
Ciround \\'atcr Head Declination and it's Impact on Societ-v

and (lroundrvater Quality of Rajshahi Division
Rrri\r 5ultltn:r Choldlrurvr. \lohammad llainul Karinr2 and NItl. Nlalizur Rahmanr

' '.'.j, t)i.11tplttrl ChLtnistrt &( lttutiL Etrgrnccring [.]ttyet.\ili ol Dhtkt, l)ltulio.13onglala:lt

ll nratl: razil asrtltaua.2T I2ii)gmail.conr

Iiecerled ou l5. 0.1. l(ll 1. -\ccepted lbr publication on 02.0E.201 I

,\bstracl

Prolongcd lbsence ol glound\ra(€r t\ithin thc operating range ol shallor, tube$€lls during dr\ seison is a

.omnton problem in the northr\'cs(crn districts of Bangladesh in thc recenl ]cars. Also. deliciencJ ofground\ra-
Irr i,i cxu\'ng mrior dillicultics in (h-inking llalcr supDlies and irrigilio . 'lhis stud) Nis conducted to t\plore
ihe o\erall yie\ ol the successi\c (leclin.rlion an(l flu(tuation of ground\ratcr level tnd idcntil\'thc efTett ol

ground\\ater scarcit) on the agricrltur:rl prlctices of Raishahi division using GIS inteflhte.'lhis sludJ also

gener:lte contoul-map to \isualizc arer ofequil static groundlrater head. llulticritcrion rnodeling has l)ecn dc-

\rlopcd corrclrting ground\\'rteI k\cls data \\ith the population distributiotl rvithin the region nnd grouD(1114-

rer qurlit\ records (emphlsizing on arseDic coutanlination) to identif.v thc scvercl)' llflecttd (ommunitl undel'

rhe sur\ryed aretl. 'l his rnallsis illtlslrating the trend of ground $ater declination periodicalh' affccting ]ield
rrte of \\ ithdra* xl of \1rter rnd ilso deteriorating ol groundivater qualitv ma\' ,rct rs a guidcline in polic) mali-

ing Jor area de\elopment nnd irr-igation de\elopment project ofthis regioD.

K.r$ords: (lround\\alcr head fluctuation. Arsenic. CIS,
:-:oLll

i. lntroductioD

:,[gladesh is aD agro basecl col.nilry and hencc clepet]ds

,::ch on grouDd \aleL for irrigatioli and production.

::ound\iater is the mair source (about 7591, \\'aler) ol
:rr-latiorr iD the rorth\\estcrn districts o Bangladesh lhe

-,'ntlibrLtion ol groun.l$atcr has iucreasecl lion,11'li, in

.,)!l 19E--l 1() 7a')1r in 2001i2002 ancl sulJacc \\'ater ltas

-rci|uecl accorclnglvt'l l-he ratlo of groundrvalcr to
.Lrr l'rce \later lrse ls much highet rn no|rhNestclu districts
,,l llangladesh conparcd 1(] othcr pans of the country. 'l he

(,\'.re\ploitatlon has caused thc grouncl *'atet lerel f'alls to

:he e\tent of not getting fLr11.v lcplcnished in the lecharge

.easoD. Also. as \ alel levels dechne. thc yicid rate of \tatcr
lionr \\'c1l rra)' decline

lhe ground\\'ater lcicl dcclincd bclo\\' 8 melers ftom land

sLrlacc ur 12'% areas ol Bangladesh ln 19E6. This extent

rosc to 209i, aleas iD 1992 ard 2591) areas ilr 1994Lrl. fhe
sfurdy on iorecastiug ground\\'ater leve1 [uctuation in
LSangladesh indicaled that 5,19,; areas ,lf Bangladcsh are

lL, . r,, h. -.1.. ,,1 rp r,, 2,r Lrr'l(1. i| .n c J-.,1s

parlicularly ln nofihcrn part of thc couutry.

.\sscssnrenl o1- groLll]d-\!aler-qLrality is necessary lbI the

frolcclioD of groLurd \\reler resolrrces becausc dctcrioratioll

ol ground-wilter cluirlity nal be virtually illeversible. The

p|oblen ol Alscnic (As) contamiuatiur of grould\\'atcr iD

B. rr"lr,l..lr l'.. rcc( r\cd.ntr.t,l trh'L rn!lrltlrttil. I.er;orl.
hrrllh usk lbr thc poprLlation, dlinking u,ater corllaining Ar-

scnic above the nraxrnum uational pcrmssibie levcl o1 -i0 lL

g per litre of rvater. (-50 ppb)ttl. Peoples are usLtig millions o1

hand-operated tubewells (estrl'nated 10 12 r'niilions) lbl
exhactjng ground\,vatel fbl dlrnking aud ap1'rtoximatcly' I

