JO/I]il 990.0

0 " 0 1,/0912001.29' 12/2003
< " '>:, ,- -•0 0
0 c.

G

(, I64(,00'6 11WJ)ll 1910)11Q70, 2W(I)i 197 ,.D5.'Q4' 1971. 1t7/1J(,i1971-
(N~(JI)2(,) 2'1' I Ii 1972, 25'121147~.n 1'0 I' 1973. IXil)(,iI973.

I",talled Ddle ::"'/11(,/1973. 1-'/08/1 'J7J_ORII 0" 1973, 1')/1::/1971.

•0 ;:4'1211973. 11...0211'174, 1j/ll~/1974. m ...IO'1'n~.
i c 25...11/1'174, 02'12/ 1974, 12/1 </1977. 05,'121 198J,c

c. e ~ 2(,112/ 19H 26.'1 1119&4. OJI1211 '184, 10'0(,1198,.,
0 0 0 02'12/1985- JO/I ZI I '!~5 11/1I;.'19R7.0

'"
0310211986,

0: 1 1~1Il5'19&7 2], 11/1937. 30 'I Iii 987. 21 il 2-'1'!R7
< 2Ril 2'19&7. 21J'(16"'193~. 27'0(,119&8. 21 111/19&~

"
0

• c. 2811111 Y8~, 04"'12I198'!-2S'12-'19R9 20"'05/1991 ,- c c 07/12"'1992. 14/ 12"'19~2. 26"'04"'199.1.03 '05'199.1.

" < • ~0 0

~ - - 13112"'1~9J-271 12"'1993. 1J7'02,I ~'!~,16"'10.'1995.~, "" 0 ~
14/0 I12002, ;' 1/11112002 29"'12"'201'J

0 -- c -
0,
~ (,1'(,4(,0027 BWDB 12.'10/1~70, 1')"'111-'1970, 15/0311 ')71_1110 1...1972.

• (:\1\01'<7) 03'01/1~77. I XiII411977. 2510'1/1 ~77, 19"'09'19~3 .•, 1"'Lolied D,,, 0 24"'10'1983. 31/10il9g1. I(,'06.'1986. 2JiII(,119~("
8

~ "
21/05-'1938. 25"'071198X. 11110811938. 28/1 1119~K.

i co (ljI12119X8, 25"'1211~K9.03101/1 ~91_24111111994.
c ~, .. I '!"'12"'199~. 23/09"'211ItZ, 14"'101201\2-28/1(1"'::(11)2.

~ ~ W 12"'2011.1.2'),.'12"'2003. 1'!'07"'200~. 26 ...07/2(111~
c cc-

c ~ '"c ~, c-C c.
C ~-c "

(1IM~j007 ~ \\ UK 19"JII197~, 2oml'19'U 16"'Ul/1~,~, m,m"'1970.
(NM)()-l71 10'0)11970 (I4"'G5'I~JO 15...no--l~JG 06/UJ"'I~7U.

14'09.'1970. ,),'10/1~7G 12/l~'1~70 U,'n"1971_

1""lled [)!t~ .0 U{j"'0).-'1972,l7"JJil 97l.D ",)91197J. "'I u'l ~72-
0 ,0"'11/1972. 0110I.'1973, 29'01 /197]_12-'02/1973llog P""",,,Lc, 0

~ ~,/09/1Q)1, IO.'ll9'197J. 10'121197.'-] 1/1::.'1973
C (,I'G"I Y7,1.47...~'119'4. 16'1::' I'J) 1_)0-'1211974,•, 21)[11.'19Jo 23/U2"'197{',~6m"'19J7-16'Ulil(J)n,c

" • • 22,113'19~2.J 1/1Ii 19i4, 2i/G2/l ~~j,(1Im.\1I9i9 .• , •, ~ IJ/I 1.'19iC",n"II'19~g 25il2/19i9, II ...alli Y91.
,;., - • 30'09'1991 ,I/l ;:/19n, WI ,-'199::
C "- ~c



APPENDlX-B

Location tOl!ether with specification of observatiun wells in the studv area
Well II) N,w ld TIl.na Vill,", Weill, e I", fl.to L.I, LGII " ", De th

GT1006001 BOGOOl Ad.mdl hi T.IShQO$ Co 312MB 24492, 890145 14.75 "" 6,59

GT10C6001 808001 Adamdl hi T,'shoes P""Qmei.r 1,'1.'1986 24<9)5 890245 14 21 "c 3294