rtrllion shallorv u'ells fol chy scason rllieatLon pLLlposes. ol

rvhich nany contain clangerously high lcicls of dissoNed

"''senicltl.
'Ihe Ielationship bet\\'een $atcl sLrpply antl populatrorl

clynamics is reciprocal. In Lur-al areas popLllatioD gto\\'th

has contributed to increased clemands lor $'aler suppl)'-

expanded drilling of boleholes (lor tLrbc rvclls). and

resulting depletion oi grounclu'ater lesoutccs and scarcitt'

of \\'ater. liol grouncl \\'ater r'r'ianagemcnt the tbllorvittg

areas sl'rorLld be considered: ground$alet exploilalion'
resources, gromd\\'ater lulnerability (on soclcty and

waler cluality) mapprng ancl prolectioll. SloLlnd \\'atel

maDagcmcnt. grorurd$ ater quality etc.

Geographical lnformalicut System (GlS) acts as a tool to

unify data from vatious sout-ccs anci inlegrate them inlo il
srngle environnent to analyze tile relationshlp amongst

thenr. An attempt has been nade to model hydtaLrlic hcrcl

distribution of the regron antl lhe atfected zonal map duc to

grounclwater heacl declination using valtotts CilS

technology. The clata la1'cls nill be consttttctccl ibr tht
Icgional level. A LilS can link inl'rrrlnatiotr (attribules) to

location data such as gtourcl water ievel. arsenic.

population oi that particular localion of the le-qrol. (ilS

dalabases Nill be usecl to ntap aucl analyze of inliastmclul-e

and ground u,ater quality datlr in the str.rdy alca.
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2. Methodology

The snldy rvas canied out to analyze the effect of ground

u,ater head fluetuation on society, cultur-al practice and

water quality of Rajshahi division. The processing steps

BANGLADESH

involved and followed in tltis study are given in the flow

chafi.

Our Study area includes all the 125 upazilas and 16zi1as of
Rajshahi drlision of Bangladesh.

Prirnary or rau data of Rajshahi division required for the

anallsis are ground s'atet-level data{61 of consecutive

eiehteen months (from January 2002 to June 2003), gtound

sater-qualiq data (arsenic contamination)t8l and no. of
arsenic patients. population distributionlel at upazilla level

and rnaximum depth up to, which shallow tube well can lift
water.

3. Resulls and Analysis

3.1. Periodic Ground Water Head Fluctuation at

Different Cropping Season

The fluctuation in groundwater level (change in hydraulic

head) has been monitored every month. The groundwater

level reached the lowest level in the hottest dty perrods end

of rainy seasons. Generally crop season in Bangladesh is

,i

Shape file of Rajshahi Division featuring upazilas

(attributing name of the upazilas and consecutive

18 months' ground watet level datal6l

Point data ofhydraulic head of
groundwatel on the map

(ofconsecutive 18 months of2002
and 2003t61)

Data sets containing o/o of arsenic

contaminated tubewellsl8l , no. of
arsenic patients and population

distributiontel of the area

:L
Merging for three agricultural seasons

(Kharif I: Mar July, KharifII: JulY-

Dec, Rabi: Nov APril)

Multi Criterion Modeling

Seasonal Gloundwater Head
fluchlation and Declination

Mapping

A thenratrc ntap ofatsenic contaminalion
of the region and a zonation index nrap

presenting severity oft'ater quality dec-

lination on societv

Generation of contour using
point-to-surface generation
progran.N ir spatial analyst

Srte suitability map for the

tlpes of tube\\'ells

2. 1. Studl Area

Fig l: Locaron I\4cp ofthe studv a|ea
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(November to:':led into tLuee najor classes tbroughout the year.

- iiilrif I (March to July) ' Pre-monsoon season. ii.Kharif
ii "lul) to December)'-> monsoon period and sometimes

extelt to post-mosoon period and iii. Rabi

April) - winter season.

N

A

RABI KHARIF-I
KHARIF-I

Ground Water Level

<2

2.0'l-4.00

4.01 - 6.00

6.01 - 8.00

.. 8.01 -10.00
' : 10.01 "12.00
':r,,.,lil 12.01 - 14.00

:iiit:ili 14.01 " 16.00

:::,:::l 16.01 - 18.00

:lill 18.C1 - 20.65

The above arc map is reflecting seasonal fluetuations of
sround wateL level throughout the consecutive crop
seasons. From the GIS map, it can be easily visualized that
Kharil I is the mostly severe seasons in the view of ground
rrater lcvcl ard rcquires irligation for clop production.