GT1000002 BOG002 Mamdi hi 2Onteh"
, 2Q'IO:I977 244900 aB5940 15 81 0;; 7,35

GT1006001 BOGOG2 Adamolarl &:mt,har Plelam,:er 1.'~1191A 1449'00 885948 \5 59 0,45 32.94

GTWOO'J02 BOGOOl Adamdi hi Sonlenar P'ozometer 24,'e11988 244900 8~5940 1565 0"' 17M

GTtOO6009 BOGOW Dhu chanch, e" "" c, a'2,'1J!3 24544, 89074a 19 18 0,74 691

GTlOO6009 80GOO9 00, hJ""i1ia "" "" Piezometer 14,'\11986 2.\5446 890748 19 06 '" 26,,1

GT6486004 NAOOO4 Badolaachhl Be;.' aohhi Co, 1!51\%5 243730 885<50 1%9 0.78 , ,C
GT6406004 NADON Badal achhi Badalgachl1l Piezometer 2!JI1992 243/36 B85450 19 99 '" 3293

IGT8400005 NAOO05 Badal a,"hi Go " ur Co, lIZ'l",;) 250012 885710 '" ; "" '"IGT6406005 NAOO05 Bad,'gachhi IGopa'~"r P",ame!er 15141~986 250012 El85710 18,98 ""' 32 <3

GT0408006 NAOO06 Bad, achhl J, ad ,ho", ", 1713/1980 250035 890015 2139 ~ 99 ,.:4
GT0406~06 NAOO06 B3~algac"hl ; adISh ur PI",,,m,ler 111!1992 250035 a90015 2089 o 45 23 78

GT6460025 ,'AOC25 " aon sa~" DJbLllhali ", 11511%5 244700 am03 17 4\ U I-J 85

GW60025 NA0025 0, aon "dar Oubu'hall Plewmet.r U3,'198a 244m 8a5301 1672 MS. 12 91

GT6~60C,26 NA0026 "' aon sadar Klrt, Jr 0" 1/211966 250012 8a6110 17 71 '" 0

GT6460016 NA0016 NdO 30" sadar Kirtl ur Ple,amcl., 18/4,'1~86 261t01, B85110 '"" 0,58 2699

GT646()017 NA0027 Nao ,on •• dar Par n"gaon " 1,'1/1986 24<848 885040 16 35 " ,"
GT6461)027 NAOO27 N,"o""n sadar Par nao "," Piezam.I.' 21J2M85 144648 M51)<0 15 96 0.' 32 94

GT6486047 NAOO47 Ranrna ar Abed ur 0 1.'511966 144254 890524 15.76 "" '"GT&485D47 NA0047 Ranlna 0' Abed ur PlelDme1er ZG,'11,'lli4 244264 a&;)52< 1526 0,46 32 93

GT648504a ~AOG48 Rani" ar Ran,", a, PiezornOler 25,'511979 244415 B86840 14 1B '" 56,69

Where:
Depth. D~t'th {rOIn "'fnr,\!Irinf( I'oll/t /(I Craund wllr~r r",d ill M('t~rs,- 1m_Dale' Dille oj
!n<r"llalinn; Lar,. La/il"dc iii BTAt mmrglade.l'h Tron-l",'l'Ie Mercfldu) Coordirwte in M~lcr\:
I.""R- Long"uJe in BtM (flw'Ki"de.l'1r fi-IJmv~rse .'I-fereIJdo)Cm)rdllWle In Me"'I.I, New_hI-
CiH'n By RWD1:i, Incorporat/ng Ih" Ahh,-e,'Ia/('d New n',I/rid ..vain" (Wh,,,-,, The Well h
Situated) W"h fD i,e /JOG For Rogra, PH.-ParapeT Heightm ;1,1",<,,-<; ilL Reduc-cd I.evel (RL!
ofrhe "\l('",,,ri,,?- }'olnl W,'II In Melcl's,- Thlma' Tlroila Naln",- r'ifla?y Village Name: Well_ILl.
Well ilier/liNe'" ion N"mhcr (Lal'/ Ihl'~('digit 1.1' for w,,11Inlnlher, ;\flddl~ "1'11 is di,lll'lc/ coli" "",I
Ihe r(',\'1i" dh'i'i"" code), JYdl Type: l'i('2()mcle,- ,,'rtl or dllg "dl,
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APPENDIX- D