KHARIF-II
RABI

Fig 2: Cround water head fluctuation of Rajshahi Divisron for'

consecutive six cropping seasons ofthe yeat 2002 a 2003

The rise and fall depends Lrpon the amount, duration and

intensity of precipitation. depth of weathering, specific
yieid ofthe formation etc. Also, it is apparent that tl'rere is a

tlend of declination of groundwatcr head in the successive

years or cropping phases.
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-r-l- .\ppropriate LocatioDs and Types olTubewells

i- following figure represents wirer.e will be suitable
i:carions for shallow nrbervell (which n.nximum depth is

As than 7 meter) and deep tubewell (hrbewell depth is
::aater than 7 met(]r).

A

x 16?.296

s297 .1142

-,,

Fig 4: Locations for shallow and deep tubewell
of Rajshahi Division upazilas

3.J. Arsenic Contamination Map of Rajshahi Diyision

The rnap showing the arsenic patients indicates the level of
bazards of different upazilas fiom consumption ol arsenic
:ontaminated water.

Fig 6: Number of Alsenic patient

3.5. Severely Affected Zone (parameter: population
and ground water level)

Population data wili be co-relatcd with the water level data
using GIS concept. An Arc map has been developed
displaying population affected liom water scaraity of
Rajshahi division overlapping the lay€rs of ground water
level (considering the lowest level period).
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Fig 7: Severely alfected zone (paremeters: population and

Cround ',vater level)
Fig 5: Percentage ofcontaminated tubewell ofRajshahi Division
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lrorn the map it $as louDd that Silgra npazila ol Nalore

distlict is the most clensclY populat.d aDcl thc selelely
all'ectctl conu Lnity undcl tlxcal ol arscnic

contamiDation.

.1. Discussion

Ivlapping of grouud q'ater lerel of upazrllas of Ra.lshahi

dir,isior over a period of successive eightccn montl'rs of
2002 and 2003. the trend of grouudu'ater head

Iluctuation in djffelent aglicultulal seasons of a year

$'ele deternined.'fhe tlend may also be r.rsed to meel the

hLture needs and to take nccessaly steps.

Static ground water mapping ol Kharif I. Kharif II and

l{abi season of consccutive eighteen nonths can be used

for polic.v folmulation and strateglc planning rn ateas

such as. agricultuial practices. irrigation lequirement.
.r,'p drr.r.ifrcrtron Jlld rIl\(5trller]l\ 'r .r'rr-Jlrun

development u ork.

Dcvelopnent of a nap ol alscnic patients at upazilla

lcvcl of llajshahi division lcacls to a btoader

uDderstandurg of its regional presence and signiiicance.
Mapping of pelcentage of arsenic contaminated ttrbewell
rvas helpful in understandirg of severely affected zone

tlrat n]ay guide 1o take r.emedial actior.rs.

(llS based nupping u'atcr levcl in all seasons may be

used to identify dried up areas in uinter and thus to
dctelmlne pcrcentage of society urder threat that may

heLpful to deternine the extent of necessary steps.

From thc study prescntjng thc rclativc consumption, the

hjghest consunption zone cau be found and hence

necessarv sleps can bc 1aken. Thelefole, necessary

slrategic pla lrng can be undcrtakcn for the most severe

locations Ion-i tl]is stlLdy. Presenlatiol'r of *ater table

variation from month to nonth can be usecl to decrde

suitable location and appropliate t)Fc of !\clls to be

installed.

6. Conclusions

From this study, it is observed that ground rvater level of
the region is depleting \'!'ith time in Rajshahi Division
causing shallou rvells 1o go dr1' day by day, palticularly

durir.rg dry season u'hich creates major difhculties
obtaining drinking-water and for ir-rigation. lt also has

maJor cqurr) eltect.. lt al.o rncrease 'ing arsenic

contamination level affecting population severely in

sol'ne areas.

Consideration should be given to the creation of
economical lon' water conslrming activities. Rules on

cquitable utilization of shared groundwater lesources,

prevenlion of hann to srLch resources and ::.
envilonnent. exchangc of inlbrnution and clata.hi:.:
be taken by (;overnn-rents ancl ilttcrultto::.
Olganizations. GIS is a inditcct tool ol estinrallou::
water resource field. Othel tools may bc considered rr.:
colrelatcd *ith this ploccss. fir light of this resealcli. nc.,.

approaches ale urgently needed to nanage \\'alrt rl
solirces ratlonally and equitably. This entails eflolts dr::
will simultaneously address population dynaurics. con-

sumption patterN. and environmelital col]scr-\,ation.
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