Thanawise Irrigation data
Thana; Ak"'el ur

Y~ar No.of )i~.of Irrig,tion "ll~r,
STW DT\V MmlNelr

1991 317 19 17.984
1992 362 22 20.554
1993 I 431 09 24.621

1 1994 1 513 1 43 29,760
1995 652 62 38,217
1996 869 95 51,598
1997 2262 94 126,104
1')98 2467 n[ 137.23X
1999 2614 99 I 145.213
201l1l 2444 120 137.ng
2001 2186 110 122.X9"
2002 2167 113 122037
2003 2143 116 120,913
2004 1817 138 104,641

Thana' Ranina"ar•
Year

No.of No.~f Irrigation ",at~r,
STW DTW \lmJfY~ar

1990 2084 73 1150453
I 1991 2386 83 132,153
1992 2651 113 147,943
1993 I 2X24 138 158,540
1994 2933 143 1 164,642
1995 3203 157 179.843
19'!6 4594 1')1 256.11(, 1
1997 4546 >62 251.995

1 I ~98 4622 m 25('.812
I 1999 5034 191 279.(,(,7
2000 4717 188 262,539
2001 5255 194 291,657
2002 5382 192 298.347
2003 5425 185 300.274
2004 5201 I 85 2~U85

•

Thana' N aOn Sadar. L au ' •

Venf
N~,~f )i~.of lrrigati~n ,,~Icr,
STW [)TW Mp,J,IY"r

1990 987 931 57,807
1991 1(,52 103 93,936
I'N? 1908 110 108.3gX
1993 1967 135 112.509
1994 22(1') 147 I2IJ.l04
1995 25% 163 147,675
1996 3191 207 181.877
1997 3441 237 196,864
1998 2946 241 170.584
I ')')9 3242 247 186.74~
2000 3086 258 178 987
200 I 2~O5 271 164,642
2002 3 10') 270 180.860
200] 3012 272 175.775

I 2004 2')~5 203 171.708

Thana; Bad,,] achhi

Y~ar
)i~.of N".~[ Irrigati,," wat~r.
STW Ill\\' MmJiY~"r

1991 1452 34 79,538
1992 1757 " 96,559
1'1')312367 (,7 1 130,279
1994 2789 92 154.205
1995 3062 42 166.141
1996 3036 '01 173.260
1997 334] 190 188.996
1998 33221 186 187,765
1999 3697 20' 208,800
20011 3785 1'4 212.440
200! 4696 189 21,1.469
2002 4701 188 261.683
2003 470') 187 I 262.057
2004 I 4649 211 260.13 I•

;

,
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Thana: Adamd j IIi

rear No. ~f 'In. of irrigation ",ater,
STW IlTv,' Mm'l\'car

1979 >41 65 21.463
19HIl 179 65 23.4'17
In! 242 68 27.512
In] I 384 " 36,611
1983 568 I "' 47744

I 1984 840 97 (,5 728
1985 929 102 71.563
1986 1206 103 86.603
1987 1369 I 0(, Q5.970

Ins 1509 % 101.322
1989 1833 106 12080S
1990 1816 I 106 119,8%
1991 17% 107 119,039
19'12 I~45 lOS 121.876
I'j'J.' 1896 125 128.245
1994 1741 140 I 123.161 I
1995 1926 153 135.846
lY96 1931 161 137.826
1997 2054 I 161 144.410
1998 1X70 I 161 134,882
['N'! 2012 >47 139,164
200() 2111 169 149,174
200 I 1724 164 127,3S')
lOO2 1457 173 IIS.lllS

2003 1385 187 114.1 (,8
2004 1329 198 113.526

121

Th<lna : Ohupahanchia

io.r '\0. of Ii". of Irrigation wator,
SlW IlTW ~'lm':'Ycar

1979 112 55 8,939
1980 132 54 9,956

1981 154 51 10,973
1'182 287 58 18.466
I 983 394 5') 24.247
1984 436 1,1 26.6il]
1985 594 (,3 I 35.1 (,6
1986 631 99 39.073
19S7 855 I 150 53,792
19SH 923 147 57,272
In9 1179 150 71.134 I
1990 1293 I 5 I 77.290
1991 1445 157 85.747
1992 127--1 177 77.664
1993 1071 200 I 68.030
1'J94 1034 215 I 66.S5?
19')5 1034 227 67.495
1')% 1118 240 72.687
1997 1185 2,15 76,5411
1998 I I 16 249 73,0(d
1999 1309 234 8'.589
lOGO 134.1 244 84.944
2001 1?O2 221 76.166
2002 1163 223 74.185
2(103 1013 229 66.4n
2004 945 235 63,159

S()urc~~: DAF, I~ADC, NYlIC WARPO
N.II : 1'\0 of ~TW ~ (No ofSTW+)\o "fOSSTW+N" "rVDSSnV)
Pumping Hour:

I 0 hr/d~y
105 d~y/,eas"n Or 105 daY/oear

PlImping Rate: P\lmping ralC 2 C11'eCfor OTW
Pumping rak G,S cusec for STW



APPENDlX-E

QUESTIONNAIRE SURVEY FOR LOCAL RESPONDENTS
(Naogaon sadar, Badalgachi, Raninugar and Adamdighi)

Title of Ihe TI,,:,i, Work: Ri\.er-Aquifcr intemclion in Little Jamuna Caldllncnt
in the North"'e,l of Bangladesh.

Serial No .

I. Location:

Village: ,

Union:

Upazda:

Di~(rid

2, DiSlanc~ from the ri\'er:

3. Identificul10l\ of tile re~pol1llcnl:

Name oi"lhe rcspondelll.

leather', mllllC

Age: ,

4, Education:

.:. Doo'( know how to read and write

.:. Pa~~cd------ cia,s

Dale: . 1.. ./200,

.
,

.:. Pa,sed S.S,C.!lI.S, C iBachclor degree/\1astcr degree/More

5, Occupation:

o Agncllhurc, 0 Service, 0 (jeneral Labour. 0 Busine~s/Tradcr,

o Arte,ian, 0 Tr"'''por\ opemtor, 0 Unemployed, 0 Old/Handicapped.

o Olher

6, Pennd of Iiving in lhe "lllagc/loeal itl':

o Less tlmn I0 year"D I0 to 15y~ar~, 015to 20 y~ars, 0 20 to 25 y~ars,

o More than 25 years

7, Souree of drinking water:

o Hand lube well, 0 W~IL 0 Pond 0 River, 0 Rainw"l~r barvesting

lfhand lub~ wcll is used: 0 With arse~k_ 0 Arsenic fr~~_0 Don't kno'"

8. Do you think that river t, drying up? 0 Yes, 0 No, 0 Don'l knnw

9, Docs the river dry lip compldl'ly? 0 Yes, 0 No, 0 DOIl't know

It ycs. sim:e when it ha, be~1lthe case?

. ,
,
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IU.How m,my ycar, ago do you think ther~ W<lS ~nough water Ilow ln this river?

o 5 y~ar5, 0 10 years, 0 15 ycars, 0 20 years, 0 25 year~, 0 30 years

o More than 30 year~

II, Since "heh ycar this river i~ bcing dried up')

o 2000. 0 19')5 102000. 0 1990 to 1995, 0 1985 to 1990. 0 1980 10 19H5,

01975 to 19S0, 0 1970tn 1975, 0 <1970

12. I, the problem of river Jrying up gelling worse?: 0 y~s, 0 No, 0 Don't know

13 Rate of drying up ofri;~r:

High Medium Low DOIl'1know

1975

19R5

1995

2005

14. Duration over which river rcmaill~ dry:

Y~ar

Monlh

Duration

15, When is the nvCr at the lowe~llcvel or dries up')

o Dccemb~r, 0 January. 0 February, 0 March, 0 Apnl

10. Cau,es of d~~rcasc oflhe nver flow or W<lterlevel/Causes 01"drying up of the n\'er:

o l,owcring of ~roundwatcr level, 0 In,ufficient ol"rainfall,

o Upstream embankment, 0 Upstream withdrawl of water, 0 Rise ofri\'erbeJ,

o Don't Know 0 Other~

17. ""'hal ar~ the other water bodies Jrying up'!,

o Ponds 0 Kh,lI, Flils arc dried up 0 DOIl"tknow

18. h dryiullg up of other water bodies related to lh~ river being dried up'!

o Ye~ D0Jo o Don't know

19, Wh~1kmd ofirrig~tion ,ystcm you are practicing?

o Groundwater- 0 Surface "'~Ier, 0 R.ainw~ter, 0 No Irrigation

20.1, your dug well water level gelling 100vered?ll"y~', since when~

21, I-J(m'many slwllow tube well, did you have in the past and you have at pre,em ill

your locality'?



o Y~s, 0 No, 0 DOll't kno\\'

•
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22. How many deep luhe wells did you huve ll1the past and you have at present in your

locality?

23. Do your shallo\\' tuh~ v"dls dry up?

If yes, since "hen'!

24. Do you think lhat 0 Hand Tuhewell can not e:\tnl~l ~n()ugh water in dry 8~as,m'!

o Depth ofHunu Tllhewell.

o Shallow Tllbewell tan not extract enough water in dry seu,on

o DepthofSh,lll(m Tuhewell,

o Deep Tubewell can not c:\tmct enough watcr in dry seuson

o Depth or Deep Tuhewell ,

25. The number oI"Shaliow Tube w~1l (STW): 0 Increasing, 0 Dccreasing

26. 'Ihc numb~r MDccp ~et Tube \\'ell (DSTW): 0 Jncrea,mg, 0 Decreaomg

27, Do you lhmk, dlC demand ()I'lrngalcd water wi II gra<JuaJly inerea,e~

o Y~_,.0 )\'0, 0 Don'lkn0\\1

21;, Do yOlllhink that due 10 nvcr flow or waler Icvcl reduction, navigalion i,

hampering')

o Ye<;, 0 No, 0 Don't kimw

29. Conultion of irrigutlOn developmcnt (Area or Irrigation) in this iJrea in the reeent:

o Increasing, 0 Decrca,ing

30 Condition ofcr"p yield in this lIIe,1in lhe recent: 0 Jncr~usll1g, 0 Decreasing

If decre:lsing:- \\,ill''!

3 J, What can be the milig"llOn measure for dry up of river, do you lhin k?

o PLcdging! Ex~avation ofriver bed, 0 Prohibit upstream emhankment,

o Construction oI"ruhb~r dam, 0 No ll1itigationmeilSllre, 0 Don"t know

12, /\\'aiJabil itv "I' birds at pres~nl: o Increasing, 0 Dcereasing

33. The source 01' fLsh: BeI"or~: 0 River, 0 Ponu, 0 Haol'-baor, 0 Khal-l3ill,

o l3az,lriMarkct

Al pre<;cnt: 0 River, 0 Pond, 0 l-!aur-h,lDr, 0 KhaJ-Bill,

o Bazar/Market

34. A\'ililahilitv of fish ill present:

35. Any ~hange in fi>h dl\'ersily:

o Incrcasing, 0 Decr~a~ll1g

o Increasing, 0 Decr~usmg



APPENnIX - F

J'URPOSIVI'~ INTERVIEWS FOR LOCAL RESPONf)ENTS
ALONG 18 KM REACH OF LTTTLE JAM UNA

Title orlhe rhesis Work: River-Aquifer Interaction in LillIe Jamuna
Catchmcnt in lhe Northwcst or Bangladcsh

~~"lI'!lIi1~ i!t'Ig

~~"I<eti1'ffi"I (<to ~ WIt ~m) #

-,- I /~oo ~

~! ~!

~.oroott~~~ott>!'~~~! .... f<i>.1lr./ ~I

8. ~~w'rIl!ilil ~ ~ fil"<li(\'') '!1'8,

o c<l't'f~"9fttO!"II,

D <!l'3J>.<!f1[.fj[ 0 ~

D iJiM . . • ~ 1![ftiI' ; D <11'>1.<!f1[.fj[

D~ D~"!l"t D~ ...

<to \;'(Wtl<elil ~"MI ~~ (\'') '!1'8 I

o ~ ~ 0 ~ ~ 0 bt'l'f<l~filD .. ~J';P\lm 0 ~

D~ DWr'l'~/~) D~/~ D~.
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APPENnIX-G

I ithnlogica I layer lbrmation (Major eight layer» using borclog data in [ormation

N1a'or Layer Litholo\)ical statll'
I Pure Sand i) Gnly Sand

, GraveliLcroll' Sand , SanJ+Gravcl
ii) Saml+Mlca
iv)SanJ+M ica+ Gravel
v) San(l: Plastic Cra\'el

J ~illy Sand i) Sill+Sand
ii)Silt+'vlica
iii) Silt+Gra\'el
iv Silt+Sand IMica
I Sill-ISanJ+Mica+G ravel
vi)Sill t-Sand-'-Gravel
vii)Sill : Id Ica+Grave I

4 Pure Sill i) Only Silt

5 Sand) Clay i) Clay+Sand I
ii) Clay+Sand+C;ra\'el
iii)C lay+Sand-l Mica I

6 S~nd Clay Silt Mixcd i) Sand+Silt+-Clay

7 Silty Clay , (:lav+Sih;
ii) Clay~Silt+-Concret
iii) Clay+Silt+Gravel

6 IPurc Cl") , CI" .
il) Pla~tic Clay I

• I

•
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Ruinlall p~tlern ~omrar~d with ground_"_"_t~~_le,,~1in the study '1"._" _
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APPENDIX-)

Rainfall and Groundwater correlation in the stud)' area
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